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Preface
In this book are gathered together all the abstracts of  presentations given at the twelfth International 
Conference on Porphyrins and Phthalocyanines (ICPP-12) 10-15 July 2022 in Madrid, Spain as the 
first physical ICPP meeting since the pandemic.

The PDF version of  this Book of  Abstracts is also available online on the ICPP website.

Over 450 particpants from 37 different countries have contributed for a total of  481 abstracts, 
marking the desire for a comeback to ICPP physical meetings.

This book summarizes the most recent activities in porphyrins, phthalocyanines and related 
macrocycles by members of  our society.

The abstracts are divided into three categories as described below:

Award Lectures (8) 
Oral Presentations (312) 

Poster Presentations (161)

The papers associated with the abstracts are presented in 32 symposia organized by 74 symposium 
organizers.

The program book, available to each participant is available online and contains all the information 
of  each presentation as well as the weekly schedule.
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Development of Controlled Reactions 
using Phthalocyanine-based Materials 

Taniyuki Furuyama 

Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, 920-1192, Japan 
(tfuruyama@se.kanazawa-u.ac.jp) 
 
Phthalocyanines (Pcs) and related macrocycles (azaporphyrinoids) are well-known artificial dyes in modern 
materials chemistry. To date, several strategies for the fine-tuning of their optical/electrochemical/aromatic 
properties have been proposed. Organic synthesis provides a wide array of organic molecules. The diversity of 
Pcs provides novel functionalities, which are the source of innovative science. Our group focuses on the chemical 
synthesis of Pcs, including "controlled reactions to produce novel Pcs" and "controlled reactions using Pcs". This 
lecture will discuss the recent achievements of controlled reactions in Pc chemistry. 
 

The high electronegativity and high valence state of pentavalent phosphorus (P(V)) is expected to alter the 
spectroscopic properties of Pcs. We opened a synthetic strategy to prepare (aza)porphyrin P(V) complexes. These 
complexes featured unique physical properties owing to their combination with peripheral substituents [1]. 
Recentry, a synergistic effect between Si(IV) Pcs and their axial ligands has been also revealed. The near-infrared 
(NIR)-absorbing hydrophilic Si(IV) Pcs exhibited an efficient photodynamic activity under NIR light irradiation 
(810 nm) [2]. The chemoselective synthesis of Pcs is an important topic that has not received much attention. We 
proposed a novel Pb-mediated synthetic method, through which Pcs materials bearing electron-withdrawing 
groups were synthesized. These materials were shown to generate high levels of singlet oxygen and exhibited a 
high photostability [3–4]. In the process of investigating the Pc derivatives, we succeeded in synthesizing a novel 
ball-shaped metal complex that absorbs light in the NIR region. Various Pc precursors were utilized in the 
synthesis of symmetric and low-symmetry complexes. It was concluded that the position of the band and redox 
potentials could be tuned independently [5–6]. The Fine-tunability of Pcs allows for the development of a new 
transformation method employing far-red to NIR light. We developed several NIR catalysts for the transformation 
of organic molecules. The reactions further exhibited chemoselectivity with blue-to-green light-absorbing 
functional materials and high reaction activities even under shielded conditions [7–8]. 
 

In summary, our group has conducted extensive Pc-based research, including developing synthetic methods for 
Pcs production and their controlled reactions. These achievements create further opportunities for the flexible 
application of NIR light. 

REFERENCES 
1.  Furuyama, T.; Kobayashi, N. Phys. Chem. Chem. Phys. 2017, 19, 15596-15612. 
2. Furuyama, T.; Ishii, T.; Ieda, N.; Maeda, H.; Segi, M.; Uchiyama, M.; Nakagawa, H. Chem. Commun. 2019, 

55, 7311-7314. 
3. Furuyama, T.; Miyaji, Y.; Maeda, K.; Maeda, H.; Segi, M. Chem. Eur. J. 2019, 25, 1678-1682. 
4. Furuyama, T.; Maeda, K.; Maeda, H.; Segi, M. J. Org. Chem. 2019, 84, 14306-14312. 
5. Furuyama, T.; Shimasaki, F.; Saikawa, N.; Maeda, H.; Segi, M. Sci. Rep. 2019, 9, 16528. 
6 Ishikawa, S.; Shimasaki, F.; Maeda, H.; Segi, M.; Furuyama, T. Chem. Lett. 2020, 49, 1394-1398. 
7.  Ishikawa, Y.; Kameyama, T.; Torimoto, T.; Maeda, H.; Segi, M.; Furuyama, T. Chem. Commun. 2021, 57, 

13594-13597. 
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Porphyrins, the Periodic Table, and Phototherapeutics 

Abhik Ghosh 

Department of Chemstry, UiT – The Arctic University of Norway, 9037 Tromsø, Norway 
 
I fell in love with porphyrins on my first day as a graduate student in Paul Gassman’s laboratory at the University 
of Minnesota. I was mesmerized by the brilliant colors on the silica gel column as I chromatographed a sample of 
crude tetraphenylporphyrin. Over the next years, Gassman and subsequently my other mentors Jan Almlöf and 
Larry Que allowed me a free hand in charting my own course in research. I used the opportunity not only to 
deepen my knowledge of porphyrins, but also to develop skills across materials and surface science, synchrotron-
based X-ray science, and quantum chemistry. From a chance meeting in 1990 with scientists at the local company 
Cray Research, Inc., I learned about a then-exotic theoretical method – density functional theory (DFT) – which I 
applied to porphyrins and other bioinorganic systems, ending up amazed at how well it worked. A CO tilting and 
bending potential for carbonmonoxyheme led to a new understanding of diatomic ligand discrimination by heme 
proteins [1] and in turn to a theoretical underpinning for the burgeoning field of heme-based sensors. Thanks to 
these successes, I gained a reputation – even as a postdoc – as one of the pioneers of the ab initio/DFT era of 
theoretical (bio)inorganic chemistry. Norwegian quantum chemist Odd Gropen, who visited Almlöf often, saw his 
chance and recruited me as an Associate Professor at his Department in the northern-Norwegian city of Tromsø. 
Through visits at synchrotrons, I kept up my interest in X-ray science. I discovered, for example, that X-ray 
photoelectron spectroscopy (XPS) can provide unique insight into the nature of hydrogen bonds. An XPS study of 
porphycenes prepared in Emanuel Vogel’s laboratory established that short-strong hydrogen bonds, in spite of 
approaching geometrical symmetry, retain a substantial degree of charge asymmetry [2]. Years later, this line of 
work led to the isolation and crystallographic characterization of the long-sought cis tautomer of porphyrins [3]. 
 

In the new millenium, I wanted to explore the wide-open world of porphyrin analogues. I was intrigued by reports 
of surprisingly stable, high-valent metallocorroles – remarkable “bottleable” analogues of heme protein 
Compound I and II intermediates! We found that many first-row transition metal corroles are noninnocent (with 
significant corrole•2–character) and went on to develop comprehensive experimental and theoretical probes of the 
phenomenon [4], ultimately using state-of-the-art DMRG-CASPT2 studies to quantify metallocorroles according 
to their degree of noninnocence [5]. Second, we were able to map out a good chunk of the coordination chemistry 
of corroles [6], involving the lower half of the periodic table. We reported the first examples of 99Tc, ReO, RuN, 
OsN, Pt, and Au corroles, inherently chiral Mo and W biscorroles, and multiple-bonded metallocorrole dimers [7]. 
In spite of the metal-ligand size mismatch inherent in their structures, the middle and late 5d metallocorroles by 
and large proved to be exceptionally stable. They were also found to exhibit NIR phosphorescence under ambient 
conditions and could be employed as photosensitizers in oxygen sensing, triplet-triplet annihilation upconversion, 
and in vitro photodynamic therapy (photocytotoxicity) experiments. Current research focuses on heavy element 
corroles as building blocks for next-generation cancer photo- and radiotherapeutics. 

REFERENCES 
1.  Ghosh, A.; Bocian, D. F. J. Phys. Chem. 1996, 100, 6363. 
2.  Ghosh, A.; Moulder, J.; Bröring, M.; Vogel, E. Angew. Chem. Int. Ed. 2001, 40, 431. 
3. Thomas, K. E.; McCormick, L. J.; Vazquez-Lima, H.; Ghosh, A. Angew. Chem. Int. Ed. 2017, 56, 10088. 
4. Ganguly, S.; Ghosh, A. Acc. Chem. Res. 2019, 52, 2003. 
5. Phung, Q. M.; Muchammad, Y.; Yanai, T.; Ghosh, A. JACS Au 2021, 1, 2303. 
6. Ghosh, A. Chem. Rev. 2017, 117, 3798. 
7. Alemayehu, A. B.; Thomas, K. E.; Einrem, R. F.; Ghosh, A. Acc. Chem. Res. 2021, 54, 3095. 
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Porphyrinoid-Based Charge and Photon Management  

Dirk M. Guldi 
aDepartment of Chemistry and Pharmacy & Interdisciplinary Center for Molecular Materials 
Friedrich-Alexander-Universität Erlangen-Nürnberg, 91058 Erlangen, Germany 

 
At the heart of much of our research is the application of porphyrinoid molecules for Solar Energy Conversion 
schemes in terms of novel electron donor-acceptor ensembles and interfaces.  Our expertise in time-resolved laser 
spectroscopic methods (i.e., femtosecond transient absorption spectroscopy, nanosecond transient absorption 
spectroscopy, flash-photolysis, time-correlated single photon counting), photochemistry, electrochemistry (i.e., 
spectroelectrochemistry and photoelectrochemistry) and photovoltaic device characterization gives assists in 
providing insight into fundamental aspects of Photon- and Charge-Management.  I will elude on how we 
leverage our ability to develop basic knowledge about processes that govern modular assemblies of nanoscale 
interfaces to reach macroscopic scales.  To this end, I will highlight our interwoven work, which implements 
microscopic and ultrafast time-resolved spectroscopic investigations, and, which are perfectly complemented by 
device performance measurements and catalytic production of H2/O2 – all of them as analytical tools needed to 
analyze systems that convert solar energy into useful sources of power. 
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N-Confused Porphyrinoid-based Functional  
Near-infrared Dyes 

Masatoshi Ishidaa,b 
aDepartment of Applied Chemistry, Graduate School of Engineering, and Center for Molecular Systems, Kyushu 
University, Fukuoka 819-0395, Japan. 

bJapan Science and Technology Agency (JST)-PRESTO, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan. 
(E-mail: ishida.masatoshi.686@m.kyushu-u.ac.jp) 
 
Porphyrins and their analogs can be potential near-infrared (NIR) chromophores offering new opportunities for 
optical materials used in the fields ranging from light-harvesting to sensing and therapeutic applications. Several 
skeletal modifications of the porphyrins, such as 1) core expansion, 2) peripheral fusion, and 3) chromophore array, 
have been used to downshift the light-responsive wavelength to the NIR window along with a high photo- and 
chemical stability. To date, our group has been devoted to the development of a series of -conjugated “N-confused” 
porphyrin analogs embedded with inverted pyrrole rings as fundamental structures to furnish the unique metal 
coordination at the cavity (cf. Figure).[1] We thus proposed that metal complexation is the key to triggering the 
molecular orbital mixing/tuning of the N-confused porphyrinoids, enabling the remarkable NIR optical properties 
and the controlled excited-state dynamics.  
For instance, a bis-Zn complex of doubly 
N-confused dioxohexaphyrin represents 
the distinct second NIR emissive and 
photoacoustic properties[2a]. Furthermore, 
the bis-Pd complex of doubly N-confused 
(nonoxo)hexaphyrin having a metal-carbon 
bond revealed the further low energy 
emission in the third NIR region.[2b] The bis-Pd complex of a contracted doubly N-confused dioxohexaphyrin was 
figured out to be a stable π radical. This molecule showed an immense two-photon absorption cross-section value 
upon second NIR pulse irradiation toward a nonlinear optical material.[2c] Similarly, the heteronuclear Au-Pd 
complex stabilized by an unsymmetrical N-confused oxohexaphyrin induced multiple metal-ligand charge-transfer 
transitions by d- orbital interaction. The resulting molecular orbital feature led to the emergence of ultimate 
panchromatic dye (so-called black dye) with an efficient photothermal conversion ability.[2d] This presentation will 
provide detailed results and an overview of our achievements and future approach. 

REFERENCES 
1.   (a) H. Furuta, T. Asano, T. Ogawa, J. Am. Chem. Soc. 1994, 116, 767; (b) P. J. Chmielewski, L. Latos-Grażyński, 

K. Rachlewicz, T. Głowiak, Angew. Chem., Int. Ed. Engl. 1994, 33, 779. 
2.  (a) K. Shimomura, H. Kai, Y. Nakamura, Y. Hong, S. Mori, K. Miki, K. Ohe, Y. Notsuka, Y. Yamaoka, M. 

Ishida, D. Kim, H. Furuta, J. Am. Chem. Soc. 2020, 142, 4429; (b) Y. Wang, K. Ogasahara, D. Tomihama, R. 
Mysliborski, M. Ishida, Y. Hong, Y. Notsuka, Y. Yamaoka, T. Murayama, A. Muranaka, M. Uchiyama, S. Mori, 
Y. Yasutake, S. Fukatsu, D. Kim, H. Furuta, Angew. Chem. Int. Ed. 2020, 59, 16161; (c) Y. Hisamune, K. 
Nishimura, K. Isakari, M. Ishida, S. Mori, S. Karasawa, T. Kato, S. Lee, D. Kim, H. Furuta, Angew. Chem. Int. 
Ed. 2015, 54, 7323; (d) Y. Wang H. Kai, M. Ishida, S. Gokulnath, S. Mori, T. Murayama, A. Muranaka, M. 
Uchiyama, Y. Yasutake, S. Fukatsu, Y. Notsuka, Y. Yamaoka, M. Hanafusa, M. Yoshizawa, G. Kim, D. Kim, 
H. Furuta, J. Am. Chem. Soc. 2020, 142, 6807.  
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Phthalocyanines and their analogues: Toward efficient 
fluorescence sensors and photosensitizers for PDT 

Veronika Novakova 

Faculty of Pharmacy in Hradec Kralove, Charles University, Ak. Heyrovskeho 1203, Hradec Kralove 50005, 
Czech Republic, veronika.novakova@faf.cuni.cz  
 
Phthalocyanines (Pcs) are well-known planar macrocycles with straightforward synthesis, interesting spectral and 
photophysical properties which can be easily tuned according to chosen structural motifs. Thanks to that, they are 
advantageously used in many different fields widely presented on ICPP conferences. My talk will give an 
overview of our research on phthalocyanines, subphthalocyanines and their aza-analogues (i.e., 
tetrapyrazinoporphyrazines and pyrazino[2,3-b,g,l]subporphyrazines). First, our conclusions from study of 
structure-activity relationships including singlet oxygen production, fluorescence emission, photo-induced 
electron transfer (PET) and intramolecular charge transfer (ICT) will be discussed.[1] Second part of my talk will 
summarize our research in the field of red-emitting fluorescence sensors for pH (both acidic and basic)[2,3], 
various metal cations[4]  and CO2[5] working on principle of ICT. The last part of my talk will focus on our key 
findings in the area of photodynamic therapy[6,7], where our results enabled clear comparison of the role of type 
of the macrocycle as well as the role of peripheral substitution. Detail in vitro studies including monitoring of the 
progression of cell death provided the lead structures characterized by effective concentrations (EC50) in 
nanomolar range, which ranks such derivatives among the best photosensitizers ever. 
 

 
This work was supported by Czech Science Foundation 21-14919J. 
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Probing the intriguing world of heme enzymes with 
resonance Raman spectroscopy  

Giulietta Smulevich 

Dipartimento di Chimica ‘Ugo Schiff’ (DICUS), Università di Firenze, Sesto Fiorentino (FI), Italy. 
 
Heme enzymes are a large class of metalloproteins involved in an enormous variety of fundamental biological 
functions, widespread in all kingdoms. The active site architecture is unique for each enzyme and subtle differences 
within their catalytic center can alter substrate specificity and redox potential significantly with subsequent different 
functional properties. Their biochemical diversity and the understanding of their respective structure-function 
relationships are fundamental also for the development of different biotechnological applications. 
 
The goal of my research has been to understand the role played by the key residues in the proximity of the heme 
cavity to decipher the structure-function relationship of heme-containing enzymes, using the UV-vis electronic 
absorption and resonance Raman (RR) spectroscopic techniques. For several enzymes, the comparative study of 
native and mutant enzymes, at different pH and temperatures, in the presence of various exogenous ligands, both 
in solution and single crystals, enabled us to define the role of the key residues in the heme cavity. The pioneering 
RR study of recombinant cytochrome c peroxidase demonstrated the power of the synergy of RR spectroscopy 
and site directed mutagenesis for elucidating subtle structural features important for protein stability and function. 
Moreover, RR and micro-RR techniques are able to provide a valuable complement to X-ray diffraction studies, 
from sample preparation to data collection and structural interpretation, yielding additional information, often 
beyond the resolution of the crystallographic experiment, on the dynamic and functional properties of heme 
enzymes in the crystalline state. For example, we have shown that the combination of RR spectroscopy on single 
crystals and solution samples of heme proteins is a sensitive tool to detect heme orientational disorder, even in the 
absence of structural data.  
 
In the present report, the more exciting findings relevant to our understanding of the structure-function 
relationships of heme enzymes will be discussed. Moreover, our recent discoveries on the study of the 
biosynthesis of heme in Gram-positive bacteria of the Firmicutes and Actinobacteria phyla will be presented. The 
results allowed us to bring important contributions to our understanding of the survival mechanisms of Gram-
positive bacteria, pathogens showing resistance to antibiotics. 
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Probing the intriguing world of heme enzymes with 
resonance Raman spectroscopy  

Giulietta Smulevich 

Dipartimento di Chimica ‘Ugo Schiff’ (DICUS), Università di Firenze, Sesto Fiorentino (FI), Italy. 
 
Heme enzymes are a large class of metalloproteins involved in an enormous variety of fundamental biological 
functions, widespread in all kingdoms. The active site architecture is unique for each enzyme and subtle differences 
within their catalytic center can alter substrate specificity and redox potential significantly with subsequent different 
functional properties. Their biochemical diversity and the understanding of their respective structure-function 
relationships are fundamental also for the development of different biotechnological applications. 
 
The goal of my research has been to understand the role played by the key residues in the proximity of the heme 
cavity to decipher the structure-function relationship of heme-containing enzymes, using the UV-vis electronic 
absorption and resonance Raman (RR) spectroscopic techniques. For several enzymes, the comparative study of 
native and mutant enzymes, at different pH and temperatures, in the presence of various exogenous ligands, both 
in solution and single crystals, enabled us to define the role of the key residues in the heme cavity. The pioneering 
RR study of recombinant cytochrome c peroxidase demonstrated the power of the synergy of RR spectroscopy 
and site directed mutagenesis for elucidating subtle structural features important for protein stability and function. 
Moreover, RR and micro-RR techniques are able to provide a valuable complement to X-ray diffraction studies, 
from sample preparation to data collection and structural interpretation, yielding additional information, often 
beyond the resolution of the crystallographic experiment, on the dynamic and functional properties of heme 
enzymes in the crystalline state. For example, we have shown that the combination of RR spectroscopy on single 
crystals and solution samples of heme proteins is a sensitive tool to detect heme orientational disorder, even in the 
absence of structural data.  
 
In the present report, the more exciting findings relevant to our understanding of the structure-function 
relationships of heme enzymes will be discussed. Moreover, our recent discoveries on the study of the 
biosynthesis of heme in Gram-positive bacteria of the Firmicutes and Actinobacteria phyla will be presented. The 
results allowed us to bring important contributions to our understanding of the survival mechanisms of Gram-
positive bacteria, pathogens showing resistance to antibiotics. 
 

 

 

2NH-Corrole Chemistry Based on the Development of  
meso-Free Corroles 

Takayuki Tanakaa 
aGraduate School of Engineering, Kyoto University, Japan 
 
Corrole is a ring-contracted porphyrinoid possessing three methine carbons and one direct pyrrole-pyrrole linkage. 
The first synthesis of corrole was accomplished in 1965 by Johnson and Kay during their attempt to synthesize 
Vitamin B12. A corrole usually has an inner 3NH-type structure which can serve as a trivalent metal ligand. This 
property is contrasting to those of porphyrins that have an inner 2NH-type structure. However, the synthetic 
chemistry of corroles had been far behind the porphyrin counterpart until effective syntheses of meso-triaryl-
substituted corroles were developed in the early 2000s. Since I entered this field in 2013, a range of new corrole 
derivatives have been synthesized mainly based on the development of meso-unsubstituted corrole (i.e., meso-free 
corrole) which we reported in 2015.[1] In this lecture, I would like to present parts of my achievements as below. 
 
1) meso-Heteroatom-substituted corroles and antiaromatic meso-oxoisocorroles 
Effective meso-fabrication of 5,15-diarylcorroles has been achieved, including meso-nitration, meso-amination, and 
meso-oxygenation.[2] These studies revealed well-defined meso-substituent effects of corroles. Among them, meso-
oxygenated corroles (i.e., oxoisocorroles) were proved to show antiaromatic properties derived from the decent 16π 
conjugation circuit defined in a C(δ+)–O(δ–) polarized resonance structure. The degree of paratropicity can be tuned 
by inner metal coordination and Lewis-acid coordination to the carbonyl moiety as well as photoexcitation in the 
case of the Pd(II) complex to generate its triplet state which shows Baird aromatic nature.  
 
2) Redox-interconvertible corrole dimers 
Two types of meso-meso linked corrole dimers (5-5’ linked and 10-10’ linked dimers) were synthesized via 
selective oxidation of meso-free corroles.[3] These dimers exhibited different optical properties depending on the 
linking position. Oxidation of these dimers resulted in the formation of doubly linked and triply linked corrole 
dimers with inner 2NH-type structures as stable forms. The redox-interconversion between 2NH-type and 3NH-
type forms were demonstrated, which revealed that the 2NH-type dimers were closed-shell, non-aromatic species, 
while the 3NH-type dimers were essentially aromatic, similar to fused porphyrin analogues. 
Comparison with a previously reported case of 2-2’,18-18’ doubly linked corrole dimer that was shown to be an 
open-shell (singlet diradical) species,[4] fused corrole dimers having a meso-meso linkage tend to become closed-
shell species because of the large spin-density at the meso-position. Another interesting case is the oxidation of 
meso-to-meso butadiyne-bridged corrole dimer to afford [5]cumulene-bridged 2NH-type corrole dimer via radical 
homo-coupling.[5] These observations drove me to consider an active involvement of 2NH-radical species during 
oxidative reactions of corroles. Finally, a meso-meso linked 2NH-type corrole dimer diradical was isolated under 
air, which was found to be an intermediate into triply linked corrole dimer.[6] 
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Fundamental Excitations in Porphyrin Supermolecules 

Michael J. Therien 

Department of Chemistry, Duke University, Durham, North Carolina 27708-0346, USA 
  
Modulation of the nature and dynamics of fundamental excitations in highly conjugated structures is central to the 
design of the new materials for specialized emission, imaging, frequency doubling, optical limiting, photon 
upconversion, solar energy conversion, charge and spin transport, and quantum information science. 
Supermolecular chromophores – conjugated structures based on combinations of simple chromophoric building 
blocks that feature exceptionally strong electronic and excitonic interactions between these units – enable 
exquisite control over of the lifetimes, dynamics, delocalization, dephasing, and migration of excitons, polarons, 
and spins. This presentation will broadly cover the development of porphyrin-based supermolecules, and discuss 
how molecular design can be leveraged to control (i) the photophysics of these compositions, (ii) the natures and 
relative energies of their ground, electronically excited singlet, and electronically excited triplet states, and (iii) 
charge and spin transport, delocalization, and polarization in these systems.  
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3.  P. J. F. de Rege, S. A. Williams, and M. J. Therien, Science (Washington, D. C.) 1995, 269, 1409. 
4.  P. J. Angiolillo, V. S.-Y. Lin, J. M. Vanderkooi, and M. J. Therien, J. Am. Chem. Soc. 1995, 117, 12514.  
5.  S. M. LeCours, H.-W. Guan, S. G. DiMagno, C. H. Wang, and M. J. Therien, J. Am. Chem. Soc.1996, 118, 1497.  
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Chirality induction and self-assembly of metallo-porphyrins 
by chiral cyclohexanohemicucurbiturils  

Riina Aav  

Tallinn University of Technology, Dept. of Chemistry and Biotechnology, Akadeemia tee 15, 12618 Tallinn Estonia  
 
One of the intriguing phenomena in supramolecular chemistry is control over self-organisation of molecular 
entities. It requires availability of complementary interactions sites and size-compatibility of individual molecules. 
Porphyrins and cyclohexanohemicucurbiturils possess such features. For example, the size of the porphyrin ring is 
approximately 1 nm. It is known that cyclohexanohemicucurbit[n]urils (n = 6 and 8) are similarly sized [1, 2]. 
Additionally, these macrocycles bear complementary Lewis acid-base counterparts in their structures, making 
them well suitable for self-assembly with porphyrins [3]. 
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Presentation will discuss synthesis and features of 6- and 8-membered homologues of 
cyclohexanohemicucurbiturils (cycHC[6] and cycHC[8]), their complexation with Zn- and Mg-porphyrins in 
solution and in solid phase. The fascinating chiroptical properties and structural characteristics of formed 
complexes and their application in sensing of chiral molecules. 
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Design Engineering of Phthalocyanine as Hole Selective 
Layers for Perovskites solar cells Fabrication  

Shahzada Ahmada,b 
aBCMaterials, Basque Center for Materials, Applications, and Nanostructures, UPV/EHU Science Park, 48940 
Leioa, Spain, Tel: +34 946128811 E-mail: shahzada.ahmad@bcmaterials.net 

bIKERBASQUE, Basque Foundation for Science, Bilbao, 48009, Spain 
 
Phthalocyanines as charge selective layers are viable alternatives to rival the use of classical Spiro-OMeTAD in 
perovskite solar cells (PSCs). The appealing tunable optoelectrical properties and chemical stability are their merits. 
However, low carrier concentration, transportability, and narrow bandgap limit their application, which can be 
overcome by the design engineering and choice of asymmetrically vs symmetrically substituted metal 
phthalocyanines, with different metals (MPcs, M = Zn or Cu). We investigated and established the correlation 
between electronic structures, charge carriers with the choice of core metal through an array of spectroscopic 
techniques. We further developed triple bonded π-conjugated zinc-phthalocyanine dimers through molecular 
engineering and evaluate their ability to extract holes in PSCs. The designed dimers promote the formation of 
uniform films, which is pinholes free a requirement for device fabrication. The fabricated PSC with our developed 
Pcs gave a competitive performance and showed notable long-term stability under stress conditions such as moisture 
and thermal. Additionally, they can work effectively without the use of any dopant, to boost reliability.  
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Replace Disinfection of wastewater in the mitigation of 
SARS-CoV-2 by photodynamic treatment 

Adelaide Almeidaa, Marta Gomesa, Maria Bartolomeua, Cátia Vieiraa,  
Ana T P C Gomesb, M Amparo F Faustinoc and M Graça P M S Nevesc 

aDepartment of Biology and CESAM, University of Aveiro, 3810-193 Aveiro, Portugal Affiliation 
bCenter for Interdisciplinary Investigation (CIIS), Faculty of Dental Medicine, Universidade Católica 
Portuguesa, 3504-505 Viseu, Portugal 

cDepartment of Chemistry and LAQV-REQUIMTE, University of Aveiro, 3810-193 Aveiro, Portugal 
 
Abstract The last few years have been marked by the SARS-CoV-2 pandemic. This virus is found in the intestinal 
tract reaching the wastewater system, and consequently the natural receiving water bodies. As such, inefficiently 
treated wastewater (WW) can be a means of contamination. The disinfection methods of WW currently used can 
lead to the formation of toxic compounds, be expensive, or inefficient. As such, new alternative approaches must 
be considered, namely microbial photodynamic inactivation (PDI). In this work, the phage ɸ6 was used as a 
model of the SARS-CoV-2. The phage viability was studied in WW under different environmental conditions of 
temperature, pH, salinity, solar and UV radiation. To assess the efficiency of virus inactivation, PDI assays were 
performed, both in phosphate-buffered saline (PBS) and in filtered WW, and toxicity tests of the resultant PDI-
treated WW were performed on native marine microorganisms. Overall, the results showed that phage ɸ6 remains 
viable in different environments conditions for a considerable amount of time, with PDI being an efficient 
approach in the inactivation of the virus, and with the PDI-treated effluent showing no toxicity to native aquatic 
microorganisms under dilution realistic conditions, endorsing PDI as an efficient an safe WW tertiary disinfection 
method. 
 
Acknowledgements : Thanks are due to University of Aveiro and FCT/MCTES for the financial support to 
CESAM (UIDP/50017/2020 + UIDB/50017/2020) and LAQV-REQUIMTE (UIDB/50006/2020) through national 
funds and, where applicable, co-financed by the FEDER, within the PT2020 Partnership Agreement, anced by 
FEDER through COMPETE 2020, POCI and PORL and FCT through PIDDAC). This work was financially 
supported by the project PREVINE (FCT-PTDC/ASP-PES/29576/2017), through national funds and when 
applicable co-financed by the FEDER, within the PT2020 Partnership Agreement and “Compete” 2020. 
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Computational Strategies for Designing Functional 
Molecular Switches from Expanded Porphyrins 

Mercedes Alonsoa, Tatiana Wollera, Eline Desmedta, and Freija De Vleeschouwera 
a General Chemistry Department (ALGC), Vrije Universiteit Brussel (VUB), Pleinlaan 2, 1050 Brussels, Belgium  
 
Expanded porphyrins are currently recognized as the ideal test bed to explore the correlation between molecular 
properties and (anti)aromaticity since they provide perfect aromatic and antiaromatic congener pairs with the 
same molecular framework but different number of π-electrons. These macrocycles are flexible enough to adopt 
different -conjugation topologies, namely Hückel, Möbius and twisted-Hückel, allowing one to explore the concept 
of ground- and excited-state aromaticity in complex topologies. Nevertheless, the quantification of the aromaticity in 
expanded porphyrins is challenging due to the presence of multiple conjugation pathways and highly nonplanar 
geometries in certain topologies. In this talk, I will first introduce a multidimensional approach to quantify Hückel 
and Möbius aromaticity based on global and local descriptors rooted on the energetic, magnetic, reactivity, structural 
and electronic criteria [1,2]. Then, I will focus on the complex structure-property relationships between aromaticity, 
π-conjugation topology, photophysical and nonlinear optical properties [3]. It is noteworthy that the absorption 
spectra of certain antiaromatic Hückel structures are characterized by more intense absorption bands than its 
aromatic homologues, contrary to the general statement that antiaromatic porphyrinoids exhibit significantly 
attenuated absorption bands as compared to aromatic ones [3]. Our results pinpoint the importance of symmetry and 
topology on the first and second hyperpolarizability, while aromaticity has a not clear influence on these quantities. 
Overall, I will show how the concept of the reversal of aromaticity upon topology and redox interconversions can be 
exploited to create novel molecular electronic devices [3] and efficient nonlinear optical (NLO) switches [4]. 
Ultimately, innovative inverse design strategies can be applied to further explore the combinatorial chemical 
compound space of meso-substituted hexaphyrins in search of high-contrast NLO switches [5]. 
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and electronic criteria [1,2]. Then, I will focus on the complex structure-property relationships between aromaticity, 
π-conjugation topology, photophysical and nonlinear optical properties [3]. It is noteworthy that the absorption 
spectra of certain antiaromatic Hückel structures are characterized by more intense absorption bands than its 
aromatic homologues, contrary to the general statement that antiaromatic porphyrinoids exhibit significantly 
attenuated absorption bands as compared to aromatic ones [3]. Our results pinpoint the importance of symmetry and 
topology on the first and second hyperpolarizability, while aromaticity has a not clear influence on these quantities. 
Overall, I will show how the concept of the reversal of aromaticity upon topology and redox interconversions can be 
exploited to create novel molecular electronic devices [3] and efficient nonlinear optical (NLO) switches [4]. 
Ultimately, innovative inverse design strategies can be applied to further explore the combinatorial chemical 
compound space of meso-substituted hexaphyrins in search of high-contrast NLO switches [5]. 

 
REFERENCES 
1.  M. Alonso, I. Fernandez, Quantifying aromaticity according to the energetic criterion. In Aromaticity, I. 

Fernandez, Ed. (Elsevier) 2021, pp. 195-235. 
2.  I. Casademont-Reig, T. Woller, J. Contreras-García, M. Alonso, M. Torrent-Sucarrat, E. Matito, Phys. Chem. 

Chem. Phys. 2018, 20, 2787–2796. 
3.  T. Woller, P. Geerlings, F. De Proft, B. Champagne, M. Alonso, J. Phys. Chem. C 2019, 123, 7318-7335. 
4. T. Stuyver, M. Perrin, P. Geerlings, F. De Proft, M. Alonso, J. Am. Chem. Soc. 2018, 140, 1313-1326. 
5. E. Desmedt, T. Woller, J. L. Teunissen, F. De Vleeschouwer, M. Alonso, Front. Chem. 2021, 9, 786036. 

 

 

 

 

 

 

Synthesis and Redox Chemistry of Confused Isophlorins  

Venkataramanarao G. Anand, Vishnu Mishra, Santosh P. Panchal  
and Ramesh N. Hiremath  

Department of Chemistry, Indian Institute of Science Education and Research, Dr. Homi Bhabha Road, Pune – 
411008, Maharashtra, India. 
 
Isophlorin and its derivatives represent stable examples of anti-aromatic porphyrinoids [1]. To date, isophlorin 
derivatives have been synthesized with heterocyclic units such as furan, thiophene or selenophene. These 4n 
macrocycles tend to undergo reversible two-electron oxidation as substantiated by core-modified isophlorins [2, 
3]. Altering the connectivity between the heterocyclic units can yield confused isophlorinoids as shown below. 
Confused isophlorins are structural isomers of the parent isophlorin, but with modified electronic and redox 
properties [4]. Particularly, a 20 S-confused isophlorin undergoes a two-electron irreversible oxidation to yield a 
short-lived 19 electron species which can be quickly oxidized to its 18 mono-catonic species. Their synthesis, 
structural, electronic and redox properties will be discussed in this presentation.    
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Phthalocyanines as Functional Recognition Motif for  
Highly-Ordered Biobased Materials 

Eduardo Anaya-Plaza, Ahmed Shaukat, Andrés de la Escosura, Tomás Torres, 
and Mauri A. Kostiainen 

aDepartment of Bioproducts and Biosystems, Aalto University, 02150 Finland. 

bDepartment of Organic Chemistry, Universidad Autónoma de Madrid (UAM), 28049 Spain 
 

Supramolecular self-assembly of biomolecules provides a powerful bottom-up strategy to build functional 
nanostructures and materials. Among the different biomacromolecules, protein cages offer various advantages 
including uniform size, versatility, multi-modularity and high stability [1]. On the other hand, DNA-origami 
technology yields almost any arbitrary nanoscale shape with nanometer-scale accuracy. These structures are 
highly relevant for a broad array of applications such as drug delivery, imaging, and material science among 
others. 
Herein, the electrostatic interaction between cationic phthalocyanines (Pcs) and protein cages (apoferritin and 
tobacco mosaic virus) proteins led to optically active crystals with different morphologies (Figure 1) [2]. Different 
approaches, such as thorough molecular design or supramolecular interactions were explored, in order to ensure 
the non-aggregating behavior of the Pcs in aqueous media. The same principles have been applied to basic DNA 
origami nanoforms, paving the way towards the use of DNA-based nanostructured photoactive materials [3]. 
 

 
Figure 1. Schematic representation of the photoactive biohybrids 
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Phthalocyanines as Functional Recognition Motif for  
Highly-Ordered Biobased Materials 

Eduardo Anaya-Plaza, Ahmed Shaukat, Andrés de la Escosura, Tomás Torres, 
and Mauri A. Kostiainen 

aDepartment of Bioproducts and Biosystems, Aalto University, 02150 Finland. 

bDepartment of Organic Chemistry, Universidad Autónoma de Madrid (UAM), 28049 Spain 
 

Supramolecular self-assembly of biomolecules provides a powerful bottom-up strategy to build functional 
nanostructures and materials. Among the different biomacromolecules, protein cages offer various advantages 
including uniform size, versatility, multi-modularity and high stability [1]. On the other hand, DNA-origami 
technology yields almost any arbitrary nanoscale shape with nanometer-scale accuracy. These structures are 
highly relevant for a broad array of applications such as drug delivery, imaging, and material science among 
others. 
Herein, the electrostatic interaction between cationic phthalocyanines (Pcs) and protein cages (apoferritin and 
tobacco mosaic virus) proteins led to optically active crystals with different morphologies (Figure 1) [2]. Different 
approaches, such as thorough molecular design or supramolecular interactions were explored, in order to ensure 
the non-aggregating behavior of the Pcs in aqueous media. The same principles have been applied to basic DNA 
origami nanoforms, paving the way towards the use of DNA-based nanostructured photoactive materials [3]. 
 

 
Figure 1. Schematic representation of the photoactive biohybrids 
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Electronic Delocalization and Aromaticity in 
Covalent Porphyrin Nanostructures 

Harry L. Anderson 

Department of Chemistry, University of Oxford, United Kingdom 
 
Template-directed synthesis can be used to create π-conjugated porphyrin rings that are as big as proteins.[1, 2] 
These systems mimic the light-harvesting behavior of photosynthetic chlorophyll arrays [3, 4] and they display 
global aromaticity in some oxidation states,[5-8] for example the 12-porphyrin nanoring template complex is 
globally aromatic in its 6+ oxidation state with a Hückel circuit of 4n + 2 = 162 π electrons.[8] Recent work on 
these systems will be presented.  
 
This presentation is dedicated in honour of Prof. Atsuhiro Osuka. 
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Cobalt Porphyrin Catalysts for Photocatalytic Generation of 
Solar Fuels and Commodity Chemicals

Francesca Arcudia, Luka Ðorđevića, Samuel I. Stuppa and Emily A. Weissa

aDepartment of Chemistry, Northwestern University; Evanston, IL, 60208, USA and Center for Bio-Inspired 
Energy Science, Northwestern University; Chicago, IL, 60208, USA. 

This talk will describe two separate strategies to use Co-porphyrin catalyst to photocatalytically produce (i) CO 
from CO2 [1] and (ii) polymer-grade ethylene from the acetylene contaminant of ethylene feed [2]. CO2 reduction 
is accomplished in pure water with an unprecedented combination of performance parameters: turnover number 
(TON(CO)) >80,000, quantum yield (QY) >3% and selectivity >99%, using CuInS2 colloidal quantum dots (QDs) 
as photosensitizer and a Co-porphyrin catalyst. The amine/ammonium-terminated ligand shells of the QDs are 
responsible for the exception performance of this system by establishing (i) an electrostatic assembly with Co-
porphyrin, which allow the colocalization of protons, CO2, and catalyst at the QD core that serves at the source of 
the electrons; (ii) a dynamic equilibrium between carbamic acid and free CO2 that increases the local 
concentration of available CO2; and (iii) “second-sphere” effects that improve the efficiency of the Co-porphyrin 
catalyst. Our room-temperature capture−conversion approach is possible because of the nanoconfined 
environment of the QD surface, which enables the particular reactivity of the carbamic acid as a labile 
sequestration agent [1]. In a separate system based on a Co-porphyrin catalyst, acetylene is reduced to ethylene,
an intermediate in the production of ~50-60% of all plastics. The semi-hydrogenation of acetylene impurity to 
ethylene usually requires energy-intensive thermochemical routes. Our selective photocatalytic strategy is a major 
step toward the production of ethylene from acetylene with the lowest energy footprint possible. Our system 
reduces acetylene into ethylene with several advantages over the present hydrogenation technology, including (i) 
operation with near 100% conversion in an ethylene-rich gas feed and ≥99% selectivity under both non-
competitive (no ethylene co-feed) and competitive (ethylene co-feed) conditions, the latter being industrially 
relevant; (ii) operation at room temperature using light and water in place of high temperature and an external H2
feed, and (iii) use of earth-abundant cobalt in the catalyst, which works not only in combination with the 
benchmark photosensitizer [Ru(bpy)3]2+, but also with inexpensive and organic semiconductor (carbon nitride). 
These features offer substantial advantages over current hydrogenation technologies with respect to selectivity and 
sustainability [2]. 
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Atropisomerism of porphyrin derivatives uncovers 
molecular motifs that promote cell uptake 
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The intrinsic challenge of large molecules to cross the cell membrane and reach intracellular targets is a major 
obstacle for the development of new medicines. We report how the rotation along a single C–C bond between 
separable atropisomers of a drug in clinical trials [1] improves cell uptake and therapeutic efficacy. The 
atropisomers of redaporfin (a fluorinated sulfonamide bacteriochlorin photosensitizer of 1135 Da) [2] are 
separable and display orders of magnitude differences in photodynamic efficacy, which are directly related to 
their differential cellular uptake. We show that redaporfin atropisomer uptake is passive and only marginally 
affected by ATP depletion, plasma proteins or formulation in micelles. The α4 atropisomer, where the sulfonamide 
substituents are on the same side of the tetrapyrrole macrocycle, exhibits the highest cellular uptake and 
phototoxicity. This is the most amphipathic atropisomer with a conformation that optimizes H-bonding with polar 
head groups of membrane phospholipids. Consequently, α4 binds to the phospholipids on the surface of the 
membrane, flips into the membrane to adopt the orientation of a surfactant, diffuses and eventually flips to the 
interior of the cell (bind-flip-diffuse-flip mechanism). We observed increased α4 internalization by cells of the 
tumor microenvironment in vivo and correlated this to the response of photodynamic therapy (PDT) [3] when 
tumor illumination is performed 24 h after α4 administration. These results show that properly oriented aryl 
sulfonamide groups can be incorporated into drug design as efficient cell-penetrating motifs in vivo and unveil 
unexpected biological consequences of atropisomerism.  
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Pyrrole containing systems for OAT and Water Splitting  

Ally Aukaulooa, Nhat-Tam Voa, Marie Sircogloua, Xiaojiao Yuanb,  
Yannick Dappec, Winfried Leibld and Hynd Remitab 

aUniversité Paris-Saclay, ICMMO, CNRS, UMR 8182, F-91405 Orsay Cedex, France. 
bUniversité Paris-Saclay, ICP, F-91405 Orsay Cedex, France 
cUniversité Paris-Saclay, Institute for integrative Biology of the Cell (I2BC), CEA, CNRS, UMR 9198, France 
dUniversité Paris-Saclay, SPEC, CEA, CNRS, GIf-sur-Yvette, France 
 
Oxygen Atom Transfer (OAT) reactions are important in chemical synthesis and biology where high valent metal-
oxos are key catalytic species.[1] Bioinspired models have been investigated to replicate the reactivity and 
selectivity of hemic and non-hemic enzymes.[2] We developed a tetradentate dipyrrinpyridine ligand, a hybrid of 
hemic and non-hemic models. The catalytic activity of the iron(III) derivative was investigated in presence of 
iodosylbenzene. Unexpectedly, MS, EPR, Mössbauer, UV-Visible and FTIR spectroscopic signatures supported 
by DFT calculation provide convincing evidence for the involvment of a relevant FeIII-O-NPy active 
intermediate.[3] We have developed nanostructured conjugated polymers based on pyrrole (PPyr), that can act as 
photocatalysts to replicate the functions of Photosystem II. We found that when dispersed in water without the 
presence of any co-catalysts or any sacrificial agents, PPyr can photooxidize water to O2. This study sets a new 
paradigm to rethink about the photosplitting of water.[4] 
 

                 
 
                         FeIII-O-Pyridine Intermediate       Nano-PolyPyrrole for Water Splitting 
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Ring-Opening and Ring-Closing Reactions of  
Porphyrins on Surfaces 

Willi Auwärtera 
aPhysics Department E20, Technical University of Munich, James-Franck-Str. 1, D-85748 Garching, Germany 
 
Porphyrins and phthalocyanines represent versatile building blocks for self-assembled molecular films, two-
dimensional metal-organic coordination networks, and covalent architectures on well-defined supports [1]. In 
particular on-surface metalation and covalent polymerization reactions in an ultrahigh vacuum (UHV) environment 
have provided elegant routes to tetrapyrrole complexes, polymers, and hybrid structures with distinct chemical, 
physical, and structural properties [2-4].  
Here, I will review some our recent activities employing temperature-induced ring-opening and ring-closing 
reactions on coinage metal supports in UHV, affording specific porphyrin derivatives and nanostructures. 
Specifically, the examples cover the surface-mediated formation of a tripyrrin derivative from conformationally 
distorted free-base tetraphenylporphyrin (2H-TPP) [5] and the synthesis of square-like porphyrin tetramers from 
unsubstituted Zn- and free-base porphines (see Fig.). Low-temperature scanning tunnelling microscopy (STM), 
spectroscopy (STS), and bond-resolved atomic force microscopy (AFM) supported by complementary theoretical 
modelling were used to comprehensively characterize precursors, intermediates and reaction products with sub-
molecular resolution. The formation of the planar tripyrrin derivative occurs by cleaving off one pyrrole units from 
2H-TPP in an "inverted" precursor conformation on Cu(111) and thus involves a ring-opening reaction. The tetramer 
is achieved by dehydrogenative homocoupling of porphines on Ag(100), involving intermolecular ring-closure. The 
resulting product affords a central, planar cyclooctatetraene (COT) moiety, which can promote antiaromatic 
behaviour. These results open routes to study intriguing tetrapyrrole derivatives on surfaces.  
 

 
 
Figure. (a) Scheme of dehydrogenative porphine coupling to square-like tetramer with a central COT moiety (in blue). (b) AFM 
image of Zn-tetramer on Ag(100). 
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Phthalocyanine-Based Electric Double Layer Transistors 
and Photoelectric Conversion  

  Kunio Awaga  

Nagoya University. Japan. 
 
In recent years, organic electronics using the electric double layer (EDL) at the electrode-electrolyte interface has 
attracted much attention, but many organic semiconductors are soluble in electrolytes such as ionic liquids (ILs), 
which causes problems with device stability. Phthalocyanine analogues are organic semiconductors that have been 
studied for a long time, and their advantages include the ability to fabricate high-quality thin films and chemical 
stability, which is expected to lead to the development of organic electronics combined with ionic liquids. 
In our previous work [1, 2], we examined EDL organic thin-film field-effect transistors (OTFTs) with ionic 
liquids as gate dielectrics and with PbPc and TiOPc thin films as semiconductors. PbPc and TiOPc are known to 
exhibit bipolar electrical conduction. By testing ten different ILs, we found that the threshold gate voltages for 
hole and electron injection were proportional to the rest potentials of the ILs. This dependence suggested that the 
hole and electron injection occur at the HOMO and LUMO levels of the bipolar organic semiconductors from the 
electrode potential in IL. We also examined the EDL-OTFTs of PtPc, with various LiCl-PEG (polyethylene 
glycol) solutions of different concentrations as gate electrolytes. The threshold voltages linealy followed the 
concentration dependence of the rest potentials the LiCl-PEG solutions [3].  
 
We have been also studying photoelectric conversion using polarization currents, using a 
[metal(M)|Insulator(I)|Semiconductor(S)|Metal(M)] (MISM) structure, in which the S layer efficiently causes 
photoelectric charge separation, while the polarization in the I layer helps the charge separation in the S layer, and 
the synergistic effect of the two produces a huge transient photocurrent [4]. However, in such a MISM photocell, 
it is sufficient to increase the capacitance of the I layer in order to increase the intensity of the transient 
photocurrent, but the response speed decreases. To overcome this trade-off between intensity and speed, we 
proposed an asymmetric MISIM photocell by combining a high-κ IL and a low-κ organic polymer insulator as the 
I layers. Actually, a MISIM cell, fabricated using an IL and an organic polymer insulator as the I layers, and 
SnNPc with near-infrared absorption as the S layer, realized 300 MHz bandwidth photoelectric conversion with 
850 nm laser excitation. [5]. 
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Corrole insights in pericyclic and Mannich type reactions 
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The research developed in the last decades shows that the structural features of corroles conferred by the low 
symmetry, ring trivalent coordination core and tautomeric isomerism can have important implications not only on 
their chemistry but also on their applications [1, 2]. The promising achievements already obtained with these 
contracted macrocycles in different fields like sensing, catalysis, and photodynamic therapies among others  can 
justify the strong activity on synthetic approaches to afford key derivatives with adequate features for a specific 
application [1, 2]. Among the different synthetic approaches to obtain new corroles the functionalization/post-
functionalization of β-pyrrolic positions via cycloadditions reactions are really promising procedures [1].  
In this communication, it will be presented how simple cycloaddition reactions in the presence of azomethine ylides 
lead to corroles with unusual and unexpected structures. It will also be discussed the derivatization of these 
macrocycles through Mannich type reactions. 
Experimental procedures, mechanistic considerations and spectroscopic data of the same macrocycles will be 
presented and discussed. 
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Photoactive molecular building blocks such as porphyrins and phthalocyanines can be spatially integrated into the 
crystalline lattice of covalent organic frameworks (COFs), allowing us to create models for organic bulk 
heterojunctions, chemical sensors and porous electrodes for photoelectrochemical systems. In this presentation, 
we will address means of controlling the morphology and packing order of COFs in thin films [1] and with 
spatially locked-in building blocks.[2]  
 
We will discuss different strategies aimed at creating electroactive networks capable of light-induced charge 
transfer. For example, we have developed a COF containing stacked thienothiophene-based building blocks acting 
as electron donors with a 3 nm open pore system, which show light-induced charge transfer to an intercalated 
fullerene acceptor phase.[3] Contrasting this approach, we have designed a COF integrated heterojunction 
consisting of alternating columns of stacked donor and acceptor molecules, promoting the photo-induced 
generation of mobile charge carriers inside the COF network.[4] Additional synthetic efforts have led to several 
COFs integrating extended chromophores capable of efficient harvesting of visible and near infrared light, for 
example [5].  
 
Extending newly developed thin film growth methodology to a solvent-stable oriented 2D COF photoabsorber 
structure, we have established the capability of COF films to serve in photoelectrochemical water splitting 
systems.[6] The detailed mechanism of excited state dynamics in light-harvesting conjugated COFs has been 
revealed by means of transient absorption spectroscopy.[7] Many optoelectronic applications of COFs depend on 
significant electrical conductivity. Here, Wurster-type structural motifs are attractive building blocks for 
imparting high conductivity in the corresponding COFs.[8] Finally, COF films can also act as ultrafast 
solvatochromic chemical sensors [9] and show very efficient electrochromic response.[10] The great structural 
diversity and morphological precision that can be achieved with COFs make these materials intriguing model 
systems for organic optoelectronic materials.  
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Tetrapyrroles are among the most widely employed molecular scaffolds for optoelectronic applications, i.e. organic 
photovoltaic (OPV), non-linear optics (NLO), and liquid crystals (LC). However, the large majority of these 
applications concern porphyrin and phthalocyanine macrocycles, while alkyl porphyrazines are much less investigated 
in this field. On the contrary, the latter display interesting optical and electronic properties which makes them 
promising constituents of optoelectronic materials. Moreover, particularly interesting are thioalkyl-porphyrazines, 
because the sulfur atoms at the periphery allows these molecules to display discotic columnar mesophases [1] and 
impart peculiar spectroscopic and electrochemical properties. Their UV-visible spectrum shows, in fact, very broad 
and intense absorption bands in correspondence to main the solar emission spectrum, and their HOMO-LUMO 
bandgap results suitable for OPV. Taking advantage of an original asymmetrization procedure [2], we obtained several 
non-symmetrical mono-aryl and ethynylaryl thioalkyl-porphyrazines where the aryl choice allowed to tune the 
electronic, spectroscopic, and self-aggregation properties [3]. Moreover, these aryl substituted derivatives provides 
unconventional “push-pull” systems displaying NLO properties [3b], constituting efficient light acceptors for OPV 
dye-sensitized (DSSC) solar cells[3b] and dyes for the construction of photoactive nanohybrids with nanocarbons (i.e. 
carbon nanotubes and graphene) [4]. Looking for further improvement of the optoelectronic performances of these 
compounds, novel mono aryl- and heteroaryl-substituted thioalkyl porphyrazines have been synthesized with the aim 
to optimize both the optical response and the anchoring properties on TiO2, essential feature for application in DSSC 
cells. In this communication these novel achievements will be described. 
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For some time, our group has been focused on the molecular design, synthesis and application of boron 
subphthalocyanines (BsubPcs) and subnaphthalocyanines (BsubNcs), which are macrocycles with a chelated central 
boron atom [1]. Our focal point has been and continues to be equally balanced between the basic and applied chemistry 
and their application in organic photovoltaics (OPVs)/organic solar cells (OSCs)[2a] and organic light emitting diodes 
(OLEDs) [2b]; electrochemical [2c] and photophysical properties being critical to these applications. 

For this presentation, I will focus on our progress on the development of BsubNcs. In the past we have shown that 
BsubNcs end up being a mixed alloyed composition based on bay-position halogenation that was formed randomly 
during the reaction of BCl3 with 2,3-dicyanonaphthalene at temperature to form the BsubNcs. The random bay-position 
halogenation has been shown to be impactful in a positive way within OPV devices, [3a] negative within OLED 
devices [3b] and also has electrochemical variations. However, given it is random halogenation, it is desirable to truly 
understand its impact systematically. We have therefore recently developed a valid method to separate the mixed 
alloyed BsubNcs into mixed bands and acquire data to show the impact of the percentage/number of bay-position 
halogens, chlorine and bromine included, on electrochemical potentials and photoluminescence [4a-b]. I will also 
present a new synthetic methodology to avoid the random bay-position halogenation of the BsubNcs. We have also 
applied a computational model to look at the relative impact of the random bay-position halogenation on the 
electronics. We have found that the frequency of halogenation has a larger impact on the HOMO/LUMO energy levels 
than does the random halogen positioning around the bay-positions of the BsubNcs. As this was in parallel with the 
separation method development, the computational data is also comparable to the electrochemical data. 

We have also developed BsubNc + BsubPc hybrid materials and there is a way to avoid bay-position halogenation. 
Once it was avoided, we have the first example of electrochemical and photoluminescence data for the associated 
BsubNc + BsubPc hybrids. I will also outline our approach to accelerated development of BsubNcs, BsubPcs and 
the hybrids whereby their molecular design and synthesis was first been justified through a computational model.  
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During the past few decades, the application of porphyirn-based sensors for the search of molecular and 
supramolecular chirality has undergone a fast development in organic, bioorganic, theoretical and material 
sciences (1-3). The progress has shown a positive impact of broader spectroscopic and advanced theoretical 
analysis that can better tackle the conformational diversity. The latter has proven to be one of the most difficult 
aspects in the structural analysis of porphyrin host-guest complexes, in particular, when the search of absolute 
configuration of chiral guest is the main goal.  
We will discuss a few examples of bidentate complexations of chiral guests to achiral flexible porphyrin tweezer-
hosts, and also when both, the tweezer-host and guest, are chiral. Interestingly, the host-guest complexes that are 
involved in either enantio-or diastereoselective interactions reveal significant differences in their conformational 
diversity. It became clear the latter is the prime challenge for the analysis of diagnostic exciton-split CD and chiral 
sensing towards the guest AC (4-7). Therefore, the selection of suitable tweezer-host does represent one of the 
most critical aspects when the main goal is a determination of the guest’s AC. For this purpose, we carried-out 
Molecular Dynamics (MD) simulations, ab initio geometry optimization and calculations of electronic CD (ECD) 
by TD-DFT along with 1H-NMR experimental analysis to facilitate the interpretations and better understanding 
the potential application of both types, achiral and chiral, tweezers (8). 
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Porphyrins (Pp) represent ideal compounds for the design and the optimization of thin layers for different 
applications, due to their unique optical and redox properties [1,2]. Furthermore, Pp are ideal building blocks for 
the formation of supramolecular complexes driven by non-covalent approaches [3]. In this context, supramolecular 
chirality plays a key role in the functioning of supramolecular chiral adducts with intriguing potential in the field of 
applied science and technology [4]. Thus, in this contribution, different supramolecular adducts based on achiral or 
chiral Pp derivatives (non-water soluble) and water-soluble silica nanohelices (Figure 1) differently functionalized 
(i.e. -NH2, -OH) have been obtained and simultaneously transferred onto solid supports by means of self-assembly 
humid approaches, as Langmuir Schaefer and Layer-by-Layer. The chosen methods ensure high control of the 
deposition parameters and reproducibility, which are both key factors for preserving Pp peculiar physical-chemical 
properties [1]. The hybrid films have been extensively characterized through different methods, Atomic Force 
Microscopy, UV-Vis Absorption and Fluorescence Spectroscopy, Ellipsometry, Raman, Circular Dichroism. 
Preliminary and fundamental evidence of possible applications as active layers for chiral discrimination have been 
finally achieved.  
  

 
 
Figure 1. AFM image and a schematization of porphyrin-decorated silica nanohelice adducts deposited by LS approach. 
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Myoglobin (Mb) and hemoglobin (Hb) are responsible for storage and transportation of molecular oxygen (O2) in 
mammals [1,2]. In both Mb and Hb, heme is bound by a proximal histidine (His) and surrounded by polar amino 
acid residues including a distal His. 

In the present report [3], a water-soluble 
strapped iron(III)tetraaryl-porphyrin 
(FeIIIPor-1) bearing two propyl 
pyridinium groups at the meso positions 
and an overhanging carboxylic acid 
group at the apical position of the strap 
was synthesized to mimic the function of 
myoglobin with the distal polar 
functionality in aqueous solution. As a 
result, FeIIIPor-1 forms a stable 1:1 
inclusion complex with a per-O-

methylated -cyclodextrin dimer delivering a pyridine linker (Py3OCD), and providing both a hydrophobic 
environment and a proximal fifth ligand to stabilize the O2-complex. The ferrous complex (FeIIPorCD-1) binds 
both O2 and CO in aqueous solution. The O2 and CO binding affinities (P1/2

O2 and P1/2
CO) and half-life time (t1/2) 

of the O2 complex of FeIIPorCD-1 are 6.3 and 0.021 Torr, and 7 h, respectively, at pH 7 and 25oC. 
The O2 and CO kinetics indicate that the strapped structure in FeIIPorCD-1 inhibits the entrance of these gaseous 
ligands into the iron(II) center, as evidenced by lower kon

O2 and kon
CO values. 

Therefore, this 1:1 supramolecular complex FeIIPorCD-1 functions as a water-soluble Mb functional model with 
both a proximal ligand to iron(II) and distal polar functionality. It is remarkable that the distal COOH group 
directed to the iron(II) center located at the hydrophobic cavity of the CD dimer induces a “kick off” effect with 
respect to coordinated CO, while it has the reverse effect of stabilization of coordinated O2. Therefore, the distal 
overhanging COOH group in the present model system leads to the best O2/CO selectivity among the aqueous Mb 
biomimetics reported so far. 
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In this oral contribution, I will focus on the synthetic strategies to prepare novel π-extended O-embedded 
porphyrins and study the effect of the O-dopant on the molecular optoelectronic properties. Four generations of O-
fused porphyrins peripherally annulated with pyrano rings will be reported. In the first part, we will discuss the 
synthetic developments to obtain mono- and di-pyranoporphyrins through CuO-mediated pyran annulation 
reaction. In a second instance, we will discuss the synthesis of tetra- and octa-pyranoporphyrins. It was found that 
the increase in the number of O-bridges led to the slight bathochromic shift of absorption maxima, thus indicating 
a weak conjugation between the porphyrin core and the co-planarized meso-aryl substituents. Consequently, the 
insignificant changes of the optical bandgap along with the series of mono- and di- pyranoporphyrins were 
detected. On the other hand, the cyclic voltammograms of O-embedded porphyrins showed the pronounced 
shrinking of the electrochemical HOMO-LUMO bandgap. Spectroelectrochemical investigations suggested that 
these molecules could also use as electrochromic-active units, and their integrations into first electrochromic 
devices discussed. Together with the in-solution studies, O-annulations were also performed on surfaces and their 
results discussed herein. 
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Optical Sensing of Temperature and Oxygen with Dually 
Emitting Metalloporphyrins  

Sergey M. Borisov and Georg Schwendt   

Graz University of Technology, Stremayrgasse 9, 8010, Graz, Austria 
 

Complexes of porphyrins with platinum group metals represent one of the most important group of indicators for 
optical oxygen sensing [1]. Temperature-sensitive response of oxygen sensors makes measurement of this parameter 
essential for precise oxygen monitoring. Optical temperature probes [2] offer advantage of measuring temperature 
in exactly the same way the oxygen measurement is performed. However, so far combination of two probes has 
been unavoidable that significantly increases the complexity of the system and is associated with the risk of 
undesirable effects such as FRET between the probes, leaching etc. Design of new generation of indicators that 
would enable simultaneous sensing of oxygen and temperature is therefore of highest interest. 
Thermally activated delayed fluorescence (TADF) represents a process where fluorescence is emitted after thermal 
activation of the molecule that was previously promoted to the excited triplet state. Such emitters have been primary 
used in OLED technology but rarely for sensing. Although TADF emission is also known for porphyrins, it is often 
too weak to be practically useful for sensing. Recently reported benzoporphyrin dyes show strong TADF at elevated 
temperatures along with phosphorescence [3] and thus have high potential for sensing of temperature. However, the 
dynamic range of these systems was not optimal for majority of applications that are realized at ambient 
temperatures and physiological conditions. In this work we report new metalloporphyrins with decreased singlet-
triplet energy gap that show viable TADF already at low temperatures combined with attractive spectral properties 
(Fig. 1). When embedded into virtually oxygen-impermeable polymer matrices they build a new family of molecular 
thermometers that utilize self-referenced ratiometric read-out with spectrally separated dual emission. 
Immobilization into oxygen-permeable matrices results in dual oxygen/temperature sensors that combine 
ratiometric read-out of temperature with the decay time-based oxygen read-out.  

 
Figure 1: General chemical structure of the new emitters and temperature dependency of the luminescence spectra of a Pt(II) 
complex embedded into polystyrene.  

REFERENCES 
1. X. D. Wang and O. S. Wolfbeis, Chem. Soc. Rev. 2014, 43, 3666-3761. 
2. X. D. Wang, O. S. Wolfbeis, R. J. Meier, Chem. Soc. Rev. 2013, 42, 7834-7869. 
3. P. Zach et al., ACS Appl. Mater. Interfaces, 2017, 9, 38008-38023. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 29



O
R

A
LS

  

Supramolecular chirogenesis in porphyrin chemistry: 
Recent developments and further prospects 
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Chirality is one of the most fundamental issues of Nature and plays a profound role in many natural and various 
artificial systems making it of paramount importance not only for fundamental science but also for different practical 
applications including pharmaceuticals, agriculture, fragrances, cosmetics, food and bio additives, catalysis, 
functional materials, nonlinear optics, etc. Therefore, the process of chirality sensing is of prime interest of modern 
research endeavors. Amongst known methods the supramolecular chirogenic approach to detect chirality is the most 
challenging and prospective. Porphyrinoid based supramolecular chirogenic structures so far have attracted much 
attention for chirality-sensing purposes, owing to their appropriate chemical, physico-chemical, and spectral 
properties, easy handling and versatile modification, direct relation to many biological processes, and wide 
applicability. This prompted us to apply porphyrinoid-based supramolecular systems for design and development of 
smart chirality sensors. 
Several years ago, we have discovered that a simple ethane-bridged bis-porphyrin and bis-chlorin structural motifs 
can be effectively served for different application purposes owing to the specific molecular and supramolecular 
functionalities. In particular, the unique functional property of this bis-porphyrin host is based upon the structural 
semi-flexibility of covalent linkage between two porphyrin units resulting in the environmentally assisted syn-anti 
conformational switching and tweezer formation depending upon the guest structure, which can be effectively 
detected by various spectroscopic methods and employed in different sensing areas, such as chirogenic probes, chiral 
recognitions, and chemical sensors [1-6]. 
Further developments and prospects toward new chirality sensors on the basis of porphyrin structures for new classes 
of organic compounds including chiral pollutants and corresponding theoretical evaluation of chirogenic systems will 
be discussed [7-12]. 
This research was supported by H2020-FETOPEN 828779 (INITIO) grant. 
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Among the various chemical detection systems, optical sensors play a fundamental role thanks to their easy 
working operation and transduction mechanism and the wide range of applications (e.g. vapor sensors for acids or 
volatile compounds) as miniaturized devices in point-of-care medicine, environmental analysis, explosive 
tracing... Leading research is focusing in exploring novel active and stable materials which can be processed by 
different techniques, hence enabling for the realization of a broad range of sensing setups.  
Porphycene (H2Po), a tetrapyrrolic 18π electrons chromophore (inset Fig.1a), is a constitutional isomer of the 
porphyrin family and differs from them in the pattern of connection of the four pyrrole rings.[1] The different size 
of the inner core and the reduced symmetry of the molecule, compared to porphyrins, endow H2Po with unique 
stability and optical features suitable for the exploitation as ultrafast responsive material. Herein we report the first 
studies on H2Po continuous and compact 2D/3D vacuum deposited thin films. The films are studied by means of 
UV-Vis-NIR optical spectroscopies (absorption, emission, surface differential reflectivity-SDR and reflectance 
anisotropy spectroscopy-RAS) and surface microscopies (i.e. AFM). We demonstrate a spectacular chromatic 
change (Fig.1b-d) when the film is exposed to acid and we verified the fast reversibility of the process. 

  

Figure 1 : a) topography of pristine H2Po film; b) topography after the exposure to HCl vapors and recovery of the SDR 
signal (inset, green area, film exposed to acid vapors; blue one, unexposed film; c) comparative UV-Vis spectra of H2Po, 
solution and thin film w/wo exposure to HCl; d) SDR signals modulation towards HCl vapors. 

REFERENCES 
1. E. Vogel, M. Köcher, H. Schmickler, J. Lex, Angew. Chem. Int. Ed. Engl. 1986, 25, 257.  
2. A. Bossi, J. Waluk, R. Yivlialin, M. Penconi, M. Campione, G. Bussetti, ChemPhotoChem, 2020, 4, 5264 
3. M. Penconi, L. Ferraro, J. Waluk, L. Duò, F. Ciccacci, A. Bossi, M. Campione, G. Bussetti, Proceedings 

2020, 56(1), 44. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 31



O
R

A
LS

 

 

Bottom-up Fabrication and Atomic-scale Characterization of 
Porphyrin-based Nanostructures  

Giovanni Bottaria,b,c, Luis M. Mateoa,b, Tomás Torresa,b,c, Qiang Sund,  
Pascal Ruffieuxd, Roman Faseld, Roberto Roblese and Nicolas Lorentee  

aDepartamento de Química Orgánica, Universidad Autónoma de Madrid, Cantoblanco, 28049 Madrid, Spain 
bIMDEA-Nanociencia, Campus de Cantoblanco, 28049 Madrid, Spain 
cInstitute for Advanced Research in Chemical Sciences (IAdChem), 28049 Madrid, Spain 

dEmpa-Swiss Federal Laboratories for Materials Science and Technology 8600 Dübendorf, Switzerland 
eCentro de Física de Materiales (CSIC-UPV/EHU), 20018 San Sebastián, Spain 
e-mail: giovanni.bottari@uam.es 
 
During the last decade, on-surface synthesis has emerged as a powerful tool for the construction of large, planar, π-
conjugated structures that are not accessible through standard solution chemistry.[1] Among the building blocks 
used for the fabrication of such surface-supported nanoarchitectures, porphyrins (Pors) are of particular interest 
thanks to their planar structure with an aromatic core of 18 π-electrons, remarkable thermal stability, tunable redox 
properties, and intense optical features.[2] We report here the on-surface fabrication, and structural and electronic 
characterization of novel Por-graphene nanoribbon (GNR) hybrids ((H2Por2)-GNR in Figure 1a-c)[3a,c], as well 
as π-extended Pors (ZnIIPorA2 in Figure 2d,e)[3b] and Por nanotapes (NTs) (ZnIIPorNTs in Figure 2d,f-h)[3d] 
showing open-shell character.  
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Polyporphine/phthalocyanine-based heterojunctions 
for gas sensing 
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Owing to high interfacial conductivity, organic heterostructures hold great promises to augment the electrical 
performances of electronic devices [1,2]. In this endeavor, our research strategy focusses on developing bilayer 
heterostructures by combining polyporphines (pMP) and phthalocyanine (MPc) for redox gases sensor 
application. Because of the variable reactivity of the meso- and β-hydrogen in the metal porphine (MP), it can be 
electropolymerized through either meso-meso C-C coupling or additional β- β C-C coupling, resulting in “Type-
1” or “Type-2” pMP (Fig. 1). However, the electrical conductivity is very different for the two polymers. In pMP-
1, because of only meso-linkages of the monomer units, each unit is oriented orthogonally to its neighboring units, 
restricting the delocalization of the π-electrons and thus forming a low-conducting polymer film. On the contrary, 
because of the fusion of the monomer units in the 2D plane in pMP-2, there is an extension of the π-conjugation, 
resulting in the formation of a high-conducting polymer films. We have performed such electropolymerizations 
directly on the sensor electrodes and have further deposited a high conducting lutetium bis-phthalocyanine 
(LuPc2) to obtain the organic heterojunction sensors. Our study reveals that sensors based on pMP-1 materials are 
highly sensitive to redox gases such ammonia and promise to detect NH3 below the environmental guidelines, at 
room temperature. This work also highlights the high potentiality of porphine and phthalocyanine based 
heterostructures in the development of gas sensors, which application in this field remains in infancy currently. 
 

 
Figure 1: Scheme of electropolymerization of zinc porphine into pZnP-1 and pZnP-2. 
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directly on the sensor electrodes and have further deposited a high conducting lutetium bis-phthalocyanine 
(LuPc2) to obtain the organic heterojunction sensors. Our study reveals that sensors based on pMP-1 materials are 
highly sensitive to redox gases such ammonia and promise to detect NH3 below the environmental guidelines, at 
room temperature. This work also highlights the high potentiality of porphine and phthalocyanine based 
heterostructures in the development of gas sensors, which application in this field remains in infancy currently. 
 

 
Figure 1: Scheme of electropolymerization of zinc porphine into pZnP-1 and pZnP-2. 
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The synthesis of fuels in light-driven reactions is a vital approach to providing alternatives to fossil fuels. Two 
such reactions are the reduction of aqueous protons to dihydrogen (H2) and the reduction of CO2 to CO, a 
component of synthesis gas. In this work, we employ engineered biomolecular catalysts for proton reduction and 
CO2 reduction. The use of biomolecular catalysts facilitates working in water and yields catalysts with defined 
active-site microenvironments that may be tuned to enhance activity and selectivity.  
 
Two catalysts will be presented. One is cobalt microperoxidase-11 (CoMP11-Ac), consisting of cobalt 
protoporphyrin IX covalently bound to an 11-mer peptide.[1] The second is a synthetic cobalt “mimochrome,” 
(CoMC6*a), a synthetic mini-protein binding a cobalt deuteroporphyrin.[2] Both mini-proteins function as 
electrocatalysts for hydrogen production from water and for CO2 reduction to CO. Investigation of the dependence 
of electrocatalytic current and potential on pH and buffer provides insights into mechanism and factors that 
impact product selectivity.[3, 4] In CoMP11-Ac, the rate-determining step of the H2 production reaction depends 
on buffer pKa,3 while in CoMC6*a, the order in which electrons and protons are assembled into H2 is affected by 
buffer pKa, while the reaction rate depends strongly on buffer structure.[4] The influence of the buffer as proton 
donor on selectivity for CO2 reduction vs. proton reduction also will be discussed. 
 
Both CoMP11-Ac and CoMC6*a are robust components of systems for visible light-driven hydrogen production. 
Upon pairing these catalysts with [Ru(bpy)3]2+ as a photosensitizer and ascorbate as a sacrificial electron donor, 
irradiation with blue or green light yields H2 and, under a CO2 atmosphere, CO. Analysis of the effect of reaction 
components on activity reveals that system lifetime is limited by degradation of [Ru(bpy)3]2+, while the catalysts 
remain active. Both systems are unusual for showing optimal activity near pH 7, which differs from most systems 
for photochemical H2 using [Ru(bpy)3]2+ and ascorbic acid, which typically function best at acidic pH values.[5] 
Furthermore, the use of organic dye sensitizers is successful in these systems, yielding heavy metal-free systems 
for photochemical fuel production. Progress toward developing systems for selective CO production and the 
implementation of more robust photosensitizers will be presented.   
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Porphyrins and phthalocyanines stand out as ligands which can coordinate an extraordinary number of elements of 
the periodic table, except for the very electronegative and radioactive elements.  Most adopt the conventional 
coordination mode in which the element resides in the N4 hole of the ligand, but boron is unusual in that it gives 
rise to binuclear tetrapyrrole macrocycle complexes.[1] This reflects both the small size of boron and its 
preference for tetrahedral coordination, which is not compatible with the square planar coordination environment 
and size mismatch afforded by these macrocycles. Diboron tetrapyrrole complexes afford a unique opportunity to 
examine the stereochemistry of the tetrapyrrole ligand environment that transcends the traditional approaches of 
varying the sizes of the macrocycle core and/or the normally single coordinating element.  
  
Many of the diboron tetrapyrrole complexes contain a B2OX2 core (X=F, OH, Ph), in which each boron is 
coordinated by a pair of adjacent nitrogens, and the stereochemistry of the B2OX2 moiety varies depending on the 
particular macrocycle. Figure 1 illustrates transoid-B2OF2(porphyrin) and cisoid-B2OF2(corrole) in which each 
stereochemical type also induces different structural distortions, with doming (cisoid) or ruffling (transoid) of the 
ligand as well as marked tetragonal elongation. Our initial studies on porphyrin and corrole [1] have been 
extended to include calixphyrin [2], porphyrazine and phthalocyanine, and find that different isomers can be 
observed for the same ligand, and in some cases their interconversion [3].  We have supported these observations 
with a detailed DFT study in which we looked at the stereochemical preferences for B2OF2 complexes of 12 
different terapyrrole macrocycles. The results accord well with our experimental observations and give unique 
new insights into factors influencing the stereochemical preferences for coordination complexes of tetrapyrrole 
macrocycles.   
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Converting pyrroles in porphyrins to non-pyrrolic moieties: 
Going once, going twice, going trice! 

Christian Brücknera 
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Over the years, we developed synthetic strategies to convert one or two pyrrolic building blocks in 
(hydro)porphyrins into a variety of non-pyrrolic heterocycles, forming so-called 'pyrrole-modified porphyrins' [1]. 
Many mono-substituted systems mimic classic chlorins, while many bis-modified systems mimic 
tetrahydroporphyrins (bacteriochlorins and isobacteriochlorins). Frequently, shifts of their hydroporphyrin-type 
spectra can be traced back to conformational effects [2]. Because of a profound electronic influence of -oxo-
substituents on the porphyrinic chromophore [3], mono- and bis-modified systems containing -oxo-substituents 
(including the porpholactones) always deviate significantly from their archetype hydroporphyrins. The properties 
of the porpholactones are an excellent example for this [4].  
Irrespective of the known electronic influence, we were nonetheless surprised to find that tris-modified systems, 
such as trilactones 1 [5], and the related (known) octaethylpyrrocorphine triketones 2 [6] could be readily 
prepared. Moreover, all regioisomers of these tris--oxo-chromophores possess unique electronic properties, 
including broadly varying degrees of diatropicity. Their proposed aromatic structures were probed using 1H NMR 
spectroscopy, X-ray diffractrometry, chemical modifications, and were computationally verified. 
The work further highlights the electronic influence of the -oxo-substituents and conceptually expands the 
understanding of tris-modified hydroporphyrinoid analogues. 
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PorphyStruct: Quick conformational analysis for  
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Macrocyclic conformations have been proven to be of great influence on metal porphyrin electronic structure and 
reactivity. The importance of the non-planar modes was shown in the past to be particularly evident for biometal 
complexes (esp. iron porphyrins) and for porphyrinoid ligands in protein scaffolds. A tool for conformational 
analysis was published by Shelnutt et al. in 1997 [1] and largely eased the discussions, bringing important 
correlations between non-planar distortions and reactivity pattern to the porphyrin chemists’ attention.[2] 
 
 

 
 
 
For porphyrinoids with lower symmetry through differing connectivities like the corroles, porphyrin isomers, nor- 
and heterocorroles, and the like, the 1997 tool is not applicable, and a detailed analysis of the reactivity and 
structure based on non-planar distortion modes is as yet difficult to assess. We have now designed a new digital 
tool "PorphyStruct"[3] by which the conformational realities of many porphyrinoids can be investigated, and 
present here results from first analyses.  
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In recent years, controlling molecular motions has emerged as a promising approach for the development of 
molecules exhibiting switchable magnetic states, the underlying idea being that modifying the structure of a 
molecular system could induce drastic modifications of its magnetic properties. From a practical standpoint, these 
ambitious objectives have so far mainly been addressed with coordination complexes using light as an input signal 
[1, 2] In contrast, far less progress has been made in these directions with electron-responsive systems even 
though electrochemistry stands as a particularly attractive trigger in the perspective of applications in solid-state 
devices or to avoid risks of bleaching associated to high energy light irradiations. In this context, our recent efforts 
have focused on the development of molecular systems for which large amplitude movements actuated by 
electron transfer can be used to control the magnetic state of magnetically active metalloporphyrin centers. 
Following our previous works on porphyrin-based redox-responsive mechanoreactive (supra)molecular 
architectures [3-5], we will detail in this presentation one recent strategy wherein the local environment and the 
electronic configuration (High Spin versus Low Spin states) of a nickel porphyrin can be determined with an 
electric trigger enabling to control the nature and number of coordinated ligands. In more specific terms, we will 
show, on the ground of electrochemical, spectro-electrochemical and magnetic measurements supported by DFT 
data, that a coordination induced spin state switching process can be actuated in solution by the mechanical 
folding and unfolding of isolated molecules triggered by application of suitable potential values [6]. 
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The desirable self‐assembly (SA) of repeated 2D stacked layers requires a “holistic analysis” of three 
interconnected components: the electrode, the interface, and the molecular component; among them, the contact 
interface bears the largest burden responsibilities. Epitaxial growth (EG) of coherent (2D + n) stacked 
heterojunction by solvent‐free deposition holds great promise, although the feasibility has never been 
demonstrated given multiple drawbacks (e.g., surface‐ligand effect, SLE) [1,2]. 
Here, it is demonstrated how a coherent (2D + n), being n = 4, layered heterorganic film is grown on an archetypal 

Fe metal electrode [3]. The ground-breaking 
achievement is the result of the in‐vacuum 
integration of: 
chemical decoupling of the basal organic layer (a 
Zn‐tetraphenylporphyrine, ZnTPP) from the 
electrode, 
2D‐ordering of the ZnTPP commensurate to the 
substrate, 
rigid, stoichiometric, orthogonally arranged, 
molecule‐to‐molecule coupling between ZnTPP 
and a di-topic linear bridging ligand (i.e., DPNDI) 
guided by SA coordination chemistry, and sharp 
(chemical) termination of the layered film. 

 
Figure 3. Left, molecular structures of ZnTPP and DPNDI and CoTPP together with their simplified drawings. The circles 
indicate the coordination sites for clarity; right, proposed molecular construction designed in this work. 
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Stepwise synthesis of a new family of porphyrinoid hybrids 

Andrew N Cammidge, Ibtesam Mashnoy, Jacob Gretton and Isabelle Chambrier 
aSchool of Chemistry, University of East Anglia, Norwich NR47TJ UK 
 
Previous work from our group has developed syntheses of hybrids between porphyrin and phthalocyanine/sub 
phthalocyanine cores. Most recently we disclosed a modified procedure that selectively yields symmetrical 2:2 
meso-aryl triazatetrabenzoporphyrins (TBTAPs) bearing different benzo units in an ABBA arrangement. 

 

 

 

 

 
 

 
 
In this presentation we reveal further insight on the formation of ABBA-C hybrids through synthesis and reaction 
of key intermediates, and further describe the stepwise synthesis of new TBDAP (diaza-) porphyrinoid hybrids. 
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Several synthetic pathways leading to meso-substituted corroles have been developed during the last two decades 
as well as strategies introducing functional groups on corrole or on metallocorroles [1]. On the contrary, if meso-
alkyl corroles are considered, very rare examples of such macrocycles were described, [2] probably because of the 
low stability of corrole bearing electron-donating groups. One way to circumvent this issue is to introduce meso-
perfluoroalkyl chains that would keep a strong-electron-withdrawing character. This presentation will describe 
how the condensation of a meso-perfluoroalkyl dipyrromethane [3] on various benzaldehyde derivatives were 
used, after the isolation of the intermediate corresponding bilane, to prepare corroles bearing two perfluoroalkyl 
groups on the 5 and 15 meso positions. The impact of these substituents on the physicochemical properties of the 
macrocycles will be described by the study of their electrochemical and photophysical properties. A part of this 
presentation will focus on the preparation of ABC corroles produced by the controlled hydrolysis of one of the 
electron-withdrawing alkyl chains leading to unprecedented meso-keto-corroles. 
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Identifying Intermediates in Electrocatalytic Water Oxidation 
with a Manganese Corrole Complex 

Rui Cao 

Key Laboratory of Applied Surface and Colloid Chemistry, Ministry of Education, School of Chemistry and 
Chemical Engineering, Shaanxi Normal University, Xi’an 710119, People’s Republic of China 

 
Water nucleophilic attack (WNA) on high-valent terminal Mn-oxo species is proposed for O−O bond formation in 
natural and artificial water oxidation. Different mechanisms have been proposed for the O−O bond formation in 
the OEC, including water nucleophilic attack (WNA) on a MnV(O) moiety or coupling of two high-valent Mn-oxo 
moieties [1-2]. WNA on MnV(O) is also proposed for catalytic water oxidation with synthetic Mn complexes, but 
the proposed mechanism has rarely been supported experimentally [3-5]. Herein, we report an electrocatalytic 
water oxidation reaction with MnIII tris(pentafluorophenyl)corrole (1) in propylene carbonate (PC) [6]. O2 was 
generated at the MnV/IV potential with hydroxide, but a more anodic potential was required to evolve O2 with only 
water. With a synthetic MnV(O) complex of 1, a second-order rate constant, k2(OH−), of 7.4 × 103 M−1 s−1 was 
determined in the reaction of the MnV(O) complex of 1 with hydroxide, whereas its reaction with water occurred 
much more slowly with a k2(H2O) value of 4.4 × 10−3 M−1 s−1. This large reactivity difference of MnV(O) with 
hydroxide and water is consistent with different electrocatalytic behaviors of 1 with these two substrates. 
Significantly, during the electrolysis of 1 with water, a MnIV-peroxo species was identified with various 
spectroscopic methods, including UV-vis, electron paramagnetic resonance, and infrared spectroscopy. Isotope-
labeling experiments confirmed that both O atoms of this peroxo species are derived from water, suggesting the 
involvement of the WNA mechanism in water oxidation by a Mn complex. Density functional theory calculations 
suggested that the nucleophilic attack of hydroxide on MnV(O) and also WNA to 1e−-oxidized MnV(O) are 
feasibly involved in the catalytic cycles but that direct WNA to MnV(O) is not likely to be the main O−O bond 
formation pathway in the electrocatalytic water oxidation by 1. 
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Under acidic conditions and/or in the presence of various cationic species, the anionic water soluble tetrakis(4-
sulfonatophenyl) porphyrin (TPPS) self-assembles into nanostructures that can exhibit chirality as consequence of 
spontaneous symmetry breaking (1,2) or by transfer induced with external chiral species.(3,4) Counter-anions 
(5,6) and mixing protocols (7) can largely affect the kinetics of aggregation and the final observed dissymmetry g 
factor.  
In this contribution, we report on the impact of organic and inorganic counter-anions on the kinetics and 
thermodynamics of the J-aggregate nanotubes formation, discussing the observed trends in terms of the 
Hofmeister series and the hydrogen-bond making and breaking ability of the anions. Some experiments of seeding 
will be presented and discussed in the frame of the mechanistic pathway to the formation of nanotubes. 
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Complexes of 2-Aza-21-carbaporphyrin as Ligands 
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Owing to its unique structure, 2-aza-21-carbaporphyrin, a.k.a. N-confused porphyrin (NCP) is a hybrid ligand as it 
possesses two distinct donor sets. One of them is defined by internal NNNC coordination core of macrocyclic 
character, and the other is localized on the perimeter of the porphyrinoid ring. A distinct reactivity of the confused 
pyrrole facilitates regioselective modifications of both donor sets altering their coordination properties by 
substituents with supplementary donor groups. Our recent studies resulted in preparation of several NCP 
derivatives [1] of this type which were consecutively applied in synthesis of complexes consisting of different 
transition metal ions. Synthesis, structural characterization, spectroscopic, catalytic, and redox properties, as well 
as chirality of these hybrid ligands and their monomeric and oligomeric complexes will be subjects of this 
presentation.   
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My laboratory has been developing various types of activatable and dual-targeted photosensitizing agents as smart 
theranostics for selective near-infrared fluorescence imaging and photodynamic therapy (PDT) of cancers and 
inflammatory diseases. Recently a fucoidan-based theranostic nanogel (CFN-gel) consisting of a fucoidan 
backbone, redox-responsive cleavable linker, and photosensitizer was developed to achieve activatable near-
infrared fluorescence imaging of tumor sites and an enhanced PDT to induce the complete death of cancer cells. A 
CFN-gel has nanomolar affinity for P-selectin and VEGF. Moreover, a CFN-gel is non-fluorescent and non-
phototoxic upon its systemic administration due to the aggregation induced self-quenching in its fluorescence and 
singlet oxygen generation. After internalization into cancer cells and tumor neovascular endothelial cells, its 
photoactivity is recovered in response to the intracellular redox potential, thereby enabling selective near-infrared 
fluorescence imaging and an enhanced PDT of tumors. It also provides a significant antitumor effect in the 
absence of light treatment in vivo. Our study indicates that a fucoidan-based theranostic nanogel is a new 
theranostic material for imaging and treating cancer with high efficacy and specificity. 
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Main group containing corroles continue to be targets of intense research interest; various derivatives are studied 
by research groups worldwide for a variety of applications. In some earlier cases, such compounds have helped 
supply examples of diamagnetic corroles. As far as the synthesis of new corrole derivatives is concerned, the 
preparation of novel systems is generally less focused at the core and more at the periphery (beta positions) of the 
macrocyclic system.  The central atom/ion is in some cases smaller and more snugly arranged in the pocket; 
different combinations of beta position substitution is expected to unlock novel systems with impressive 
electronics and even structural features.  Moreover, we can study how both the centre and periphery can work 
together in one molecule. While there are numerous possible designs and classes, we wanted to convey some 
emphasis on phosphorus corroles and –CF3 containing species which involves analogues as well as isomers. 
Comparisons to systems such as porphyrins etc. are also constructive.  We hope to expand the known landscape of 
new and atomically precise derivatives in corrole chemistry; much has been achieved in the past 5 years through a 
collaboration with the laboratories of Z. Gross (IIT Technion). The synthetic corrole research was performed at 
IIT unless otherwise mentioned. 
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The possibility of constructing single-molecule magnets (SMMs) based on mononuclear lanthanide complexes 
was first demonstrated in 2003 by Ishikawa on double-decker lanthanide(III) phthalocyanine complexes. Since 
then, this topic has become one of the hot topics in molecular magnetism [1] and significant breakthroughs have 
been recently reported, such as the discovery of mononuclear SMMs exhibiting magnetic hysteresis at 
temperatures as high as 80 K [2]. The origin of such unusual behaviour is associated with the combination of a 
strong uniaxial magnetic anisotropy and a molecular rigidity. In this context, (molecular and lattice) vibrations, 
can prevent pathways for memory loss, thus enhancing the spin relaxation. Here we show a novel approach to 
enhance the performance of these magnetic molecules, which involves an engineering of the molecular vibrations. 
It consists of preparing dinuclear lanthanide complexes keeping the double-decker structure thanks to the fusion 
of two phtalocyanine molecules through a chemical bond. The larger rigidity of this structure shifts the vibrations 
responsible for spin relaxation towards higher energies and, thus, the electron-vibration coupling also decreases. 
This results in the observation of hysteretic effects at temperature as high as 50 K, a temperature that is much 
higher than that observed for the mononuclear analogue. 
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The principal processes in natural photosynthesis, namely solar harvesting and conversion is achieved via self-
assembly of chromophores. The scientific community is inspired to develop molecules with self-assembling 
ability aiming to the construction of materials with improved properties [1]. Self-assembled architectures that 
mimic chlorophylls and bacteriochlorophylls are of great interest for light harvesting applications [2]. Various 
chromophores such as porphyrins, and bodipy have been covalently attached to peptides resulting in hybrids that 
retained their self-assembling ability [3]. Herein, we examined the self-assembly ability of different chromophores 
which are covalently linked to aliphatic dipeptides. Altering various parameters such as the protecting group, the 
different solvent as well as the ratio of the solvent mixture the formation of dissimilar nanostructures was 
observed. Interestingly, in the case of a peptide-porphyrin hybrid the formation of hydrogel in HFIP-H2O solvent 
mixture was obtained. This is of great importance since hydrogels that contain porphyrin chromophores can be 
used for hydrogen production, water oxidation, photodynamic therapy and photocurrent generation [4]. However, 
in all the above-mentioned hydrogel systems the chromophore was not covalently attached to the peptide gelator 
molecule. As illustrated in Figure 1, we have prepared eight different dipeptide-chromophore hybrids utilizing 
porphyrin and bodipy dyes, isoleucine and alanine peptides and four different protecting groups. 
 

 
 
Figure 1: Chemical structures of all dipeptide-chromophore hybrids.  
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Chirality describes an object that can exist as a pair of non-superimposable mirror-images. One of the most 
intriguing properties of chiral molecules is their ability to interact specifically with left- and right-handed circularly 
polarized light either in absorption (Electronic Circular Dichroism, ECD) or in emission (Circularly Polarized 
Luminescence, CPL).[1] Recently, we demonstrated that we can take advantage of the Exciton Coupling Chirality 
to design new efficient -extended helicene architectures with original chiral absorption and emission responses,[2] 
achieving a remarkable enhancement of the chiroptical activities at the ground and excited states.[3] In this work, 
we report the synthesis of the first enantiopure helicene-porphyrin conjugates molecules. Their unpolarized and 
polarized optical properties were investigated and they reveal an intense bisignate Exciton Coupling (EC) signal 
and  values up to 680 M-1 cm-1 for the Soret band along with a CPL in the (far-)red region, where examples of 
chiral luminophores are limited.  Other examples combining helicenes and porphyrins will be presented. 
 

 
 
 

Figure 1: Chemical structure and Chiroptical (ECD and CPL) activities of helicene-porphyrin derivatives 
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Light-induced electron transfer is a key step in solar energy conversion, and a process with myriad relevance in 
the fields of artificial photosynthesis, photocatalysis, photoconductivity, and molecular photovoltaics. In a donor-
acceptor, D-A system, light absorption by a chromophore results in the formation of an excited state species, 
followed by a charge transfer between an electron donor (D) and an electron acceptor (A) leading to a charge-
separated D.+-A.- species. The optimization of these processes and comprehending their mutual interplay to 
ultimately achieve charge-separated species is of paramount importance for the development of efficient systems 
in solar light conversion schemes.   
As part of our continued effort in this field of research[1-3], using a 
combination of cycloaddition-retroelectrocyclization reaction, 
porphyrins (H2P and ZnP) and BODIPYs are decorated at their various 
macrocycle positions with strong charge-transfer complexes, viz., 
tetracyanobuta-1,3-diene (TCBD)-Ferrocene as a novel class of push-
pull systems [4,5].  The physicochemical properties of these 
compounds have been investigated using a range of electrochemical, 
spectroelectrochemical, DFT as well as steady-state and time-resolved 
spectroscopic techniques.  Charge transfer interactions between singlet 
excited porphyrin/BODIPY and the electron-withdrawing TCBD 
directly attached to the macrocycle -system extended the absorption 
well into the near-infrared region.  The occurrence of photoinduced 
charge transfer and separation has been established by complementary 
transient absorption spectral studies followed by global and target data 
analyses.  The role of central metal in the porphyrin cavity and the 
location of the BODIPY ring substitution effect in governing these 
photo events will be discussed. 
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In 2007 we demonstrated that exploiting the kinetic inertness of porphyrin hetero-aggregates it is possible to 
switch on-off the induced chirality in the absence of chiral template.[1] Indeed, supramolecular assembly of 
oppositely charged porphyrins yields to kinetic inert hetero-aggregates able to memorize the chiral information 
imprinted by the chiral template in aqueous solution. [2] Hence, in the attempt to asymmetrically drive the 
oxidation of L-DOPA to melanin-like polymers, we employed a “from-Imprinted-to-Template” approach by 
exploiting the well-known inertia of porphyrin hetero-aggregates. However, although detailed studies on L-DOPA 
polymerization mechanism have been carried out, scant knowledge on the intrinsic chiroptical features of melanin 
polymers are reported to date. The unique proof was the demonstration of atropisomerism caused by slow rotation 
about interunit bonds from DHICA oligomers [3]. 
Herein, we demonstrate that, in phosphate-buffered saline solution, porphyrin hetero-aggregates made up of 
5,10,15,20-tetrakis(4-N-methylpyridyl)porphyrin, H2T4, and copper(II) 5,10,15,20-tetrakis(4-sulfonatophenyl) 
porphyrin, CuTPPS, chirally guide the oxidation of L-DOPA with the surprising generation of asymmetric 
melaninic structures. Notably, complete spectroscopic investigations (UV/Vis and Circular Dichroism) revealed 
that chiral information is first induced to hetero-aggregates by monomeric L-DOPA acting as chiral inducer. 
Afterwards, owing to a close-range contact between chiral template and porphyrin hetero-aggregates, the stored 
chiral information is transferred, in turn, during the melanin synthesis despite the disruption of porphyrin hetero-
aggregates in such a process. Meanwhile, the original chiral information from DOPA was completely consumed 
generating asymmetric melanin oligomers [4]. 
These promising results illustrate a rare example of temporary chiral mediation which pave the way to new 
perspectives concerning the organization of melanin pigments with unexpected biological and technological 
applications. 
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Activation of carbene precursors by planar, low-spin cobalt(II) complexes leads to formation of carbene radical 
intermediates [1]. These are intrinsically reactive metal-bound carbon radicals, useful for catalytic synthesis of a 
variety of ring compounds and other useful organic building blocks and undergo several selective transformations 
[2-3]. 
We recently discovered that carbene radicals are useful 
for the catalytic synthesis of 8-membered ring 
compounds.  
One-pot catalytic procedures are developed producing 
dibenzo-cyclooctenes [5], mono-benzo-cyclooctadienes, 
and benzoxocins (Scheme 1). This presentation is 
focused on the mechanisms and applicability of these 
unusual metalloradical reactions for the synthesis of 
medium-sized ring compounds and describes our first 
attempts to prepare chiral monobenzocyclooctadienes in 
an enantioselective manner. 
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Although the pioneering use of porphyrins in organic solar cells (OSCs) was disappointing, as reported 
efficiencies were very low; the situation has changed over the last five years as Zn-porphyrins with ABAB 
structures linked to acceptor units have been applied as donors resulting in efficiencies of up to 12% in binary 
OSCs and 15% in ternary OSCs.  
The optical and electrochemical properties of porphyrins can be adjusted by molecular design and 
functionalization on the  or meso positions of the porphyrin ring as well as by introduction of different central 
metal ions. Due to the high HOMO level of Zn-Porphyrin derivatives, the Voc of OSCs using this family of 
compounds are lower than 0.9 V limiting the PCE of devices.   
However, the choice of the centrally bounded metal cation within the porphyrin core plays an important role in the 
electronic properties allowing the modulation of the frontier orbital levels and thereby use the porphyrin-based 
molecule as donor or acceptor component of the device. 
Here, I´ll present our recent work in design, synthesis, and application of porphyrin-based small molecules with 
different central metal for highly efficient OSCs. 
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Phthalocyanines (Pc) are an important class of non-natural organic pigments. Due to their extended conjugation, these 
18 π-electron macrocyclic aromatic systems absorb intensely at the near-IR spectral region. The energy of the resulting 
photoinduced excited state can be utilized for different biomedical applications.[1, 2] To this end, the incorporation of 
Pc into biological nanostructures is highly desirable, because it provides them with better photosensitizing features, 
and with the capacity to travel and be delivered within biological tissues. In this presentation we will 
show supramolecular approaches toward Pc-based biohybrid materials.[3, 4]  
For example, we will discuss a straightforward non-covalent strategy to encapsulate silicon (IV) phthalocyanine (SiPc) 
photosensitizers (PS) in biocompatible and biodegradable polymeric micelles. Importantly, the encapsulated PS 
derivatives are amphiphilic, with the SiPc unit contributing to the hydrophobic core, while lipophilicity increases along 
the series, making possible to correlate the loading efficacy in micelles with the hydrophobic/hydrophilic balance of 
the PS structure. This has led to a new kind of third-generation nano-PS that efficiently photogenerates 1O2, while 
preliminary in vitro experiments demonstrate an excellent cellular uptake and a promising PDT activity.[5] 
In a second line, a biohybrid approach to tackle the issues that normally prevent a good photodynamic efficacy of Pc 
against cancer (e.g., high aggregation, low solubility and biocompatibility, etc.) will be described, based on zinc (II) 
Pc (ZnPc) derivatives with dendritic arms containing the well-known carbohydrate N-acetylneuraminic acid, also 
called sialic acid, which ensures water-solubility, biocompatibility and cell internalization.[6] Importantly, these 
dendritic PS have been encapsulated in liposome nanocarriers and used for a tailored multivalent targeting of siglecs 
(sialic acid-binding immunoglobulin-like lectins), which display diverse biological functions in interactions with 
pathogens, autoimmune diseases, neurodegeneration, brain disorders and tumoral processes.[7] 
Finally, we will explore strategies for smart photoinduced PS delivery through biohybrid gels composed on 
nucleobase-containing low molecular weight hydrogelators. 
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Phthalocyanines (Pc) are an important class of non-natural organic pigments. Due to their extended conjugation, these 
18 π-electron macrocyclic aromatic systems absorb intensely at the near-IR spectral region. The energy of the resulting 
photoinduced excited state can be utilized for different biomedical applications.[1, 2] To this end, the incorporation of 
Pc into biological nanostructures is highly desirable, because it provides them with better photosensitizing features, 
and with the capacity to travel and be delivered within biological tissues. In this presentation we will 
show supramolecular approaches toward Pc-based biohybrid materials.[3, 4]  
For example, we will discuss a straightforward non-covalent strategy to encapsulate silicon (IV) phthalocyanine (SiPc) 
photosensitizers (PS) in biocompatible and biodegradable polymeric micelles. Importantly, the encapsulated PS 
derivatives are amphiphilic, with the SiPc unit contributing to the hydrophobic core, while lipophilicity increases along 
the series, making possible to correlate the loading efficacy in micelles with the hydrophobic/hydrophilic balance of 
the PS structure. This has led to a new kind of third-generation nano-PS that efficiently photogenerates 1O2, while 
preliminary in vitro experiments demonstrate an excellent cellular uptake and a promising PDT activity.[5] 
In a second line, a biohybrid approach to tackle the issues that normally prevent a good photodynamic efficacy of Pc 
against cancer (e.g., high aggregation, low solubility and biocompatibility, etc.) will be described, based on zinc (II) 
Pc (ZnPc) derivatives with dendritic arms containing the well-known carbohydrate N-acetylneuraminic acid, also 
called sialic acid, which ensures water-solubility, biocompatibility and cell internalization.[6] Importantly, these 
dendritic PS have been encapsulated in liposome nanocarriers and used for a tailored multivalent targeting of siglecs 
(sialic acid-binding immunoglobulin-like lectins), which display diverse biological functions in interactions with 
pathogens, autoimmune diseases, neurodegeneration, brain disorders and tumoral processes.[7] 
Finally, we will explore strategies for smart photoinduced PS delivery through biohybrid gels composed on 
nucleobase-containing low molecular weight hydrogelators. 
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flasks for chemical reactions over fullerenes   
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Metallo-organic ensembles built with aromatic panels are challenging targets since they provide cavities for the 
encapsulation of guest molecules through - interactions. Capsules based on porphyrins [1] or phthalocyanines 
[2] offer large defined spaces for the encapsulation of large organic guests such as fullerenes. Beyond the mere 
recognition of fullerenes by these metallo-organic cages, some authors have taken advantage of the shape 
complementarity and space confinement in the host:guest complexes to carry out organic transformations that do 
not proceed outside the cage[3]. Here, we describe phthalocyanine-based metallo-organic assemblies able to form 
host:guest complexes with different aromatic species. In particular, we have applied subphthalocyanine-based 
capsules 1 formed by Pd-directed dimerization of two C3-symmetry subphthalocyanines[4] as molecular flasks to 
induce photoredox reaction with guest  fullerenes, triggered by the subphthalocyanine excited state. Also, 
cycloaddition reactions over fullerenes in water media are reported, where the subphthalocyanine capsules behave 
as hydrophobic pockets. Confinement of the fullerene in the void space of the SubPc capsule proves essential to 
effectively perform these transformations.  
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Porphyrins and porphyrin-based materials are currently used in various fields and for many applications because 
of their interesting physico-chemical properties. Indeed, these materials are part of different devices for non-linear 
optical and optical limiting devices, photoluminescent biosensors, electrochemical or spectrometric sensors, 
molecular electronic junctions, dye-sensitized solar cells and electrocatalytic systems [1].  
Our research is focused on the (electro)functionalization of porphyrins, the electrosynthesis of new porphyrin-
based materials as well as their possible applications. Examples of oxidative C-N fusion reaction of pyridinyl-
porphyrins [2], one-pot electrochemical amination [3] as well as electrografting of primary amino-porphyrins via 
the in situ formation of the corresponding diazonium-porphyrins will be presented [4]. 
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The electrocatalytic CO2 reduction reaction (CO2RR) to generate fixed forms of carbons that have commercial 
value is a lucrative avenue to ameliorate the growing concerns about the detrimental effect of CO2 emissions as 
well as to generate carbon-based feed chemicals, which are generally obtained from the petrochemical industry. 
The area of electrochemical CO2RR has seen substantial activity in the past decade, and several good catalysts 
have been reported. While the focus was initially on the rate and overpotential of electrocatalysis, it is gradually 
shifting toward the more chemically challenging issue of selectivity. CO2 can be partially reduced to produce 
several C1 products like CO, HCOOH, CH3OH, etc. before its complete 8e–/8H+ reduction to CH4. In addition to 
that, the low-valent electron-rich metal centers deployed to activate CO2, a Lewis acid, are prone to reduce 
protons, which are a substrate for CO2RR, leading to competing hydrogen evolution reaction (HER). Similarly, 
the low-valent metal is prone to oxidation by atmospheric O2 (i.e., it can catalyze the oxygen reduction reaction, 
ORR), necessitating strictly anaerobic conditions for CO2RR. Not only is the requirement of O2

- free reaction 
conditions impractical, but it also leads to the release of partially reduced O2 species such as O2

–, H2O2, etc., 
which are reactive and result in oxidative degradation of the catalyst. In this presentation, mechanistic 
investigations of CO2RR by detecting and, often, chemically trapping and characterizing reaction intermediates 
are used to understand the factors that determine the selectivity in CO2RR. The spectroscopic data obtained from 
different intermediates have been identified in different CO2RR catalysts to develop an electronic structure 
selectivity relationship that is deemed to be important for deciding the selectivity of 2e–/2H+ CO2RR. The roles 
played by the spin state, hydrogen bonding, and heterogenization in determining the rate and selectivity of CO2RR 
(producing only CO, only HCOOH, or only CH4) are discussed using examples of both iron porphyrin and non-
heme bioinspired artificial mimics. In addition, strategies are demonstrated where the competition between 
CO2RR and HER as well as CO2RR and ORR could be skewed overwhelmingly in favor of CO2RR in both cases. 
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Alzheimer’s Disease: Reactive Intermediates 
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Alzheimer’s disease (AD) is a neurodegenerative disorder that has generally been associated with the accumulation 
of amyloid beta (Aβ) peptides and formation of partially reduced oxygen species (PROS) catalyzed by heme and 
Cu bound Aβ active sites in the brain. Degradation of neurotransmitters is another hallmark feature of AD. The 
heme bound Aβ peptides can act as peroxidases and degrade neurotransmitters like serotonin through reactive 
intermediates like compound 0 and compound I, which have been trapped and characterized. Cu bound Aβ peptides 
are also found to catalyze the oxidation of serotonin in the presence of H2O2. While both, a Cu(II)-OOH species and 
a dimeric, EPR silent, Cu2O2 bis-µ-oxo species are formed under the reaction conditions, the Cu(II)-OOH species 
is the reactive intermediate responsible for serotonin oxidation. Second sphere amino acid residues play significant 
roles in the reactivities exhibited by these metal-A complexes. 
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Porphyrins and corroles have been used in the last two decades to prepare sensor arrays for a variety of applications [1,2]. 
The extended chemical interactivity of these molecules makes possible the measurement of complex patterns of volatile 
compounds. The interplay between metal ion, aromatic ring, peripheral compounds and molecular arrangement 
establishes unique selectivity patterns which are fundamental elements for sensor array design and development. Films 
of porphyrins and corroles can be adequately applied to inorganic surfaces enabling different kinds of chemical sensors 
each based on a diverse physical transduction. Among them, mass transducers, such as Quartz Microbalances (QMBs), 
have been found particularly suitable for several applications. QMBs do not select amidst the interaction mechanisms, 
rather it considers the whole bouquet of interactions involving the volatile compounds and the sensitive layer. Porphyrins 
and corroles coated QMB sensor arrays have been successfully used in several applications, and in particular to investigate 
the relationships between human volatilome and pathologies in-vivo (e.g. breath analysis), in human samples (e.g. urines 
and blood) and in-vitro (e.g. cell cultures). Recent results include the diagnosis of kidney cancer from urines [3], COVID-
19 from blood serum [4], and the Plasmodium falciparum infected red blood cells[5]. 
In the last years, we have been interested in replicating the behavior of QMB sensor arrays with other transduction principle 
which enables a more simple sensor system design and even the integration of sensors in wearable supports[6]. To this regard 
simplest sensors are those based on electric impedance variation. For this scope, porphyrinoid have been grafted onto the surface 
of nanostructures that can provide a change of impedance as a result of the chemical interaction between porphyrinoids and 
volatile compounds. For instance, layers of porphyrinoids coated ZnO nanoparticles shown sensitivity towards a large spectra 
of compounds [7]. Exploiting the optical properties of porphyrins, the sensitivity of this sensors can be triggered by light. As a 
result, these devices show a negative sensitivity to electron donor compounds (e.g. amines) and a positive sensitivity respect to 
other compounds. This property can be fruitfully exploited in sensor arrays configuration to classify complex samples such as 
foods and furthermore to detect spoilage processes.  Another example is provided by porphyrnoids coated silica nanoparticles. 
In this case, the dielectric properties of silica are exploited to develop capacitive sensors whose capacitance is modulated by the 
absorption of volatile compounds. These sensors retain the chemical sensitivity properties of porphyrins allowing for instance 
to reproduce the results of the QMB sensors in the identification of COVID-19 blood serum samples.  
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 Mono- and Heteropentanuclear In(III) Pyrazinoporphyrazine 
Complexes: Synthesis, Physicochemical and Photoactivity 

Studies 
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The macrocyclic octapyridinotetrapyrazinoporphyrazine InIII complex of formula [Py8TPyzPzIn(OAc)]ˑ8H2O, 
prepared by reaction of the free ligand [Py8TPyzPzH2]ˑ2H2O [1] with In(OAc)3, is a stable-to-air species of which 
the structure has been studied by its X-ray powder diffraction and mass spectra and characterization made by IR 
and UV-visible spectral measurements [2]. The complex has been proven to be of potential interest for its 
response as an anticancer agent in the field of photodynamic therapy (PDT), the value of ΦΔ = 0.55 (in DMF) 
being in the range of 0.4–0.6 of similar phthalocyanine and porphyrazine analogs [3] and qualifying the species as 
a highly efficient anticancer agent. Parallel studies, including photoactive behaviour in PDT, have been extended 
to the mononuclear octacation [(2-Mepy)8TPyzPzIn(OAc)]8+ (salted by iodide ions), and to the heteropentanuclear 
derivatives of formula [(M’Cl2)4Py8TPyzPzIn(OAc)]ˑxH2O (M’ = PdII, x = 8; PtII, x = 1)) and 
[{(Pd(CBT)2)4}Py8TPyzPzIn(OAc)]ˑ19H2O (CBT = m-carborane-1-thiolate anion) (see Figure). 
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The hypophagia and nausea/malaise effects produced by existing GLP-1R agonists are reported to require 
penetrance and direct action in the CNS [1-4]. Thus, we sought to create a GLP-1R agonist with reduced brain 
penetrance but that retained at least a comparable pharmacodynamic profile on pancreatic GLP-1R populations 
[5]. Our recent published reports [6-7], along with preliminary data discussed in this talk, show that conjugation 
of vitamin B12 (B12) or dicyanocobinamide (Cbi) (so called ‘corrination’ conjugates) with the potent (EC50 ~30 
pM) GLP-1R agonist Exendin-4 (Ex4), namely B12-Ex4 and Cbi-Ex4, produces hypoglycemia in a glucose 
tolerance test in both mouse and rat models without producing hypophagia or illness-like behaviors. Further, we 
show in the musk shrew [Suncus murinus], a mammal capable of emesis, that B12-Ex4 or Cbi-Ex4 retain a 
hypoglycemic profile with a virtual absence of emetic events compared to the profound emesis produced by 
native Ex4. 
‘Corrination’ overall offers broad clinical potential extending to any disease/syndrome where ONLY a peripheral 
(non-CNS) site-of-action is desired for any peptide-based biological therapeutic to reduce the profile of adverse 
events that may impair clinical application and disease treatment.  
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Carbazole-Annelated Mono and Binuclear Porphyrazines: 
Optical and Photochemical Properties 

T.V. Dubininaa,b, M.S. Belousova and M.A. Gradovac 
aLomonosov Moscow State University, Department of Chemistry, 119991 Moscow, Russian Federation 
bInstitute of Physiologically Active Compounds, RAS, 142432 Chernogolovka, Russian Federation 
cSemenov Institute of Chemical Physics, 119991 Moscow, Russian Federation 
 
In the present study, the synthetic approach to a novel class of planar binuclear porphyrazines with carbazole 
spacer was developed. By the optimization of the reaction conditions yields up to 52% were achieved. Low 
symmetry A3B-type complexes with carbazole moiety were separated and identified. The extension of the 
periphery of binuclear complexes results in linear benzoannelated analogs which demonstrate the bathochromic 
shift of the main absorption band. The electrochemical and spectroelectrochemical studies were conducted for 
target complexes. The target binuclear compounds tend to easier oxidation compared to monoporphyrazines. 
Singlet oxygen quantum yields were measured for the series of binuclear phthalocyanines and it was found that 
they are comparable with binuclear phthalocyanines sharing a common benzene ring (ΦΔ=10-15%). 
 

 
The photodegradation of binuclear complexes was investigated using UV-Vis spectroscopy and mass 
spectrometry. It was found that photodegradation is a stepwise process passed the stage of destruction of the 
aromatic bridge. 
 
Acknowledgement: We are grateful for financial support from Russian Science Foundation Grant № 21-73-00162. 
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Engineering P450s to Alleviate a Bottleneck to Lignin 
Demethylation 

Jennifer L. DuBoisa,*, Emerald S. Ellisa, Melanie M. Machovinaa,  
John McGeehanb and Gregg T. Beckhamb 

aMontana State University, USA 
bCentre for Enzyme Innovation, School of Biological Sciences, Institute of Biological and Biomedical Sciences, 
University of Portsmouth, UK 

cRenewable Resources and Enabling Sciences Center, National Renewable Energy Laboratory, USA 
*Department of Chemistry and Biochemistry, Montana State University, Bozeman, Montana 59717, USA;   
email: jennifer.dubois1@montana.edu; phone: 406-580-0008 
 
Cytochrome P450s are champion catalysts due to their versatility, robustness, and malleability. In the first of a 
trilogy of papers, we described a P450 system capable of oxidatively demethylating the guaiacol subunit of lignin 
– a chemically heterogeneous, abundant plant cell wall polymer that currently is burned as a waste product. To 
date, O-demethylation has served as a bottleneck for biocatalytic conversion of lignin into useful chemical 
precursors such as protocatechuic acid. Our work identified a potential solution to the demethylation problem for 
one of the most abundant lignin subunits. However, guaiacol – the compound that gives barrel-aged whisky its 
smoky flavour – is not the only O-methylated lignin constituent. Related syringol and vanillin monomers are also 
abundant. The use of engineered microbial systems as composite biocatalysts, a process known as “funnelling” 
demands that all of the substrate components be dealt with in order to avoid poisoning the bioreactor. Using 
structure-guided engineering, we were able to selectively modify the active site of the guaiacol demethylase to 
tune its reactivity toward these alternate substrates. Taken together, this work constitutes a biocatalytic hat trick in 
which first the native substrate guaiacol, followed shortly afterwards by syringol and then vanillin, have been 
successfully corralled into the P450 funnel. 
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Phthalocyanines-based systems for health 

Fabienne Dumoulina 
aAcıbadem Mehmet Ali Aydınlar University, Faculty of Engineering, Medical Engineering Department, Ataşehir, 
Istanbul, Turkey. Email: Fabienne.Dumoulin@acibadem.edu.tr / dumoulin.fabienne@gmail.com 

 
Using wavelengths belonging to one of the phototherapeutic window for photodynamic therapy treatment has two 
crucial advantages: a deeper tissue penetration of light, without affecting endogenous chromophores. In this 
regard, phthalocyanines, with their intense absorption around 700 nm, are ideal. 
Our works on the design and synthesis of phthalocyanines-based systems for health (mainly PDT) follow several 
directions that will be presented: 
- new water-solubilising substitution pattern 
- improvement of singlet oxygen generation 
- active targeting strategies 
- combination with other therapeutically active molecules 
- nano-sizing, covalent or not 
- theranostics. 
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Organosilica Nanoparticles for Photodynamic Therapy  
and siRNA Delivery. 

Durand Jean-Olivier,  
aInstitut Charles Gerhardt Montpellier, CNRS, Pôle chimie Balard, 1919 route de Mende, 34293 Montpellier 
cedex 05.  

Organosilica nanoparticles have attracted much attention for nanomedicine applications due to their 
biocompatibility, flexible functionalisation, tunable pore size and diameter. These nanoparticles are different from 
well-known mesoporous silica nanoparticles (MSN). Indeed the organic part represent 80% of the framework, 
therefore, they present improved properties in terms of drug loading capacities, biocompatibility than MSN. We 
describe here mesoporous organosilica nanoparticles engineered for siRNA delivery and two-photon 
photodynamic therapy. The photosensitizers were located in the walls of the nanoparticles as J aggregates, letting 
the porosity free for siRNA loading. Combined with two-photon photodynamic therapy, photochemical 
internalization of siRNA was observed. Alternatively, non-porous organosilica nanoparticles of small size (10 nm 
hydrodynamic diameter), made of J aggregates of silylated porphyrins, and functionalized with mannose were 
prepared. These nanoparticles were injected in the blood stream of MDA-MB-231 breast tumor-xenograted 
models of zebrafish embryos. 1.5h after the injection, the tumor was irradiated with focused two-photon light (3 
scans of 1.57 s). Two days after, the evolution of the tumor was monitored and two-photon PDT allowed a 
reduction of the tumor of 75%.The mechanism of cell death involved caspase 3 and thus apoptosis of the cancer 
cells. 
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Lanthanides and porphyrins on surfaces 

David Écijaa 

IMDEA Nanoscience, Madrid, Spain 
 
Lanthanide elements play a pivotal role in modern science and technology, with impact in light emitting devices, 
lasers, nanomagnetism, and quantum information [1]. In this talk, I will revise our recent efforts regarding the 
metallation of porphyrinoid species on surfaces, targeting to achieve unprecedented metal-organic architectures, 
which could exploit the functionalities of lanthanides in a coordinative environment [2-3]. 
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Design of Aerogel-based Electrocatalysts for Oxygen 
Reduction Reaction in Fuel Cells  

Lior Elbaza and Noam Ziona   
aBar-Ilan University, Ramat-Gan 5290002, Israel 
 
In the past couple of decades great advancements have been made in the development of PGM-free catalysts 
based on earth-abundant elements, nitrogen, carbon and transition metals (usually Fe or Co), inspired by 
biological systems such as porphyrins and phthalocyanines. In order to overcome the poor stability and low 
catalytic activity of transition-metal complexes, a new class of high temperature-treated (HT-treated) catalysts, 
composed of the same elements, i.e., a transition metal, carbon and nitrogen, was developed. Although HT-treated 
PGM-free catalysts exhibit improved activity and stability, their performance remains inferior to PGM catalysts, 
calling for further improvements to make them a viable alternative to the state-of-the-art materials. 
In this work, we designed, synthesized and characterized ORR catalysts based on iron, carbon and nitrogen in a 
well-defined, high surface-area covalent framework (COF) of aerogels. Aerogels are ultralight, porous materials, 
with ultra-low density and high void volume (> 97%), also known for their unique physicochemical properties 
such as high porosity, controllable pore size and surface area, low thermal conductivity, just to name a few. The 
variety of precursors used for aerogel synthesis makes them promising candidates for a wide range of applications 
in catalysts, capacitors, insulators, absorbents, and many more. In the context of electrocatalysis of fuel cell 
reactions, carbon-aerogels have been mostly used so far as catalyst supports for PGM and PGM-free catalysts. 
In their inorganic form, aerogels can have ultra-high catalytic site density, high surface area, and tunable physical 
and chemical structures - all very important features for a heterogeneous catalyst. In this talk, we will discuss the 
synthesis and electrocatalytic properties of an iron-porphyrin aerogel. 5,10,15,20-(tetra-4-aminophenyl)porphyrin 
(H2TAPP) and Fe(II) were used as the building blocks of the aerogel, which was later heat-treated  at 600 °C to 
enhance electronic conductivity and catalytic activity while preserving its macro-structure. The resulting material 
has a very high concentration of atomically dispersed catalytic sites (4.01∙1019 sites cm-3), capable of catalyzing 
the oxygen reduction reaction in alkaline solution (Eonset = 0.93 V vs. RHE, TOF = 0.2 e- site-1 s-1 at 0.8 V vs. 
RHE). At the end of the talk, I will also show some of our recent results with other types of aerogels, some for 
different applications. 
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Plasticity in the Mode of Action of B12-based 
Photoreceptors 

Ricardo Pérez-Castañoa, Jesús Fernández-Zapatab, María Carmen Polancoa, 
Marta Fontesa, S. Padmanabhanb and Montserrat Elías-Arnanza 

aDepartamento de Genética y Microbiología (Unidad Asociada al IQFR-CSIC), Universidad de Murcia, 30100 Murcia 
bInstituto de Química Física “Rocasolano”, CSIC, 28006, Madrid 
 
CarH is the prototype of a new and large family of photoreceptors that are widely distributed in many bacterial 
species and that use the form of vitamin B12 known as coenzyme B12 or AdoCbl (5'-deoxyadenosylcobalamin) as 
their chromophore [1]. Typically, they repress their own expression and that of genes for carotenoid synthesis in 
the dark by binding to operator DNA as AdoCbl-bound tetramers, whose light-induced disassembly relieves 
repression [1-4]. Structures of Thermus thermophilus CarH provided high-resolution snapshots of the dark and 
light states, and of a unique DNA-binding mode where three out of four DNA-binding domains contact an 
operator comprising three tandem 11-bp direct repeats [2]. I will present our recent results highlighting a notable 
plasticity in oligomerization, DNA binding and/or operator architecture of CarH photoreceptors, which may be 
important for their biological functions and development as optogenetic tools [3,4,5]. 
 
Ths work was supported by grants PGC2018-094635-B-C21 to MEA and PGC2018-094635-B-C22 to SP, both 
funded by MCIU/AEI 10.13039/501100011033 and by “ERDF A way of making Europe"; by grant 20992/PI/18 
to MEA from Fundación Séneca (Agencia de Ciencia y Tecnología, Región de Murcia, Spain). 
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Stereoselective olefin cyclopropanation reactions with 
engineered hemoprotein catalysts 

Rudi Fasana 

aDepartment of Chemistry, University of Rochester, Rochester, NY 14627, United States.  
 
Expanding the reaction scope of biological catalysts beyond the realm of enzymatic transformations occurring in 
nature can create new opportunities for the exploitation of biocatalysis for organic synthesis and sustainable 
chemistry.  In this lecture, we will present recent progress made by our group toward the design and application of 
engineered myoglobins and other hemoprotein scaffolds for catalyzing abiological carbene transfer reactions, with 
an emphasis on olefin cyclopropanation reactions. These efforts have led to the development of efficient and 
stereoselective biocatalysts for the asymmetric synthesis of a variety of chiral cyclopropane scaffolds, including 
transformations not previously accessible with synthetic carbene transfer catalysts. These biocatalytic strategies 
could be leveraged to enable the stereoselective synthesis of core motifs in drugs and bioactive natural products at 
the preparative scale and they could be integrated into chemoenzymatic schemes for the generation of structurally 
diverse and stereochemically rich scaffolds of high value for medicinal chemistry and natural product synthesis.  
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A Mixed Metal Porphyrinic Metal Organic Framework for 
Photocatalytic Applications 
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b Instituto Universitario de Tecnologia Quimica CSIC-UPV and Departamento de Quimica, Universidad 
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c Institut des Matériaux Jean Rouxel, Université de Nantes, UMR CNRS 6502, 44322 Nantes, France 
d Institut Lavoisier, UMR 8180 CNRS Universite´ de Versailles Saint-Quentin-en-Yvelines, Université Paris-
Saclay, 45 avenue des Etats-Unis, 78035 Versailles, France 
 
Porphyrin-based Metal Organic Frameworks (MOFs) are being extensively investigated as functional materials 
with properties originating both from the porphyrinic linker and the metallic building unit of the framework [1]. 
Chemical stability is a prerequisite for any material use but is also a challenge for coordination-based compounds, 
especially regarding stability to hydrolysis [2]. For this purpose tailor-made porphyrins with original coordinating 
functions have been recently developed [3], that extended the coordination chemistry well beyond carboxylates. 
In our quest to stable functional materials, we recently reported an especially robust polyphenolate porphyrin- 
based framework: MIL-173(Zr) [4]. This material was proved to be active in several catalytic transformations and 
in view to upgrade the photocatalytic features a modification of the inorganic unit was performed, to introduce 
TiOx units, thus impacting the band gap and photophysical properties. MIL-173 was modified through chemical 
synthesis: using a mixture of Zr and Ti precursors we demonstrate the synthesis of a mixed metal Ti/Zr based 
MOF with a finely tuneable inorganic composition (Figure 1). The structure, morphology, porosity and light 
absorption properties evolution were studied with increasing Ti content. Photocatalytic activity is assessed for 
variable Ti content in the MOF.  
 
 
 
 
 
 
 
 
 

Figure 1: mixed-metal MIL-173 metal organic framework 
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SubPc – Scaffolding 

Rüdiger Faust, Gero Grunewald, Denise Täubert and Lorena Vogt 

University of Kassel, Institute for Chemistry and CINSaT – Center for Interdisciplinary Nanostructure Science 
and Technology, Heinrich-Plett-Str. 40, 34132 Kassel, Germany, r.faust@uni-kassel.de 
 
The cone-shaped subphthalocyanines (SubPcs) have emerged as promising functional chromophores with an 
intriguingly broad application profile that is driven by their synthetic accessibility and their relative ease of 
handling in combination with impressive solar light harvesting and/or photooxidative properties. 
 
We have previously exploited the base-induced ring-opening of the SubPcs for the design of desymmetrized A3B-
phthalocyanines and porphyrazines. This experience has now prompted us to explore in further detail the use of 
SubPcs in multi-chromophore ensembles around rigid aromatic and alkynyl scaffolds (see Figure below). Of 
particular interest in this respect is our venture into photoexcitable molecular wires.  Furthermore, the presentation 
will also highlight SubPc-scaffolding using photophysically active bringing units such as porphyrins and 
BODIPYs. Synthetic details along with preliminary results of the photophysical investigations of the prepared 
multi-chromophore ensembles will be reported. 
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In a second line of research we are currently investigating SubPc as a scaffold for singlet oxygen catch-and-
release units.  Initial designs rely on the singlet oxygen capture of pyridones covalently attached to the SubPc core 
(see Figure to the right). This research will be extended to supramolecular binding motives to provide for the 
dynamic and reversible attachment of the carrier unit.  Progress of this ongoing research will be reported. 
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particular interest in this respect is our venture into photoexcitable molecular wires.  Furthermore, the presentation 
will also highlight SubPc-scaffolding using photophysically active bringing units such as porphyrins and 
BODIPYs. Synthetic details along with preliminary results of the photophysical investigations of the prepared 
multi-chromophore ensembles will be reported. 
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In a second line of research we are currently investigating SubPc as a scaffold for singlet oxygen catch-and-
release units.  Initial designs rely on the singlet oxygen capture of pyridones covalently attached to the SubPc core 
(see Figure to the right). This research will be extended to supramolecular binding motives to provide for the 
dynamic and reversible attachment of the carrier unit.  Progress of this ongoing research will be reported. 
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Tetrapyrrolic macrocycles are a ubiquitous class of compounds in nature with unique physicochemical properties 
and a stablished role in crucial biological functions. The adequate functionalization of these natural or synthetic 
macrocycles at meso and/or beta-pyrrolic positions or their immobilization on different supports are responsible 
for their successful applications in several field. In particular, some of these derivatives have shown remarkable 
properties and significant potential to be used as photosensitizers in photodynamic therapy against tumoral cells, 
microbial cells in planktonic and biofilms forms, viruses and parasites [1-3]. In this communication, an overview 
of some of the recent synthetic advances obtained in our group to obtain immobilized and non-immobilized meso-
arylporphyrins derivatives and applications related with their photodynamic efficiency under different contexts 
will be addressed and discussed [4-7].  
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Photosensitizers (PSs), such as phthalocyanines and porphyrins, are chemicals that are activatable by light of a 
specific wavelength. Several PSs have been used in photodynamic therapy to treat a variety of diseases, including 
central serous retinopathy, age-related macular degeneration, and certain solid tumors [1-3]. 
Exosomes are small vesicles (30-150 nm) that are released into the extracellular space by most cells. They play a 
crucial role in cell-cell communication, by carrying a variety of bioactive molecules (e.g. lipids, proteins, and 
genetic material). Exosomes are suitable for PS delivery because of their inherent features, including low 
immunogenicity and toxicity, as well as their intrinsic ability to cross biological barriers.  
Due to the ability to recognize carbohydrate-binding proteins overexpressed in the diseased tissue, incorporation 
of different carbohydrates at the periphery of PSs’ core improves their solubility and provides a molecular-
targeted method of delivering PDT-mediated toxicity [4-7].  
This talk will cover the putative use of exosomes as PSs carriers and delivery systems, as well as the mechanisms 
underlying phototoxic effects of galactose-PSs conjugates, including the mechanisms of their internalization and 
the impact of cytoskeleton disorganization in PDT-induced cell death.  
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Photoinduced electron transfer is a key step in natural photosynthesis, but also in artificial photosynthesis and 
organic photovoltaics. As a consequence, it has received great scientific attention. Our groups have dedicated 
many efforts to the study of such charge-separated states by bonding, for example, phthalocyanines (Pcs) [1] and 
perylenediimides (PDIs) [2] in different stoichiometries and geometries, thus generating charge-separated states 
with lifetimes in the hundreds of microseconds range [3]. Recently, we have initiated the photophysical study of 
PDI-azobenzene ensembles [4], which contain a photoisomerizable azo group, obtaining exciting results. Herein, 
we will present the extension of these studies to pentads containing both phthalocyanines and azobenzene-PDIs. 
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Theoretical studies are often applied to complement experiments that aim at synthesizing porphyrinoids with 
distinct properties. It has been shown, that systematic studies of magnetically induced currents are very useful in 
this context.[1,2] The computational approach used here is the gauge including magnetically induced current 
density method (GIMIC).[3,4] Numerical integration of the current flow around molecular rings and along 
selected chemical bonds can be used for determining current pathways and the degree of aromaticity of various 
molecules according to the magnetic criterion.[1-4] It has also been found that the integrated current strength 
susceptibility and optical properties of antiaromatic porphyrinoids are related.[5,6]  
A new feature in GIMIC is to calculate numerically the magnetizability of a molecule from the current density.[7] 
A new methodology for calculating, analyzing, and visualizing nuclear magnetic shielding densities which are 
calculated from the current density has been developed and made available in GIMIC. Atomic contributions to 
nuclear magnetic shielding constants can be estimated, using a Becke partitioning scheme.[8] First applications on 
prototypical aromatic and antiaromatic porphyrinoids showed that the new approach can be used to determine 
spacial contributions to 1H NMR magnetic shieldings paving the way to a better understanding of the latter.[9] 
Three dimensional visualizations of the current density as streamlines including 3D animations of the current flow 
are by now also feasible and very recent work will be highlighted in this context.[10-14]  
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Organic and inorganic photoexcited states often lead to free radicals that have strong chemically induced electron 
spin polarization (CIDEP), easily detected on the sub-microsecond time scale using time–resolved (CW) electron 
paramagnetic resonance spectroscopy (TREPR). Of the four known CIDEP mechanisms (radical pair mechanism 
(RPM), spin–correlated radical pair mechanism (SCRPM), triplet mechanism (TM), and radical–triplet pair 
mechanism (RTPM), the latter is by far the least understood theoretically but may prove to be the most useful of all 
of them.  Radical-triplet pairs involve electron spin state mixing and sometimes quenching of triplet states by stable 
doublet state free radicals such as nitroxides.  This process can be extended to the study of stable nitroxide biradicals. 
The RTPM is attractive for investigation of excited state and radical dynamics for reasons: 1) the process is overall 
non-destructive, i.e., the triplet and the nitroxide eventually return to their electronic ground states with Boltzmann 
spin state populations, and 2) the resulting spectrum reports spin state information from the unobserved excited 
triplet state through the nitroxide, the intensity of which can be related to encounters between the two, driven by 
translational motion.  Simultaneously, the recorded TREPR spectrum of the nitroxide contains line shape 
information related to rotational motion.  The ability to observe and record both types of motion, especially in 
heterogeneous systems such as micelles, vesicles, bubbles, and emulsions is highly advantageous, particularly when 
one notes that polarity and order parameters can also be extracted by spectral simulation. 
 
In this talk I will give an overview of all 
four CIDEP mechanisms and introduce the 
intricate features of the RTPM, with 
examples from my laboratory and others to 
show how structural, dynamic and kinetic 
information can be obtained in both 
organic and inorganic systems, specifically 
metal-coordinated porphyrins. I will use 
this overview as a platform to suggest new 
pathways that can exploit the RTPM for the 
investigation of more complex systems 
such as dye-sensitized solar cells, 
structured fluids, and the physiochemical 
properties of commercially important 
polymers. 
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Porphyrinoids have been fascinating target molecules for potential applications in molecular electronics.[1–3] 
Although porphyrinoids have been used for fabricating different molecular devices [4–6] a systematic study that 
defines the relationships between their structural characteristics and their transmission properties has not been 
performed yet. Some evidence suggests that aromaticity of Porphyrinoids may affect their conductivity,[7] but is 
it a general trend? Aromatic porphyrinoids often have a larger HOMO-LUMO gap compared to their antiaromatic 
counterparts. This might justify the abovementioned hypothesis. To examine possible relationship between the 
aromatic character of porphyrinoids and their transmission properties a diverse set of porphyrinoids which are 
known to have aromatic and antiaromatic characters were selected. Transmission properties of these systems 
along with their magnetic aromaticity as defined by the strengths of their induced magnetic currents are assessed 
within the context of density functional theory (DFT) and DFT-coupled nonequilibrium Green’s function (DFT-
NEGF). Here we represent our finding to solve this mystery. 
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From NIR-responsive porphyrin arch-tapes to non-planar 
PBI derivatives and a NIR-responsive C70-fragment 

Norihito Fukuia,b 
aDepartment of Molecular and Macromolecular Chemistry, Graduate School of Engineering, Nagoya University 
bPRESTO, Japan Science and Technology Agency (JST) 
 
During my Ph. D course in Kyoto University under the supervision of Prof. Osuka, I synthesized non-planar fused 
porphyrin oligomers, so-called porphyrin arch-tapes.[1] The key to realizing the curvature is the conceptual insertion 
of atoms between porphyrin units, which distorts the structure. My current project started four years ago based on 
this experience. In this presentation, I will talk about the details of my current project and how I launched it. 
 
The development of novel π-conjugated molecules is an attractive research topic in modern organic chemistry 
because this approach leads to various future applications. I believe that the most important to create original 
molecules is the concept for molecular design. Accordingly, I felt that "insertion of atoms" should be potentially 
more general, thus affording various unique molecules. With this idea, I designed atom-inserted perylene bisimides 
(PBIs).[2] These molecules exhibited unique properties due to the non-planar structures and inserted atoms. 
 
I also expanded my molecular design to "inner-modification” and designed internally functionalized bowl-shaped 
aromatic hydrocarbons.[3] After synthesizing these molecules, I realized that their main skeleton is a new C70-
fragment, as-indaceno[3,2,1,8,7,6-ghijklm]terrylene. The hydrogen-substituted derivative was oxidized, which 
afforded as-indacenoterrylene. Surprisingly, as-indacenoterrylene exhibited NIR-absorption tailing to 1300 nm. 
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N-Confused Porphyrin Dimer System 
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Department of Chemistry and Biochemistry, Graduate School of Engineering, and Center for Molecular Systems, 
Kyushu University, Fukuoka 819-0395, Japan. (E-mail: hfuruta@cstf.kyushu-u.ac.jp) 
 
The aromaticity of the planar porphyrinoids is usually controlled by the number of electrons in the -conjugated 
circuits and is readily altered by modulating the -circuits upon oxidation and reduction. In the N-confused 
porphyrin, however, the -conjugation pathways can be modulated by NH tautomerism (NCP-3H and NCP-2H). 
The circuits can be fixed by metalation (e.g., NCP-Ag and NCP-Ni). As the -position of the confused pyrrole 
ring could serve as a turnout point of the -conjugation pathways,[1] it is interesting to investigate the aromaticity 
in the triply fused dimer system.[2] In this presentation, the aromaticity of bismetal complexes of confused 
porphyrinoid systems, -’, meso-meso, -’ triply linked N-confused porphyrin dimer (1) will be discussed. 
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CO2 Cycloaddition to Three-membered Rings Mediated by 
Porphyrin-based Catalysts 
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Fiorentino, Italy. e-mail: gabriele.manca@iccom.cnr.it 

 
Aziridines, as well as epoxides, can be reacted with CO2 to synthesize, by cycloaddition reaction, oxazolidinones 
and cyclic carbonates, respectively. Several catalysts promote these reactions, which permit the formation of high-
added value fine chemicals by using a waste such as CO2 as starting material and applying a 100% atom economic 
procedure. 
Even if both reactions are efficiently promoted by porphyrin-based catalysts [1] and aziridines are structurally 
analogous to epoxides, the CO2 insertion into aziridines has been less studied. We are currently investigating the 
synthesis of oxazolidinones and cyclic carbonates by fine-tuning the nature of the catalyst in order to maximize 
the eco-compatibility of the employed procedure. It is well known that these reactions occurred thanks to the 
synergic action of an electrophilic catalyst, usually a metal complex, and nucleophilic co-catalyst such as a salt.  
Our recent studies have revealed that the presence of a transition metal into the porphyrin core is not required to 
afford good catalytic performances ((P)Ru(NAr)2/TBACl) [2] can be replaced by PH2/TBACl [3]) and also that 

the addition of a 
co-catalyst salt can be 
avoided by using a 
bifunctional catalyst, 
which presents the 
nucleophilic agent as the 
counterion of the 
protonated tetrapyrrolic 
ring (PH2/TBACl can be 
replaced by PH4Cl2[4]).  
DFT calculations have 
clarified the occurrence 
of different mechanisms 
when different porphyrin 
catalysts were used as 
promoters. 
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Insights into the regulation of light-induced cytotoxicity in 
photoactive nanomaterials 

Anzhela Galstyana  
aUniversity of Duisburg Essen, Faculty of Chemistry, Universitätstr. 5, 45141 Essen. 
E.mail:anzhela.galstyan@uni-due.de  
 
The demand for photofunctional antimicrobial nanomaterials is increasing rapidly in different fields of medicine 
and biotechnology.[1-3] Though there are many reports showing that such nanoporous surfaces exhibit very 
strong antibacterial and antiviral effects upon irradiation, major regulators of activity are still largely unverified 
and the requirements for effective antimicrobial action remain controversial. Design and synthesis of photoactive 
compounds that could be used as structural components of nanoscale materials as well as structure-activity 
relationships of fabricated nanomaterials will be presented.[4, 5]  
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cDepartment of Chemistry, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, China. 
 
Photodynamic therapy (PDT) has become a clinically promising approach for the treatment of a wide range of 
cancers and other diseases due to its spatiotemporal selectivity and non-invasive nature. However, the use of 
traditional molecular PSs has inherent drawbacks that hamper the full development of PDT, as the combination of 
poor transport, low tumour selectivity and the "always-on" property generally leads to post-treatment risks 
associated with harmful photosensitisation. 
In this context, the use of supramolecular assemblies would allow, with less arduous synthetic effort, to build 
well-defined dynamic and adaptable structures whose size can be controlled by changing different external 
parameters like temperature or concentration. Moreover, supramolecular PSs offer the possibility to precisely 
control not only the internalization, but also the ROS generation via contact- or self-quenching of the PSs. 
 

 
Figure 1. Schematic representation of the monomers, their self-assembly and applications. 
 
The lecture will discuss new strategies on the design, synthesis and self-assembly study of different monomeric 
photosensitizers in aqueous media and the advantages when employing the resulting supramolecular assemblies in 
PDT or photothermal therapy. [1, 2] 
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Elucidation of Chemical Structure and Evaluation of the 
Intramolecular Charge-Transfer Properties in Carbazolyl 

Oxy-Phosphorous Tetrabenzotriazacorrole (Cz-TBC) and its 
Tertiary Analogue as Multifunctional Materials 
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Victor N. Nemykin*b,d and Saad Makhseed*c 

aDepartment of Organometallic and Organometalloid Chemistry Division, National Research Centre, Giza, Egypt 
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Tetrabenzotriazacorroles (TBCs) are one of the most well-known and successful artificial dyes and pigments in 
modern materials chemistry. These push-pull effect designed molecules have attracted a great deal of interest in 
materials sciences due to their unique optical and electronic properties.[1, 2] Moreover, introduction of a 
phosphorus(V) atom into simple (known) tetrabenzotriazacorrole macrocycles is not necessarily difficult and can 
generate changes in the structural and optical properties. Here, two new tetrabenzotriazacorroles (TBCs) with 
phosphorus(V) metal centers substituted with either carbazole units or t-butyl groups are presented that demonstrate 
the potential of tuning the acceptor unit to enhance the photophysical properties. Optical properties are discussed 
based on a combination of experimental absorption spectra, electrochemical properties, and theoretical molecular 
orbital calculations. These complexes are relatively easy to synthesize from their metal-free analogues. Chemical 
modification of metal-free carbazolyl-phthalocyanine derivatives tunes the emission behavior from triplet states by 
changing the geometry of the intramolecular charge transfer (ICT) state. The novel carbazolyl TBC (Cz-TBC) 
demonstrated both room temperature phosphorescence (RTP) and T-T annihilation. Time resolved spectroscopy and 
time-dependent density functional theory (TDDFT) were utilized to investigate both structures and to demonstrate 
the roles of ICT states in the underlying photophysics.  
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Antimicrobial Strategies for Infection Prevention: 
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Efforts to control hospital acquired infections (HAIs) have been hampered by the emergence of drug-resistant 
pathogens, necessitating the pursuit of advanced functional materials that are capable of the self-disinfection of 
such microbes in hospital environments. To that end, we have explored two approaches for pathogen reduction: 
antimicrobial photodynamic inactivation (aPDI) and antimicrobial photothermal inactivation (aPTI). In vitro aPDI 
studies were performed against bacteria and viruses employing photosensitizer-embedded or conjugated 
nanofibrillated cellulose, polyacrylonitrile or nylon nanofibers, dual-dyed wool/acrylic blended fibers, olefinic 
block copolymers, and spray coatings. For natural polymer scaffolds [1], cellulose-porphyrin conjugates 
(nanocrystals, nanofibers, or paper sheets) were found to be highly effective against a broad spectrum of 
pathogens: our best results demonstrated that S. aureus, A. baumannii, P. aeruginosa and K. pneumoniae all 
exhibited photodynamic inactivation by 99.99+%, as well as inactivation of dengue-1 virus (>99.995%), influenza 
A (~99.5%), and human adenovirus-5 (~99%). As an alternative strategy, non-covalent approaches to 
photodynamic materials using artificial polymers were also explored: i) using electrospinning, cationic porphyrin 
and BODIPY photosensitizers were embedded into polyacrylonitrile and nylon nanofibers, and the resultant 
nonwoven materials possessed both antibacterial and antiviral activities; ii) using melt-pressing [2], we developed 
a photosensitizer-embedded olefinic block copolymer that exhibited excellent antimicrobial properties against a 
range of microbes, including Gram-positive and Gram-negative drug-resistant bacteria, as well as against 
enveloped and non-enveloped viruses; and iii) we have explored photodynamic coatings on polymer microfibers 
for pathogen inactivation [3,4], and have demonstrated population reductions of >99.9999 and 99.6% for S. 
aureus and antibiotic-resistant E. coli, respectively, after exposure to visible light for 1 h. In response to the 
current COVID-19 pandemic, we also confirmed that these coated fibers can inactivate a human common cold 
coronavirus serving as a surrogate for the SARS-CoV-2 virus. As an alternative strategy, we have embedded the 
photothermal photosensitizer molybdenum disulfide (MoS2) into bacterial cellulose (BC) by a facile in 
situ growth followed by a dip-coating process to add a chitosan layer (BC/MoS2-CS) [5]. When compared with 
the BC/MoS2 membrane, which itself showed a 95% reduction of S. aureus and 99.9% inactivation of E. coli, the 
addition of chitosan led to a synergistic effect, improving inactivation to 99.998% against S. aureus and 99.988% 
versus E. coli. More recently, we have developed dual-coated fabrics employing photosensitizer-luminous powder 
using silk-screen printing, and demonstrated that this strategy is able to produce antimicrobial materials that 
function even when illumination ceases. Together, these results demonstrate that such materials may have 
widespread applicability for non-specific pathogen disinfection, and further research may lead to their application 
in hospitals and healthcare-related industries where novel materials with the capability of reducing the rates of 
transmission of a wide range of bacteria, viruses, and fungi, particularly of antibiotic resistant strains, are desired. 
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nonwoven materials possessed both antibacterial and antiviral activities; ii) using melt-pressing [2], we developed 
a photosensitizer-embedded olefinic block copolymer that exhibited excellent antimicrobial properties against a 
range of microbes, including Gram-positive and Gram-negative drug-resistant bacteria, as well as against 
enveloped and non-enveloped viruses; and iii) we have explored photodynamic coatings on polymer microfibers 
for pathogen inactivation [3,4], and have demonstrated population reductions of >99.9999 and 99.6% for S. 
aureus and antibiotic-resistant E. coli, respectively, after exposure to visible light for 1 h. In response to the 
current COVID-19 pandemic, we also confirmed that these coated fibers can inactivate a human common cold 
coronavirus serving as a surrogate for the SARS-CoV-2 virus. As an alternative strategy, we have embedded the 
photothermal photosensitizer molybdenum disulfide (MoS2) into bacterial cellulose (BC) by a facile in 
situ growth followed by a dip-coating process to add a chitosan layer (BC/MoS2-CS) [5]. When compared with 
the BC/MoS2 membrane, which itself showed a 95% reduction of S. aureus and 99.9% inactivation of E. coli, the 
addition of chitosan led to a synergistic effect, improving inactivation to 99.998% against S. aureus and 99.988% 
versus E. coli. More recently, we have developed dual-coated fabrics employing photosensitizer-luminous powder 
using silk-screen printing, and demonstrated that this strategy is able to produce antimicrobial materials that 
function even when illumination ceases. Together, these results demonstrate that such materials may have 
widespread applicability for non-specific pathogen disinfection, and further research may lead to their application 
in hospitals and healthcare-related industries where novel materials with the capability of reducing the rates of 
transmission of a wide range of bacteria, viruses, and fungi, particularly of antibiotic resistant strains, are desired. 
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The ability of tetrapyrroles-peptide conjugates to self-assemble into medium- and long-range ordered 
supramolecular architectures captivated the interest of scientists worldwide over the last couple of decades. These 
species provide relatively accessible building blocks to produce environment- and stimuli-responsive materials 
that display the photochemical/photophysical features of tetrapyrroles. Efforts devoted to this field resulted into a 
vast and diverse library of conjugates that demonstrated potential for applications in catalysis, light-harvesting and 
solar cells, sensing, and photodynamic/photoacoustic therapies [1,2]. 
Several ligation strategies have been used to obtain conjugates of tetrapyrroles to self-assembling peptides [3], 
including the formation of amides, esters, thioethers, triazine-based conjugations, or the formation of complexes 
by coordination to the metal ion present in the tetrapyrrole [1].  
One approach that received little attention is the nucleophilic displacement of aromatic fluorides by thiols. While 
this strategy has been a key transformation to decorate perfluoroaryl-substituted tetrapyrroles such as 5,10,15,20-
meso-tetrakis-pentafluorphenylporphyrin with a variety of substituent (e.g., sugars, heterocycles, etc.) [4], it 
remains largely under-explored for the conjugation of peptides to porphyrins. Thiols on the side chain of cysteine 
residues smoothly displace fluorides on perfluorinated arenes [5,6]. The reaction occurs in mild conditions and it 
targets a relatively low-abundance amino acid, two key features that make it particularly attractive for conjugation 
of deprotected peptides in solution. 
Here we will revisit this approach with a focus on its potential for conjugation of porphyrins to peptides including 
self-assembling sequences such as bolaamphiphiles [7] and peptide amphiphiles [8]. 
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Iron(III) Superoxide Corrole: Generation, Characterization, 
and Reactivity with Indole and HAT Substrates  
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The Johns Hopkins University, Department of Chemistry, Baltimore, Maryland, USA 
 
The activation of dioxygen by heme and related synthetic porphyrinoid complexes is at the heart of numerous 
catalytic, oxidative processes. The initial step necessarily involves the binding of O2 to the metal center, forming 
an activated metal-superoxide species. This talk will focus on our recent results involving the generation of an 
iron(III) superoxide corrole complex from the reaction of an FeII precursor and O2, and the reactivity of this 
species toward biologically relevant substrates.[1-2] The FeIII(O2

-•)(corrole) was prepared by using a highly 
sterically encumbered corrole ligand, combined with low-temperature reaction methods. The new superoxide 
complex was characterized by UV-vis, 1H NMR, resonance Raman, and Mössbauer spectroscopies. The 
vibrational data indicated that it is an 1-superoxo (end-on) iron(III) complex. This species reacts with an indole 
to give a dioxygenated product as seen in tryptophan and indoleamine dioxygenases, and is also reactive toward 
H-atom abstraction from a weak O-H bond substrate. These reactions will be discussed regarding their likely 
mechanisms and implications for the analogous biological dioxygenation and PCET reactivity.  
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Nature represents a shining model of inspiration on how to deal with energy, waste and raw material source 
issues. In Nature, optimally organized molecules and enzymes transform solar energy into chemical energy, 
consuming and regenerating O2, H2O, CO2, H2…in a perfect-functioning closed cycle.[1] Within this biological 
cycle, there is an omnipresent family of molecules that work at the core of these (photo)chemical events and 
transformations: the porphyrinoids.[2] They are responsible for executing many of the essential life processes, 
such as oxygen transport/storage (hemoglobin and myoglobin), electron transfer (cytochrome b5), CO and NO gas 
sensing (guanylyl cyclase), enzymatic oxidation/oxygenation (cytochromes P450, peroxidases), and convert 
sunlight in photosynthetic systems (chlorophylls). 
We show here our recent studies on the preparation of a novel kind of bisporphyrin nanocage[3] constructed by 
imine linkages under thermodynamic control. The cage has two main conformations, depending on the 
arrangement of the imine bonds, and can host a wide diversity of ditopic nitrogen ligands that fit into its relatively 
rigid nanocavity. Remarkably, the cage is also an excellent host for fullerene.  
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Sandwich lanthanide phthalocyaninates are particularly sensitive to various external physico-chemical stimuli, providing 
a wide range of responses, including changes in optical and magnetic properties as well as possible changes in the 
conformational state of stacked ligands. These features make these complexes promising molecular switches and 
molecular machines [1], and the combination of sandwich scaffolds with chelating crown ether moieties allows to further 
expand the applications of such smart materials (Figure). Different types of such materials were developed recently in our 
group and received results will be discussed in the report. 
Thus, the introduction of crown ethers into homoleptic Tb(III) and Dy(III) trisphthalocyanates allows their solubilisation 
in aqueous medium and application as NMR thermosensors in physiological temperature range (303-323 K) due to high 
temperature sensitivity of lanthanide induced shifts, achieving values of /T up to 1.1 and 0.55 ppm/K respectively [2]. 
Heteroleptic trisphthalocyaninates bearing two adjacent crown-substituted ligands act as receptors which can bind 
potassium cations. This process results in switching of the coordination polyhedron of the corresponding lanthanide 
metal centre from square-antiprismatic to square-prismatic. In turn it results in spectacular increase in the axial 
component of the magnetic susceptibility tensor providing new tool of supramolecular control of magnetic properties 
of lanthanide complexes [3]. 
Octopus-like Tb(III) bisphthalocyaninate bearing eight thioacetate-terminated tentacles in one ligand and crown-
ether rings in another ligand can form self-assembled monolayers on gold surface. Face-on orientation allows for 
subsequent binding of crown-phthalocyanine molecules via potassium ion bridges, providing a heterogeneous bilayer 
with expanded redox-behaviour, where distinct redox-states can be read out using optical density measurements [4]. 
The proposed approach can be used in wide range of switchable materials, including single-molecule magnets, 
conductive, and optical devices, etc. 
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Perfluoroalkyl phthalocyanines, RfPcM, M = Metal, exhibit high thermal resistance, solubility in organic solvents, 
single–site behavior and resistance to electrophilic, nucleophilic and radical attacks. The F28PcM, F40PcM, 
F52PcM, and F64PcM complexes constitute the 1st generation of functional materials, augmented by the  
introduction of additional functional groups at phthalocyanines molecular periphery, for example –NRnR'm 
groups, R, R' = H, CH3, n, m ≥  0; n + m = 2. The amino functional groups, which replace a single F, quench 
energy transfer processes, but their further derivatization, aimed at imparting exocyclic N-lone pair conjugation, 
restores it. New classes of homo- and heterogeneous electron and energy transfer catalysts are possible.  
 

 

 

 

 

 

  

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 89



O
R

A
LS

 

 

Interface Chemistry of Expanded and Contracted 
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Oligopyrroles and their metal complexes are versatile compounds for surface and interface functionalization. 
While their monolayers and thin films can often be prepared by physical vapor deposition under vacuum 
conditions, this approach is limited to chemically and thermally stable molecules. A very flexible alternative is 
on-surface synthesis, which provides access to species that are too fragile for evaporation or that cannot be made 
by solution-based synthesis at all. In this contribution, I present latest results obtained using the following 
strategies for the on-surface synthesis of oligopyrroles: (1) On-surface metalation of pre-deposited free-base 
porphyrin, phthalocyanine, or corrole ligands. With this approach, monolayers and thin films of metal complexes 
can be prepared, including over- and understoichiometric alkali metal complexes. (2) Phthalocyanines, naphthalo-
cyanines and their expanded homologs can be prepared by template-directed on-surface synthesis from suitable 
dinitrile-based precursors. This also includes novel phthalocyanine-based complexes with non-benzenoid and 
non-alternant topology. (3) On-surface synthesis also gives access to linear open-chain counterparts of 
phthalocyanines, which represent a novel class of non-cyclic oligopyrroles. Structure, electronic properties and 
reactivities of the oligopyrrole monolayers and thin films will be discussed on the basis of experimental and 
theoretical results. 
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State Mixing in Determining the Properties of Compound I 
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Recently, a selenolate-ligated P450 compound I (SeP450-I) intermediate was shown to be more reactive towards 
C-H bonds than its thiolate-ligated counterpart. To gain insight into how the selenolate axial ligand influences the 
reactivity of compound I, we have investigated the electronic structure of the SeP450-I intermediate using 
variable temperature Mossbauer (VTM) spectroscopy. Analysis of the VTM data indicate that electronic spin 
relaxation rates are significantly slower in SeP450-I than in P450-I. Efforts to analyze these and other data in 
terms of a standard ligand field model indicate that excited state mixing within the ferryl moiety plays an 
important role in determining electronic properties of compound I species. For SeP450-I, P450-I, and 
chloroperoxidase compound I, we find that electronic relaxation times correlate with the magnitude of the 
exchange coupling and track with reactivity towards C-H bonds. 
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Detection of carbon monoxide (CO) at few ppm levels is a critical point for quality control of domestic and industrial 
environment. CO is responsible for thousands of intoxications and hundreds of deaths per year in the world. Moreover, 
CO is a residual gas found in the industrial dihydrogen used for Proton Exchange Membrane fuel cell, and deactivates 
the fuel cell prematurely. Corroles have been largely used in sensing applications.[1] Cobalt corroles display high 
binding affinity for carbon monoxide even in the presence of nitrogen and dioxygen.[2] The affinity of the Co(III) 
metallocorroles for CO is directly correlated with the Lewis acid character of the metal center. Therefore, structural 
modifications on the aromatic ring have a direct influence on the reactivity of the metal complex. We have recently 
obtained very low CO detection level (ppm) using SAW devices functionalized by cobalt corrole deposited as a film on 
a silica or a gold surface.[3] Our previous work on the synthesis of porous sol-gel materials functionalized by cobalt 
corroles gave us encouraging results for CO sorption and detection and prompted us to prepare new porous structured 
materials functionalized by corrole complexes for gas detection applications. Among all the methods of synthesis of 
porous architectures, organic materials belonging to the POP (Porous Organic Polymer) family are an appealing and 
original approach in this research field.[4] The synthesis of new POPs functionalized by cobalt corroles (Fig. 1) will be 
reported. Their selective sorption properties for CO over N2, O2 and CO2 will be also presented.  
Preliminary results concerning the design of Molecularly Imprinted Polymers (MIPs) as enzyme mimics for the 
decontamination of a broad spectrum of pesticides and chemical warfare agents will be also reported. 

 
Fig. 1. Synthesis of a POP based on corrole macrocycles 
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Clean Energy Processes 

Atif Mahammed, Sachin Kumar, Amit Tyagi, Arik Raslin, and Zeev Gross 

Schulich Faculty of Chemistry, Technion - Israel Institute of Technology, Haifa 32,000, Israel  
 
The future of our planet critically depends on the introduction of new or improved strategies for developing non-
polluting energy production. Leading approaches are the production of hydrogen gas, development of fuel cells 
relying on efficient reduction of oxygen and either gaseous or liquid fuels, as well as efficient reduction of carbon 
dioxide. N4-chelated metal complexes excel in many of these catalytic processes, performed at both homogeneous 
and heterogeneous conditions. Our contributions to those aspect focused on introducing metallocorroles as 
catalysts for reduction of protons, oxygen and carbon dioxide, as well as for water oxidation [1-5]. The common 
motif in these and other publications was to take advantage of the relatively easy functionalization of the 
macrocyclic periphery for the tuning of properties and reactivity. A significant game changer was most recently 
disclosed, by reporting synthetic access to corroles with three or two meso-CF3 substituents and even to the parent 
corrole with no substituents whatsoever [6]. These developments allow for a focus on the size effect, which 
according to both hypothesis and fast accumulating results has a very strong effect (“smaller is better”) on the 
performance of electrodes modified by the corresponding metal complexes.   
 

1.79 nm 1.1 nm 0.85 nm
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Coordination-induced spin state switching of a new 
complex on surfaces 

Manuel Grubera,b, Alexander Köbkeb, Florian Gutzeitc, 
Rainer Hergesc and Richard Berndtb 

aFaculty of Physics and CENIDE, University of Duisburg-Essen, Germany  
bInstitut für Experimentelle und Angewandte Physik, Christian-Albrechts- Universität zu Kiel, Germany  
cInstitut für Organische Chemie, Christian-Albrechts-Universität zu Kiel, Germany  
 
Switching the spin of metal-organic complexes on surfaces is attractive for its potential applications in, e.g., 
molecular spintronics. Intrinsic molecular switches such as spin-crossover complexes so far suffer from 
fragmentation or loss of functionality upon adsorption on metal surfaces [1] with rare exceptions [2]. Robust 
metal-organic platforms such as phthalocyanine- or porphyrin-based complexes, on the other hand, rely on 
external axial ligands to induce spin switching [3]. Yet, adding and removing axial ligands require particular 
conditions, which tend to affect the selectivity and reversibility of the switching process.  
In the present study, we have designed and investigated robust Ni complexes, which can intrinsically switch their 
coordination state. The switching is based on a mechanical movement of an axial pyridine ligand strapped to a 
porphyrin. Using x-ray absorption spectroscopy and x-ray diffraction spectroscopy we evidence that the spin and 
coordination switching are interlocked. Furthermore, employing low-temperature scanning tunnelling microscopy, 
we show switching of individual Ni complexes in direct contact to a Ag(111) surface. The stability of the two spin 
and coordination states of the molecules exceeds days at 4 K [4]. 
This work was supported by the DFG through SFB 677 and the European Union’s Horizon 2020 programme (No. 
766726). 
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Ups and downs in the synthesis of corroles 

Daniel T. Grykoa, Beata Koszarnaa, Mariusz Tasiora and Łukasz Kielesińskia 
aInstitute of Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland 
 
In 1998, it would have been impossible to imagine that only 20 years later the chemistry of one of corroles would 
expand to create an independent field of study. The synthesis of corroles has undergone incredible changes. From 
multistep strategies that attracted only practitioners in the field, the procedure has been transformed into a one-pot 
process from commercially available reagents. The synthesis of meso-substituted corroles evolved quickly during 
the first seven years after Paolesse’s and Gross’s discovery [1,2]. The methodology which led to trans-A2B-
corroles (i.e., corroles bearing substituents A at positions 5 and 15 and substituent B at position 10) from 
dipyrranes and aldehydes was discovered in 2000 and optimized several times prior to 2006, when we discovered 
that as long as aldehydes and dipyrranes were relatively small and/or hydrophilic, performing this reaction in a 
mixture of water and methanol in the presence of HCl allowed the yields to increase from 6-30% to ~55% [3,4]. 
The synthetic revolution made it possible to try risky ideas in diverse areas of materials chemistry and in various 
biology- and medicine-oriented applications. Multiple challenges still remain in the preparation of corroles.  
One of those challenges is the preparation of corroles possessing CHO groups. Free formyl groups can be reacted 
with multiple nucleophiles forming more complex and more advanced structures. At the same time CHO is the 
reacting group pivotal in the corrole synthesis. Attempting to solve this conundrum we recently developed the 
synthesis of tris(4-formylphenyl)corrole in straightforward fashion. We also developed the synthesis of several 
other corroles possessing reactive functional groups. 
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The polarity reversal strategy based on vitamin B12  

Dorota Grykoa 
aInstitute of Organic Chemistry Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland  
 
Vitamin B12 - a cofactor of many enzymes vital for our life.[1, 2] It is a natural Co-complex and as such has been 
successfully translated into the field of catalysis. It was shown to promote a collection of various organic 
reactions.[2, 3] The advantage of using vitamin B12 as a catalyst lays in the complete stability of the central cobalt 
ion and by the definition it is nontoxicity. It has also been well documented that the reaction mechanism usually 
follows a radical pathway, bringing a new dimension to this already interesting field. 

Vitamin B12

 

On the other hand, strain-release driven transformations give access to attractive bioisosteric motifs highly prized 
by medicinal chemists, and they are characteristic to molecules possessing distorted bonds lengths and angles.[4] 
Their reactivity stemms mainly from an increased energy and destabilization as a result the opening of the strained 
bond can occur under the action of both nucleophiles, and electrophiles as well as radical species and transition 
metals. Though the strained bond dominates their reactivity, it is also influenced by the substitution pattern.  

The presentation will highlight a successful application of vitamin B12 and is derivatives in strain-release 
functionalizations. The polarity reversal strategy enables regioselective transformations of strained molecules 
(BCB,[5] epoxides,[6] D-A-cyclopropanes,[7] and oxetanes[8]) into complex building blocks. These processes 
involve generation of alkylcobalamins via ring-opening of cyclic molecules and subsequent reactions with 
SOMOphiles and electrophiles. Mechanistic aspects of these transformations will be discussed. 
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4. Turkowska, J.; Durka, K.; Gryko, D. Chem. Commun. 2020, 56, 5718-5734 
5. M. Ociepa, A. J. Wierzba, J. Turkowska, D. Gryko, J. Am. Chem. Soc. 2020, 142, 5355. 
6. Potrząsaj, A.; Musiejuk, M.; Chaładaj, W.; Giedyk, M; Gryko, D J. Am. Chem. Soc. 2021, 143, 9368–9376.  
7. Turkowska, J.; Durka, J.; Ociepa, M.; Gryko, D. Chem. Commun., 2021, DOI https://doi.org/10.1039/D1CC05330B 
8. Potrząsaj, A.; Ociepa, M.; Chaładaj, W.; Gryko, D. submitted. 
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Dynamics and mechanisms of ligand binding to cytochrome 
P450 3A4  
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Cytochrome P450 3A4 (CYP3A4) is the dominant P450 enzyme involved in human drug metabolism, and its 
inhibition may result in adverse interactions or favorably reduce the systemic elimination of poorly bioavailable 
drugs. I will summarize our recent work aimed at understanding the fundamental aspects of ligand binding and 
protein dynamics in CYP3A4 in a native-like membrane environment using nanoscale lipid bilayers, or nanodiscs. 
First, this talk will describe our application of stopped-flow UV-visible spectroscopy coupled to numerical 
analyses of the kinetic data to delineate fundamental features of the binding mechanism, specifically addressing 
whether conformational selection or induced fit mechanisms are dominant. Second, our successes applying 
hydrogen-deuterium exchange mass spectrometry to CYP3A4 nanodiscs will be described. These studies 
demonstrate that diverse ligands induce distinct changes in CYP3A4 protein dynamics.  Finally, we complement 
these studies with atomistic molecular dynamics simulations of membrane embedded CYP3A4. The observed 
differences protein-ligand interactions and protein fluctuations provide a structural basis for our interpretation of 
hydrogen-deuterium exchange experiments and provide novel insight into the functional dynamics of this 
important enzyme.  
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Connecting Molecular Electronic Structure and Electron 
Spin Relaxation for Quantum Information Science 

Ryan G. Hadta 
aDivision of Chemistry and Chemical Engineering, Arthur Amos Noyes Laboratory of Chemical Physics, 
California Institute of Technology, Pasadena, California 91125, Unites States 
 
Quantum devices based on molecules afford unique potential in miniaturization, spatial localization, and 
tunability through the methods of synthetic chemistry. Unpaired electrons on a molecule constitute a platform for 
implementing a quantum bit (qubit), the smallest unit of quantum information. However, the utility of such 
molecular electron spin qubits is intrinsically limited by spin relaxation, which destroys the quantum coherences 
needed to process information and constitutes the barrier to attaining room temperature quantum devices. While 
spin relaxation times have been rationalized on the basis of the Debye model, the assumptions behind this model 
are incompatible with the structure of molecular materials and fail to yield meaningful predictions for slowly-
relaxing, highly coherent molecules. This talk will describe our ligand field electron spin dynamics research, 
which has provided a molecular paradigm to quantitatively evaluate and understand temperature dependent 
electron spin relaxation. These analyses elucidate the specific vibrational modes that give rise to decoherence in 
the T1-limited regime and the critical spin-phonon coupling, chemical bonding, and symmetry factors that 
engender sustainable molecular coherence at high temperature. 
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Dissection of Light-Induced Charge Accumulation at a 
Highly Active Iron-Porphyrin for CO2 Catalytic Reduction 
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bInstitute for Integrative Biology of the Cell (I2BC), CEA, CNRS, Université Paris-Saclay, 91198, Gif-sur-Yvette, 
France. 
cInstitut des Sciences Chimiques de Rennes (ISCR)Université Rennes 1, 35042 Rennes (France). 
 
Coupling light-triggered single-electron transfer events to multielectron catalysis is one of the most remarkable 
lessons we can learn from the functioning of the natural photosynthetic apparatus.[1] In the actual context of 
finding ways to use solar energy to convert H2O and CO2 to a renewable energetic vector, chemists want to 
replicate such photo-driven processes in bioinspired synthetic models to understand and optimize the 
photocatalytic pattern.[2] To reach this goal, the specific identification and tracking of both short- and long-lived 
transient species formed by photoinitiated electron transfer are fundamental to determine the mechanistic routes 
by which charge shifts, charge accumulation, and catalytic events proceed within the photocatalysis context. 
Although much more complex, these studies are essential to provide the whole panorama of the critical steps in 
the photocatalytic cycle.  
 
In this context, we pursue an investigation on the light-driven CO2 to CO conversion featuring a bioinspired iron-
porphyrin catalyst bearing urea functions in the second coordination sphere as multipoint hydrogen-bond pillars. 
The motivation behind the choice of such a catalytic module, was guided by our electrocatalytic study,[3-4] where 
we have demonstrated that hydrogen-bond interactions induced by these urea groups are involved in different 
steps of the reaction mechanism such as CO2 capture and proton transfer leading to a significant enhancement of 
catalysis. A significant photocatalytic activity is also observed when the catalyst is incorporated in a 
photocatalytic system comprising a photosensitiser and a sacrificial electron donner. The optimisation of the 
catalytic system based on the spectroscopic investigation of the different photo-reduced FeII, FeI and Fe0 states 
and the identification of the key steps of the reaction mechanism leads to an exceptional photocatalytic 
performance. 
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The importance of porphyrins in nanoconstructs for 
enabling therapeutics 

Tayyaba Hasan  

Wellman Center for Photomedicine, Massachusetts General Hospital and Harvard Medical School, Boston, MA 
02114; Division of Health Sciences and Technology, Harvard University and Massachusetts Institute of 
Technology, Cambridge, MA 02139  
 
There is an increasing understanding of disease mechanisms and their regulation. Simultaneously there is an 
increasing recognition that disabling single pathways, when they are believed to be the dominating pathway or 
targets, will not provide effective long-term cures for disease. Inhibition of a given pathway leads the cancer cell or 
the pathogen to commandeer compensatory mechanisms for its survival. A combination of therapeutics addressing 
multiple mechanisms has therefore emerged as a desirable mode of disease management, but in that case 
pharmacokinetics and dosing now become complex and crucial. While the concept of combination treatment is by 
no means new, there are some newer emerging approaches to administering combination therapeutics that are 
exciting. These include the use of nanotechnology and light as a switch, which can provide cytotoxicity while at the 
same time priming the microenvironment and helping deliver molecules at the right time to the right place. Results 
from the literature and our own studies in the context of the potential of PDT-inspired combination therapeutics and 
nanotechnology will be presented.  
 
Acknowledgements: This work was supported by grants: P01 CA084203 through the NIH/NCI, UH3 CA189901 
through the NIH/NCI, R01 CA231606 through the NIH/NCI, 2R44 DE026083 through the NIH (with Singlet02 
Therapeutics LLC), FA9550-20-1-0063 through the DoD/AFOSR, and R01 CA266855 through the NIH /NCI. 
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Catalysis in Myoglobins Reconstituted with Artificial 
Metalloporphyrinoids 

Takashi Hayashi and Koji Oohora 

Department of Applied Chemistry, Osaka University, Suita 565-0871, Japan 
 
Many heme-dependent enzymes have heme b, protoporphyrin IX iron complex, as a metal cofactor via non-covalent 
and coordination interactions.  Myoglobin, an oxygen-storage protein, also has the same cofactor, and apomyoglobin 
is available after removal of the native cofactor under acidic conditions. Over two decades, our group has attempted 
to convert myoglobin to an artificial enzyme by replacing native heme with an artificial metalloporphyrinod [1-2].  In 
a series of our works, porphycene, a constitutional isomer of porphyrin is found to be one of the attractive metal 
ligands.   Here, we report the catalytic properties of myoglobins reconstituted with iron porphycene (FePc) and 
manganese porphycene (MnPc), where two propionate side chains are attached to the porphycene framework.   
It is well-known that myoglobin does not catalyze the hydroxylation of inert alkane species as seen in many 
cytochrome P450s.  However, our group has recently found that myoglobin reconstituted with MnPc can catalyze 
H2O2-dependent hydroxylation of alkane species [3] (Fig. 1).  For example, ethylbenzene, cyclohexane and propane 
were converted to the corresponding alcohols via inert C(sp3)–H bond activation.  Interestingly, FePc and manganese 
porphyrin do not show hydroxylation activities in myoglobin.  Spectroscopic studies suggest that Mn(V)Pc-oxo 
species is a catalysis intermediate.  Furthermore, appropriate modification of the heme pocket of myoglobin is found 
to accelerate the catalysis and enhances the enantioselectivity of ethylbenzene hydroxylation.   
Several groups have demonstrated cyclopropanation of olefins catalysed by modified myoglobins where iron 
protoporphyrin IX was replaced with Ir or Ru protoporphyrin IX.  In contrast, we carried out styrene 
cyclopropanation in the presence of ethyl diazoacetate by myoglobin reconstituted with FePc [4].  Michaelis-Menten 

kinetics suggests that kcat values of the 
reconstituted protein are 65-fold higher than that 
observed by native myoglobin.  Stopped-flow 
experiments provide the transient intermediate of 
iron-carbenoid species, which supported by 
theoretical studies.   
Recently, our group found that myoglobin 
reconstituted with FePc can also catalyze other 
non-redox reactions.  In this presentation, we 
discuss the scope of the catalysis by myoglobin 
reconstituted with metalloporphycenes.   
 

Figure 1. Crystal structure of myoglobin reconstituted with MnPc. 
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Electric Fields and Proton Transfers in Cytochrome c 
Oxidase Gauged by Time-Resolved IR Spectroscopy  
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aFreie Universität Berlin, Department of Physics, Experimental Molecular Biophysics 
bGenetic Biophysics, Arnimallee 14, 14195 Berlin, Germany  
 
Cytochrome c oxidase (CcO) is a transmembrane protein complex that reduces molecular oxygen to water while 
translocating protons across the mitochondrial membrane. Changes in the redox states of its cofactors trigger both 
O2 reduction and vectorial proton transfer, which includes a proton loading site yet unidentified. We exploited 
carbon monoxide as a vibrational Stark effect probe at the binuclear center of CcO from R. sphaeroides. The CO 
stretching frequency was monitored as a function of the electrical potential using Fourier transform infrared 
(FTIR) absorption spectroelectrochemistry [1]. We observed three different redox states (R4CO, R2CO, O), 
determined their midpoint potentials, and compared the resulting electric field to electrostatic calculations. A 
change in the local electric field strength of +2.9 MV/cm was derived, which was induced by the redox transition 
from R4CO to R2CO. We performed potential-jump experiments to accumulate the R2CO and R4CO species and 
studied the FTIR difference spectra in the protein fingerprint region. The comparison of experimental and 
computational result reveals that the key glutamic acid residue E286 is protonated in the observed states and that 
its hydrogen-bonding environment is disturbed upon the redox transition of heme a3. In a different set of 
experiments, we traced electron-coupled proton transfer in CcO by flashing the mixed-valent state R2CO of CcO 
reconstituted in nanodiscs. Transient deprotonation of E286 was observed on the s time scale applying transient 
spectroscopy with tunable extra cavity quantum cascade lasers (EC-QCL [2]). This kinetics is correlated to the 
evolution of other vibrational bands indicative of structural changes in the heme and protein moieties. - 
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Cytochrome c oxidase (CcO) is a transmembrane protein complex that reduces molecular oxygen to water while 
translocating protons across the mitochondrial membrane. Changes in the redox states of its cofactors trigger both 
O2 reduction and vectorial proton transfer, which includes a proton loading site yet unidentified. We exploited 
carbon monoxide as a vibrational Stark effect probe at the binuclear center of CcO from R. sphaeroides. The CO 
stretching frequency was monitored as a function of the electrical potential using Fourier transform infrared 
(FTIR) absorption spectroelectrochemistry [1]. We observed three different redox states (R4CO, R2CO, O), 
determined their midpoint potentials, and compared the resulting electric field to electrostatic calculations. A 
change in the local electric field strength of +2.9 MV/cm was derived, which was induced by the redox transition 
from R4CO to R2CO. We performed potential-jump experiments to accumulate the R2CO and R4CO species and 
studied the FTIR difference spectra in the protein fingerprint region. The comparison of experimental and 
computational result reveals that the key glutamic acid residue E286 is protonated in the observed states and that 
its hydrogen-bonding environment is disturbed upon the redox transition of heme a3. In a different set of 
experiments, we traced electron-coupled proton transfer in CcO by flashing the mixed-valent state R2CO of CcO 
reconstituted in nanodiscs. Transient deprotonation of E286 was observed on the s time scale applying transient 
spectroscopy with tunable extra cavity quantum cascade lasers (EC-QCL [2]). This kinetics is correlated to the 
evolution of other vibrational bands indicative of structural changes in the heme and protein moieties. - 
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Porphyrins have been incorporated in many multicomponent systems due to their appealing coordination, 
electronic and photophysical properties. The synthesis of three-dimensional architectures with metalloporphyrins 
as active components gave rise to attractive structures for molecular recognition or chemical transformation [1]. 
By analogy with biological processes, molecular cages that incorporate both binding and regulation sites are 
appealing systems for an allosteric control of their properties as receptor, catalyst or drug carrier [2]. 
Our group has developed flexible porphyrin cages with peripheral binding sites able to modulate to a large extent 
their cavity size with a chemical stimulus [3]. We will discuss the ability of these molecular cages to behave as 
allosteric receptors and as bimetallic catalysts [4-5]. 

 
Figure. Flexible cages incorporating porphyrins and peripheral binding sites. 
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The selective reduction of oxygen to water is crucial to life and a central process in aerobic organisms. It is 
catalyzed by several different enzymes, including cytochrome bd oxidases (cyt bd) that are solely present in 
prokaryotes, including several pathogens. The reduction of O2 occurs at the high spin D-type heme in all cyt bd 
oxidases, that is also the binding site for several ligands from signaling processes, including CO, H2S and NO. 
These enzymes play a crucial role in protection against oxidative stress, in virulence, adaptability and antibiotics 
resistance. The phylogeny of the active subunit has been completely revisited by the recent study of Murali et al. 
[1] showing an unprecedented structural diversity of this superfamily. 
The first structure of cyt bd was described for Geobacillus thermodenitrificans [2]. Interestingly the E. coli cyt bd 
I structure, revealed the heme cofactors in a different spatial position although with homologous primary and 
secondary structure [3]. In addition, the values of the heme redox potentials have been found to be inverted [4].  
In order to get insight into the functional diversity of this enzyme family we performed an electrocatalytic study 
of cyt bd from several organisms in the presence of oxygen and of NO, an important signaling factor. The role of 
highly conserved acidic residues is analyzed and investigated on the basis of reaction induced FTIR difference 
spectra. Finally, the question why E. coli comprises two highly comparable cytochrome bd oxidases [5] is 
discussed. 
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[1] showing an unprecedented structural diversity of this superfamily. 
The first structure of cyt bd was described for Geobacillus thermodenitrificans [2]. Interestingly the E. coli cyt bd 
I structure, revealed the heme cofactors in a different spatial position although with homologous primary and 
secondary structure [3]. In addition, the values of the heme redox potentials have been found to be inverted [4].  
In order to get insight into the functional diversity of this enzyme family we performed an electrocatalytic study 
of cyt bd from several organisms in the presence of oxygen and of NO, an important signaling factor. The role of 
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Cytochrome P450 (P450) is a family of heme-containing enzymes that catalyze various types of oxidative processes 
in steroid biosynthesis and detoxification of xenobiotic compounds, mainly via monooxygenase-type reactions. The 
relationship between potent catalytic reactivity of cytochrome P450 and electron donative character of axial thiolate 
ligand has been extensively investigated for long time. We previously succeeded in the synthesis of first synthetic 
iron porphyrin coordinated by a thiolate (SR complex), which can retain its thiolate coordination during catalytic 
oxidation reaction.[1] Recently, we also synthesized O-SR (alcoholate coordination)[2] and Se-SR (selenolate 
coordination) in order to compare effect of axial ligand on the spectroscopic and catalytic properties of iron 
porphyrin.  
Each electronic absorption spectrum was observed and compared. Binding constants of external ligands were 
evaluated in each case. Se-SR changed its spin state by the coordination of tetrahydrofuran, an weak ligand. N-O 
Stretching mode of the NO-Se-SR complex clearly indicated donative trans-effect of selenolate is larger than 
thiolate and much larger than alcoholate. Cyclic voltammogram of Se-SR revealed that FeIII/FeIV redox couple of 
Se-SR was lower than that of SR but the two potentials were unexpectedly identical in the case of FeII/FeIII redox 
couple. Magnetic property of each complex was also evaluated by using SQUID and EPR. At ordinary temperature, 
the spin state of heme selenolate Se-SR is lower (S = 1/2 and A =5/2 are mixed) than that of SR complex (mainly 
S = 5/2) and O-SR (S = 5/2) in solid state. Catalytic oxidation reaction using peroxides as oxidants showed below 
were distinctive differences among SR, O-SR and Se-SR complexes. The catalytic activity of Se-SR is 13-fold 
higher than that of SR in substituted phenol oxidation with cumene hydroperoxide, which may reflect the O-O bond 
cleavage rate. 
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Porphyrins and other tetrapyrroles are highly suitable for sensing operations based on their synthetic flexibility 
and chromophore structures where an analyte might interact to stimulate some variation in directly observable 
optical colour or fluorescence emission modulation. Their chromophore structures also allow access to electronic 
triplet states, which can be harnessed for the generation of singlet oxygen – a highly reactive species useful for 
photodynamic action against tumours or microorganisms. Here we discuss the sensing activity of several β-
substituted porphyrins including not only by the introduction of suitable interacting units but also by the 
adaptation of non-planar porphyrins for the synthesis of porous structures. The latter are applied for film 
formation and sensing involving nanomechanical sensors. Selectivity and mechanisms of sensing activity are 
discussed. We will also introduce new efficient singlet oxygen generating materials based on agglomeration of the 
OxP chromophore with oxo-Zr(IV) metal-organic frameworks or electron deficient porous polymers. The use of 
these materials for selective oxidation of organic substrates is demonstrated. Overall, the results demonstrate the 
efficacy of the chromophore approach to functional materials. 
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formation and sensing involving nanomechanical sensors. Selectivity and mechanisms of sensing activity are 
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The metal complexes of N-confused porphyrins have demonstrated unique coordination chemistry, distinctively 
different from traditional tetrapyrrolic porphyrin complexes [1,2]. Additionally, the activities of these molecules 
towards small molecular activities have also been illustrated in several recent reports to show promising results 
for O2 activations, nitrite reductions, and nitric oxide to nitrous oxide conversions [3-5]. Although nitric oxide to 
nitrous oxide conversion, as an example, showed a reactivity with multiple reaction cycles, in general, the 
catalytic reactions by metal complexes of N-confused porphyrins have not yet been extensively examined. Liu 
and co-workers firstly reported that manganese N-confused porphyrins can catalyze alkene oxidation reactions in 
the presence of iodosobenzene as an oxygen atom source [6]. Our group is aiming to develop catalytic reaction 
systems using N-confused porphyrins complexes as catalysts under greener conditions with either hydrogen 
peroxide or dioxygen as an oxygen atom source. In this report, we will cover a survey on the unique coordination 
chemistry of metallo-N-confused porphyrins and present our recent results on mechanistic investigations and 
catalytic oxygenation reactions of organic molecules using metal complex of N-confused porphyrin as a catalyst. 
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In the last decade, porphyrins have made outstanding contribution to performance improvement in dye-sensitized 
solar cells (DSSCs). Specifically, versatile push-pull type porphyrins have achieved power conversion efficiencies 
(PCE) over 10% as a result of their improved light-harvesting abilities. Meanwhile, aromatic ring fusion to a 
porphyrin core is an attractive strategy for highly efficient DSSCs because of its expanded π-conjugation and 
resultant red-shifted absorption. Nevertheless, aromatic-fused porphyrin sensitizers have suffered rather low cell 
performances owing to their mismatch of HOMO-LUMO levels, high aggregation tendency, and short lifetime of 
the excited states. Considering the background, we envisioned that the fusion of substituted methylene-bridged 
small aromatic ring to a porphyrin core would overcome these drawbacks, improving the cell performance. We 
designed and synthesized a series of substituted methylene-bridged thiophene-fused porphyrins, AfZnP, DfZnP, 
and DfZnP-iPr. After optimization, DSSC with the donor-side thiophene-fused DfZnP-iPr achieved a PCE of 
10.1%, which is comparable to that of DSSC with GY50 (10.0%), a representative high-performance push-pull 
type porphyrin. More importantly, co-sensitization of DfZnP-iPr with a complementary dye LEG4 further led to 
a PCE of 10.7%, which is the highest value ever reported for DSSCs with fused porphyrin sensitizers. Therefore, 
our methdology will highlight aromatic-fused porphyrins for high-performance DSSCs.  
Finding strategies for a high charge separation efficiency is prerequisite for realizing efficient solar energy 
conversion in photovoltaic and photocatalytic devices. Porphyrinoids, including porphyrins and related 
macrocycles such as phthalocyanines and corroles, are versatile ligands that can accommodate a single metal atom 
for most metal ions, and their photophysical and electrochemical properties can be tuned by the metal atom in the 
cavity. We also evaluated the photovoltaic properties of the DSSCs based on AuIII, ReVO, and OsVIN-corroles 
with COOH anchoring groups at the para- and meta-positions of the meso-phenyl groups. The DSSCs based on 
AuIII-corrole exhibited a PCE of 4.2%, which is remarkably higher than those for the ReVO- and OsVIN-corroles. 
Femtosecond time-resolved transient absorption measurements showed that the electron injection from the excited 
singlet state competes with intersystem crossing, and that intersystem crossing for AuIII-corroles is slower than 
those for ReVO- and OsVIN-corroles. Consequently, the high incident photon-to-current efficiencies and resultant 
short-circuit current densities and PCEs for AuIII-corroles are attributed to the high electron injection efficiencies 
owing to the slower intersystem crossing than ReVO- and OsVIN-corroles. In addition, the higher PCE for an AuIII-
corrole with a meta-COOH group (4.2%) as opposed to a para-COOH group (3.4%) is explained by the stronger 
Au-TiO2 interactions supported by XPS measurements and theoretical calculations. These results imply that both 
the substituents and the metal ion have a large influence on the photovoltaic performances. Overall, DSSCs based 
on the AuIII-corroles were found to exhibit the highest photovoltaic performance among corrole-based DSSCs. 
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Hydrogen is a zero-emission energy carrier, which can be used to produce not only fuel and electricity but also 
value-added chemical feedstock, therefore bearing great potential to address challenges of the dependency on 
fossil fuels and greenhouse emissions. [3]. Since the photocatalyst-based H2 production by Fujishima and Honda 
in 1972, many metal oxide semiconductors have been used as photocatalysts. Although TiO2 is the most widely 
used photocatalyst, its absorption in the UV region covering only 4% of the solar emission spectrum limits the 
efficient use of solar energy. To maximize the productivity of the photocatalyst particularly in the function of 
solar irradiation, the utilization of photosensitizer to form dye-sensitized photocatalyst is an alternative strategy to 
increase the yield of solar to fuel conversion.[1] The outstanding properties of subphthalocyanines (SubPcs) such 
as a high molar extinction coefficient in the visible region good solubility and low aggregation tendency due to 
their cone-shaped make them very appealing components for artificial photosynthetic devices such as 
photovoltaic.[2] In this study, a series of SubPcs bearing a carboxylic acid group with different peripheral 
substituents have been synthesised as dyes to sensitized TiO2 to investigate the influence of the substituents on the 
performance of photocatalytic hydrogen evolution. To extend the absorption spectra and minimize the potential 
aggregation, strong electron-donating and bulky groups were introduced into peripheral positions of SubPcs. Their 
performances as photosensitizers in photocatalytic H2 production will be evaluated. 
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Figure 1. Molecular structure of SubPcs designed for photocatalytic H2 production 
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While condensation reactions of pyrrole monomers with aldehydes or ketones often lead to selective formation of 
tetrapyrrolic macrocycles like porphyrins, the corresponding tripyrrolic macrocycles are not observed. 
Calix[3]pyrrole, a porphyrinogen-like tripyrrolic macrocycle having three sp3-carbon linkages, might hold a key 
to tackle with the long-standing question, but has been missing in porphyrin-related chemistry. Here we show 
synthesis of calix[3]pyrrole using aliphatic hexaketone as a precursor and its strain-induced ring expansion to 
calix[4]pyrrole via calix[6]pyrrole. 
Linear hexaketone 1[1] was converted to cyclic hexaketone 2 in total 9% yield for 5 steps. Paal–Knorr type 
pyrrole formation using 2 gave calix[3]pyrrole (3) in 41% yield as a stable solid. Single crystal X-ray diffraction 
analysis revealed that all the meso-carbon atoms were located out of the mean plane of neighboring pyrrole rings. 
Such macrocyclic ring strain induced a rapid ring expansion reaction under Rothemund–Lindsey porphyrin 
cyclization conditions. In the presence of trifluoroacetic acid (TFA), calix[3]pyrrole (3) disappeared within 30 
seconds and quantitatively furnished calix[6]pyrrole (4) which slowly converted to calix[4]pyrrole (5) under the 
same conditions. These findings help explain the absence of tripyrrolic macrocycles during classic porphyrin 
syntheses [2]. 
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Phthalocyanines can oxidize various organic compounds such as olefins, alcohols, and aromatics [1]. The 
substitution pattern is crucial to enhance their properties or elucidate some mechanisms.  
Extremely stable monomeric sulfonamide substituted iron phthalocyanine oxidized olefins [2].  
Two different iron phthalocyanines octa substituted either with electron-withdrawing isobutyl sulfonyl moieties or 
electron-donating isobutoxy moieties were comparatively tested in oxidation of cyclohexene to assess substituents 
nature effect [3].  
  
N-bridged diiron dimeric phthalocyanines emerged as powerful oxidation catalysts. These excellent catalysts 
oxidized methane, benzene, and various organic compounds [1, 4-5].   
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In the respiratory chain of mitochondria, the interprotein electron transfer (ET) reactions promote the proton 
pumping from matrix to inner membrane space, which is essential for the ATP generation. This ET system is 
terminated by the four-electron reduction of molecular oxygen (O2) in cytochrome c oxidase (CcO), and the ET 
reaction to CcO is mediated by a small hemoprotein, cytochrome c (Cyt c). Although the structure of the ET 
complex between Cyt c and CcO under the turnover conditions is indispensable to examine the regulation 
mechanism for the ET reaction, the rapid ET reactions after the complex formation of the reduced state of Cyt c 
and the oxidized form of CcO have been prevented us from the detailed structural and functional characterization 
of the “ET-active complex” between Cyt c and CcO. However, we successfully estimated the structure of the ET 
complex between Cyt c and CcO under steady-state turnover conditions by utilizing protein-protein docking 
simulation combined with the experimentally determined interaction site for CcO in Cyt c and the Michaelis 
constants for the ET reaction from various kinds of the Cyt c mutants to CcO [1]. The complex structure 
determined by the simulation revealed that the ET distance between the redox centers of two proteins, heme iron 
of Cyt c (Fec) and cupper of the CuA site of CcO (CuA), is nearly 23 Å, which is much longer than that previously 
suggested. To experimentally confirm the ET distance between two redox centers, the ET rate from Cyt c to CcO 
in the complex was measured by using flow-flash measurements. In the flow-flash measurements, carbon 
monoxide (CO) bound CcO was rapidly mixed with the O2-saturated solution, and, after the mixing, the reduction 
reaction of O2 was initiated by irradiating flash light to dissociate CO from CcO and to bind O2. Associated with 
the O2 reduction, the ET reaction from Cyt c to CcO is induced, which can be monitored by the oxidation rate of 
Fec of Cyt c. By applying the Marcus equation, the ET distance was estimated to be less than 19 Å, which is 
substantially shorter than the Fec–CuA distance in the simulated complex [1]. This finding allows us to speculate 
that the “ET-active complex” would have a different binding orientation of Cyt c on CcO from that in the 
complex, “energetically stable complex”, determined by the previous docking simulation [1]. To structurally 
characterize the “ET-active complex”, a protein-protein docking simulation under the structural restraint of the 
short Fec–CuA distance was applied, which revealed a stable complex structure showing that the Fec–CuA distance 
is ~ 18 Å, corresponding to the ET distance (< 18.6 Å) experimentally determined from the flow-flash 
measurements. The orientation of Cyt c on CcO in the “ET-active complex” was significantly different from that 
in the “energetically stable complex”, suggesting the “conformational gating” where the thermal motions of the 
protein induce the conformational changes of the protein from the most energetically stable structure to the less 
stable but more active structure of the proteins. In the ET reaction from Cyt c to CcO, structural fluctuation 
induced by thermal motions of proteins would be a trigger to the conformational changes to the “ET-active 
complex”. The slower oxidation rate of Cyt c by CcO under the steady-state turnover conditions also supports the 
“conformational gating” mechanism, where the rate for the conformational changes from the “energetically stable 
complex” to the “ET-active complex” would be the rate-determinant step for the ET reaction from Cyt c to CcO.  
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Hemihexaphyrazines (Hhps) are six-members porphyrinoids composed of three thiadiazole and three pyrrole 
containing subunits unified by an alternating fashion via six aza-bridges. It was established that they are allowed a 
large structural modification by introductions of functional groups on periphery and by selections of pyrrole bearing 

moieties. An expanded coordination cavity with 27-members inner macroring 
bearing 15 nitrogen atoms assumes an enormous potential in coordination 
chemistry. Inner cavity can be divided on three chelate like sites containing one N-
H group and two nitrogen atoms of adjacent thidiazole moieties. Due to that Hhps 
are able to hold 3 atoms of d-metals within inner cavity to form 3:1 clusters that was 
confirmed by STM method [1]. Moreover due to presence of six nitrogen atoms of 
thiadiazole rings at the central part, a reduced H3Hhp is able to form with potassium 
a double-decker structure similar to aza-crown ether complexes [2].  
Synthesis, structures of various architectures, optical and magnetic properties of the 
Hhps metal complexes in ground states and reduced forms are reviewed [3, 4].  
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The active site of heme-containing enzymes, an FeIII protoporphyrin IX cofactor, is capable of catalyzing a variety 
of biologically-relevant chemical reactions, such as disproportionation of hydrogen peroxide (catalases[1]), 
oxidation and haloperoxidation of organic substrates (monofunctional heme peroxidases [2], bi-functional catalase-
peroxidases[3]) and oxygenation reactions (cyt P450 monooxygenases and nitric oxide synthases[2]). Such a 
functional versatility relies upon variations in the heme coordination (i.e. His, Tyr, Cys or Met axial ligand(s)), as 
well as being significantly modulated by the heme environment (2nd coordination sphere and H-bond networks). 
Studies of heme active sites using mutational analysis, structural biology and molecular spectroscopy provide 
essential information on the natural systems that delimit the catalytic processes. Yet, the complexity of the natural 
systems often masks the specific behavior of the metal cofactor. For this reason, smaller artificial proteins capable 
of binding heme at specified sites are being developed [5, 6]. Our approach is to use -helical scaffolds to provide 
ligation to the heme as cofactor to explore heme axial ligand selectivity, specifically hoping to define how one can 
control the iron coordination geometry when a heme is afforded an opportunity to bind either histidine (imidazole) 
or cysteine (thiolate) ligands. UV-vis and Electron Paramagnetic Resonance/HYSCORE spectroscopies, as well as 
redox potentiomery, were applied to characterize heme ligation and differences in heme coordination as a function 
of pH [7]. We have uncovered an unprecedented pH-dependent switch in the heme binding mode within a single 
synthetic protein. The resulting miniature protein, that folds as a dimer of antiparallel two-stranded coiled coils 
upon heme complexation, can catalyze O2 reduction (as cyt P450 monooxygenases) as well as substrate oxidation 
(as peroxidases). The further approach of introducing a Trp in order to mimic the concerted reactions of heme&Trp 
radical as redox cofactors enhancing the catalytic reactivity and mimicking the case of natural heme mono- and bi-
functional peroxidases[8, 9] will be discussed. 
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Supramolecular assembly formed by porphyrin derivatives 
based on multiple hydrogen bonding interaction 

Woo-Dong Jang, Jeong Heon Lee, Hyunjun Park and Younghun Kim 

Department of Chemistry, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea 
 
Porphyrins are essential pigments in biological systems.  Porphyrins and chlorophylls are often self-assembled 
into nanoscale superstructures to perform many essential functions, such as light harvesting and electron transport. 
The crystal structure of the light-harvesting antenna complexes in purple photosynthetic bacteria shows the 
presence of a highly symmetric wheel-like supramolecular architecture involving a large number of 
bacteriochlorophyll pigments. From the inspiration of the natural light harvesting systems, a variety of porphyrin-
based nanoarchitectures, such as nanofibers, nanosheets, nanoparticles, and nanorings have been fabricated for 
applications in various research fields including photonics, catalysis, and electronics. On the other hand, 
molecular recognition is a fundamental and significantly important process in nature that provides the ability to 
organize biomacromolecules such as proteins and DNA into uniform quaternary and double helical structures, 
respectively. Moreover, the precisely controlled three-dimensional (3D) molecular structure of 
biomacromolecules enables molecular recognition of other chemicals to perform sophisticated biological 
functions. From the inspiration of biosystems, the morphological control of supramolecular assemblies from 
mixtures of various components through self-sorting phenomena become emerging topics in supramolecular 
chemistry because it would be helpful to understand naturally occurring self-sorting behaviors as well as 
contribute to develop novel functional materials. However, the design and control of artificial system having self-
sorting behavior is not simple because the molecular building blocks should include topologically organized 
molecular binding sites, such as geometrical complementarity in size, shape, and hydrogen-bonding sites to 
recognize each other. The formation of coordination spheres and charge transfer complexes are also used as 
driving forces for the formation of self-sorted supramolecular assemblies. These interactions are working in the 
form of an ensemble during the self-sorting process. Although numbers of excellent examples of self-sorted 
supramolecular assemblies have been reported, in most cases, molecular building blocks have relatively large 
structural differences because the topological selections are needed for self-sorting. Here we report a series of 
porphyrin dyads showing large morphological changes in molecular assemblies due to minimal structural 
differences of molecular building blocks. Moreover, we discovered self-sorting phenomena from the mixture of 
PDs that have atomic-level differences in porphyrin building blocks. 
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DNA-Fluorophore Conjugates: G-Quadruplex Based FRET 
Antenna Systems and Biomolecule Sensors 

Janarthanan Jayawickramarajah*a, Mohammed Amin Zarandia 
and Dilanka V.D. Walpita Kankanamalagea 

aDepartment of Chemistry, Tulane University 
 
Building on our recent work on porphyrinoid appended DNA sequences that can form homomeric G-
quadruplexes [1-2], this talk will focus on the synthesis and characterization of heteromeric G-quadruplex 
nanostructures bearing multiple antenna fluorophores. Our self-assembly based approach enables the number of 
donor fluorophores and their relative distances to be precisely modulated. Due to the heteromeric nature of the G-
quadruplexes, these nanostructures contain a single toehold region that enable further decoration of the antenna 
systems with bridge and/or acceptor fluorophores, via Watson-Crick-Franklin based DNA duplex formation. In 
addition to a host of structural characterization data, we will disclose the photonic FRET antenna properties 
(including FRET efficiency, antenna effect and effective absorption coefficient) of the ensembles as judged by 
fluorescence measurements. In the second portion of the seminar, we detail how DNA-small molecule conjugates 
appended with fluorophores, hydrophobic guests, and cucurbituril hosts, can be used to build dynamic DNA 
nanostructures capable of sensing key biomacromolecules. 
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T.; Jayawickramarajah, J. Bright G-quadruplex nanostructures functionalized with porphyrin lanterns. J. Am. 
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biomacromolecule conjugates. Front. Chem. 2021, 9, 764137. 
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Electronic Modulation via Peripheral 
Functionalization of Corroles 

Jeyaraman Sankar and S. Sujesh 

Department of Chemistry, Indian Institute of Science Education and Research (IISER) Bhopal, India- 462066. 
E-mail: sankar@iiserb.ac.in

Corroles have been known as interesting molecular platforms to study the peculiar coordination chemistry of 
metals in higher oxidation states and for catalytic applications. Recently, these macrocycles also have attracted the 
attention of materials science community due to their inherent photophysical and redox characteristics. The
interesting properties arise from the tuneable electronic nature of the -system present in corroles that can be 
exploited to suit appropriate application. In this direction, the electronic perturbation effected on the corroles is 
most often through the meso-substituents. However, the -positions of the corroles hold huge potential for wide 
range of easier functionalization. Further, these -functionalization have also been observed to result in significant 
modulation of the -electron delocalization in corroles and thereby alter their photophysical and redox 
characteristics. Our group has been working in this direction to alter the delocalization in corroles by -extension
and -expansion to achieve molecules with interesting optoelectronic properties. In this lecture, our recent success 
in developing new corrole derivatives with striking photophysical and electrochemical properties will be 
discussed.
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Nanographene-fused porphyrins 

Norbert Juxa, Christoph Oleszaka, Kilian Schölla, Rebecca Guldia,  
and Pascal Gazetasa  

aFriedrich-Alexander-Universität Erlangen-Nürnberg, Department of Chemistry & Pharmacy and 
Interdisciplinary Center for Molecular Materials 

 
The conjugation of porphyrins with various arenes is an excellent strategy to expand the π-system of the porphyrin 
[1-2]. Thus, new chromophores are obtained which possess, among others, red-shifted UV/vis absorptions.  
 

 
 
We present our approach to π-extended porphyrins via condensation of meso-positioned aryl groups to the core 
[3,4]. 
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3. Martin MM, Oleszak C, Hampel F and, Jux N. Eur. J. Org. Chem. 2020; 40: 6578-6762. 
4. Oleszak C and Jux N. Manuscript in preparation. 
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Electrochemistry of Metallocorroles and Metallodipyrrin-
bisphenols

Karl M. Kadish,a W. Ryan Osterloh,a Nicolas Desbois,b Stéphane Brandèsb

and Claude P. Grosb

aDepartment of Chemistry, University of Houston, Houston, USA 77204-5003 
bUniversité Bourgogne Franche-Comté, ICMUB (UMR CNRS 6302), 9 Avenue Alain Savary, BP 47870, 21078 
Dijon, Cedex, France. E-mail: claude.gros@u-bourgogne.fr 

Our laboratories have long been interested in the redox properties of four-, five- and six-coordinate 
metallocorroles (Chart 1) with different donor axial ligands and a variety of peripheral corrole substituents. One 
goal of these studies has been to examine how axial ligand binding, solvent and functionalization of the corrole 
periphery can influence the redox potentials but also modulate the innocence of the tetrapyrrole complex. In this 
talk, we describe and compare our most recent results on different transition metal derivatives with a variety of 
neutral and anionic axial ligands and the data, in some cases, are compared to analogous trianionic dipyrrin 
bisphenol (DPP) complexes (Chart 1).  

Chart 1. General structures of four-, five- and six-coordinate metallocorroles and metallodipyrrin-bisphenols (DPP).
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Modulations of a Metal–Ligand Interaction and 
Photophysical Behaviors by Hückel–Möbius Aromatic 

Switching 

Dongho Kim*,a and Juwon Ohb  
aDepartment of Chemistry, Yonsei University, Seoul, 03722, Korea 
bDepartment of Chemistry, Soonchunhyang University, Asan, Chungnam, 31538, Korea 
 
In organometallic complexes containing -conjugated macrocyclic chelate ligands, conformational change 
significantly affects metal-ligand electronic interactions, hence tuning properties of the complexes.[1] In this 
regard, we investigated the metal–ligand interactions in hexaphyrin mono-Pd(II) complexes Pd[28]M and 
Pd[26]H, which exhibits a redox-induced switching of Hückel–Möbius aromaticity and subsequent molecular 
conformation, and their effect on the electronic structure and photophysical behaviors. In Möbius aromatic 
Pd[28]M, the weak metal–ligand interaction leads to that the π electronic structure of the hexaphyrin ligand 
remains almost intact, which undergoes efficient intersystem crossing (ISC) assisted by the heavy-atom effect of 
Pd metal.[2] In Hückel aromatic Pd[26]H, the significant metal-ligand interaction results in ligand-to-metal 
charge-transfer (LMCT) in the excited-state dynamics.[3] These contrasting metal-ligand electronic interactions 
have been revealed by time-resolved electronic and vibrational spectroscopies and time-dependent DFT 
calculations. This work indicates that the conspicuous modulation of metal-ligand interaction by Hückel–Möbius 
aromaticity switching is an appealing approach to manipulate molecular properties of metal complexes, and 
further enabling the fine-tuning of metal–ligand interactions and the novel design of functional organometallic 
materials. 
 

 
Figure 1. The contrating ISC and LMCT behaviors of redox-switchable Pd[28]H and Pd[26] 
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Molecular Design and Synthesis of Porphyrin Sensitizers 
for Superior Performance Dye-Sensitized Solar Cells 

Haoran Zhou and Hwan Kyu Kim* 

Global GET-Future Laboratory & Department of Advanced Materials Chemistry,  
Korea University, Sejong 339-700, Republic of Korea 
 
Dye-sensitized solar cells (DSSCs) have been regarded as one of the most prospective solar cells, due to low-cost, 
flexibility, simple device fabrication and high conversion efficiency, in comparison to the conventional 
photovoltaic devices. However, the unit costs, long-term device stability and PCE must be further improved for 
real-life applications. D--A porphyrin sensitizers offer wide possibilities for rational designing and structural 
modification and this is vital towards achieving efficient light harvesting. Push–pull structured (D–π–A) Zn(II)–
porphyrin sensitizers, containing various electron donor and acceptor groups, for the enhancement of the light-
harvesting ability within the expanded absorption region and efficient prevention of undesirable charge 
recombination of the sensitising dyes in dye-sensitized solar cells (DSSCs) were newly designed and synthesised 
through molecular engineering. We investigated the effect of bulky donor groups in the D--A structured 
porphyrins on retarded charge recombination between the electrolytes and TiO2 surface and enhanced power-
conversion efficiency (PCE).  
 
The photovoltaic (PV) performance of the SGT sensitizer-based DSSCs, employing cobalt redox couples, were 
systematically evaluated in a thorough comparison with SM315 as a world champion reference sensitizer. Also, 
the structure-performance relationship between donor group and cell performance in the platform of porphyrin 
sensitizers based on porphyrin-triple bond-BTD-acceptor in SM315 was established. By introducing a more bulky 
fluorene unit containing alkoxyphenyl unit to the amine donor group in the world champion SM315 porphyrin 
dye, for efficient prevention of undesirable charge recombination, the PCE was remarkably enhanced. To further 
improve the maximum efficiency of the DSSCs, we have also developed a new series of 4-hexyl-4H-thieno[3,2-
b]indole (Hx-TI) based organic chromophores by structural engineering. Compared to a biphenylamine based 
donor (SGT-137), the incorporation with fluorene based donor (SGT-149) red-shifted the absorption band and 
upshifted the highest occupied molecular orbital (HOMO) energy level.  
 
Notably, by utilizing co-sensitization with SGT-149 and porphyrin based SGT-021 dye, the PCEs of 14.2% for 
co-sensitization cells are reached and considered as a major breakthrough in the development of DSSCs. In this 
presentation, the molecular design and synthesis of Zn-Porphyrin sensitizers for superior performance dye-
sensitized solar cells will be described through the donor and acceptor structural engineering.  
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Single-molecule spectroscopy using localized  
surface plasmon  

Yousoo Kima 
aSurface and Interface Science Laboratory, RIKEN 
 
Irradiation of light to the metallic nanostructure causes collective vibration of free electrons (plasmon), followed 
by the creation of electromagnetic field, i.e., localized surface plasmon (LSP). The LSP has a characteristic 
interaction with matter, especially a single molecule. The study of single molecules provides deep insights into a 
bonding nature and underlying quantum mechanics concerning the chemical and physical properties. The 
scanning tunneling microscope (STM) is a versatile and powerful tool for investigating and controlling the 
chemistry of individual molecules on solid surfaces. We have developed an optical STM technology that 
combines the STM with light irradiation and detection technologies for our own purpose [1]. Since the STM has 
an extremely high (sub-atomic) spatial resolution, it allows us to achieve pioneering research of single-molecule 
chemistry and spectroscopy using LSP localized at the STM-tip junction.  
In recent years, we have applied the LSP to 
exploring novel chemical reactions and 
spectroscopy based on the interaction between 
the LSP and electronic/vibrational quantum 
states of a single molecule at the STM junction. 
We have developed single-molecule emission 
(Fig. 1(a)) and absorption (Fig. 1(b)) 
spectroscopy [1] using the interaction between 
the LSP and a molecule, in which the LSP 
participates in the exciton formation in a target 
molecule [2,3]. Combining the emission and 
absorption spectroscopies, we visualized 
fluorescence resonance energy transfer 
between two different molecules (Fig. 1(c)) [4]. 
We have also explored the detailed mechanism 
of single-molecule chemical dynamics induced 
by the LSP (Fig. 1(d)) [5]. We also applied the LSP to measure tip-enhanced resonance Raman spectra of a single 
molecule (Fig. 1(e)) [6]. Furthermore, we achieved an ultrahigh-energy resolution photoluminescence 
measurement of a single molecule using a tunable excitation laser (Fig. 1(f)) [7]. In this talk, I will discuss recent 
issues focusing on single-molecule spectroscopy based on the molecular excitation by localized surface plasmon 
at the STM junction, which has been applied to exploring quantum states of a phthalocyanine and its derivatives. 

REFERENCES  
1. H. Imada et al., Physical Review Letters, 119 (2017) 013901, 1-6 
2. K. Miwa et al., Nano Letters, 19 (2019) 2803-2811. 
3. K. Kimura et al., Nature, 570 (2019) 210-213.  
4.  H. Imada et al., Nature, 538 (2016) 364-367. 
5.  E. Kazuma et al., Science, 360 (2018) 521-526. 
6. R.B. Jaculbia et al., Nature Nanotechnology, 15 (2020) 105-110. 
7.  H. Imada et al., Science, 373 (2021) 95-98. 

Fig. 1.Schematics of single-molecule chemistry and spectroscopy 
using localized surface plasmon at the STM tip junction 
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Spectroscopic and Magnetic Studies of Spin-Dependent 
Excited State Processes  
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New Mexico, Albuquerque, New Mexico 87131-0001. 
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cBrock University, St. Catharines, Ontario, Canada 
 
Spin-bearing Donor-Acceptor and Donor-Bridge-Acceptor ligands and molecules have been used to control spin-
dependent excited state processes that include non-radiative lifetimes,[1] magnetooptical activity,[2] and ground 
state spin polarization.[3, 4] As such, our efforts continue to focus on the use of synthetic design principles to 
create new molecules that promote long-range electronic coupling and electron correlation,[2, 5] and develop new 
platforms for spin control of excited state processes.[1-4] We present here our latest results that test theoretical 
hypotheses as they relate to how excited state pairwise superexchange interactions and energy transfer processes 
control the optical generation and manipulation of molecular spin qubits.[3, 4, 6]  
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Shultz, D. A.;  Stoll, S.; Whaley, K. B., Exploiting chemistry and molecular systems for quantum information 
science. Nature Reviews Chemistry 2020, 4 (9), 490-504. 
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Adjustment of the Q band position, intensity and shape of 
(4n+2) type (aza)porphyrinoids  

Nagao Kobayashi   

Faculty of Textile Science and Technology, Shinshu University, Tokida 3-15-1, Ueda 386-8567, Japan 
 
The Q band is generally the absorption band located at the longest wavelength of the absorption spectra of 
(4n+2) type (aza)porphyrinoids, although in some metalloporphyrins, CT bands may exist beyond this band. The 
adjustment of the position, intensity, and shape of the Q band is important, since this affects the colour of 
compounds and the various properties they may have. The Q-band positions can be tuned by the size and 
symmetry of the -system, while its shape is governed by the shape or symmetry of the molecules. Its intensity is 
mainly affected by the energy difference between the LUMO and LUMO+1 when the HOMO and HOMO-1 
energy is close, or by that between the HOMO and HOMO-1 when the LUMO and LUMO+1 energy is close or 
degenerate [1].  The extent of the shift of the Q band that occurs when D4h type (aza)porphyrinoids are radially 
expanded by fusion of four benzene molecules to form tetrabenzoporphyrins (TBPs) or phthalocyanines (Pcs) can 
be set at unity, and by the fusion of the next four benzene to form tetranaphthaloporphyrin (TNP) or 
naphthalocyanine (Nc) can be reduced to ca. 0.7, and finally by a further four benzene is reduced to ca. 0.5. This 
indicates that the effect of fusion becomes smaller for more extended site [2]. When one to four aromatic 
molecules are fused to D4h type porphyrinoids at the  positions of the pyrrole rings, the Q band shifts to longer 
wavelength and this shift is proportional to the number of fused rings. The Q band splits into two peaks when one 
or three aromatic molecules are fused, while when two aromatic molecules are fused, it split into two peaks only 
when they are fused at opposite side of D4h type porphyrinoids [3]. The effect of fusion at non-radial position is 
much less than that of radial-fusion (we don’t discuss the fusion between pyrrole -positions and meso-positions). 
The effect of alkyl groups on the substituent positions can also be determined for Pcs by using electron-donating 
and -withdrawing groups [4]. When electron-donating groups are linked to what we call - or -positions, the Q 
band shifts to longer or shorter wavelengths, respectively. If we set the shift by the first four alkyl groups at -
positions at unity, the shift by the second four groups at the next four -positions becomes ca. 2.6-2.7. The effect 
at -positions is generally smaller than that at the -positions and the shift due to electron-withdrawing groups is 
just opposite of electron-donating groups [4]. The Q band intensity generally increases with increasing molecular 
size. Thus, on going from tetraazaporphyrin (TAP) to Pc, Nc, and further to anthracocyanine (Ac), it intensifies 
[2]. Also, so long as the molecules are nearly flat, it intensifies with increasing number of constituting units such 
as pyrrole or isoindole due to the increase of energy difference between the HOMO and HOMO-1 or that between 
the LUMO and LUMO+1 [1,5]. The Q band can be shifted to longer wavelength by using the central metal with 
highly positive charge [6]. The rationale for this phenomenon will be presented in the talk.  
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when they are fused at opposite side of D4h type porphyrinoids [3]. The effect of fusion at non-radial position is 
much less than that of radial-fusion (we don’t discuss the fusion between pyrrole -positions and meso-positions). 
The effect of alkyl groups on the substituent positions can also be determined for Pcs by using electron-donating 
and -withdrawing groups [4]. When electron-donating groups are linked to what we call - or -positions, the Q 
band shifts to longer or shorter wavelengths, respectively. If we set the shift by the first four alkyl groups at -
positions at unity, the shift by the second four groups at the next four -positions becomes ca. 2.6-2.7. The effect 
at -positions is generally smaller than that at the -positions and the shift due to electron-withdrawing groups is 
just opposite of electron-donating groups [4]. The Q band intensity generally increases with increasing molecular 
size. Thus, on going from tetraazaporphyrin (TAP) to Pc, Nc, and further to anthracocyanine (Ac), it intensifies 
[2]. Also, so long as the molecules are nearly flat, it intensifies with increasing number of constituting units such 
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Cobalt–carbon (Co–C) bond formation is a key step of the enzymatic reaction in nature. For instance, vitamin B12 is 
known to play variety of roles such as dehalogenation or methyl group rearrangement reaction. By mimicking such 
natural reactions, study of cobalt complex coordinated by cyclic tetrapyrrole-based ligand have been carried out. We 
also reported the Co–C bond formation reaction by using hydrophobic vitamin B12 derivatives, which was initiated 
by the reduction of cobalt center from Co(II) to supernucleophilic Co(I).[1] Aiming for further improvement, it is 
necessary to control the valence of cobalt center, depending on the substrate. Porphycene, a tetrapyrrolic macrocycle 
and one of the structural isomer of porphyrin, have been attracted increasing attention because of its intriguing 
properties such as low energy absorption, small HOMO-LUMO gap, strong emission, as well as rich coordination 
chemistry and their catalytic activity[2]. 
The redox properties and reactivity of metalloporphycene have been studied for decades; however, the detailed 
experimental investigation on the reactivity and reaction mechanism under inert condition combined with theoretical 
calculations had not been performed so far. In this study, we found the Co–C bond formation between cobalt 
porphycene complex and organic halides under reductive condition. The reaction was initiated by reduction of the 
complex, which was proceeded not at the cobalt ion but at the ligand. Radical anion of Co(II) porphycene complex 
was formed and reacted with alkyl halide. Generated Co(III)–alkyl complexes were purified and characterized by 
ESI-TOF mass and NMR spectra. From both experimental and theoretical result, a novel reaction mechanism that 
porphycene works as a non-innocent 
ligand and is related to the change of 
electron density of the transition state and 
formation of Co–C bond was revealed 
(Figure 1) [3]. Co(II) porphycene was 
regenerated by irradiation of visible light, 
causing homolytic bond cleavage. The 
catalytic reaction using this reactivity was 
also investigated. 
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Figure 1. Schematic description of the reduction of Co(II) porphycene and 
Co–C bond formation reaction. 
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Photocatalytic hydrogen evolution is one of important strategies toward establishing a sustainable society based 
on efficient solar energy utilization. UV- and visible-light-driven photocatalytic H2 evolution has been developed 
using molecular catalysts and semiconductors to gain considerable achievements toward the goal [1]. In light of 
the solar energy distribution, however, we have to consider seriously the efficient utilization of near-infrared 
lights that occupies almost half of the sunlight. Among numerous photocatalytic H2 evolution systems, only 
limited numbers of examples have been reported to be valid under NIR irradiation and the quantum yield of the 
catalysis should be improved [2-4].  
So far, we have been working on saddle-distorted porphyrins as redox-active and photoresponsive components of 
catalytic reactions [5-7]. Herein, we would like to describe NIR-light-driven efficient photocatalytic H2 evolution 
using the diprotonated form of dodecaphenylporphyrin (H4DPP2+), which shows the broad Q band reaching to 
the NIR region [8], as a photosensitizer (PS) and platinum nanoparticles (PtNPs) as H2-evolving catalysts [9].   
We performed photocatalytic H2 evolution using 
(H4DPP)Cl2 as PS, PtNPs as catalysts, and 10-
methyl-9,10-dihydroacridane (AcrH2) as an electron 
source in CH3CN/CH3OH (1:1 v/v) in the presence of 
p-toluenesulfonic acid (TsOH) and trifluoroacetic acid 
(TFA) as a proton source under photoirradiation at 
710 nm at 298 K (Figure 1). Catalytic turnover 
number of H2 evolution reached to 1500 for 3 h and 
the quantum yield was 17%, which was the highest 
value for H2 evolution using the NIR light.  
Mechanistic insights into the reaction were gained 
using various techniques. Dependence of H2 
evolution rate on the concentration of (H4DPP)Cl2, AcrH2, PtNPs, TsOH or TFA was scrutinized to reveal that 
photoinduced electron transfer from AcrH2 to H4DPP2+ to produce H4DPP•+, which injects electron to PtNPs, is 
involved in the rate determining step. Together with the results of nano-second laser flash photolysis, a proposed 
mechanism of the photocatalytic H2 evolution will be discussed. Further development of the quantum yield of H2 
evolution will be also presented.   
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The application of magnetic molecules to the materials of the devices for the quantum information process attracts 
attentions. It is critical to make the sharp spin state of the molecule coupled efficiently with the electric current and 
substrate. The double-decker phthalocyanine complex of bis(phthalocyaninato)terbium(III) (TbPc2) molecule shows 
intriguing single molecule magnet (SMM) behavior. It was reported to maintain the magnetic property when 
transferred onto the substrates Au(111) [1], Ag(111) [2]. For SMM application to the quantum computing material, 
however, the interaction between the molecule spin and the substrate conduction electron has to be suppressed to 
maintain the directional and phase information of the molecule spin. In this sense, using the superconductor (SC) as the 
electrode is a crucial technology since the spin state of the SC material is locked by the Cooper pair and does 
not disturb the molecule spin. At the same time, developing advanced detection methods of the molecule spin, which 
can replace conventional ESR/NMR methods and enable a single molecule spin analysis. For this purpose, the 
technique to read/write molecule spin state using a tunneling electron is promising. The sharp electronic state of the 
superconducting material, which has a high sensitivity to the presence of the magnetic field as already known by the 
SQUID experiment, should be utilized for this purpose. Here, we studied the TbPc2 molecule adsorbed on the 
superconducting substrate of NbSe2, in order to demonstrate of the use of the mix states between the SMM spins and 
the superconducting state.  
Experimentally, we show the scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS) 
studies at the sample temperature of 400 mK (Unisoku, Japan) for the system of TbPc2 molecules 
In the first part, we show the TbPc moiety adsorbed on NbSe2 surface. TbPc2 has a two spin system; J=6 at Tb atom 
and S=1/2 at the Pc ligand. The interaction between the two through exchange interaction(J) is critical in controlling 
the blocking temperature. We successfully detected the exchange energy by using the inelastic component in the 
tunneling spectroscopy as the excitation from the anti-parallel to the parallel coupling between the two. 
Second, we show the development of the ESR/NMR detection by using tunneling spectroscopy. For this purpose, we 
combine the TbPc2/NbSe2 system with the RF wave injection and magnetic field application. We detected the variation 
of the electronic state formed in the SC gap by the molecule spin in a resonant manner with the combination of 
the magnetic field and the RF frequency. The successful detection will open the possibility for the single-molecule 
ESR/NMR. 
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Radical Anion Metal-free and Metal-containing Porphyrins, 
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Metallophthalocyanines (Pc) and porphyrins (P) and their analogs can be perspective components in the design of 
conducting and magnetic compounds.They can be obtained under reduction of metallomacrocycles when unpaired 
spins appear on them. We developed universal methods for preparation of reduced mono- and double-decker 
phthalocyanines in form of single crystals. Series of salts with radical anions and dianions of fluorenated 
coppper(II) phthalocyanines is also presented. Spin state of copper(II) is preserved under reduction and it is 
centered on the macrocycles exclusively [1]. Reduction of copper(II) and nickel(II) tetraphenylporphyrinates
showed preservation of CuII under reduction to form the {CuII(TPP4−)}2− dianions, whereas NiII transfers to 
paramagnetic nickel(I) in the {NiI(TPP2−)}− monoanions. Transtion from low- to high spin state of {NiI(TPP2−)}−

is explained  by thermoinduced charge transfer from nickel(I)  to TPP2− to form high spin NiII (S = 1) and TPP•3−

(S = 1/2) [2]. Large trithiadodecaazahexaphyrins contain three NiII or CuII ions in bonded into the triangles 
through central oxygen atom. Their reduction yields the {CuII

3O(Hhp•6−)}2− and {NiII
2NiIO(Hhp5−)}2− dianions in 

which we observed strong magnetic exchange between CuII
3O (S =1/2) and Hhp•6− (S =1/2) as well as unusual 

transtion from singlet to quartet state assotiated with thermal population of excited triplet state of Hhp5− [4]. This 
work was supported by the Ministry of Science and Higher education (task АААА-А19-119092390079-8).
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The natural vitamin B12 derivatives represent fascinatingly complex, ring-contracted, helical corrins in an exclusive 
combination with cobalt ions.[1] The intriguing preeminent biological use of cobalt in the B12-cofactors [2] has 
stimulated the quest for understanding the particular biological selection of cobalt and for finding ways of replacing 
this transition metal by other ones.[3] The recent availability of well characterized metal analogues of the B12-
cofactors has provided deep insights into their structures and valuable applications in chemical biology.[4]  
Crucial advances with bioengineered B12-biosynthesis [5, 6] have laid the groundwork for a preparative access to 
the metal-free corrinoid hydrogenobyric acid (Hby),[7] a rational starting material for the synthesis of B12 metal-
analogues, Rh(III), Zn(II) and Ni(II)corrins, such as chlororhodibalamin,[8] zincobalamin [9] and nibalamin.[10]  
This lecture presents synthetic roads to metal complexes of the natural corrinoids, insights into their structures and 
their use as structural mimics of natural vitamin B12 derivatives.[11] Among such metal analogues are effective 
‘antivitamins B12’,[12] promising candidates for interesting biological / biomedical applications.[13]   
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Structure and properties of Cu-phthalocyanine-based 
molecular solids from first principles

Mariana Hildebrand, Guy Ohad, and Leeor Kronik
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Rehovoth 76100, Israel

Cu-phthalocyanine based molecular solids are widely used in various areas, from paints to optoelectronics. 
While much theoretical effort has been directed at the Cu-phthalocyanine molecule and its derivatives, 
molecular solids have not been studied in as much detail. Here, we present a first principles study, based on 
advanced approaches within density functional theory, that considers the structure of various Cu-
phthalocyanine polymorphs and assesses the ensuing electronic structure.
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Chirality is a key feature in many biological events and is especially important in the development of new 
pharmaceuticals where the pharmacological effect depends on the identity of enantiomer (e.g. ibuprofen, atropine, 
thalidomide, etc.). There are three standard protocols of enantiomeric excess (ee) measurements using nuclear 
magnetic resonance (NMR) spectroscopy. However, these are always based on formation of diastereomers in 
solution. We have developed NMR sensing method utilizing prochiral porphyrin derivatives (example can be seen 
in Fig. 1a) as detectors of analytes’s ee. In this method, the formation of diastereomers is not required (Fig. 1b), 
and the ee is obtained from the detector’s NMR spectrum as the magnitude of splitting Δδ of reporting group (Fig. 
1c), which has a fundamental linear dependence on ee (Fig. 1d) [1-5]. Based on symmetry requirements, we also 
tested the pro-CSA mechanism on small systems, such as benzylamine (prochiral detector) with 2-
phenoxylpropionic acid (analyte) [6] or salen-Zn2 coordination complex (prochiral detector) with 2-
phenoxylpropionic acid (analyte) [7]. The mechanism, drawbacks and potential applications of pro-CSA sensing 
method will be discussed. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 1. (a) Structure of prochiral porphyrin derivative DiBzOxP. (b) Schematic illustration of sensing 
mechanism. (c) NMR spectra of porphyrin β-H reporting group in the presence of various ee of ibuprofen (1) 
analyte. (d) Fundamental linear relationship between induced chemical shift non-equivalency Δδ and ee as 
obtained from (c). 
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Bisporphyrin into Supramolecular Giant Donut Structures 
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Supramolecular polymers with incorporated fullerene and porphyrin have attracted interest in construction of 
functionalized supramolecular polymers or oligomers, due to their unique physical and chemical properties. 
In the other hand, functional materials comprised of spontaneously self-assembled electron donor and acceptor 
entities capable of generating long-lived charge-separated states upon photo-illumination are in great demand as 
they are key in building the next generation of light energy harvesting devices.  However, creating such well-
defined architectures is challenging due to the intricate molecular design, multi-step synthesis, and issues 
associated in demonstrating long-lived electron transfer.   
Here, we have newly synthesized, by tether-directed functionalization, a [60]fullerene e-bisadduct carrying two 
Zn-porphyrins (Figure), and demonstrate supramolecular organization and photophysical events. Remarkably, the 
supramolecular assembly of the present bisporphyrin-C60 forms donut-shape aggregates, primarily via π-π type 
charge transfer interactions. Upon photoexcitation, the supramolecular assembly generates long-lived charge-
separated states of 1−40 μs lifetime due to electron/hole delocalization within the supramolecular structure. 
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How far can the dynamic chirality of Möbius hexaphyrins  
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Among various types of chirality, that inherent to the Möbius topology has remained underexplored, partly due to 
the difficult access to Möbius compounds [1]. In particular, the asymmetric preparation of molecular Möbius rings 
is a challenge [2], requiring a fine understanding of the transfers of chirality at work. Focusing on the Möbius 
[28]hexaphyrin scaffold, our group has investigated an original approach taking advantage of its conformational 
flexibility (dynamic Möbius chirality) [3]. This feature enables chirality induction under thermodynamic control, 
which is attractive to design innovative responsive systems including Möbius metallo-receptors. Owing to a 
remarkable interplay between aromaticity, guest recognition, and chirality transfer, Möbius Zn(II)-hexaphyrins 
sustain remarkable stereoselectivities and tunable chiroptical properties under the influence of one or several 
stereogenic sources (exo or endogenous). Recently, our dynamic approach has been extended to a situation where 
a source of fix chirality is part of a covalently linked coordinating arm [3e], leading to the following main 
findings: (i) both P and M Möbius configurations are 
reached in-situ by simple addition of suitable achiral 
effectors, tuning the way a fix stereogenic moiety 
interacts with the ring. Impressive stereoselectivities 
(diast. excess > 95%) highlight the most efficient transfer 
of chirality to a Möbius ring reported so far; (ii) these 
achiral effectors generate distinct chiroptical signatures, 
and switching between two chiral states was successfully 
achieved with high robustness (10 cycles) owing to 
ligand exchange. These results stimulate the further 
development of Möbius porphyrinoids as switchable 
chiral platforms. 
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Hexapyrins are family of cross conjugated hexapyrrolic macrocycles and many isomeric, planar or non-plannar 
analogues have been well documented. Among them, the anti-aromatic hexapyrrolic macrocycles with (1,0,1,0,1,0) 
macrocyclic ring connections are rare class of compounds. These system are called rosarrin and could exist as non-
aromatic, aromatic or anti-aromatic. Along with these line of research, we have been interested in the synthesis of 
the anti-aromatic systems and in studying their redox chemistry. We have demonstrated the full redox cycle of this 
system and characterize the 25π electron cation-radical species using single crystal X-ray crystallography. These 
intriguing properties motivate us to pursue the synthesis of the new systems possessing substituents on the periphery 
or meso-positions. With these regards, we developed a synthetic method of the key building blocks that can lead to 
the various peripherally substituted naphthorosarrins. Electrochemical and photophysical properties of the newly 
synthesized compounds were studied in detail. The  redox chemistry and protonation behaviour of the new 
derivatives showed substituents dependent changes in 
aromaticity. We will also present the finding associated with one 
carbon insertion reaction of naphthobipyrrole. The double, 
successive one carbon insertion reaction of naphthobipyrrole 
resulted in the formation of corresponding naphthobipyridine 
(diazatriphenylene derivative). The naphthobipyridines are 
versatile building blocks for the synthesis of pyridine containing 
corrole analogues. Since this new bipyridine containing 
corroloids are mono anionic ligand and thus they can be 
stabilized various oxidation states of the metalion. The properties 
of the metal complexes will be discussed in detail. 
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The nitrogen cycle is one of the most important biogeochemical cycles on earth, as nitrogen is an essential element 
to all forms of life. Denitrification is a major pathway in the nitrogen cycle where microbes utilize nitrite and nitrate 
as electron acceptors for anaerobic respiration. A key step in denitrification is the two-electron reduction of nitric 
oxide (NO) to nitrous oxide (N2O), which is catalyzed by respiratory NO reductases (NORs).[1] Bacterial NOR 
(NorBC or cNOR) is a membrane-bound enzyme found in denitrifying bacteria that has an unusual diiron heme 
b3/non-heme FeB active site. The mechanism under which NorBC operates is only ill defined, due to the fact that 
the protein is difficult to work with and the lack of any experimentally 
observed intermediates.[1] In the FeIIIFeIII resting state, the heme b3 is 
ligated by a proximal His, and the non-heme Fe center is coordinated by 
three His residues and a Glu. Also, an oxo bridge connects the two metal 
centers, making the Fe-Fe distance only 3.5 Å.[2] Synthetic model 
systems provide the opportunity to add insight into the mechanism of 
action of this enzyme, by investigating structural and electronic factors 
that contribute to the observed reactivity. We have developed a synthetic 
model system of NorBC, consisting of a tetraphenylporphyrin-derivative 
clicked to a modified BMPA-Pr− ligand,[3] as shown in the figure 
below.[4] This complex has been characterized by EPR, NMR and UV-
Vis spectroscopy, and mass spectrometry. Armed with this synthetic 
model, we then investigated the interaction of this complex and related 
derivatives with NO.  
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Pasteur, Ottawa, ON, Canada, K1N 6N5 
bUniversity of Ottawa, School of Electrical Engineering and Computer Science, University of Ottawa, 800 King 
Edward Ave. Ottawa, ON, Canada, K1N 6N5  
 
Silicon phthalocyanines are emerging n-type semiconductors for use in organic 
photovoltaics (OPVs) and organic thin-film transistors (OTFTs).[1] Their low 
synthetic complexity paired with their versatile axial group facilitates the fine-
tuning of their chemical properties, solution properties and processing 
characteristics without significantly affecting their frontier orbital levels or 
their absorption properties. The crystal engineering and film forming 
characteristics of silicon phthalocyanine semiconductors can be tuned through 
appropriate axial group functionalization, therefore facilitating their integration 
into both OTFTs and OPVs by solution processing or vapor deposition.  
 
In OPVs: Silicon Phthalocyanines have proven to be effective ternary additives leading to 20% increase in power 
conversion efficiency of poly(3-hexylthiophene):phenyl-C61-butyric acid methyl ester (P3HT:PC61BM) bulk 
heterojunction (BHJ) OPVs by increasing the photogeneration at 685 nm. Recently, we demonstrated that SiPcs 
are effective ternary additives with other conjugated polymer systems including PCDTBT and that the optimal 
amount of SiPc changes when scaling from spin coating on glass to blade coating on PET substrates.[2] We have 
also shown that SiPcs can replace the fullerenes all together and provide low cost OPVs when paired with P3HT 
with power conversion efficiency > 4%.[3] When paired with PBDB-T we obtain high high open circuit voltages 
approaching 1.1 V.[4] 
 
In OTFTs: We were the first to integrate SiPcs into OTFTs, and unlike the majority of phthalocyanines, SiPcs are 
inherently better electron transporting materials then hole transport materials. We demonstrated n-type mobilities 
on the order of 0.5 cm2/Vs which is among the best of all phthalocyanines.[5] Through axial functionalization we 
reported that changes in the electron withdrawing character of the axial group lead to predictable drops in device 
threshold voltage from 45 V to 5 V.[6] The axial group can also be used to improve the SiPc solubility leading to 
solution processable OTFTs where the choice of axial group also dictates the thin film morphology an ultimately 
the resulting device performance.[7] GIWAXS studies show that processing conditions and choice of axial groups 
leads to changes in molecular alignment at the interface providing critical insight into device optimization.  

REFERENCES 
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2.  Solar RRL. 2021, 5, 2100432 
3.   Materials Advances. 2021, 2, 2594-2599 
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Phthalocyanines with non-traditional                                  
Early Transition-Metals  

Daniel Leznoff a  
a Department of Chemistry, Simon Fraser University, Burnaby, CANADA Email: dleznoff@sfu.ca  
 

The spectroscopic and redox properties of metallophthalocyanines (PcM) are active areas of research. PcM 
complexes can be successively reduced using chemical, electrochemical, or photochemical methods to give rise to 
species containing reduced Pc(3-) to Pc(5-) ligands or oxidized to Pc(-1) and Pc(0). These species are usually 
generated and characterized in situ and have only recently begun to be isolated and structurally characterized.  In 
particular, there are few examples of phthalocyanines with early-transition and f-block metals - despite the rich 
organometallic-type reactivity of these metals - and thus we targeted new PcM complexes in this underdeveloped 
area of the periodic table.  Given their larger ionic size, the unusual structural feature of the metal centre protruding 
far out of the Pc cavity is often prevalent. Hence, the exposure of the coordination sphere of these Lewis-acidic 
(often d0) metals makes these PcM complexes attractive catalysts; this cis-oriented axial ligation also drastically 
improves the solubility, despite the Pc-ring remaining unsubstituted.   
In this presentation the isolation and structural characterization of new PcM materials with M=chromium, zirconium, 
niobium and molybdenum will be described, along with rare structurally characterized examples of their reduced 
Pc(4-) and Pc(3-) complexes. Their electronic structure will be discussed using a combination of spectroscopic and 
structural techniques. Their reactivity with a series of small molecules and ability to catalytically polymerize lactide 
will be presented. Time permitting, our related work on organometallic PcLn-based complexes will also be 
described.  
 

 

  Na(THF)PcZr(OiPr)3 ate complex      Organometallic PcCr-CH2SiMe3    
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P. R. China 

 
Porphyrins are essential ligands for metal cofactors in biology. Due to the high-lying π orbitals and low-lying π* 
orbitals, porphyrins could be redox non-innocent ligand in the catalytic redox reactions. A well-known elegant 
example is the critical compound I species found in P450 dependent enzymes, in which the electronic structure of 
the formally Fe(V)=O species is described as a Fe(IV)=O porphyrin radical cation. The involvement of porphyrin 
ligands as electron donors and as electron acceptors has been analyzed for oxidation/reduction reactions using 
density functional methods. Examples of aldoxime dehydration, CO2 reduction, and O2 reduction catalyzed by 
metal porphyrin-based catalysts are presented. 
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2. R.-Z. Liao, W. Thiel J. Phys. Chem. B 2012, 116, 9396 
3. Y.-Q.Zhang, J.-Y. Chen, P. E. M. Siegbahn, R.-Z. Liao ACS Catal. 2020, 10, 6332 
4. R.-Z. Liao unpublished results. 
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Toward the de novo synthesis of (bacterio)chlorophylls 

Khiem Chau Nguyen, Kathy-Uyen Nguyen, Duy T. M. Chung,  
and Jonathan S. Lindsey 

Department of Chemistry, North Carolina State University, Raleigh, NC 27695 USA 
 
We aspire to develop practical synthetic routes to the native photosynthetic pigments (e.g., chlorophyll a, 
bacteriochlorophyll a) and thereby open the door to address physiological, photophysical, ecological, and 
evolutionary questions in the plant sciences.  Sweeping synthetic advances have accrued since Woodward’s 
magisterial campaign toward chlorophyll a in 1960 [1].  Our approach to bacteriochlorophylls relies on joining 
AD and BC halves via (i) Knoevenagel condensation followed by (ii) Nazarov cyclization, SEAr, and MeOH 
elimination, which together form ring E and the aromatic macrocycle.  The trans-dialkyl substituents of each 
pyrroline ring (B, D) are introduced in a stereoselective manner at the outset of the synthesis.  To date we have 
prepared the individual A–D constituents (≥10 mmol each) and have validated the ability to carry 
stereochemically defined substituents over the entire course of the synthesis [2–5].  A stereoselective synthesis of 
phytol also is under investigation.  This research is supported by the NSF (CHE-2054497). 
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Catalytic promiscuity in iron and manganese  
porphyrin-containing mini-enzymes 
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Flavia Nastria and Angela Lombardia  
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Porphyrin cofactors may be considered as the ideal example for demonstrating how properly built interactions may 
be terrifically fruitful in specifying their reactivities. Such cofactors are ubiquitous and perform a wide range of 
crucial functions, such as oxygen transport and storage, electron transfer, oxidation/oxygenation reactions [1]. This 
spectacular task is possible thanks to the fine-tuning of the cofactor chemical properties, by acting at least at three 
different levels: (i) nature of the metal center; (ii) cofactor molecular structure; (iii) covalent and non-covalent 
interactions from the surrounding host. Wise “design” at these three levels affects the cofactor coordination sphere 
(geometry, metal/ligand affinity, complex stability) and its conformational freedom (in/out-of-plane distortions), 
electrochemistry (electron transfer, substrate activation) and photochemistry [2]. 
Inspired by Nature, the scientific community has devoted many efforts to replicate this wise design, with the aim of 
developing artificial molecules endowed with specific functions [2,3].  

To this aim, we developed Mimochromes, simple yet functional synthetic 
models, featuring two helical peptides that are covalently linked to 
deuteroporphyrin. Either one or both peptide chains contain a His residue 
acting as axial ligand to the metal ion inserted into the porphyrin ring (see 
Figure). We have demonstrated that the Mimochome scaffold is well-suited 
to host a wide set of metal ions, thus enabling to explore a variety of different 
chemistries and applications. [2,3]. Mimochrome VI*a (MC6*a), the most 
active analogue, acts as a proficient and promiscuous catalyst as it switches 
its activity from an efficient peroxidase to peroxygenase and hydrogenase 
when iron is replaced by manganese or cobalt, respectively [4,5].  
Our recent results in the oxidative dehalogenation of halogenated phenols 
by FeMC6*a and in the selective oxidation of indole at its C3 position by 
MnMC6*a will be discussed. They confirm that Mimochromes are able to 
surpass the kinetic parameters of natural peroxidases, providing active and 

robust bioinspired catalysts. Further, they show excellent tolerance in organic solvents, thereby facilitating their use 
in aqueous:organic mixtures. All these beneficial features make Mimochromes potential candidates in applicative 
and industrial processes.  
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The 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY)-based molecules have emerged as interesting dyes in a 
multitude of diverse biotechnological fields such as probe for diagnosis by means of bioimaging and 
photosentitizers in photodynamic and photothermal therapy of cancer [1]. The key of functional design of 
BODIPY to meet the fundamentals of each application field is the excited-state regulation [2]. In my talk, I will 
demonstrate how to control the excited-state properties of BODIPYs through molecular structure design to 
achieve red/NIR absorption, super photostability, metal-free photosensitizer and/or photothermal chromophores 
[3-6]. 
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Porous Corrole Framework Materials 
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The corrole unit from the porphyrinoid family represents one of the most important ligands in the field of 
coordination chemistry, which creates a unique environment allowing for the observation of unusual electronic 
states of bound metal cations and has shown great promise in various applications. Nevertheless, studies that 
directly and systematically introduce these motifs in porous materials for targeting further functionalizations have 
been rarely explored. Herein, we demonstrate the employment of corrole as a new class of building block for the 
construction of functional porous materials including metal-organic framework [1], covalent organic framework 
[2], and porous organic polymer (POP) [3] as well as the exploration of resultant porous corrole framework 
materials for applications in heterogeneous catalysis and photodynamic therapy.  
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Y.; Niu, Z.; Sun, Q.; Shan, C.; Yang, H.; Wojtas, L.; Yuan, D.; Zhang, Z.; Dong, H.; Zhang, X.; Zhang, B.; 
Feng, Y.; Ma, S. Angew Chem. Int. Ed., 2020, 59, 4354-4359. 

3. "Metallocorrole-based porous organic polymers as a heterogeneous catalytic nanoplatform for efficient carbon 
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S. Nano Res., 2021, 14, DOI: 10.1007/s12274-021-3617-3. 
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Over the last three years, considerable progress has been made with a rational structural modification approach [1] 
guided by TD-DFT calculations and an application of Michl’s perimeter model to prepare tetraarylporphyrin 
analogues with significantly red-shifted and intensified Q bands that are suitable for use as photosensitizer dyes in 
photodynamic therapy and/or photodynamic antimicrobial chemotherapy [2-9]. Initially, novel corrole [2-4], 
chlorin [5,6], and N-confused [7] tetraarylporphyrin analogues were prepared along with their Sn(IV) complexes, 
and the effect of peripheral bromination of the ligand was also explored [8]. Trans-axial ligation of a Sn(IV) ion 
hinders aggregation effects, while the metal ion promotes intersystem crossing resulting in unusually high singlet 
oxygen quantum yields through a heavy atom effect [2-5,7,8]. Relatively low IC50 values were obtained during in 
vitro studies against MCF-7 breast cancer cells for the entire series of tetraarylporphyrin analogues [3-8].  
 

 
Fig. 1. (a) The N-confused porphyrins (NCPs) studied [9]; (b) UV-vis absorption spectra in DMSO (Inset: Color of the 
compounds in DMSO); c) Cytotoxicity against MCF-7 cells after 24 h incubation. 

 
More recently (Fig. 1), this approach has progressed to a novel π-extended 1,3-diethyl-2-thiobarbituric-acid-
substituted N-confused porphyrin (NCP-TB) [9], which absorbs significantly across the entire therapeutic window 
(620−850 nm) and exhibits favorable photodynamic activity properties against MCF-7 cancer cells due in part to 
the presence of a sulfur atom (ΦΔ = 0.38 in DMSO). Further progress on the preparation of exotic porphyrin 
analogues and their conjugation to nanomaterials will be described. 
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Charged Porphyrins That Provide -Electronic Ion-Pairing 
Assemblies 

Hiromitsu Maedaa 
aDepartment of Applied Chemistry, College of Life Sciences, Ritsumeikan University, Kusatsu 525–8577, Japan 
 
-Electronic ions with appropriate geometries and peripheral substituents provide assemblies through the 
interactions between charged building subunits, resulting in fascinating electronic properties.  Structures and 
properties of the assemblies can be controlled by the combined negatively and positively charged species in the 
assemblies.  Thus far, diverse -electronic ions along with ion-responsive -electronic systems have afforded 
dimension-controlled ion-pairing assemblies as crystals, supramolecular gels, and thermotropic liquid crystals 
[1,2].  Highly ordered arrangement of charged species has been found to be a key factor to exhibit the enhanced 
performance as fascinating electronic materials.  In fact, ion pairs of porphyrin–AuIII complexes as -electronic 
cations, prepared with the combination of various anions including -electronic anions, formed assemblies as 
crystals and thermotropic liquid crystals, whose ionic components were highly organized by i–i interactions 
(mainly electrostatic and dispersion forces) [3].  Furthermore, -electronic ion pairs comprising porphyrin-based 
-electronic anions [4] have exhibited characteristic assembling modes via i–i interactions and resulting 
electronic properties such as solid-state absorption, which was correlated with the arrangement of constituent 
charged -systems, and photoinduced electron transfer [5].  
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New generation corroles, better suited for serving as drug 
candidates and catalysts for clean-energy processes  

Atif Mahammed and Zeev Gross   

Technion- Israel Institute of Technology, Schulich Faculty of Chemistry, Haifa 32000, Israel. Email: 
chatif@technion.ac.il, chr10zg@technion.ac.il   

 
The one-pot synthesis of triarylcorroles in 1999 induced an enormous increase of activity for utilization of 
corroles and their metal complexes for the benefit of mankind, in terms of new drug candidates for treating 
various diseases and as catalysts for sustainable energy relevant processes. Still, all reported corrole derivatives do 
not fulfil the most basic standards expected for oral drug administration: a combination of low molecular weight 
and water solubility. Regarding electrocatalysis, strong absorbance of triarylcorroles onto electrodes used for 
heterogenous catalysis might be hampered by the aryls that are perpendicular to the corrole plane. These 
considerations, as well as pure scientific curiosity, were our motivation for developing synthetic methodologies 
for gaining access to derivatives that are much smaller in size than triarylcorroles.  
 
We now disclose a very straightforward synthetic method that relies on surprisingly facile trifluoromethyl 
hydrolysis for gaining access to a new class of corroles that do satisfy all druglikeness criteria, as well as the 
development of several approaches leading to the metal complexes of the parent (with no substituents whatsoever) 
corrole [1-3]. 

 

17.887 Å 11.062 Å 8.508 Å
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Evaluation of critical structural factors affecting heme 
degradation catalyzed by a noncanonical heme oxygenase 

Piotr J. Maka  
aSaint Louis University, Department of Chemistry, Saint Louis, MO 63103, USA 
 
Heme degradation is an important physiological process in many eukaryotic and prokaryotic organisms that is 
catalyzed by heme oxygenase (HO) enzymes. These complex multistep reactions in which the substrate acts as a 
prosthetic group are the subject of many studies and their mechanistic details have been heavily debated for a few 
decades, with new reactive pathways being just recently proposed. Mycobacterium heme utilization degrader 
(MhuD) is a noncanonical HO protein that plays a crucial role in the heme uptake pathway in Mycobacterium 
tuberculosis [1]. MhuD is distinguished from canonical HO enzymes by its heme degradation products, releasing 
mycobilins and ferrous iron without generating carbon monoxide [2]. Interestingly, MhuD can bind one or two 
heme molecules in the same active site. Although it was initially proposed that monoheme MhuD is enzymatically 
active and diheme is inactive [1], our recent work actually showed that both forms can effectively degrade heme 
[3]. It has been proposed that the first step of MhuD heme degradation is monooxygenation of heme to 
hydroxyheme, which is mediated by the Fe-OOH intermediate analogous to canonical HOs, though the 
hydroxylation takes place at the β- or δ-meso carbon atoms [4]. In this work we generated the oxygenated forms 
of mono- and diheme MhuD samples and characterized them using resonance Raman (rR) spectroscopy. These 
relatively stable oxy adducts were then cryogenically exposed to gamma irradiation to generate and stabilize 
reactive intermediate states, such as Fe-O-O(H)/Fe=O species. In order to facilitate reliable identification of these 
intermediates, the oxygenated MhuD samples were prepared in H2O and D2O buffers using 16O2 and 18O2 gas 
isotopes. The combination of rR spectroscopy and cryoradiolysis presented here provides for the first time direct 
experimental characterization of these fleeting intermediates that dictate the reactivity of MhuD.  

REFERENCES  
1.  Chim N, Iniguez A, Nguyen TQ, Goulding CW. J. Mol. Biol. 2010, 395, 595-609.  
2.  Wilks A, Heinzl G. Arch. Biochem. Biophys. 2014, 544, 87-95. 
3.  Snyder SN, Mak PJ. J Biol. Chem. 2021, in press, DOI: 10.1016/j.jbc.2021.101475. 
4.  Matsui T, Nambu S, Goulding CW, Takahashi S, Fujii H. Ikeda-Saito, M. Proc. Natl. Acad. Sci. U.S.A. 2016, 
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Novel Phthalocyanine-Biomolecules Conjugates; Highly 
Potential Activity Assessed In Vitro PDT Efficacy  

Saad Makhseeda 
a Department of Chemistry, Kuwait University, P.O. Box 5969, Safat 13060, Kuwait 
 
Asymmetrical zinc (II) phthalocyanine (Pc) bearing four terminal alkyne moieties was successfully prepared as a 
novel macrocyclic scaffold.[1, 2] Subsequently, this promising non-aggregated molecular platform was 
conjugated with a range of biomolecules, such as D-glucose, D-maltose and triethylene glycol by metal-mediated 
azide-alkyne cyclo-addition reaction. The photophysical/photochemical properties of these newly prepared Pc-
biomolecule conjugates (ZnPcG, ZnPcM, and ZnPcPEG) were performed and found to efficiently generating 
singlet oxygen in both DMF and water. Consequently, such bioconjugate complexes represent promising 
photosensitisers in PDT and their photocytotoxicity and cellular uptakes capability have been investigated. 
 

 
Scheme 1. Synthesis of water-soluble zinc (II) phthalocyanines ZnPcG, ZnPcM and ZnPcPEG 
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Functional Reprogramming in Heme Enzymes  

Thomas M. Makris,a,b Suman Das,a Hannah E. Gering,a Olivia M. Manley,a  
and Brian R. McMillana   

aDepartment of Molecular and Structural Biochemistry, North Carolina State University, Raleigh NC 27695 USA  
bDepartment of Chemistry, North Carolina State University, Raleigh NC 27695 USA 
 
The cytochrome P450 (CYP) OleT initiates the decarboxylation of fatty acids using the high-valent iron-oxo 
intermediate known as Compound I. This reaction significantly deviates from the canonical oxygen rebound 
chemistry that typifies most CYPs. Continuing work with a suite of OleT orthologs and the variable metabolic 
profiles with different chain length substrates has suggested a fine interplay between the distal pocket and 
substrate identity for determining reaction trajectory in this class of enzymes. Here, we have utilized substrate and 
cofactor “mutagenesis” to further refine the role of substrate-positioning and heme redox properties for mediating 
both the C-H abstraction and oxygen rebound steps. In the former approach, fatty acid derivatives containing 
substituents at the C2 position (OH or CH3) show an array of different enzymatic activities - decarboxylation, 
desaturation, and hydroxylation – that most likely arise from altered presentation of the scissile C-H bond to the 
oxo-fragment. The ease of preparing high-valent intermediates in OleT has allowed for a thorough 
thermodynamic description of these critical steps in catalysis and strategy to thwart radical recombination.   
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Synthesis and studies of Porphyrin Isomers 

M. Ravikanth 

Department of chemistry, Indian Institute of Technology, Powai, Mumbai 400076, India 
E-mail: ravikanth@chem.iitb.ac.in  
 
Porphyrins are tetrapyrrolic macrocycles in which the four pyrroles are connected by four meso-carbon atoms and 
represented as porphyrin (1.1.1.1).  The four pyrroles and four methine carbons can be arranged in different 
possible ways to form tetrapyrrolic constitutional isomers of porphyrins.  Thus, different structural isomers of 
porphyrin(1.1.1.1) such as porphycene(2.0.2.0), hemiporphycene(2.1.1.0), corrphycene (2.1.0.1), 
isoporphycene(3.0.1.0), N-confused porphyrin((1.1.1.1), doubly N-confused porphyrin(1.1.1.1) and 
neoporphyrin(1.1.1.1) have been known in the literature (Chart 1).  Furthermore, porphyrin isomers differ from 
each other significantly in terms of their stability, structure, spectral, redox and coordination properties. Our group 
is involved in synthesis of core-modified porphyrins which are resulted by replacing one or two pyrrole rings with 
other heterocycles/carbacycles. In this presentation, I will share our successful results on some of these porphyrin 
isomers specially on porphycene, hemiporphycene and neo-porphyrinoids.1-3 

 

Chart 1. Molecular structures of porphyrin and its constitutional isomers. 
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Porphyrins as Scaffolds for Multivalent Presentation of 
Glycofullerenes  

Jennifer Patino-Alonsoa, Gema Nietoa, Justo Cabrera-Gonzáleza,  
Beatriz Illescasa and Nazario Martína,b  

a Departamento de Química Orgánica, Facultad C. C. Químicas, Universidad Complutense de Madrid, Av. 
Complutense s/n, 28040 Madrid, Spain.  

b IMDEA-Nanociencia, C/ Faraday, 9; Campus de Cantoblanco, 28049 Madrid, Spain.  
 
The supramolecular interaction carbohydrate-protein is ubiquitous in a large variety of biological processes. In 
order to design multivalent peripheral ligands with glycomimetic properties that structurally can attach to the 
receptor sites of complex biological structures, a broad variety of “artificial glycoforms” have been created with 
the aim of understanding the mechanisms involved in multivalent binding interactions. In this regard, we have 
shown that hexakis-adducts of [60]fullerene endowed with 12, 24 or 36 mannoses, act as strong inhibitors for DC-
SIGN in an Ebola infection assay model [1]. Furthermore, a drastic increase in the inhibition process at the 
subnanomolar scale has been observed when the size and mannoses´ number are increased in the firstly reported 
tridecafullerenes endowed with 120 mannose units decorating 
the periphery of the molecule [2].  
The efficiency to block DC-SIGN mediated viral infection by 
an artificial Ebola virus has been tested in a cellular 
experimental assay finding that, these systems are potent 
inhibitors of viral infection. Actually, a variety of carbon 
nanostructures endowed with sugars (sugar-balls) have shown 
their effect for inhibiting infection by emergent viruses, 
namely Ebola, Zika and Dengue [3] and, by modifying the 
organic addend molecules at the periphery, to other viruses 
like VIH [4]. 
In this presentation, we will show the first examples where the 
glycofullerenes are covalently linked to a porphyrin acting as 
central core. The aim of these new compounds is to gather the 
properties of glycofullerenes to those of the porphyrins in 
order to validate the multivalence character of the ZnP as a 
new scaffold endowed with amazing photophysical properties. 
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Organic synthesis in solution has provided efficient methods to prepare polycyclic aromatic hydrocarbons 
(PAHs), aiming to obtain nanographene derivatives by a bottom-up approach. More recently, research has focused 
on the incorporation of different hetereoatoms (or heterocycle subunits) into the PAHs skeleton as a powerful 
strategy to modulate the physicochemical properties of nanographenes. 
The introduction of peripheral π-extended conjugated substituents has proven to be the most successful method to 
shift the Q band absorption of SubPc towards the near-IR region, which is desirable for many applications. [1] 

Peripheral annelation represents a less explored approach to modify SubPc structure, permitting the extension of 
its π-conjugated system and, therefore, the modulation of the macrocycle properties. Among the few examples, 
SubNcs are the best known benzoannulated SubPc derivatives that have found a relevant role in photovoltaic 
devices, owing to their red-shifted absorption [2]. 
In most cases, these SubPcs have been prepared by conventional cyclotrimerization of the corresponding 
annulated-phthalotriles, leading to different synthetic problems and low reaction yields. Considering the high 
impact of merging SubPcs and polycyclic aromatic hydrocarbons (PAHs), the development of new efficient 
synthetic approaches for the preparation of π-extended PAH-fused SubPc derivatives, based on the post-
functionalization of easily prepared preformed SubPcs, is important. We are presenting here our efforts in this 
direction [3]. 
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Since the discovery of single molecule magnetism in 
lanthanide complexes on the example of Tb(Pc)2, sandwich 
phthalocyaninates have become attractive objects to study 
the influence of structural and electronic effects on their 
magnetic properties. In our work, we focus on the 
combination of static and dynamic factors that can control 
the behavior of SMM. Among the dynamic factors, we 
focus on supramolecular assembly, which can be induced 
by the interaction of crown-substituted sandwiches with 
alkali metal ions [1,2]. To broaden the range of possible 
effects under study, we developed triple-decker complexes 
containing one terminal tetra-15-crown-5-substituted 
ligand and two octa-n-butoxy-substituted phthalocyanine 
ligands, [(BuO)8Pc]M[(BuO)8Pc]M*[(15C5)4Pc]. A 
convenient synthesis ensured by the stabilization of the 
complexes with electron-donor substituents and an easy 
chromatographic purification provided by the high 
solubility of the complexes made it possible to obtain a 
series of homo- and heteronuclear compounds, where M 
and M* = Tb and/or Y. Varying the metal centers in such 
triple-deckers can be used to study relatively strong 

intramolecular f-f interactions at distances Ln...Ln ca. 3.5 Å, while supramolecular assembly can be used to study 
weaker f-f interactions in the range of distances from 6.2 to 13.1 Å. In addition, the synthesized complexes are 
interesting objects for NMR studies of correlations between the conformational state of the sandwiches and their 
magnetic properties. We have shown that changing the solvent used for such studies can switch the coordination 
polyhedron of the metal "M" center from square-antiprismatic in toluene to distorted prismatic in chloroform. This 
switch manifests itself in an increase in the axial component of the magnetic susceptibility tensor, which leads to 
an increase in the lanthanide-induced shifts in the NMR spectra. Thus, the chosen molecular architecture of the 
complexes allows advanced studies of structural and supramolecular effects in SMM, including aggregation and 
solvation. 
Acknowledgement: this work was supported by Russian Science Foundation (grant 18-73-10174_P). 
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Aromaticity and Antiaromaticity of Redox-Switchable 
5,10,15,20-Tetraaryl-5,15-diazaporphyrinoids 

Yoshihiro Matano 

Department of Chemistry, Faculty of Science, Niigata University 
 
Porphyrins in the doubly reduced oxidation state (20π porphyrins) have received significant attention because of 
their diverse antiaromatic characters and unique optical and redox properties [1]. However, the 20π porphyrin 
dianions are intrinsically unstable under ambient conditions and readily undergo oxidation back to the parent 18π 
porphyrins to acquire aromatic stabilization energies. To date, various approaches have been reported to increase 
the stability of 20π porphyrins [2]. Recently, we have established a new approach, meso-modification with 
nitrogen atoms, to stabilize 20π porphyrins; we have reported 5,10,15,20-tetraaryl-5,15-diazaporphyrinoids 
(Ar4DAP) 1M,[3] 5,15-dialkyl-10,20-diaryl-5,15-diazaporphyrinoids (Ar2R2DAP) 2M,[4] and 5,10,20-triaryl-5-
aza-15-oxaporphyrinoids (Ar3AOP) 3M,[5] which are neutral and antiaromatic. The chemical and electrochemical 
oxidation reactions of 1M produced the corresponding 18π dications 4M through the 19π radical cations. Most 
importantly, these diazaporphyrinoids have highly flat π-planes and can be used as platforms for evaluating the 
aromatic and antiaromatic characters by simply switching their oxidation states. The diatropic and paratropic ring-
current effects induced by the DAP rings of the alkyl-chain-strapped derivatives of 1M/4M were evaluated using 
NMR spectroscopy and DFT calculations [6]. In this presentation, the synthesis and aromaticity of new meso-
modified azaporphyrinoids are also reported. 
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Large conjugated rings with persistent currents are novel promising structures in molecular-scale electronics. A 
six-porphyrin nanoring structure that allegedly sustained an aromatic ring current involving 78  electrons was 
recently synthesized [1]. We provide here compelling evidence that this molecule is not aromatic, contrary to 
what was inferred from the analysis of 1H-NMR data and computational calculations. The electron delocalization 
error −a common feature of density functional approximations with a low percentage of Hartree-Fock exchange− 
is responsible for the overestimation of aromaticity [2-6]. The main reason behind the absence of an aromatic ring 
current in these nanorings is the low delocalization in the transition from the porphyrins to the bridging butadiyne 
linkers, which disrupts the overall conjugated circuit [6]. These results highlight the importance of choosing a 
suitable computational method to study large conjugated molecules and the appropriate aromaticity descriptors to 
identify the part of the molecule responsible for the loss of aromaticity [6].  
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New broad-spectrum antimicrobial strategies, alternative to antibiotics and able to efficiently inactivate pathogens 
without inducing resistance, is one of the main objectives in public health. Antimicrobial photodynamic therapy 
(aPDT), based on the light-induced production of reactive oxygen species from photosensitizers (PS), is attracting 
growing interest to infection treatment, also including biofilm destruction. Due to partial photostability of free PS, 
delivery systems fabricated with carriers and PS are highly required to decrease PS photodegradation, thus 
improving the therapeutic efficacy and to reduce collateral effect on unaffected tissues. Here we will discuss 
different PS releasing systems studied in our research labs ranging between eluting fabrics based on the anionic 
porphyrin (tetrakis(4-sulfonatophenyl)-21H,23H-porphine (TPPS)) and a polymeric cyclodextrin [1] and 
nanoconstructs in aqueous dispersions based on the cationic porphyrin (N-methyl- 4-pyridyl)-21H,23H-porphyrin 
(TMPyP)) assembled with two different cyclodextrins (CDs), namely the trade sulfobutylether-beta-cyclodextrin 
(CAPTISOL®) and CD nanosponge (CDNS) [2,3]. Dynamic Light Scattering (DLS) and -potential pointed out 
the complexation between PS and CDs. Nanoassemblies with photodynamic features exhibited photo-
antimicrobial activity on Gram-negative and Gram-positive bacteria, in addition to generally sustained release 
properties and a higher photostability. Moreover, preliminary results of TMPyP/CAPTISOL® and CAPTISOL® 
alone against biofilms from P. aeruginosa reveal that i) CAPTISOL® alone inhibits biofilm formation and ii) 
TMPyP/CAPTISOL® nanoassembly significantly increases biofilm degradation respect to TMPyP alone. 
Altogether in vitro photo-antibactericidal studies elucidated the aPDT efficacy of our photosensitizing 
nanosystems based on CD. 
 
Acknowledgement: CyDex Pharmaceuticals, Inc. (San Diego, USA); PON TETI:  ARS01_0033 
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Triple negative breast cancer (TNBC) is among the most aggressive, recurrent and highly metastatic of breast 
tumors with a worse clinical outcome compared to other breast cancer subtypes. Metastatic breast cancer predicts 
a 2-5 year average survival whereas metastatic TNBC predicts ~1 year overall survival from the time of treatment 
due in part to early distant site metastasis.[1] Sulfonated metallated corroles have shown promise as 
multifunctional agents for biomedicine as these compounds can bear imaging, therapeutic, and diagnostic 
capabilities. While the sulfonates prevent unintended penetration into healthy tissue, delivery by targeted 
biological particles enables transport into specific sites in the body to act as targeted “theranostics”.[2] We have 
shown the utility of sulfonated corroles in targeting resistant and metastatic tumors through their self-assembly 
with our bioengineered tumor-invading protein, HerPBK10 (HPK). HPK is a chimeric biocarrier that uses the 
human epidermal growth factor receptor 3 (HER3/ErbB3) to penetrate metastatic and resistant tumors due to the 
increased cell surface HER3 on such tumors.[3] We show here that HPK can self-assemble with sulfonated 
corroles, forming serum-stable nano-capsids (NCs) that evade immune-inhibition and bypass tumor barriers by 
mimicking an essential ligand that enters tumor cells through HER3. Systemic NCs in preclinical breast cancer 
models show preferential accumulation in secondary tumors due to the increased HER3 associated with 
metastasis. Systemic NCs can also cross the blood-brain barrier and accumulate in intracranial TNBC tumors 
using HER3 to mediate both routes. We have observed differentially metallated corroles exhibiting selective 
impact on tumor vs non-tumor tissue that includes modulating mitochondrial transporters and redox enzymes in 
tumor cells, and reducing oxidative damage in non-tumor tissue. We are leveraging these findings to refine 
protein-corrole bioparticles with both targeted tumoricidal activity and cytoprotection of non-tumor tissue. As a
growing number of metastatic and resistant tumor types show increased HER3, these studies could eventually
offer improved options for patients, especially those with brain-metastatic and brain-localized tumors. 
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Polar materials attract wide research interest due to their unique properties, such as ferroelectricity and the bulk 
photovoltaic effect (BPVE)1, which are not accessible with nonpolar materials. However, in general, rationally 
designing polar materials is difficult because nonpolar materials are more favorable in terms of dipole‐dipole 
interactions. On the other hand, we recently developed a rational strategy to form polar assemblies with 
bowl‐shaped π‐conjugated molecules such as subphthalocyanines (SubPcs).2 We revealed that polar assemblies 
are surely formed if one-dimensional columns of SubPcs are assembled into trigonal lattices. In this previous 
study, we reported only polar assemblies with SubPcs having fluorine substitutions. As a follow-up study, we 
further developed polar assemblies with various SubPcs including chiral ones.3 In this presentation, the details of 
our strategy to form polar assemblies as well as the bulk photovoltaic effects of the obtained polar crystals will be 
discussed. 
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tumors with a worse clinical outcome compared to other breast cancer subtypes. Metastatic breast cancer predicts 
a 2-5 year average survival whereas metastatic TNBC predicts ~1 year overall survival from the time of treatment 
due in part to early distant site metastasis.[1] Sulfonated metallated corroles have shown promise as 
multifunctional agents for biomedicine as these compounds can bear imaging, therapeutic, and diagnostic 
capabilities. While the sulfonates prevent unintended penetration into healthy tissue, delivery by targeted 
biological particles enables transport into specific sites in the body to act as targeted “theranostics”.[2] We have 
shown the utility of sulfonated corroles in targeting resistant and metastatic tumors through their self-assembly 
with our bioengineered tumor-invading protein, HerPBK10 (HPK). HPK is a chimeric biocarrier that uses the 
human epidermal growth factor receptor 3 (HER3/ErbB3) to penetrate metastatic and resistant tumors due to the 
increased cell surface HER3 on such tumors.[3] We show here that HPK can self-assemble with sulfonated 
corroles, forming serum-stable nano-capsids (NCs) that evade immune-inhibition and bypass tumor barriers by 
mimicking an essential ligand that enters tumor cells through HER3. Systemic NCs in preclinical breast cancer 
models show preferential accumulation in secondary tumors due to the increased HER3 associated with 
metastasis. Systemic NCs can also cross the blood-brain barrier and accumulate in intracranial TNBC tumors 
using HER3 to mediate both routes. We have observed differentially metallated corroles exhibiting selective 
impact on tumor vs non-tumor tissue that includes modulating mitochondrial transporters and redox enzymes in 
tumor cells, and reducing oxidative damage in non-tumor tissue. We are leveraging these findings to refine 
protein-corrole bioparticles with both targeted tumoricidal activity and cytoprotection of non-tumor tissue. As a
growing number of metastatic and resistant tumor types show increased HER3, these studies could eventually
offer improved options for patients, especially those with brain-metastatic and brain-localized tumors. 
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Polar materials attract wide research interest due to their unique properties, such as ferroelectricity and the bulk 
photovoltaic effect (BPVE)1, which are not accessible with nonpolar materials. However, in general, rationally 
designing polar materials is difficult because nonpolar materials are more favorable in terms of dipole‐dipole 
interactions. On the other hand, we recently developed a rational strategy to form polar assemblies with 
bowl‐shaped π‐conjugated molecules such as subphthalocyanines (SubPcs).2 We revealed that polar assemblies 
are surely formed if one-dimensional columns of SubPcs are assembled into trigonal lattices. In this previous 
study, we reported only polar assemblies with SubPcs having fluorine substitutions. As a follow-up study, we 
further developed polar assemblies with various SubPcs including chiral ones.3 In this presentation, the details of 
our strategy to form polar assemblies as well as the bulk photovoltaic effects of the obtained polar crystals will be 
discussed. 
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Staphylococcus aureus is an opportunistic bacterial pathogen that relies on an iron-regulated surface determinant 
(Isd) system to acquire iron from human hemoglobin (Hb) [1]. IsdH is a cell-wall associated receptor that contains 
three NEAT (NEAr iron Transporter) domains and is believed to trigger hemin release from Hb through distortion 
of helix F which carries the proximal His87 [2]. While the second NEAT domain (N2) of IsdH binds Hb with 
high-affinity, the third NEAT domain (N3) contains the hemin binding pocket with Tyr642 which coordinates the 
Fe(III) after dissociation from Hb. The N2 and N3 domains are connected by a short flexible tether and a helical 
linker domain that restricts inter-domain motions in the highly dynamic IsdH:Hb complex. To delineate the 
mechanism of hemin extraction from Hb by IsdH, the Clubb’s lab has engineered IsdH constructs with surface 
mutations at the N2 domain to produce specificity to the -subunits of Hb, and Y642F substitution in the N3 
domain to preclude the final step of hemin transfer. These constructs have allowed detailed NMR, stopped-flow 
UV-vis, and ITC binding analyses [3], but these IsdH:Hb complexes had yet to be probed by resonance Raman 
spectroscopy. Changes in porphyrin skeletal vibrations upon exposure of Hb to a range of IsdH constructs provide 
us with a sensitive and direct handle on perturbations of hemin coordination that supplement and refine prior 
mechanistic models of the Hb destabilization process by IsdH.                  
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Since the discovery of the vital pigments heme, chlorophyll and vitamin B12 legions of researchers were attracted 
by structure elucidation, synthesis, biosynthesis, biochemistry, properties and function of naturally occurring 
porphyrinoids and their unnatural congeners. During the last four decades porphyrin research in particular in the 
synthesis field was coined by two main streams. The first line comprises chemistry of isomeric, contracted and 
expanded porphyrins. The second main stream is characterized by discovery, chemistry and biochemistry of less 
common natural hydroporphyrins and their unnatural congeners. Bonellin 1 and heme d1 2 are typical naturally 
occurring representatives of this class of compounds. The chlorin framework present in bonellin but also in 
chlorophylls influenced search for novel synthesis strategies for construction of this structural type. Synthesis 
strategies to achieve naturally occurring and artificial isobacteriochlorins were strongly influenced by methods 
investigated in the field of synthesis of vitamin B12 and artificial corrins.  
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Compound I Model Complex from Alkane Derivatives  
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Oxido-iron(IV) porphyrin π-radical cation species, so-called compound I, are involved in various heme-containing 
enzymes, such as cytochrome P450 and peroxidase, responsible for the metabolism of aliphatic substrates. This 
reactive species has attracted considerable attention due to its biological importance and characteristic oxidation states 
consisting of the high-valent iron centre and the π-conjugated ligand. Many kinetic studies are conducted on the 
reaction of compound I with substrates to elucidate its mechanism and key factor determining its great reactivity. 
However, the short lifetime of the complex due to its high reactivity has restricted the experimental conditions. Low-
temperature conditions (e.g., –80 °C) for the observation of compound I have limited the substrate to those with weak 
C–H bonds. We have reported remarkable lifetime elongation of FeIV(TMP+•)(O)(Cl) (TMP: 5,10,15,20-
tetramesitylporphyrin dianion) in a fluorocarbon solvent.[1] This solvent system enables us to examine the oxidation 
of normal alkane, cycloalkane, and branched alkane substrates by compound I directly. We herein report the effect of 
electron-withdrawing and donating substituents on the reaction rate.   
UV-vis spectrum of FeIII(TDCPP)(Cl) (1) (TDCPP: tetrakis-2,6-dichlorophenyl-porphyrin) immediately disappeared 
by the reaction with ozone gas to give an absorption band at 690 nm, which is almost identical to that of 
FeIV(O)(TDCPP•+)(Cl) 2 in CH2Cl2. Electron paramagnetic resonance (EPR) spectrum of the generated species also 
endorsed the formation of 2. The absorption band of 2 gradually decayed to form the starting iron(III) complex 1 (self-

decay). Upon adding an excess amount of a substrate into the 
reaction solution, pseudo-first-order rate constants (kobs) of the decay 
process increased, showing linear dependence on the concentration 
of the added substrate. The second-order rate constant of the reaction 
was determined from the slope of the plot of kobs vs [substrate]. As 
the substrate having electron-withdrawing substituents, 
dichloromethane, chloroform, acetonitrile, and nitromethane were 
employed. Tetrahydrofuran, tetrahydropyran, and 1,4-dioxane were 
employed as the substrates containing electron-donating ether group. 
The substrates with electron-withdrawing substituents tend to show 
smaller reaction rate constants than those of non-substituted alkane 
substrates even though the bond dissociation energies of the C–H 
bonds are similar. Electron donating substituents facilitated 
reactions. In this presentation, the effects of the substituents of 
alkane substrate are quantitatively analyzed. 
 

Figure 1. Logarithms of second-order late constants normalized by the number of equivalent C–H bonds (log k’) 
plotted against bond dissociation energy of the C–H bonds (BDE). 
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Interfacing materials with different functionalities is an efficient way to manipulate their respective properties and 
promote the emergence of novel phenomena. Controlling interfacial interactions is however a complicated task in 
most cases. In that respect, the tunability offered by ligand chemistry in organic materials is an interesting asset 
that can be exploited at hybrid interfaces. Here I will present two examples where the molecular strategy is 
employed to tune the interactions of single transition metal ions with underlying spin-degenerated electrons in 
non-magnetic metals, and with spin-textured electrons in topological insulators. In both cases, we obtain a 
comprehensive picture of the phenomenology by combining scanning tunnelling microscopy/spectroscopy, atomic 
manipulation, X-ray absorption and photoelectron spectroscopy, and ab-initio calculations. 
 
On our systematic study of transition metal phthalocyanines on noble metals we show how the interaction with the 
substrate can be mediated by the metal ion or the organic ligand and how, depending on this, the molecular 
magnetic moment can either be quenched or enhanced [1,2]. The molecular spin and charge can be further 
manipulated by doping with alkalis atom by atom [3,4]. By moving from phthalocyanines to porphyrine single 
molecules, and then to on-surface synthesized covalent networks, we will see that the interaction with substrate 
can be exquisitely fine-tuned by the conformational differences between the systems. 
 
For molecular films on topological insulators, the tunability of ligands is exploited to tune the interaction of Co 
ions with the underlying topological surface state (TSS), going from the strongly interacting regime where the 
TSS is quenched in the first quintuple layer [5], to the weakly interacting regime where both the TSS and the Co 
magnetic moment are preserved [6].   
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Hemiporphyrazines are low-symmetry phthalocyanine analogues in which two oppositely facing isoindoline units 
are replaced by other aromatic units [1]. Because of their 20π-electron structure, hemiporphyrazines have a large 
transition magnetic dipole moment (m) for the lowest energy electronic transition [2]. We previously reported that m 
is still large even in helical open-ring hemiporphyrazines (1M) and that the optically-resolved 1Zn exhibits intense 
circularly polarized luminescence (CPL) [3]. Although its luminescence dissymmetry factor (glum, ±0.021) is quite 
high as compared with those of related small organic molecules, the CPL signal is only observed at –20 °C due to the 
facile interconversion of helical structures. Herein we report novel open-ring hemiporphyrazines (2M) whose helical 
structure is fixed by an optically-active binaphthyl unit (Figure 1a). It was found that when using the (S)-binaphthyl 
unit, 22H exclusively adopts a left-handed helical structure. (S)-22H exhibited an intense negative CPL signal at room 
temperature and its glum (–0.028) was 1.3 times larger than that of 1Zn (Figure 1b). Effects of the central metal ion on 
the chiroptical properties will be discussed in the presentation.  
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Figure 1. (a) Chemical structures of hemiporphyrazine and helical open-ring hemiporphyrazines. (b) Optical and chiroptical 
properties of (S)-22H in ethylene glycol at room temperature.  
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Spin based properties, applications, and devices are commonly related to magnetic effects and to magnetic 
materials. However, we found that chiral molecules, crystals, and films act as spin filters for photoelectrons 
transmission, in electron transfer, and in electron transport.  
The new effect, termed Chiral Induced Spin Selectivity (CISS),[1] was found, among others, in bio-molecules and 
in bio-systems as well as in chiral oxides and in chiral perovskites. It has interesting implications for the 
production of new types of spintronics devices, [2] in controlling magnetization,[3] and on electron transfer and 
conduction. It also enables the introduction of new type of catalysts, especially for oxygen related processes. We 
also found that charge polarization in chiral molecules is accompanied by spin polarization. This finding shed new 
light on spin dependent interaction between chiral molecules and be-tween them and magnetic surfaces.[4]  
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The eggplant family contains toxic steroidal glycoalkaloids, such as α-tomatine found in the unripe fruits of the 
tomato plant [1, 2]. Several metabolic pathways detoxify α-tomatine, and the primary reactions of these metabolic 
processes are carried out by 2-oxoglutarate-dependent dioxygenases (2OGDs), which contain a non-heme iron at the 
active site [3, 4]. Habrochaitoside synthase converts α-tomatine to habrochaitoside A, which has an expanded F-ring, 
and C23 atom of α-tomatine is hydroxylated by a C23-hydroxylase. Although these two enzymes are highly 
homologous, they contribute to the different regiospecific metabolism of α-tomatine. The substrate-bound crystal 
structure of habrochaitoside synthase and the QM/MM calculations of α-tomatine and Fe(IV)=O species, which is a 
reactive oxygen intermediate of 2OGDs, suggest the occurrence of a dehydrogenation reaction at the C20 position of 
α-tomatine and the subsequent ring expansion of the F-ring. For crystallization of the substrate-bound C23-
hydroxylase, the enzyme was mixed with α-tomatine and the co-crystals were grown with sitting drop vapor 
diffusion method. Surprisingly, not α-tomatine but isotomatine, which has the F-ring of α-tomatine inverted, was 
found in the co-crystal structure, and the C23 atom was pointed toward the metal center. Isomerization of the F-ring 
is considered to occur after the hydroxylation of α-tomatine by the C23-hydroxylase to form the isotomatine skeleton 
[4]. However, the co-crystal structure suggests that the C23-hydroxylase selectively binds and hydroxylates 
isotomatin, thus apparently functioning as an isomerase and promoting α-tomatine metabolism. 
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Highly Reactive Manganese(IV)-Oxo Complexes in C-H bond 
Activation Reactions  

Wonwoo Nam 

Department of Chemistry and Nano Science, Ewha Womans University, Seoul 120-750, Korea 
 
We report that Mn(IV)-oxo porphyrin complexes, MnIV(O)(TMP) (1) and MnIV(O)(TDCPP) (2), are capable of 
activating the C-H bonds of hydrocarbons, including unactivated alkanes such as cyclohexane, via an oxygen non-
rebound mechanism. Interestingly, 1 with an electron-rich porphyrin is more reactive than 2 with an electron-
deficient porphyrin at a high temperature (e.g., 273 K). However, at a low temperature (e.g., 233 K), the reactivity 
of 1 and 2 is reversed, showing that 2 is more reactive than 1. To the best of our knowledge, the present study 
reports the first example of highly reactive Mn(IV)-oxo porphyrins and their temperature-dependent reactivity in 
C-H bond activation reactions. Other mechanistic aspects, such as the oxygen non-rebound mechanism in 
Mn(IV)-oxo porphyrin system, are discussed as well. 
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Aryl and Alkyl Corroles: “brothers” with different characters 
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Roberto Paolessea, Graca M. H. Vicentec and Frank Fronczekc  
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c Louisiana State University, Baton Rouge, LA 70803, United States 
 
The multifaceted properties of corrole make this macrocycle different from the parent porphyrins and 
consequently interesting for both theoretical and practical studies [1]. The coordination chemistry of corrole is a 
perfect example of these studies because the correct interpretation of the electronic structures of metal complexes 
of corrole is often challenging [2, 3]. 
Their low oxidation potentials and strong -donor character make easy ligand-to-metal electron transfer and result 
in the non-innocent character of corrole as ligand, which often complicates the elucidation of the electronic 
structure of the resulting complexes.  
Despite these difficulties, a great development of the Periodic Table of Metallocorrolates has been achieved, but 
zinc ion, widely present in the porphyrin field, has been poorly studied in the case of corrole. The mismatch 
among the divalent charge of the metal ion and the trianionic character of corrole probably caused this disinterest, 
but there is no shortage of Zn metalation examples [4]. In 2015 Broring’s group [5] obtained the formation of the 
first example of zinc aryl corrole complex as a derivative of the corrole -radical cation, but a complete 
description of the coordinative behavior of these species has not yet been reported. For this reason, we focused on 
the study of the synthetic pathways and the spectroscopic characterization of the products obtained from the 
reaction of both aryl- and alkylcorroles with zinc salts, pointing out their differences in terms of reactivity and 
obtained compounds.  
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We have developed synthetic protocols for the preparation of two new classes of aza-BODIPY like chromophore 
systems: (i) electron-deficient MB-DIPY chromophores and (ii) hybrid aza-DIIPY-isoindigo systems (Figure 1). 
Two series of chromophores and their metal complexes were characterized by UV-Vis-NIR, NMR, HRMS, and 
X-ray crystallography, while their redox properties were investigated by electrochemical and spectro-
electrochemical methods as well as by the chemical reduction approach. Single- and double-electron reduced 
forms of MB-DIPYs were characterized by UV-Vis-NIR spectroscopy. The photophysical properties of new 
systems were investigated using steady-state fluorescence and transient absorption spectroscopy. The 
experimental electronic, spectroscopic, and geometric parameters of the MB-DIPYs and hybrid aza-DIPY-
isoindigo chromophores were correlated with their electronic structures elucidated by DFT and TDDFT 
calculations. 

 
 
Figure. 1. Representative examples of MB-DIPYs and hybrid aza-DIPY-isoindigo systems. 
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 Molecular Dyad Systems Based on Boron 
Subphthalocyanine   
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Boron subphthalocyanines (SubPcs) are cone-shaped molecules comprised of three isoindole units bridged by aza-
linkages and with a central boron atom containing an axial substituent. They are attractive units in for example 
organic photovoltaics owing to their optical and redox properties.[1-4] Here, I will show our work on combining 
the SubPc unit with other functional units using acetylenic coupling reactions as the major synthetic tool.[5-7] 
Thus, a variety of dyad systems will be presented. The influence on the connectivity between the two units was 
studied, that is, how optical and redox properties depend on whether the two functional units are connected via the 
axial position of the SubPc or via a peripheral position of the SubPc. Experimentally determined redox potentials 
were compared to theoretically calculated ones, allowing us to move forward a reliable theoretical method for 
predicting redox properties.   
 
 

N B N

N NN

N

R
axial position

peripheral 
position

SubPc
R

SubPc
Redox-active
chromophore

Dyad systems
 

 
 
 
 

REFERENCES    
1. C. G. Claessens, D. González-Rodriguez, M. S. Rodríguez-Morgade, A. Medina, T. Torres, Chem. Rev. 2014, 

114, 2192-2277. 
2. T. M. Grant, D. S. Josey, K. L. Sampson, T. Mudigonda, T. P. Bender, B. H. Lessard, Chem. Rec. 2019, 19, 

1093-1112. 
3. G. Bottari, G. de la Torre, D. M. Guldi, T. Torres, Coord. Chem. Rev. 2021, 428, 213605. 
4.  M. Dowds, M. B. Nielsen, Mol. Syst. Des. Eng. 2021, 6, 6-24. 
5. H. Gotfredsen, T. Holmstrøm, A. V. Munoz, F. E. Storm, C. G. Tortzen, A. Kadziola, K. V. Mikkelsen, O. 

Hammerich, M. B. Nielsen, Org. Lett. 2018, 20, 5821-5825. 
6. H. Gotfredsen, T. Neumann, F. E. Storm, A. V. Munoz, M. Jevric, O. Hammerich, K. V. Mikkelsen, M. 

Freitag, G. Boschloo, M. B. Nielsen, ChemPhotoChem 2018, 2, 976-985. 
7. M. G. Rasmussen, M. F. Jespersen, O. Blacque, K. V. Mikkelsen, M. Juríček, M. B. Nielsen, Energy Sc. Eng., 

In revision. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)168



O
R

A
LS

 

 

 Molecular Dyad Systems Based on Boron 
Subphthalocyanine   

Mogens Brøndsted Nielsena 
aUniversity of Copenhagen, Department of Chemistry. E-mail: mbn@chem.ku.dk   
 
Boron subphthalocyanines (SubPcs) are cone-shaped molecules comprised of three isoindole units bridged by aza-
linkages and with a central boron atom containing an axial substituent. They are attractive units in for example 
organic photovoltaics owing to their optical and redox properties.[1-4] Here, I will show our work on combining 
the SubPc unit with other functional units using acetylenic coupling reactions as the major synthetic tool.[5-7] 
Thus, a variety of dyad systems will be presented. The influence on the connectivity between the two units was 
studied, that is, how optical and redox properties depend on whether the two functional units are connected via the 
axial position of the SubPc or via a peripheral position of the SubPc. Experimentally determined redox potentials 
were compared to theoretically calculated ones, allowing us to move forward a reliable theoretical method for 
predicting redox properties.   
 
 

N B N

N NN

N

R
axial position

peripheral 
position

SubPc
R

SubPc
Redox-active
chromophore

Dyad systems
 

 
 
 
 

REFERENCES    
1. C. G. Claessens, D. González-Rodriguez, M. S. Rodríguez-Morgade, A. Medina, T. Torres, Chem. Rev. 2014, 

114, 2192-2277. 
2. T. M. Grant, D. S. Josey, K. L. Sampson, T. Mudigonda, T. P. Bender, B. H. Lessard, Chem. Rec. 2019, 19, 

1093-1112. 
3. G. Bottari, G. de la Torre, D. M. Guldi, T. Torres, Coord. Chem. Rev. 2021, 428, 213605. 
4.  M. Dowds, M. B. Nielsen, Mol. Syst. Des. Eng. 2021, 6, 6-24. 
5. H. Gotfredsen, T. Holmstrøm, A. V. Munoz, F. E. Storm, C. G. Tortzen, A. Kadziola, K. V. Mikkelsen, O. 

Hammerich, M. B. Nielsen, Org. Lett. 2018, 20, 5821-5825. 
6. H. Gotfredsen, T. Neumann, F. E. Storm, A. V. Munoz, M. Jevric, O. Hammerich, K. V. Mikkelsen, M. 

Freitag, G. Boschloo, M. B. Nielsen, ChemPhotoChem 2018, 2, 976-985. 
7. M. G. Rasmussen, M. F. Jespersen, O. Blacque, K. V. Mikkelsen, M. Juríček, M. B. Nielsen, Energy Sc. Eng., 

In revision. 

 

 

Synthesis of Molecular Motor-functionalized Porphyrin 
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As part of our program aimed at the encoding of digital information into polymers in the form of chiral epoxide 
functions (R,R-epoxide = digit 0, S,S-epoxide = digit 1) with chiral catalytic machines (Figure 1a) we report the 
synthesis of two motor-functionalized porphyrin macrocycles (Figure 1b, 1 and 2). These compounds display 
helical, planar and point chirality, and are mixtures of enantiomers and diastereomers, which differ in the relative 
orientation of the motor and macrocyclic components. They are light-switchable and have been separated by 
(chiral) chromatography. Fluorescence, UV-vis, and 1H-NMR studies reveal that the motor-functionalized 
macrocycles can bind and thread viologen guest molecules, including one-side blocked polymers of 30 repeat 
units. The latter feature indicates that the new motor systems can find the open end of a polymer chain, thread on 
it, and move along the chain to eventually bind at the viologen trap, opening possibilities for light-switchable 
catalytic writing on single polymer chains via chemical routes. 

Figure 1 : (a) Encoding information into a polymer chain (yellow) with a chiral catalytic machine (green and blue). Red and 
purple balls represent enantiomeric epoxides (digits 0 and 1). (b) Chiral motor-functionalized porphyrin macrocycles 1 and 2.  
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Porphycenes are structural isomers of porphyrins that are promising photosensitising candidates thanks to their 
high singlet oxygen photoproduction efficiency and their broad and strong absorption in the red/near-IR spectral 
region. Despite these desirable optical properties, their aggregation in water detracts from their photosensitising 
activity. Conjugation of porphycenes to hydrophilic targeting entities may thus enhance both their solubility and 
selectivity for the target cells. Herein, we present the conjugation of 2,7,12,17-tetramethoxyethyl-9-isothiocyanato 
porphycene to two hydrophilic entities, gentamicin as an antibiotic and triphenylphosphonium as a lipophilic 
cation. The synthesis, photophysical, and photochemical characterization of the compounds is reported, as well as 
their in vitro photodynamic activity against Gram+ and Gram- bacteria, yeasts, and cancer cells. The conjugates 
presented high absorption coefficients in the red/near-IR and tautomerism between two different photoactive 
species, together with large singlet oxygen quantum yields. The gentamicin conjugate was particularly apt to 
inactivate S. aureus, E. coli and C. albicans in the submicromolar range. The triphenylphosphonium conjugate 
showed less activity against microorganisms than the previous conjugate, but higher for HeLa cells. Mechanistic 
studies using fluorescence correlation spectroscopy, confocal and STED super resolution microscopy, and 
femtosecond transient absorption shed light on the underlying processes. 
This research was funded by the Ministerio de Economía y Competitividad (grant CTQ2016-78454-C2-1-R) and 
Agencia Estatal de Investigación and FEDER “Una manera de hacer Europa” (PID2020-115801RB-C22 / 
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Porphycenes are structural isomers of porphyrins that are promising photosensitising candidates thanks to their 
high singlet oxygen photoproduction efficiency and their broad and strong absorption in the red/near-IR spectral 
region. Despite these desirable optical properties, their aggregation in water detracts from their photosensitising 
activity. Conjugation of porphycenes to hydrophilic targeting entities may thus enhance both their solubility and 
selectivity for the target cells. Herein, we present the conjugation of 2,7,12,17-tetramethoxyethyl-9-isothiocyanato 
porphycene to two hydrophilic entities, gentamicin as an antibiotic and triphenylphosphonium as a lipophilic 
cation. The synthesis, photophysical, and photochemical characterization of the compounds is reported, as well as 
their in vitro photodynamic activity against Gram+ and Gram- bacteria, yeasts, and cancer cells. The conjugates 
presented high absorption coefficients in the red/near-IR and tautomerism between two different photoactive 
species, together with large singlet oxygen quantum yields. The gentamicin conjugate was particularly apt to 
inactivate S. aureus, E. coli and C. albicans in the submicromolar range. The triphenylphosphonium conjugate 
showed less activity against microorganisms than the previous conjugate, but higher for HeLa cells. Mechanistic 
studies using fluorescence correlation spectroscopy, confocal and STED super resolution microscopy, and 
femtosecond transient absorption shed light on the underlying processes. 
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Using DFT Methods, we present calculations of geometries, relative energies, and spectroscopic properties over 
the catalytic reaction cycle of a bacterial ba3 type cytochrome c oxidase (CcO) compared to available 
experimental structures and spectroscopic parameters. In particular, calculated Fe-O vibrational frequencies will 
be emphasized over the catalytic cycle and compared with those found by Resonance Raman spectroscopy.[1-2] 
In addition, we explore comparisons and contrasts between ba3 Class CcO enzymes and aa3 Class enzymes.  
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Metallophthalocyanines (MPcs) have attracted the attention of many researchers due to their numerous 
applications including in non-linear optics, photodynamic therapy, and photodynamic antimicrobial chemotherapy 
(PACT). For these applications, high triplet state quantum yields and long triplet lifetimes as well as large singlet 
oxygen quantum yields are required.  These parameters can be improved by introduction of heavy centrals in the 
center of the phthalocyanine ring, changes in the ring substituents, symmetry, or by linking to nanoparticles.  The 
different methods of improving these parameters will be discussed together with the use of the conjugates for 
PACT on biofilms and planktonic cells.   PACT is an alternative method to deal with bacterial and fungal infections, 
which requires a photosensitizer that can be illuminated with light to cause the oxidative destruction of microbial 
pathogens. 
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Nanometric helices with controllable pitches are attractive nanoobjects for a wide range of applications in materials 
sciences, chemical and biomaterial sensing, and enantioselective catalysis. We have reported that chiral supramolecular 
assembly system can be achieved from non-chiral cationic surfactants with chiral counterions [1]. In this talk, I show 
how such structures can be used as scaffolds to obtain hybrid organic/inorganic nanohelices [2], which can be used as 
chiral platform to organize achiral dyes such as porphyrin derivatives in order to induce chiroptical signals from them 
[3]. I will then discuss how such chiral porphyrin network with induced chirality is used to design enantioselective sensors. 
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Immobilization of iron porphyrin on inorganic 
semiconductor for photocatalytic CO2 reduction 

Fabrice Odobel,a Hichem Ichou,a Debashrita Sarkar,b Stéphane Diring,a
Stéphane Jobic,c Nicolas Barreau,c and Marc Roberta,d

a Université de Nantes, CNRS, CEISAM UMR 6230, F-44000 Nantes, France. 
b Université de Paris, Laboratoire d’Electrochimie Moléculaire, CNRS, F-75006 Paris, France. 
c Université de Nantes, CNRS, Institut des Matériaux Jean Rouxel, IMN, F-44000 Nantes, France. 
d Institut Universitaire de France (IUF), F-75005 Paris, France. 

Developing efficient solar driven photocatalytic materials for the reduction of CO2 into fuels or added-values 
commodities represents a promising strategy to deviate from petrochemical feedstock and to close the carbon 
cycle. Among molecular CO2 reduction catalysts, iron tetra-arylporphyrin derivatives and particularly that 
substituted by four cationic trimethylanilinium groups exhibits the highest activity ever reported even in water.[1]
These outstanding performances prompted us to envision the preparation of a graftable version of this catalyst and 
to investigate its activity upon immobilization on Cu(In,Ga)Se2 (CIGS) electrodes. Indeed, CIGS is a very 
attractive p-type semiconductor, which proved to be particularly suitable for CO2 photocatalysis.[2] In this 
communication, we will report the synthesis of new iron porphyrins functionalized with anchoring group to be 
grafted on electrode surfaces (Figure). The electrocatalytic and photocatalytic activities in aqueous environment 
will be also presented. 

Figure. Schematic representation of the photocathode with a grafted iron porphyrin catalyst.
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A New Approach for Peripheral Annelation of Porphyrin: 
Synthesis of Unusual Phenathrene-fused Porphyrins 

Tetsuo Okujima 

Graduate School of Science and Engineering, Ehime University, Matsuyama 790-8577, Japan 
 
The expansion of the π-systems of porphyrins have been extensively studied for applications such as organic 
electronic devices and photosensitizers for photodynamic therapy. Peripheral annelation of aromatics is an 
effective method for modifying the electronic structures and optical properties of porphyrins. The precursor 
methods for linearly π-extended porphyrins are known as two aromatization-methods: oxidative dehydrogenation 
of partially saturated rings and retro Diels–Alder reaction of bicyclo[2.2.2]octadiene moieties. These approaches 
afforded benzo-, [2,3]naphtho-, [2,3]anthra- and benzofluoranthene-fused porphyrins. On the other hand, π-
expanded porphyrins at α,β-pyrrolic and meso-positions were obtained via intramolecular cyclization at the meso-
substituent and β-pyrrolic carbon. Similarly, synthesis of unusual phenanthro- and picenoporphyrins was reported 
via Masamune–Bergman reaction of β-diethynyl-meso-tetraphenylporphyrin followed by Pt(II)-catalyzed 
intramolecular radical cyclization.1 This strategy afforded the corresponding porphyrins in good yield. However, 
multiple-phenanthrene-fused poprphyrins could not be obtained by intramolecular cyclization between meso-
substituent and β-fused benzo moiety. 
We herein report another route for peripheral annelation method of porphyrinoid based on stepwise precursor 
method: the retro Diels–Alder conversion of BCOD-fused porphyrin and the subsequent oxidative intramolecular 
ring-closure reaction. C4h symmetrical octaaryltetrabenzoporphyrin 2 was synthesized via cyclotetramerization 
and thermal conversion based on retro Diels–Alder reaction.2 The oxidative intramolecular ring-closure reaction 
of octaarylTBPs 2 afforded tri- and tetraphenanthroporphyrins. X-ray crystallographic analysis showed a distorted 
porphyrin plane of 3a and 3b.  
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Reconstituted Myoglobin with Corrole Metal Complexes and 
its Reactivity toward Hydrogen Peroxide 
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In biological systems, various metalloproteins have been found.  Especially, a series of hemoprotein demonstrate 
unique functions such as electron transfer, gas binding and catalysis. In hemoprotein, physicochemical property 
and reactivity of a common cofactor, heme, is strongly dependent on a protein matrix: protein matrix enables to 
regulate the function of heme [1]. Our group has focused on this unique system, and expanded the system with 
artificial heme derivatives.  For example, Mn and Fe porphycenes are inserted into apo-form of myoglobin, a 
simple oxygen-binding hemoprotein, to provide artificial metalloenzymes for C–H bond hydroxylation [2] and 
olefin cyclopropanation [3], respectively. Similarly, reconstituted myoglobins with Co and Ni tetradehydrocorrins 
serve as natural enzyme models for methionine-synthase [4] and methyl conenzyme M reductase [5], respectively. 
In addition to two porphyrinoid metal complexes, we have focused on corrole metal complexes and the 
investigated the reactions of the reconstituted myoglobins with hydrogen peroxides. 
Corrole is a trianionic ligand for metal complex whereas porphyrin is a dianionic ligand. Thus, quite different 
reactivity for redox reactions is expected.  Fe corrole was successfully inserted into apo-form of myoglobin to 
afford the reconstituted myoglobin.  This protein shows much higher peroxidase activity than that of native 
myoglobin.  Two intermediate species were clarified by stopped-flow experiments.   Both of the compound I-like 
two electron oxidized species and compound II-like one-electron oxidized species are related to the catalytic 
activity.  The efficient formation of compound I-like species could contribute the high catalytic activity for 
peroxygenase reaction.  Co corrole also was investigated as an artificial cofactor of myoglobin.  The reconstituted 
myoglobin with Co corrole is reacted with hydrogen peroxide only in the presence of phenol derivatives.  The 
intermediate was not observed, but transiently formed peroxide complex may react with the phenol-type substrate 
to provide one-electron oxidized Co corrole.  In the case of Co corrole without a myoglobin matrix or Co 
porphyrin-containing myoglobin, this type of reaction does not occur. This finding indicates quite different and 
unique reactivity of Co corrole relative to other heme derivatives in the myoglobin matrix.   
 

 
 

Figure 1. Schematic representation of reconstitution of myoglobin with metal corroles. 
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Conic discotic molecules such as subphthalocyanines (SubPcs) present two relevant differences compared to 
planar discotics: 1) they exhibit axial dipole moments and, if piled up in columns, give rise to polarly ordered 
materials, and 2) when properly substituted, they become intrinsically chiral. Furthermore, owing to their rigid 
cone-shaped structure, SubPcs display a convex side (a head) and a concave side (a tail) and their intermolecular 
stacking interactions may lead to centrosymmetric head-to-head and tail-to-tail and to noncentrosymmetric head-
to-tail aggregation geometries. 
In this contribution, we perform a theoretical study on the aggregation modes of the C3-symmetric boron SubPc 1, 
in which the central boron is substituted with a small, highly electronegative fluorine atom and the SubPc core is 
decorated with arilamide groups giving rise to 1P and 1M enantiomers. Depending solely on the solvent nature 
(aromatic or aliphatic), π-conjugated SubPc 1 can self-assemble either in a tail-to-tail dimer (regime A) or in a 
head-to-tail columnar stack (regime B), formed via a nucleation-elongation polymerization mechanism [1]. 
Furthermore, 1P and 1M enantiomers give rise to homochiral assemblies with opposite helicities [2]. Calculations 
indicate that whereas the SubPc enantiomers socially self-sort in the polymer regime, showing an alternate 
columnar stacking order, they reveal narcissistic self-sorting in the dimer regime, each enantiomer disclosing a 
strong preference to associate with itself. 
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Since our serendipitous finding of the facile synthesis of a series of meso-aryl-substituted expanded porphyrins 
[1], we have continued to study the versatile aromaticities of the expanded porphyrins [2,3,4]. These studies will 
be overviewed here. Porphyrins can be delineated as [18]porphyrin(1.1.1.1) possessing a 18-aromatic circuit 
over a rigid skeleton. In most cases, their oxidized 16- and reduced 20-congeners are not stable. In contrast, 
meso-aryl expanded porphyrins become more conformationally flexible and are allowed to take several stable 
oxidation states. As similar to the porphyrin case, the overall energetic stabilizations of meso-aryl expanded 
porphyrins are coming mostly from the aromatic stabilization of the constituent pyrroles and the energetic 
stabilization and destabilization of the global conjugated network are only minor. Therefore, if meso-aryl 
expanded porphyrins take an electronically unstable state, they are often sufficiently stable under ambient 
conditions. Conformational flexibilities of meso-aryl expanded porphyrins offer a chance that they search the most 
stable conformation depending upon the number of the conjugated -electrons. When the number of the 
conjugated -electrons of meso-aryl expanded porphyrin (larger than [26]hexaphyrin(1.1.1.1.1.1) is set 4n, the 
expanded porphyrin is so smart to twist its conformation to acquire Möbius aromaticity [5]. Stable Möbius 
antiaromatic molecules were isolated and characterized to show that aromaticity switch between [4n+2] vs [4n] is 
also valid for cyclic -conjugated molecules having a molecular twist. 
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The supramolecular polymerization of two different disc-shaped monomers with an extended π-system and amides 
connecting the core to solubilising side groups is discussed. First, a porphyrin-based monomer comprising 4 amides 
encoding for helical hydrogen bonds was studied at various concentrations, solvent compositions and temperatures. 
Monomers aggregate in isodesmic J-aggregates at intermediate solvent quality and temperature, followed by nucleated 
H-aggregates at lower solvent qualities and temperatures. At increased thermodynamic driving forces, such as high 
concentration and low temperature, the H-aggregates form hierarchical superhelices as evidenced by AFM 
measurements. The existence of the isodesmic aggregation buffers the free monomer pool and renders the nucleation 
of the H-aggregates insensitive to concentration changes in the limit of high concentrations [1].  
 
Interestingly, a similar behaviour is observed in chiral triphenylene-2,6,10-tricarboxamides (TTAs). In addition, the 
supramolecular polymerization of TTAs was also studied in chiral solvents. Diastereomeric differences in the 
supramolecular polymerization of enantiomers were revealed in a chiral chlorinated solvent. The competition between 
the preferences induced by the stereocenters of the assembled monomers and those present in the solvent molecules 
resulted in unforeseen temperature-dependent solvation effects. When the energetic difference between the P- and M-
helical aggregates is close to the energetic contribution of the chiral solvent, the dissymmetry introduced by the 
solvent was amplified by the additive cooperativity of these effects along the polymer backbone [2]. 
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Ethoxycarbonyl-derived B(III)Subchlorins: Direct Synthesis 
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B(III)subporphyrinoids are bowl-shaped 14- aromatic macrocycles of great promise. Their chemistry emerged 
with the synthesis of B(III)subphthalocyanines by Meller and Ossko in 1972 [1]. Subsequently, subporphyrin was 
first reported independently by Osuka’s and Kobayashi’s groups as its B(III)-complexes [2]. In 2008, Osuka’s 
group reported meso-aryl B(III)subchlorins 1 (Scheme 1), the contracted congener of naturally occurring reduced 
porphyrinoid chlorin [3]. Despite its attractive photophysical properties, there is very little progress noticed in the 
chemistry of subchlorin. This may be attributed to its not so straightforward synthesis and isolation protocols. 
Recently, our group demonstrated an exclusive and facile synthetic route towards B(III)subchlorin by the 
introduction of strong electron-withdrawing substituents like ethoxycarbonyl groups as its diester-derivative 2 
[4a]. This subchlorin was found to be quite stable towards oxidation and could only be oxidized to the 
corresponding subporphyrin analogue by refluxing with DDQ in toluene. In addition, we could also isolate the 
first subchlorin dimer as the corresponding B(III)-O-B(III) dimer. Further, meso-trisubstituted subchlorins 
revealed easier modulation of their photophysical properties [4b-c]. These subchlorins exhibit intense 
fluorescence and can be employed for cell imaging and in addition, found to generate singlet oxygen efficiently 
and kills cancerous cells through photodynamic mechanism only [4d]. 
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Photodynamic therapy in combination with chemotherapy 
is superior to monotherapy for the treatment of lung cancer 
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For the past several years, one of the objectives of our laboratory has been to develop multi-functional agents for 
cancer-imaging (PET, MRI, fluorescence alone or in combination) and treatment of cancer by PDT, using a “See 
and Treat” approach. In one of such attempts, we have been able to develop an iodinated PS (methyl-3-(1’-m-
iodobenzyloxy)ethyl-3-devinylpyropheophorbide-a), which in its radioactive form (124I-) can be used to image a 
variety of tumors by PET-imaging, and as a non-radioactive analog for NIR fluorescence-imaging and treatment of 
cancer by PDT. Thus, a single agent  (in combination of radioactive +  corresponding non-radioactive FIRMS) can 
be used for imaging (PET, fluorescence) and therapy of cancer This iodinated compound provides a unique 
opportunity to determine the stage of cancer (localized or metastasized) by PET imaging of the cancer with 124I-
labeled agent and  could help to select the treatment plan accordingly either by PDT alone (if cancer is localized), 
or PDT + chemotherapy (if the cancer is metastasized).  Therefore, we initially investigated the PET-imaging ability 
of the 124I-lbeled of this compound (PET-ONCO) in a variety of tumor types, including lung tumors, and excellent 
results were obtained. This current study presents the utility of a non-radioactive PS  for  treating lung cancer with 
and without chemotherapy (doxorubicin or cisplatin) in a variety of lung tumor xenografts derived from lung cancer 
patients. The advantages of PDT in combination with chemotherapy will be discussed. 
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Porphyrins are versatile macrocycles which fulfill vital functions in living systems; the property richness of 
porphyrins allows their exploitation in different application fields, such as materials science, sensing, 
photovoltaics or medical treatments. Although it is true that monomeric porphyrins possess valuable properties, 
such as catalytic or sensitizers for dye-sensitized solar cells (DSCCs), their self-assembly in sophisticated, size 
and shape-controlled suprastructures often significantly boosts their potentialities, leading to advanced functional 
materials with improved properties. 
Furthermore, the implementation of elements of chirality on such systems widens their applicability in different 
fields of science and technology, spanning from asymmetric catalysis to chiral sensing. Chiral porphyrin-based 
architectures can be obtained from either chiral or achiral platforms. 
In the last few years, we have been interested in the development of chiral layers based on supramolecular 
assemblies of porphyrins. The deposition of these layers onto the surface of quartz crystal microbalances (QMB) 
led to their exploitation for chiral discrimination of enantiomeric pairs of volatile organic compounds (VOC). 
Promising results have been obtained using hybrid materials, when porphyrin aggregates were combined with 
different materials. 
The latest progress in the development of stereoselective hybrid systems will be presented and discussed.  
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Metal-organic species and nanoarchitectures at well-defined interfaces bear great potential for key technological 
applications, spanning over the design of single-site heterogeneous catalysts, novel materials for light harvesting, 
the fabrication of molecular rotors and nanomachines and the advent of molecular spintronics. The high stability, 
conformational flexibility and ease of chemical functionalisation of porphyrins make them ideal building blocks 
of such structures. Here we establish a model system of Ru porphyrins on a planar, close-packed silver surface 
[1]. Our analysis encompasses an integration of microscopy, diffraction, spectroscopy and desorption in ultra-high 
vacuum combined with theoretical considerations to generate a high degree of precision in the understanding of 
interfacial processes at the atomic level. By using carbon monoxide (CO) as a probe molecule, crucial differences 
in the binding to the Ru porphyrin were discovered depending on its conformation: if the central cyclic part of the 
porphyrin has a saddle-shape, CO can bind; if, instead, the central cyclic part 
of the molecule is more planar or bowl-shaped, CO does not bind [2]. The 
surface chemistry of the saddle shape Ru porphyrin was further exploited to 
control the surface tethering of N-heterocyclic carbenes (NHCs), a current 
challenge of surface functionalization. The metalloporphyrin acts as a pedestal 
that orients and defines the lateral arrangement of NHCs on a planar surface 
by providing single metal atom sites for discrete binding. We deposited NHCs 
on a self-assembled metalloporphyrin layer and found that they are suitable 
pillars for the formation of out-of-plane architectures [3]. The resulting 
modular arrangement of NHCs allows us to individually address the ligands 
by controlled manipulation with the tip of a scanning tunnelling microscope, 
creating patterned structures on the nanometer scale (see illustration). Under 
certain conditions, we also observed a fascinating, dynamic interface 
rearrangement where the NHC ligand acts as a molecular porter: they transfer 
metalloporphyrin molecules from the first to the second molecular layer. 
Harnessing these dynamic events will serve the engineering of atomically 
precise NHC-containing complex interfaces. 

REFERENCES 
1. P. Knecht, P. T. P. Ryan, D. A. Duncan, L. Jiang, J. Reichert, P. Deimel, F. Haag, J. Küchle, F. Allegretti, 
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In 2004, we synthesised a porphyrin possessing 
four fluorenyl arms (TFP), with a remarkable high 
quantum yield (24%), compared to the reference 
TPP, demonstrating the capacity of the fluorenyl 
units to enhance quantum yields.[1] Then, to 
exploite this efficiency, a series of porphyrin 
dendrimers based on TPP porphyrin core and 
bearing, in a non-conjugated way, fluorenyl 
dendrons was prepared.[2,3] Different applications 
were exploited: as the fabrication of red Organic 
Light Emitting Diodes (OLEDs),[4-6] and 
supramolecular assemblies.[7] In 2016, a family of 
conjugated porphyrin dendrimers, still based on 
TPP was obtained.[8] More recently, a new family 
of conjugated porphyrin dendrimers based on 
promising TFP-Bu is tried.[9] Last year, to 
improve light-harvesting, we explored new 
fluorene-based connectors in our dendrimers; the 

peripheral fluorenyl units are linked to the central tetrafluorenylporphyrin (TFP) core by original fluorene-based 
connectors instead of the more classic 1,3,5-phenylene unit. Their detailed luminescence properties and selected 
photophysical properties are discussed in the frame of two-photon-induced theranostics.  
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Meso-dibenzoporphycene molecules adsorbed on the Ag(111) surface and on 2-monolayer thick NaCl films were 
studied using submolecular resolution atomic force microscopy (AFM), scanning tunneling microscopy (STM) 
and first-principles calculations in order to clarify its stability and tautomerization behavior [1]. We have found 
that the bonding of the molecules with the surface is determined by the interplay of different contributions, 
including the interaction of the π-aromatic orbitals of the benzene rings, and the metal-coordination bond of the 
lone-pair electrons of the imine nitrogen atoms with the metal atoms (Ag, Na) on each substrate. The strength of 
the latter ultimately governs the molecular adsorption configuration and determines the nature and energy barriers 
for tautomerization. On Ag(111), the interaction of the imine nitrogen atoms with the Ag atoms deforms the 
macrocycle of porphycene, leading to a distinct AFM contrast [2] that allows a clear identification of  the 
molecule in its cis tautomeric form. In contrast, on NaCl films, the weaker interaction with the Na atoms leads to a 
flatter geometry and very similar adsorption configurations for the cis and trans-forms, that cannot be 
distinguished in AFM experiments. Although weak, the dominant role of this local N-Na interaction, compared to 
the essentially non-directional dispersive interactions, results in a new type of tautomerization process. In this 
case, the transfer of the hydrogen atoms within the porphycene cavity is accompanied by a significant 
displacement of the whole molecule to a new site in order to reach a new minimum energy adsorption 
configuration. Our theoretical calculations indicate that this lateral translation, rather than the intramolecular H 
transfer, dominates the activation energy on NaCl. This novel tautomerization behavior, that we have identified on 
a rather inert ionic surface, might be also present on other weakly interacting substrates. 
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Multiheme proteins are common in electron-transfer (ET) chains of bacteria, especially those that function at low 
or no O2. Cytochrome (cyt) cbb3 oxidases catalyze O2 reduction in microoxic environments. Cbb3 oxidase from 
Pseudomonas stutzeri (Ps) has a chain of five hemes for ET to the catalytic site and its electron donor cyt c4 has 
two. Cyt c4 binds to the diheme periplasmic domain of the CcoP domain (CcoPsol) of cbb3 oxidase to inject 
electrons to the enzyme; both proteins have two c-type His/Met-ligated hemes. Studies of redox properties of 
these modules not only inform on their native ET functions but also provide fundamental understanding of the 
effects of the protein structure and external perturbations relevant to microoxia, such as reducing environment and 
rise in NO levels, on redox properties of similar assemblies. By preparing monoheme fragments containing only 
heme A or heme B as well as bis-His ligated variants of cyt c4 and performing activity assays, we have 
demonstrated that heme A is the site of electron injection to the enzyme. Spectroscopic and stability 
characterization of monoheme fragments, homodimers, and full-length cyt c4 proteins suggest the critical role of 
the interface between the two heme fragments in tuning reduction potentials of the hemes. Critical in establishing 
this interface, heme A is hydrogen-bonded to one heme propionate (HP) of heme B. The break-up of this 
interaction, possibly upon deprotonation of one or both HPs, has been previously suggested may be important for 
ET. Our photoinduced ET studies of Ru-labeled cyt c4 have revealed an increase in interheme rates at lower pH. 
The 13C NMR titrations have identified two pH-dependent transitions, but with smaller changes in chemical shifts 
than those expected for deprotonation of HPs. The transitions were the same for both ferric and ferrous proteins, 
arguing against the proton-coupled ET behavior of cyt c4. We conclude that the four HPs in cyt c4 maintain their 
protonation states within the pH range investigated and the observed transitions reflect changes in the protonation 
state of nearby residues. The robust interface between the two monoheme domains mediated by hydrogen-bonded 
HPs may be important for structural integrity and redox properties of cyt c4. We show that NO binds to the heme 
in both cyt c4 and CcoPsol, replacing the native Met ligand(s), and this modification alters the enzymatic activity of 
cbb3 oxidase. With a series of spectroscopic measurements we rationalize the effects of Met-to-NO ligand 
substitution on structure and redox properties of cyt c4 and CcoPsol, both at the replacement site and beyond. 
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Recently, our research group has been focusing on the main-group porphyrin chemistry consisting of the 
group(15) elements. A series of phosphorus(V), antimony(V), and bismuth(III) porphyrin derivatives have been 
synthesized. The meso-positions of porphyrin were substituted with a variety of electron-donating and electron-
withdrawing groups. Several interesting features were observed: (i) The resulting porphyrins can form one/two 
axial bonds with two different/same molecular components through covalent bonds. (ii) The porphyrins hold high 
oxidation potentials. (iii) The optical properties (absorption and fluorescence) indicate intramolecular charge 
transfer from the meso-substituted unit to the central porphyrin ring. (iv) Some of the porphyrins showed 
relatively high phosphorescence quantum yields at room temperature. The study revealed that the redox and 
optical properties can be tailored either by introducing appropriate substituents in meso-positions of the porphyrin 
ring or inserting group(15) elements in its cavity. These properties make the group(15) porphyrins excellent 
candidates for constructing multi-component Donor-Acceptor systems for various applications. 
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Chemists have been fascinated by the challenging syntheses of natural complex systems. Porphyrins represent 
very attractive building blocks for them, but they are not easy to handle. In fact, even if the peripheral charged 
groups make these macrocycles water-soluble, porphyrins remain mainly hydrophobic, preserving a tendency to 
self-aggregate. This ‘‘dichotomy’’ is worth of special attention because it plays a central role in the non-covalent 
syntheses of quite complex porphyrin array, such as those formed by meso-tetrakis(4-sulfonatophenyl)porphyrin 
(H2TPPS).  H2TPPS becomes zwitterionic when core-protonated (at pH around 5) and in the presence of ionic 
strength self-assembles forming edge to edge J-aggregates. The chemical-physical properties of these aggregates 
have been studied by several groups obtaining a control on morphology and chirality [1]. These aggregates are 
inherently chiral forming for the parity rule a racemic mixture in solution. However, it is possible to induce 
desired chirality to J-aggregates by using asymmetric physical forces (vortex or magnetic) [2], or chemical chiral 
matrixes (polymers, polyelectrolytes, etc...) [3]. More challenging is the induction of chirality with monomeric 
molecules. We have demonstrated that chiral single molecules such as  or  [Ru(Phen)3]2+, in no-aggregating 
conditions, are able to control the induced chirality to J-aggregates. Noteworthy this system can work as switch of 
chirality [4]. Even chiral carbon nanodots provide us another interesting chiral template, indeed also these small 
nanoparticles (2-4 nm) are able to induce chirality to J-aggregates controlling the size of porphyrin assembly [5]. 
Finally we tested four amino acids (Lys, Arg, His and Phe) to induce chirality to J-aggregates, analyzing several 
aspects of these self-assembled systems: (i) the chiral transfer process; (ii) the hierarchical effects leading to the 
aggregates formation; and, (iii) the influence of the amino acid concentrations on both transferring and storing 
chiral information [6]. 
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Anion binding [1] can be used as the driving force of functional materials. In the talk we will present our work on 
the preparation and characterisation of supramolecular hydrogels self-assembled from cationic gemini surfactants, 
and their ability to encapsulate anionic porphyrins. The resulting hybrid materials show an enhanced singlet 
oxygen production [2] of interest in photodynamic therapy. When this system is irradiated, light induces motion at 
the micrometric scale of the porphyrin on the supramolecular fibres, and real-time of the motion in the solvated 
state has been proved using total internal reflection fluorescence microscopy [3].  
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N-confused porphyrinoids happen to be new NIR dyes resulting from incorporation of unconventional pyrrole 
connectivity into the tetrapyrrolic conjugated core [1]. NCPs are further confused, resulting in doubly N-confused 
porphyrins (N2CPs) where two types of isomers of N2CPs are known in literature [2].  
The first part of the scientific talk will be about high yield synthesis, spectroscopic and solid-state structural proof 
of the lactam embedded smallest ever metal free stable Hückel antiaromatic trans-doubly N-confused [16] 
porphyrins 1 and the susceptibility to exhibit the redox associated variation of Hückel aromaticity [2b]. 
Next, the employment of thiophene/selenophene rings in the development of novel trans doubly N-
confused porphyrinoids leading to highly aromatic and NIR absorptive trans-doubly N-confused 
dithia/diselena porphyrins 3/4 [2c] will be discussed.  
Under the fascinating attributes of N-confused-fused porphyrinoids leading to strong NIR absorption [1], the 
second part of the talk will be about the first ever ferroceno N-confused - fused oxoporphyrinoids 5 with 
endocyclic extension of macrocyclic -conjugation via tricyclic [5.5.5] moiety [3]. The three-dimensional 
structure with built-in fused tricyclic [5.5.5] moiety paved way to three dimensional weak diatropicity with vis-
NIR absorptions. The peripheral coordinated Rh(I) complexes 6 also anticipated weak aromaticity with vis-NIR 
absorptions. 
The last part of the talk will be our investigation about how swapping an N-confused N-Methyl pyrrole ring with 
an N-confused pyrrole ring led to the genesis of the new generation N-confused porphodimethene, N-confused 
expanded phlorin and corrorin isomer, their electronic properties and the 
aromaticity/nonaromaticity/antiaromaticity [4]. 
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Metal-Centre-Driven Supramolecular Chirogenesis using 
Metalloporphyrin tweezers: Structural, Spectroscopic and 

Theoretical Investigations   

S. P. Rath 

Department of Chemistry, Indian Institute of Technology Kanpur, Kanpur-208016. Email: sprath@iitk.ac.in 
 

Supramolecular chirogenesis is one of the most important interdisciplinary 
field to be looked into because of its occurrences in many natural and 
artificial systems. The fundamental reason of the transfer of chirality 
depends upon the mechanism of the molecular recognition during the 
complexation process, and a complete understanding of the origin of 
chirality transfer information at the electronic and molecular levels would 
help us to determine absolute configuration of natural products and synthetic 
compounds. Therefore, 
understanding of the various 
influencing factors is extremely 
important for controlling chirality 
induction phenomena. A series of 

supramolecular chiral 1:1 sandwich complexes consisting of metallo-
bisporphyrin host and chiral diamine guest have been synthesized. 
Experimental and DFT calculations have demonstrated the possible 
interconversion between clockwise (steric-controlled) and anticlockwise 
(chirality-controlled) twisted conformers just upon changing the bulk of 
the substituent irrespective of the nature of chirality at the stereogenic 
centre [1-15]. 
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Small molecule activation at transition metal centers: 
Structure-function correlations 

Kallol Ray 

Department of Chemistry, Humboldt-Universität zu Berlin, Berlin. German).  
 
Small molecule activation constitutes one of the main frontiers of inorganic and organometallic chemistry, with 
much effort directed towards the development of new processes for the selective and sustainable transformation of 
abundant small molecules such as dioxygen (O2), water (H2O), hydrogen peroxide (H2O2) or protons (H+) into 
high-value chemical feedstocks and energy resources. Because nature mostly uses metal ions to activate these 
relatively inert molecules and modulate their reactivity, much inspiration for the field has come from bioinorganic 
chemistry. This talk will focus on some of the recent highlights from our group on homogenously catalyzed 
bioinspired activation of small molecules, as well as stoichiometric reactions that further our understanding 
towards such ends. It will cover many aspects of small molecule activation including: organometallic chemistry, 
spectroscopy, synthesis, and detailed mechanistic studies involving trapping of reactive intermediates. The 
demonstrated examples will help to emphasize the continuous effort of our group in uncovering the structure-
reactivity relationships of biomimetic model complexes, which may allow vital insights into the prerequisites 
necessary for the design of efficient catalysts for the selective functionalization of unactivated C–H bonds, 
O2/H2O/H2O2 activations, or H+ reductions by using cheap and readily available first-row transition metals under 
ambient conditions. 
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Porphyrin-Based Tetragonal Prismatic Nanocapsules as 
Supramolecular Masks for Regioselective Functionalization 

of Fullerenes 
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cCatalan Institute Nanoscience & Nanotechnology (ICN2), CSIC and BIST, Bellaterra, 08193 Barcelona, Spain 
email: xavi.ribas@udg.edu 
 

The regioselective functionalization of fullerenes and the control of the number of adducts is highly important to 
unbar the development of fullerene chemistry. Nowadays, easy-accessible C60 and C70 fullerene mono-adducts are 
mainly used in any application1 due to the hampered accessibility to pure alternative fullerene poly-adduct 
derivatives. In a general basis, multi-adduct mixtures with uncontrolled regioselectivity (multi-isomers) are 
obtained, and chromatographic purification is too costly and time consuming to be used in the synthesis of multi-
adduct fullerene species. Herein, porphyrin-based supramolecular tetragonal prismatic nanocapsules2,3 are used as 
supramolecular shadow masks to tame the over-reactivity of Bingel-Hirsch-type cyclopropanation reactions and, 
more importantly, to have full control on the equatorial regioselectivity and on the number of additions. Thus, 
exclusively equatorial bis-, tris- and tetrakis-C60 adducts using ethyl-bromomalonate are stepwise obtained and 
fully characterized (NMR, UV-vis and XRD). Furthermore, the regioselectivity control is finely tuned using a 
three-shell Matryoshka-like assembly towards the synthesis of a single trans-3 bis-Bingel-C60 for the first time. 
Also, the mask strategy is extended to Diels Alder reactions with full control of the regiolectivity in the synthesis 
of trans-1 bis-pentacene-C60. These results, fully attributed to the confinement control imposed by the capsule’s 
cavity, represent a novel and unique strategy to infer regio-control to the synthesis of fullerene multi-adducts. We 
envision that the described protocol will produce a plethora of derivatives for applications such as solar cells. 
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Shape Matters! How π-Rich Curved Carpyridines Drive 
Columnar Aggregation 

Joseph F. Woodsa, Lucía Gallegoa, Andreas Vargas Jentzschb  
and Michel Rickhausa  

aDepartment of Chemistry, University of Zurich; Zurich, Switzerland. 
bSAMS Research Group, Université de Strasbourg, CNRS, Institut Charles Sadron; Strasbourg, France. 
 
In a typical self-assembly setting, a core is decorated by suitable sidechains that induce supramolecular 
polymerization. While this approach has led to spectacular assemblies, the core is usually used only as a rigid 
platform from which to build functionality. We are convinced that the core can play an important role besides 
holding the chains in a precise spatial arrangement, especially for columnar assemblies. In our lab, we construct 
molecular core topographies that we think to be beneficial to supramolecular polymerization. 
 

 
 
Here we introduce our very new foray into a new class of curved macrocycles we call carpyridines. They are 
formed from two carbazoles and two pyridines and display a persistent saddle shape.[1] For the first time, we 
demonstrate as proof of concept that a small, π-rich molecule can show entropy-driven shape-assisted self-
assembly (SASA) leading to highly ordered, defined soft-matter sheets in solution. Size ratios of these 
monolayered sheets exceede 100:1 that can be accessed by a wide range of conventional techniques in the absence 
of classical soft-bonding motifs like coordination, salt- or hydrogen-bridges.[2] 

REFERENCES 
1. Arnold, L.; Norouzi-Arasi, H.; Wagner, M.; Enkelmann, V.; Müllen, K. Chem. Commun. 2010, 47, 970–972. 
2. Manuscript submitted 
 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 195



O
R

A
LS

 

 

The Enduring Legacy of F. Ann Walker’s Career 

Mario Riveraa 
aDepartment of Chemistry, Louisiana State University  
 
Francis Ann Walker (May 11, 1940 to January 30, 2022) was a world-renowned chemist and a beloved role model 
and mentor. Ann, as her family friends and colleagues called her, was the recipient of numerous prestigious 
awards in recognition of her important contributions to bioinorganic chemistry and metallobiochemistry, 
including the Eraldo Antonini Lifetime Achievement Award from the Society of Porphyrins and Phthalocyanines. 
Ann’s earlier research concentrated on the study of synthetic porphyrins and their iron complexes, later 
incorporating recombinant DNA and biochemical strategies to study the roles played by heme and heme proteins 
in biological processes. Ann’s fundamental findings, which exerted significant influence on the direction of her 
field, also contributed to guide and inspire the research of younger generations of bioinorganic chemists, including 
the career of the author. Hence, in this presentation, which aims to provide a small tribute to Ann’s life and career, 
the author will describe how Ann’s fundamental discoveries in heme electronic structure and NMR of 
paramagnetic hemes played a pivotal role in investigations leading to the current understanding of the mechanism 
of heme degradation carried out by the enzyme heme oxygenase.   
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Molecular photo(electro)chemical reduction of CO2 to C1 
products with 2, 4, 6 and 8 electrons. 

From mechanistic studies to hybrid systems. 

Marc Roberta,b 
aUniversité de Paris, Laboratoire d’Electrochimie Moléculaire, CNRS, F-75006 Paris, France  
bInstitut Universitaire de France (IUF), F-75005 Paris, France 
 
Reduction of carbon dioxide has as main objective the production of useful organic compounds and fuels - 
renewable fuels - in which solar energy would be stored. Molecular catalysts can be employed to reach this goal, 
either in photochemical or electrochemical (or combined) contexts. They may in particular provide excellent 
selectivity thanks to easy tuning of the electronic properties at the metal and of the ligand second and third 
coordination sphere. Recently it has been shown that such molecular catalysts may also be tuned for generating 
highly reduced products such as methanol and methane, leading to new exciting advancements. 
Hybridization of these catalysts with conductive or semi-conductive materials may lead to enhance stability and 
new catalytic properties, as well as inclusion of molecular catalysts in devices for applications. This approach 
bridges between homogeneous and heterogeneous, and it raises new fundamental questions that may further lead 
to breakthrough in CO2 reduction chemistry. 
Our recent results in these various areas will be discussed, using earth abundant metal (Fe, Co) porphyrins and 
phthalocyanines as well as related complexes as catalysts.  
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Spectroscopy and Mechanism of O2-producing  
Chlorite Dismutases 

Kenton R. Rodgersa, Zachary Geeraertsb, Gudrun S. Lukat-Rodgersa  
and Olivia R. Stillera 

aNorth Dakota State University, Department of  Chemistry & Biochemistry, Fargo, ND 
bAlbert Einstein College of Medicine, Department of Biochemistry, Bronx, NY 
 
The chlorite dismutases (Clds) are heme b-dependent enzymes that efficiently catalyze the decomposition of 
chlorite (ClO2

−) to yield Cl− and O2 in a rare O−O bond forming reaction.  In perchlorate-respiring proteobacteria, 
pentameric Clds appear to protect the organisms from the toxic effects of ClO2

−, which is produced during 
perchlorate reduction.  Dimeric Clds tend to occur in non-perchlorate respiring organisms. The function of these 
Clds remains unclear.  As O−O bond forming reactions are rare in nature, we have undertaken a mechanistic study 
in this reaction.  Through a combination of spectroscopic and kinetic investigations, intermediates along the 
catalytic ClO2

− decomposition coordinate have been identified.  Evidence in support of these intermediates will be 
presented and discussed in the context of a mechanistic model for catalysis. 

  

 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)198



O
R

A
LS

 

 

Multicomponent nanostructured films based on 
phthalocyanines as biosensing platforms 

 M.L. Rodriguez-Mendez a,b*, C. Salvo-Cominoa,b, C. Perez-Gonzaleza,b,  
C. Fernandez-Sancheza,b, C. Garcia-Cabezonb,c and F. Martin-Pedrosab,c    

aGroup UVASENS, Escuela de Ingenierías Industriales, Universidad de Valladolid, Paseo del Cauce, 59, 47011 
Valladolid, Spain 

bBioecoUVA Research Institute, Universidad de Valladolid, 47011 Valladolid, Spain 
cDpt. of Materials Science. Universidad de Valladolid, Paseo del Cauce, 59, 47011 Valladolid, Spain 
 
The search of new biosensing platforms is crucial to improve the performance of electrochemical biosensors. 
Nanostructured films containing combinations of enzymes and materials with different functionalities can be an 
interesting approach to obtain sensing platforms with improved performance [1-3]. Based on this idea, we have 
developed catechol and hydroquinone biosensors by depositing tyrosinase (Tyr) or laccase (Lac) on the surface of 
Layer by Layer (LbL) or Langmuir-Blodgett (LB) films formed by compounds with complementary activity. The 
nanstructured layers included phthalocyanines (MPc) -acting as the electron mediator-; chitosan (CHI) - a cationic 
species which acted as enzyme linker-. Other compounds such as ionic liquids (IL) or citrate capped gold nanoparticles 
(AuNPs) have also been included whose function is to increase the electrical conductivity of the devices while 
enhancing the electron transfer. 
Films with different sequences have been developed and characterized by UV–visible, FTIR spectroscopy and AFM.  
It is demonstrated that the resulting films provide an efficient immobilization surface for phenol oxidases. At the same 
time, they improve the electron transfer between the enzymes and the electrode surface. Although all the biosensors 
obtained exhibited excellent performances, the sequence of the anionic and cationic layers strongly influenced the 
electron transfer process. The best results were obtained using the LbL fims of [CHI-AuNP-CHI-CuPcS]-Lac which 
caused a 2-fold increase in the intensity over the response of the biosensor without the LbL platform.  The [CHI-AuNP-
CHI-CuPcS]2-Tyr bioelectrode showed an LOD of 7.77∙10-4 M (S/N=3) for hydroquinone and 8.7∙10-4 M (S/N=3) 
for catechol. The LbL platform was also efficient for laccase and the [CHI-AuNP-CHI-CuPcS]-Lac biosensor showed 
a LOD of 1.27∙10-3 M (S/N=3) for hydroquinone and of 1.84∙10-2 M (S/N=3) for catechol.  
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Porphyrin-loaded liposomes and nanoparticles for the 
photodynamic therapy of cancers  

Véronique Rosilio, Ali Makky and Jean-Philippe Michel 

Université Paris-Saclay, CNRS UMR 8612, Institut Galien Paris-Saclay, 92296 Châtenay-Malabry, France  
 
Photodynamic therapy is a promising approach for anticancer therapy. We are developing nanocarriers for the 
encapsulation of porphyrins and their targeting to cancer cells. Porphyrins are very effective photosensitizers, but 
they are poorly soluble in biological fluids and not very specific. They hardly enter cells, or in aggregate form, 
and lose their activity. We have studied porphyrins modified by sugars to make them more hydrophilic and target 
specific membrane receptors. We found that although the organization of sugars in the molecule plays an 
important role in the recognition of molecules by target cells, it does not control the efficiency of molecules [1]. 
We have encapsulated porphyrins in liposomes [2] or hybrid nanoparticles [3], modified their chemical structure 
[4, 5] to allow photodynamic therapy combined with photothermal or chemotherapy treatments. Promising results 
have been obtained for the treatment of various cancers. 
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Photodynamic therapy is a promising approach for anticancer therapy. We are developing nanocarriers for the 
encapsulation of porphyrins and their targeting to cancer cells. Porphyrins are very effective photosensitizers, but 
they are poorly soluble in biological fluids and not very specific. They hardly enter cells, or in aggregate form, 
and lose their activity. We have studied porphyrins modified by sugars to make them more hydrophilic and target 
specific membrane receptors. We found that although the organization of sugars in the molecule plays an 
important role in the recognition of molecules by target cells, it does not control the efficiency of molecules [1]. 
We have encapsulated porphyrins in liposomes [2] or hybrid nanoparticles [3], modified their chemical structure 
[4, 5] to allow photodynamic therapy combined with photothermal or chemotherapy treatments. Promising results 
have been obtained for the treatment of various cancers. 
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Cytochrome c oxidase (CcO) contains four metal redox sites: CuA, heme a, and CuB/heme a3, the binuclear center 
(BNC), where dioxygen is reduced to water. Crystal structures of CcO in various forms have been reported, based 
on which ligand binding states of the BNC and the conformations of the two heme groups, as well as the protein 
matrix surrounding them, have been deduced to elucidate the mechanism by which the oxygen reduction 
chemistry is coupled to proton translocation. However, metal centers in proteins are known to be susceptible to X-
ray induced radiation damage, raising questions about the reliability of the conclusions drawn from these studies. 
Here, we used microspectroscopy-coupled X-ray crystallography to interrogate how the structural integrity of 
bovine CcO in the fully oxidized state (O) is modulated by synchrotron radiation. Spectroscopic data showed that, 
upon x-ray exposure, O is converted to a hybrid O* state, where all the metal centers are reduced, but the protein 
matrix is trapped in the genuine O conformation. Annealing the O* crystal to above the glass transition 
temperature brought about the relaxation of the O* structure to a new R* structure, where the heme a and Loop I-
II near CuA were converted to the fully reduced R conformations, while the Helix-X bridging the two heme 
moieties was only partially transformed to the R conformation, and the ligands in the BNC were only partially 
released. The radiation damage that led to these metastable structures was overcome by determining the structure 
of the O state and the OH state, which is formed at the end of the catalytic turnover cycle, with serial femtosecond 
X-ray crystallography obtained by an X-ray free electron laser. These new structures call for reevaluation of 
mechanisms based on structures determined by synchrotron light sources.    
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CuAAC glycosylation of porphyrinoids: preliminary effects 
of linker length on the photodynamic inactivation of 

Mycobacterium 

Joshua V. Ruppela, Nicole L. Snyder b, Charlie F. Dixona, Ana N. Nottinghamb, 
Matthew C. Bennion a, Morgan A. Burch b, David D. Dennis a 

and George T. Mukoserab  
aUniversity of South Carolina Upstate, Division of Natural Sciences and Engineering, 800 University Way, 
Spartanburg, SC 29303, USA 

bDavidson College, Department of Chemistry, 102 North Main Street, Davidson, NC 28035, USA 

Glycoconjugates of porphyrinoids, such as porphyrins and bacteriochlorins have gained attention for their potential 
as therapeutics for photodynamic therapy (PDT). Here we present a summary of our work developing a reliable and 
high-yielding copper-catalyzed azide–alkyne 1,3-dipolar cycloaddition (CuAAC) approach to create a series of 
glycosylated porphyrinoids. This methodology was successfully used to synthesize a library of glycosylated 
porphyrins [1-3] and, bacteriochlorins [2] in moderate to high yields from readily available azido-carbohydrates. 
The work highlights the system-dependent reaction conditions required for CuAAC glycosylation to porphyrins and 
bacteriochlorins and the versatility of this method when applied across porphyrins alkynylated at the aryl, meso, 
and beta positions [1-2]. To further explore this system, we employed the use of a “linker” to generate a library of 
porphyrin glycoconjugates that varied in both the nature of the carbohydrate and distance between the porphyrin 
macrocycle. Trehalose-based glycoporphyrins produced from this work were used to study the effects of linker 
length in the photodynamic inactivation of Mycobacterium smegmatis. Preliminary results demonstrate an increase 
in photodynamic inactivation with a decrease in linker length [1]. 
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Oxygenic photochemistry beyond the red limit in 
chlorophyll f-containing photosystems

A. William Rutherford

Department of Life Sciences, Imperial College, London SW7 2AZ, United Kingdom Affiliation

Chlorophyll-a photochemistry using red light (680-700 nm) is near-universal and is considered to define the energy
limit for oxygenic photosynthesis [1]. The first isolation and biophysical studies of chlorophyll-f-containing
photosystems questioned this view [2]. Far-red/near-IR absorption spectra showed the small number of long-
wavelength chlorophylls were resolved from each other and from the majority chlorophyll-a. Charge separation in
Photosystem II occurs on a 720 nm pigment. Three even longer-wavelength chlorophylls-f collect light and pass
excitation energy up-hill to the 720 nm primary donor. These and other findings provide new insights, e.g., i) the 
nature of charge separation and excitation transfer in the standard chlorophyll-a-containing photosystems, ii) a new
slant on photosystem evolution; and iii) the energy limits on oxygenic photosynthesis.
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E., Boussac A., Fantuzzi A, Rutherford A.W. (2018) Science 360, 1210-1213 Photochemistry beyond the red
limit in chlorophyll f–containing photosystems.
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Vibrational spectroscopy is a powerful tool for elucidating the structure of both stable and transient species. DFT 
calculations are frequently used to interpret these spectral changes. The combination of experimental and DFT 
calculated spectra provides insight into the electronic structure of the species studies. This insight is usually 
gained by examining the changes in various vibrational modes. A typical procedure is to use visualization 
programs such as Gaussview to manually compare modes before and after perturbation in order to identify which 
modes are similar. For large molecules, this method can be tedious. As a result, usually only a few modes are 
studied in detail while many other modes may provide important information. 
 
In this work, we will utilize pattern recognition to make these correlations. The aim of this approach will be to 
develop a model-free, unsupervised method to carry this out. The analysis will be carried out in two steps. The 
first step will be a sorting of the modes, classifying them into bins based on their vibrational type (stretching, 
bending, etc). For large molecules, these bins could also be based on where the vibration is located (e.g., for 
porphyrins, meso-vibrations, ethyl vibrations, phenyl vibrations, etc). This will minimize the number of 
comparisons that need to be done and to avoid misidentification. After the vibrations have been classified into 
these bins, the angle between the displacement of each atom during the vibration is calculated, as shown in the 
figure below. The angle, , is the angle between the two displacements of a given atom. 

 
Starting with mode 1 (Structure 1), the angle  for each atom in each mode in Structure 2 is calculated. The angles 
for all the atoms are summed for each mode in Structure 2 (all angles will be positive). The more similar the 
modes are, the smaller will be the sum of the angles. Using angles rather than the size of the displacement will 
avoid problems that can occur with isotopic substitution. Starting with bin 1 (e.g., stretching), the procedure will 
compare each mode in Structure 1 with bin 1 of Structure 2. The mode in Structure 2 with the smallest sum of the 
angles will be assigned to the mode in Structure 1. If there are remaining modes of bin 1 in Structure 2 after this 
comparison, they will be moved to the next bin, and the matching continues with bin 2.  
 
In order to illustrate this approach in detail, we will begin with a very simple molecule so that the calculations can 
be illustrated in detail. The types of perturbations that will be examined are isotopic substitution, changes in the 
functionals used, redox changes and ion pairing. We will then discuss approaches to resolve problems where one 
mode in Structure 1 is correlated with more than one mode in Structure 2. The aim of this approach is to avoid the 
“black box” approach typical of pattern recognition. Using this approach, details about the vibration and the 
changes in the mode upon perturbation will be clear. After completing the detailed analysis of a small molecule, 
the application of this approach to larger molecules will then be discussed illustrating the power of this approach 
to correlate modes where isotopic substitution, redox processes and ion pairing occurred. 
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BODIPYs are known for their shape-independent high fluorescence quantum yields, sharp excitation and 
emission peaks contributing to overall brightness, and high solubility in many organic solvents [1]. Complexation 
of boron difluoride with expanded porphyrins offers a convincing strategy to access diverse array of cyclic 
BODIPYs. Owing to their unsurpassed flexibility, robustness as well as ability to tune their photophysical 
properties via synthetic modification, these cyclic BODIPYs have gained immense interest in recent times and 
some of them exhibit excitonic coupling due to interaction between transition dipoles [2]. 

 
Carbazole has been identified as a key building block in various modified expanded porphyrins exhibiting unique 
properties [14]. The advantage of incorporating carbazole lies in its close relation to pyrrole, increased electron 
conductance, structural rigidity, high emission and chemical stability [15]. Recently, various porphyrinoids have 
been reported using carbazole as the building block due to its intriguing optical and coordination properties [16]. 
Herein, I will disclose the overview of various cyclic-BODIPYs, their synthesis and ultrafast spectroscopic 
investigation of carbazole embedded hexaphyrin-like macrocycles and their corresponding bis-BODIPY 
complexes, bis-BODIPYs derived from two conformationally distinct [26]rubyrins(1.1.0.1.1) bearing hybrid 
diheteroles. The present studies are consistent with the dependence of dipole moments orientation leading to 
excitonically coupled BODIPY chromophores. 
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β-Functionalization of meso-tetraphenylporphyrins is of great interest since the electronic properties of the 
macrocycle can be tuned by varying the shape, size, number and electronic nature of the β-susbtituents. The optical 
and electrochemical redox properties of porphyrin π-system can be tuned by fusing the exocyclic rings to porphyrin 
macrocycle which leads to extended π-conjugation or by converting into chlorins or by tuning the conformation of 
the macrocycle.1 Herein, we present the facile synthesis of β-to-ortho-phenyl fused porphyrins and chlorins1b having 
1,3-indanedione or malononitrile moities by facile oxidative fusion of trans-chlorins1c using DDQ in good to 
excellent yields under mild conditions. Monofused porphyrins have been synthesized by oxidative fusion of free base 
trans-chlorins via NiII insertion followed by the skeletal rearrangement of macrocycle.1d A new series of β-substituted 
benzoporphyrins and their fused derivatives have been synthesized in good yields.1e-1h Further, β-tetracyanobutadiene 
(TCBD) appended porphyrins were synthesised and utilised as optical limiters.1i The synthesized fused 
porphyrinoids exhibited significantly red-shifted electronic spectral features (Δλmax = 16-85 nm) of Soret band due to 
the extended π-conjugation and twisted macrocyclic conformation (twist angle ~20-36º). Inner core NHs of fused 
chlorins exhibited tremendous downfield shift (Δδ = 1.7-2.2 ppm) as compared to their precursors. Fused porphyrins 
and chlorins exhibit the expected two one-electron oxidations but quite different redox behavior is observed upon 
reduction, where the free-base indanedione-appended chlorins show four reversible one-electron reductions.1f In this 
presentation, we will describe the facile synthesis, spectral and electrochemical redox properties of fused 
porphyrinoids and their utilization in anion sensing and nonlinear optics (NLO) in detail.  

NiMBP(VCN)2  

Chart 1. Molecular structure and electronic spectral features of fused porphyrin along with its HOMO-LUMO gap. 
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presentation, we will describe the facile synthesis, spectral and electrochemical redox properties of fused 
porphyrinoids and their utilization in anion sensing and nonlinear optics (NLO) in detail.  

NiMBP(VCN)2  

Chart 1. Molecular structure and electronic spectral features of fused porphyrin along with its HOMO-LUMO gap. 
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Synthesis of Phthalocyanines as Efficient Hole 
Transporting Materials in Perovskite Solar Cells
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Spain. E-mail: asastre@umh.es

Recently, significant progresses have been achieved in the fabrication of highly efficient perovskite solar cells, 
while major challenges, such as commercial viablity of exotic materials and their instability, remain as an 
obstacle. Hole transporting materials (HTMs) represent a tricky choice for the fabrication of efficient solar cells 
and the cost uneffective Spiro-OMeTAD continue to be so far the most obvious candidate. Semiconductors 
molecules, such as metallophthalocyanines (MPcs) [1] appeared as a promising class of p-type material, since 
they are less expensive and more stable.

In this communication, we will present the synthesis of novel ZnPcs, ZnPc dimers and CuPcs (see as examples 
Figure 1) as efficient, stable, and low cost HTMs in PSCs. [2] The MPcs are substituted with functional groups 
that possesses a very good solubility in a wide range of organic solvents, adequate HOMO LUMO levels and thus 
can be applied from solution processing in a wide range of perovskite solar cell devices. 

Figure 1 : Different ZnPcs structures as HTMs in PSCs
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Porphyrin-substrate systems studied by scanning probe 
microscopy: Spatial, energetic, and temporal resolution 
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Polymeric structures based on porphyrin units exhibit a range of complex properties, such as nanoscale charge 
transport and quantum interference effects, and have the potential to act as biomimetic materials for light-harvesting 
and catalysis. These functionalities are based upon the characteristics of the porphyrin monomers but are also 
emergent properties of the extended polymer system. Incorporation of these properties within solid-state devices 
requires transfer of the polymers to a supporting substrate and is a motivating factor in the study of porphyrin-
surface systems [1]. 
Investigation of such molecule-substrate systems is often carried out under ultra-high vacuum (UHV) conditions, 
facilitating contaminant free, highly controllable, fabrication procedures as well as providing access to 
characterisation on the single-molecule level via scanning probe microscopy techniques [2]. However, the size and 
thermally labile nature of large, and/or functionalised, porphyrin polymers prohibits the use of standard UHV 
sublimation protocols. We have demonstrated that porphyrin oligomers, polymers and macrocyclic systems can be 
deposited via an electrospray deposition technique [3–5], and that porphyrin polymers may be formed by using on-
surface synthesis techniques; such as the Glaser coupling of porphyrin monomers [6]. 
Here I present details of our recent work where the implementation of scanning probe microscopy (SPM) techniques 
has allowed detailed characterisation of the energetic, and spatial, distribution of the electronic states within cyclic 
porphyrin polymers [7]. Additionally, we can make use of temperature-dependant SPM measurements to obtain 
information on the dynamics and energetics of on-surface diffusion of porphyrins, and the use of synchrotron-based 
photoelectron spectroscopies (e.g. XPS and NEXAFS) provides a route to quantify the chemical changes within on-
surface reaction processes.  
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Alkyne-azide cycloaddition reactions of
meso-alkynyl corroles
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We will present novel synthesis procedures to obtain a series of freebase and metal A2B- and meso-A3-
ethynylcorroles and demonstrate the successful copper(I)-catalyzed alkyne-azide cycloaddition (CuAAC) “click” 
reaction of such ethynyl corroles with azidoaryl- and azidomethyl pyridine derivatives. 

Scheme 1. Example of a synthesis of metal corrole triazole pyridine ligands and novel bimetallic complexes thereof.

The metalation of the corrole triazole pyridine ligands create novel bimetallic complexes (Scheme 1), linear 
oligomers, 2D- and 3D-network structures.
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Sensors, and Functional Materials 
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University of Dublin, Dublin 2, Ireland 
 
 
Porphyrins are nature’s cofactors par excellence. Next to oxygen transport and storage, their role in electron 
transport and as photosynthetic pigments, they catalyze a multitude of chemical reactions [1, 2]. All these catalytic 
functions depend on the presence of a central metal which is intricately involved in the catalytic processes. Thus, 
all known catalytically active porphyrins are metalloporphyrins. However, we have discovered that, upon 
appropriate manipulation of the porphyrin macrocycle conformation, the core nitrogen atoms in free base 
porphyrins can be involved in catalysis as well. 
Distorted porphyrins are able to activate small molecules via general base catalysis by participation of the imine 
groups or through hydrogen bonding catalysis involving the pyrrole units. To make the “active center” more 
accessible to substrates, the degree of outwards orientation of the pyrrole groups can be fine-tuned depending on 
the peripheral substitution pattern using peri-interactions or core substitution [3]. Various distortion modes exist, 
and saddle distorted porphyrins have been shown to have an increased basicity which qualifies these tetrapyrroles 
for catalytic screening [4]. Additionally, it is possible to enhance the basicity via electronic modulation of the - 
and meso-substituents through the introduction of electron-withdrawing groups. 
An extensive screening of a number of nonplanar porphyrins and substrates, as well as reaction conditions, has 
been used to develop design criteria for optimizing the catalytic properties of distorted porphyrins. Notably, 
certain free base porphyrins have been found to function as organocatalysts in Michael addition reactions, 
indicating a new mode of catalytic action for porphyrins which does NOT require a central metal ion. In addition, 
similar concepts have been used to develop switchable porphyrin receptors for the detection of analytes and 
removal of pollutants [5,6]. Further engineering of functional porphyrin materials is possible through logical 
spatial construction of 1D, 2D, 3D arrays [7]. This involves the use of porphyrins as photoactive components 
together with rigid hydrocarbon linker groups such as cubane or bicyclo(1.1.1)pentane either in solution, the solid 
state, or interfaces [8]. 
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Studies of porphyrin analogues in our group date back to the 1980s, when we published a report on texaphyrins 
and, in so doing, became the first to introduce the term “expanded porphyrin” into the literature. Since then, 
considerable activity on the part of dozens of groups have served to make expanded porphyrins and other 
porphyrin analogues the focus of a wide range of research activities and translational efforts. Our own reesearch, 
often carried out in collaboration with leaders in the community, has focused on both potential medical 
applications and advancing out understanding of electronic structure. With the latter goal in mind, we have 
worked, again often collaboration, to create systems with bona fide antiaromatic character, ones with odd electron 
counts (e.g., 25 π-electron systems), and those whose structure cannot be mapped onto a 2-dimensional surface. 
An effort has also been made to apply the tools used to analyze aromaticity to the study of covalency in actinide 
expanded porphyrin complexes. A summary of this preparative work and analyses of the chemical, structural, 
photophysical, cation coordination, anion recognition, and ground and excited state electronic properties of these 
systems will be presented in this lecture. 
Thanks are given to the R. A. Welch Foundation for supporting current research efforts underlying this 
presentation. Prior support from the U.S. DOE, U.S. NSF, the NIH, the Cancer Research and Prevention Institute 
of Texas, and Shanghai University is also acknowledged. This project has only been possible as the result of 
collaborations with a number of groups, including those of Profs. Dongho Kim, Jong Sung Kim, Jung Su Park, 
Shunichi Fukuzumi, T. K. Chandrashekar, Pradeepta Panda, Dirk Guldi, Changhee Lee, Jan Jeppesen, Jun-Long 
Zhang, Jonathan Arambula, Zahid Siddik, Rick Finch, John Arnold, Andrew Gaunt, and Tomas Torres. Their help 
and the dedication of lab coworkers who will be thanked during the presentation is deeply appreciated.  
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pumping reaction driven by cytochrome c oxidase.  
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Mammalian cytochrome c oxidase (CcO), a heme-copper protein locating at the respiratory chain terminus, pumps 
protons across the mitochondrial inner membrane coupled with a molecular oxygen (O2) reduction reaction. CcO has 4 
metal sites (heme a, CuA, heme a3, and CuB), and O2 bound to O2 reduction site comprised of heme a3 and CuB receives 
4 electrons from cytochrome c via CuA and heme a. Four protons used for O2 reduction to water are transferred from 
mitochondrial matrix through D and K-pathways. It has been proposed that each proton to be pumped is transferred via 
H-pathway, driven by electrostatic repulsion between the proton to be pumped and a net positive charge created in heme 
a upon the sequential electron transfer from heme a to the O2 reduction site. Intriguingly, despite of the fact that the 
electrostatic repulsion itself doesn’t govern the direction of the proton migration after the repulsion, the repulsed protons 
strictly transferred unidirectionally toward inter membrane region, giving the very high proton pumping efficiency 
(H+/e- = 1). Spectroscopic analyses have revealed that CcO passes through distinct 6 intermediates (Figure) during each 
catalytic cycle. 
For the sake of unveiling the reaction mechanism of CcO, we determined the crystal structures of all these catalytic 
intermediate forms [1, 2]. The structure of A-form showed that the O2 reduction site is an oxymyoglobin type structure, 
in which O2 is bound closer to heme a3 than to CuB, suggesting the stability of the A-form. A novel water molecule 
hydrogen-bonded to Tyr244-OH was identified in the intermediate forms from P to E in Figure. This water molecule, 
accessible to any ligand at the O2 reduction site, provides a facile proton transfer system between Tyr244 and the bound 
ligand at heme a3. Furthermore, the OH--CuB distance in the O-form is unusually longer than those of ordinary Cu2+-
OH- compounds, suggesting that the electron affinity of CuB in O-form is enhanced by the distantly located negative 
charge of OH-. This high electron affinity 
contributes the efficient electron transfer 
from O to E-form preventing from electron 
backflow, giving the high proton pumping 
efficiency. The present X-ray structural 
analyses showed that a water channel, located 
in the bottom half of the H-pathway, was 
closed in all the forms except for the R-form 
for preventing back-leak of the protons to be 
pumped. Thus, before O2-binding, the four 
protons to be pumped are likely to be 
incorporated and stored in a large water 
cluster attached to the H-pathway, which has 
been identified crystallographically before [3].  
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Mammalian cytochrome c oxidase (CcO), a heme-copper protein locating at the respiratory chain terminus, pumps 
protons across the mitochondrial inner membrane coupled with a molecular oxygen (O2) reduction reaction. CcO has 4 
metal sites (heme a, CuA, heme a3, and CuB), and O2 bound to O2 reduction site comprised of heme a3 and CuB receives 
4 electrons from cytochrome c via CuA and heme a. Four protons used for O2 reduction to water are transferred from 
mitochondrial matrix through D and K-pathways. It has been proposed that each proton to be pumped is transferred via 
H-pathway, driven by electrostatic repulsion between the proton to be pumped and a net positive charge created in heme 
a upon the sequential electron transfer from heme a to the O2 reduction site. Intriguingly, despite of the fact that the 
electrostatic repulsion itself doesn’t govern the direction of the proton migration after the repulsion, the repulsed protons 
strictly transferred unidirectionally toward inter membrane region, giving the very high proton pumping efficiency 
(H+/e- = 1). Spectroscopic analyses have revealed that CcO passes through distinct 6 intermediates (Figure) during each 
catalytic cycle. 
For the sake of unveiling the reaction mechanism of CcO, we determined the crystal structures of all these catalytic 
intermediate forms [1, 2]. The structure of A-form showed that the O2 reduction site is an oxymyoglobin type structure, 
in which O2 is bound closer to heme a3 than to CuB, suggesting the stability of the A-form. A novel water molecule 
hydrogen-bonded to Tyr244-OH was identified in the intermediate forms from P to E in Figure. This water molecule, 
accessible to any ligand at the O2 reduction site, provides a facile proton transfer system between Tyr244 and the bound 
ligand at heme a3. Furthermore, the OH--CuB distance in the O-form is unusually longer than those of ordinary Cu2+-
OH- compounds, suggesting that the electron affinity of CuB in O-form is enhanced by the distantly located negative 
charge of OH-. This high electron affinity 
contributes the efficient electron transfer 
from O to E-form preventing from electron 
backflow, giving the high proton pumping 
efficiency. The present X-ray structural 
analyses showed that a water channel, located 
in the bottom half of the H-pathway, was 
closed in all the forms except for the R-form 
for preventing back-leak of the protons to be 
pumped. Thus, before O2-binding, the four 
protons to be pumped are likely to be 
incorporated and stored in a large water 
cluster attached to the H-pathway, which has 
been identified crystallographically before [3].  
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Bioinspired catalyst system was developed in the interdisciplinary fields of bioorganic chemistry and bioinorganic 
chemistry. In nature, enzymes catalyze various molecular transformations under mild conditions at room 
temperature and physiological pH with a high efficiency and selectivity. Therefore, we can learn about many 
excellent systems from nature. As for the catalyst design, a metal complex inspired from the active site of a metal 
enzyme has been developed. Since metal enzymes catalyze a variety of molecular transformations by the action of 
the metal ion, they have been considered as one of the desirable catalyst in organic synthesis. Among the metal 
enzymes, tetrapyrrole pigments, such as porphyrin, chlorophyll, and corrin, that have emerged in nature concerned 
with various metabolisms have attracted a lot of attention. The characteristic feature of the tetrapyrrole metal 
complex is its abundant redox property both at the metal center and macrocyclic ligand [1]. Various intermediates 
for the reaction could be formed in the redox active metal complex. Therefore, the combination of the metal 
complex with a redox system should form an excellent catalytic system. Based on this concept, we can utilize 
various redox systems such as electrochemistry and photo-excited chemistry, for construction of a catalyst system 
[2-4]. This is one of the characteristic features and advantages of the bioinspired catalyst system. Among the 
metal complexes inspired from natural metal enzymes, the cobalt ion containing the B12 (cobalamin) derivative is 
the focus of this lecture. The development of a hybrid catalyst with the B12-dependent enzyme-inspired 
photochemical and electrochemical reactions are introduced. 
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Forming Reactions and Their NIR Optical Properties 
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In recent years, functional chromophore molecules, whose optical properties in the visible (vis) and near infrared 
(NIR) regions can be controlled in a simple manner, have become increasingly important because of their potential 
application in various research fields. Recently, we have succeeded in the synthesis of novel aza-BODIPY analogues 
from a Schiff base forming reaction of lactams and heteroaromatic amines [1]. Among a series of aza-BODIPY 
analogues developed based on this strategy, dimeric aza-BODIPY analogues called pyrrolopyrrole aza-BODIPYs 
(PPABs) exhibit intense absorption and fluorescence in the far-red region, and their absorption and fluorescence 
spectra can be shifted to the NIR region by changing the heteroaromatic ring units [2,3]. The optical properties are 
also significantly perturbed by the substituents on the pyrrolopyrrole core, and the perturbation is controlled by the 
dihedral angles of the linker units. This effect of the linker can be seen for the PPAB dimers; the bithienyl-linked 
dimer exhibits panchromatic absorption in the vis/NIR regions, whereas a monomer-like intense absorption is 
observed for the biphenyl-linked one [4]. Considering the linker effect, two donor-acceptor (D-A) systems were 
developed for organic photovoltaics (OPV) and organic light emitting diode (OLED) applications. In the OPV 
studies, A-D-A triads and D-A polymers bearing thienyl linkers exhibited the highest power conversion efficiency 
of 3.88% and 2.27%, respectively, despite their panchromatic absorption extending to 1000 nm [5,6]. In the OPV 
studies, D-A-D molecules bearing phenylene linkers were developed. Owing to the high fluorescence brightness, 
the OLED of this D-A-D triad exhibited high external quantum efficiency (EQE) of 3.7% at an electroluminescence 
maximum of ca. 760 nm [7]. 
In this presentation, the NIR optical properties of PPABs and their OPV and OLED applications will be discussed. 
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Close Stacking of Norcorrole Metal Complexes 
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Stacked-ring aromaticity arising from the close stacking of two antiaromatic π-conjugated macrocycles has 
received considerable attention.1 Recently, we have reported that tethered norcorrole dimer 1 and cyclophane 2 
exhibit closely stacked orientation.2,3 The remarkable proximity of the two norcorrole units has been rationalized 
by the emergence of the stacked-ring aromaticity owing to the three-dimensional delocalization of π-electrons 
between two antiaromatic systems. 
Next, we have prepared a cyclophane 3 consisting of two antiaromatic Ni(II) norcorrole units tethered with two 
flexible alkyl chains.4 Norcorrole cyclophane 3 exhibited crystal polymorphism leading to three different solid-
state structures, in which the orientation of the two norcorrole units is substantially different. The stacked-ring 
aromaticity of 3 is dependent on the twist angle between two stacking norcorrole units. 
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Designed Radical-Chromophore Exchange Controls 
Magnitude of Photoinduced Electron Spin Polarization in 

Electronic Ground States 
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bUniversity of New Mexico, Albuquerque, New Mexico, USA 
cBrock University, St. Catharines, Ontario, Canada 
 
Modulation of ground-state electron spin polarization (ESP) in an organic radical (nitronylnitroxide, NN) 
covalently attached to donor-acceptor chromophores, (bpy)Pt(CAT-Bridge-NN), where bpy = 5,5’-di-tert-butyl-
2,2’-bipyridine, CAT = 3-tert-butylcatecholate, Bridge = organic fragments, has reported.[1,2] These molecules 
represent a class of chromophores that can be photoexcited with visible light to produce an initial exchange-
coupled, 3-spin (bpy•-, CAT+• (= semiquinone, SQ) and NN•), charge-separated doublet 2S1 (S = chromophore 
excited spin singlet configuration) excited state that rapidly decays by magnetic exchange enhanced internal 
conversion to a 2T1 (T = chromophore excited spin triplet configuration) state. The absorptive- or emissive ESP 
observed results from transitions between the chromophoric 2T1 and 4T1 states or between chromophoric 2T1 and 
NN-based excited states, the magnitude of which results from either steric alteration of these excited state energy 

gaps. Here we show a correlation between the magnitude of ground state ESP and an excited state exchange 
parameter 
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Wound infection is a prominent topic in hospitals. Infections may delay wound healing, increase the cost of 
treatment and in some cases lead to the patient’s death. The emergence of antibiotic-resistant bacteria or 
superbugs makes infected wounds more difficult to cure. The bacteria responsible of infected wounds come from 
surroundings or from normal flora of the skin. Additionally, bacteria proliferate and form a biofilm which 
increases their resistance to antimicrobial treatment.  Therefore, new approaches had to be developed in order to 
overcome this problem. Antimicrobial photodynamic therapy (aPDT) is a promising alternative to inhibit 
microbes, and has already inspired the creation of innovative materials. Interesting results were achieved against 
Gram-positive bacteria, but it also appeared that Gram-negative strains, especially Pseudomonas aeruginosa, were 
less sensitive to aPDT. In previous studies, an enhanced efficacy of aPDT against Gram-negative bacteria was 
obtained by binding photosensitizers to peptides.  
In this work, we have developped cationic or neutral photosensitizers covalently bind to polymyxin B nonapeptide 
[1, 2] or poly and oligosaccharides [3] for photo-antimicrobial applications against different bacteria strains. 
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Phthalocyanine Complexes: Expanding Toolbox for 
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Carbene transfer reactions to X-H bonds (X = N, C, O…) and olefins have emerged as a powerful strategy for the 
construction of the elaborated molecules. These reactions are believed to involve carbene metal complexes and 
metalloporphyrins as well as engineered hemoproteins which have been extensively studied [1]. Although metal 
phthalocyanine complexes (MPc) are efficient catalysts for many reactions [2] they have been rarely explored as 
catalysts for the carbene transfer reactions. Phthalocyanines have been often regarded as porphyrin analogues but 
their catalytic properties do differ from those of the porphyrin counterparts. Increasing number of examples shows 
that phthalocyanine complexes are superior over porphyrin ones in many reactions [2c]. Mononuclear and 
binuclear iron phthalocyanine complexes exhibit remarkable catalytic properties in the oxidation [2b]. Given the 
similarity of oxidizing oxo species with isoelectronic carbene and nitrene putative intermediates which might 
perform carbene and nitrene transfer reactions, the high catalytic efficiency of phthalocyanine complexes in 
oxidation suggests that they deserve a more careful evaluation in the carbene transfer reactions. 

Indeed, Fe and Ru mono- and binuclear phthalocyanine 
complexes show a particular efficiency in cyclopro-panation 
of olefins and carbene transfer to N-H bonds of amines [3]. 
For instance, RuPc complexes show a large substrate scope 
in the carbene N-H insertion with 80-100 % yields under 
practical reaction conditions (0.05 mol% catalyst loading, 
high amine concentration, 1.1 eq. of EDA). The substrate 
scope, reactivity of FePc and mechanistic features as well as 
the relationship between the FePc structure and catalytic 
activity in carbene transfer reactions will be discussed. 
Acknowledgment This study was supported by RFBR and 
CNRS, IEA project n° 21-53-15004. 
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In the recent years, we have synthesized various photosensitizers, which were obtained after reaction with trans-
bis(ammine)platinum-monochloride (see Figure below) [1-6]. In five out of five studied cases [1,2,4-6], the 
platinated photosensitizers were found to have an improved phototoxic index (ratio of dark toxicity to light 
toxicity) compared with the non-platinated photosensitizers.

Name l (irradia-
tion) [nm]

Phototoxic index 
PS-(py)n against 

HeLa cells 

Phototoxic index PS-
(py-[Pt(NH3)2Cl]+)n 
against HeLa cells 

Improve-
ment of 

p.i.

ref. 

4-Tetrapyridyl-porphyrin 420 >17.3 1210 <70 1 
3-Tetrapyridyl-porphyrin 450 >263 4500 <17 6 
Tetrapyridino-phthalocyanine >600 0.8 7.5 9.4 2 
Pyridyldistyryl-BODIPY 680 >33 >543 ~16 4 
Dipyridyl-Bacteriochlorin (see Fig.) 750 590 4000 6.8 5 

We acknowledge support by the University of Zurich, the Swiss National Science Foundation, the Swiss 
Government for an Excellence Scholarship and the Novartis Foundation for Medical-Biological Research.
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Porphyrinoids with Higher Analogues of Arene and Pyridine 
Units in the core 

A. Srinivasana, Mainak Dasb and B. Adinarayanac 
aSchool of Chemical Sciences, National Institute of Science Education and Research (NISER), HBNI, 
Bhubaneswar-752050, Odisha, India 

bDepartment of Chemistry, Jagiellonian University, 30-387 Kraków, Poland 
cDepartment of chemistry, Imperial College, London, London W12 7TA, United Kingdom. 
 
By decreasing or increasing an atom in the inner core of porphyrin leads to contracted or expanded porphyrinoids. 
The contracted derivatives are utilized for stabilizing high oxidation state metal ions, whereas the expanded 
analogues are exploited for aromatic – antiaromatic switching, conformational flexibility and stabilizing multi-
metal ions in the core. By introducing an arene or a pyridine unit in the framework alters the electronic structure, 
thus leading to unusual optical, photophysical and coordination properties. The chemistry of arene ring 
incorporated carbaporphyrinoids and pyridine unit embedded pyriporphyrinoids and their contracted and 
expanded analogues are well-known in the literature. [1-3] However, recent developments of porphyrin analogues 
by introducing higher analogues of arenes and pyridine units are not adequately inspected. In this talk, we will 
mainly focus on biphenyl (1-2), bipyridine (3), terphenyl (4) and mixed arene pyridine (5) embedded porphyrin 
analogues and their coordination chemistry (1-5) [4]. 
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Tuning tetrapyrroles for enhanced function: Combining 
advanced optical methods and electronic structure studies 

Martin J Stillman 

Deparmtent of Chemistry, The University of Western Ontario, London, Ontario, Canada 
 
Ever since tetrapyrroles were recognised as dyes in ancient times their properties as dyes has been developed and 
utilized.  Beyond dyes based on the electronic structure, the major natural applications of tetrapyrroles mix ligand 
binding, redox chemistry and photochemistry – a remarkably wide palette of function. Technology has kept pace 
with the discovery of synthetic analogs for a myriad of applications. In this paper I describe our work to 
understand the electronic effects of structural modifications to porphyrins, chlorins and phthalocyanines allowing 
prediction of enhanced function using optical spectroscopy, and particularly magnetic circular dichroism 
spectroscopy, coupled with analysis of the geometric distribution of the molecular orbitals and the changes in 
predicted absorption spectra from TDDFT calculations. 
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Non-metal complexes of electron-deficient porphyrazinoids 

Pavel A. Stuzhina  

aResearch Institute of Macroheterocycles, Ivanovo State University of Chemistry and Technology, RF-153000 
Ivanovo, Russian Federation, e-mail: stuzhin@isuct.ru 

 
Complexes of porphyrazines with fused electron-deficient heterocycles (pyridine, pyrazine, 1,2,5-
thia(selena)diazole) are known and due to their enhanced electron affinity widely studied as perspective functional 
materials for application in organic electronics as n-type semiconductors, in bioimaging as pH-sensitive 
fluorophores and in other fields. In our resent works we have prepared novel porphyrazines, their derivatives with 
fused heterocycles and ring contracted analogues - corrolazines and subporphyrazines containing non-metal 
(boron(III), silicon(IV) or phosphorus(V)) as a central coordinating atom and studied their spectral-luminescence, 
photophysical, electrochemical and other properties. 
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Every photon counts:  
Tip-enhanced electroluminescence of single molecules 

Martin Šveca,b, Jiří Doležala,c, Sofia Canolaa, Rodrigo Cezar de Campos Ferreiraa, 
D. Nachtigallováb,d, Pingo Mutomboa, Pavel Jelíneka,b and Pablo Merinoe,f 

aInstitute of Physics, Czech Academy of Sciences; Cukrovarnická 10/112, CZ16200 Praha 6, Czech Republic 
bRegional Centre of Advanced Technologies and Materials; Šlechtitelů 27, CZ78371 Olomouc, Czech Republic  

cFaculty of Mathematics and Physics, Charles University; Ke Karlovu 3, CZ12116 Praha 2, Czech Republic 

dInstitute of Organic Chemistry and Biochemistry, Czech Academy of Sciences; Flemingovo náměstí 542/2 
160 00 Praha 6, Czech Republic 
eInstituto de Ciencia de Materiales de Madrid; CSIC, Sor Juana Inés de la Cruz 3, E28049 Madrid, Spain 
fInstituto de Física Fundamental, CSIC; Serrano 121, E28006 Madrid, Spain 
 
Exploration of fundamental photophysical phenomena at the level of individual quantum objects requires highly 
specialized optical spectroscopy with subnanometer, single-photon capabilities. Thanks to recent progress in light 
microscopy with scanning probes, excited states of molecules and their interaction can now be investigated at the 
nanoscale with unprecedented detail. Precise injection of charges [1] into molecules leads to formation of transient 
charged states and excited states (excitons). The photons produced by decay of these states carry a rich information 
about energies, charges, transient dipoles, vibronics and temporal evolution of the studied systems. Using an optical 
path to collect photons from the nanocavity between the tip and sample in a cryogenic scanning probe microscope, 
it is possible to tackle some photophysical phenomena occurring in organic dyes. 
In this contribution, I will present our investigation that focused on the local Coulombic effects of the ionic substrate 
on single Copper-phthalocyanines (CuPc) [2], electrofluorochromism of Zinc-phthalocyanine (ZnPc), and describe 
a new phase fluorometry scheme, that combines radio-frequency-modulation of the picocavity with time-resolved 
single photon detection [3,4]. With this method, the molecular transient states could be resolved and the evolution 
of the system could be tracked down to the picosecond range. I will also discuss the spectral fingerprints of various 
phthalocyanine librations on the surface, coupled to electronic transitions and explain them using the Franck-
Condon picture. 
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Mesoporous Silica Nano-vehicles for the Delivery of 
Chemotherapeutics and Photosensitisers  

Iris Pontón and David Sánchez-García 

Grup d'Enginyeria de Materials, Institut Químic de Sarrià, Universitat Ramon Llull, Via Augusta, 390, Barcelona 
08017, Spain. 

 
In the last years, our group has been working on the preparation of drug delivery systems (DDSs) for the release 
of multiple drugs intended for combination therapies of cancer [1]. Our DDSs are based on mesoporous silica 
nanoparticles, which present outstanding properties for drug delivery applications owing to their good 
biocompatibility, high encapsulation capacity and easy chemical modification [2,3]. This chemical versatility 
opens the door to the design of stimuli-responsive DDSs, which allow the selective release of the payload by 
means of smart gates installed at the external surface of the nanoparticle. In this presentation, we would like to 
report on our recent results in the development of novel MSNs nano-vehicles for the delivery of 
chemotherapeutics and photosensitizers [4]. 
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Direct removal of a peripheral vinyl group in nickel 
chlorophyll derivatives 

Takumi Hisayasu and Hitoshi Tamiaki 

Graduate School of Life Sciences, Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan 
 
Nickel(II) and oxovanadium(IV) deoxophylloerythroetioporphyrins (Ni/VO-DPEPs, see the right drawing of Fig. 
1) were found from the geological samples including sediments, petroleum, and oil shale [1]. Ni/VO-DPEPs were 
proposed to be produced from (bacterio)chlorophylls in ancient photosynthetic organisms. Typically, 
chlorophyll(Chl)-a (Fig. 1, center) in oxygenic phototrophs is transformed into 3-ethylated, 3-methylated, 3-
unsubstituted Ni/VO-DPEPs via the 131-deoxygenation, the removal of esterifying groups at the 132,172-positions, 
the 17,18-dehydrogenation, and substitution of the central magnesium to a nickel atom or an oxovanadium moiety 
as well as the transformation of the 3-vinyl to 3-ethyl group, 3-methyl group, and 3-hydrogen atom, respectively. 
The 3-functional group in Chl-a derivatives has been reported to be removed under the following conditions. 
Pyrolysis of iron(III) methyl pyropheophorbide-a (R3 = CH=CH2 and M = FeCl in the right drawing of Fig. 1) and 
metal-free methyl 3-carboxy-pyropheophorbide-a (R3 = COOH and M = H2) gave methyl 3-devinyl-
pyropheophorbide-a (R3 = H and M = H2) thorough the 3-devinylation and 3-decarboxylation, respectively [2,3]. 
In addition, photolysis of zinc(II) methyl pyropheophorbide-d (R3 = CHO and M = Zn) afforded the 
corresponding zinc 3-unsubstituted chlorin via the 3-deformylation [4]. Recently, we observed the 3-devinylation 
in nickel(II) methyl pyropheophorbide-a (R3 = CH=CH2 and M = Ni) after heating in benzene and toluene (1:2) 
with p-toluenesulfonic acid at 80 °C overnight [5]. Here we report the acidic removal of a peripheral vinyl group 
in nickel complexes of various Chl derivatives under mild conditions. 
 

 
 

Figure. Molecular structures of sedimanetal Ni/VO-DPEPs (M = Ni/VO and R3 = Et/Me/H), natural Chl-a (R17 = phytyl), and 
semi-synthetic Chl derivatives. 
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Molecular Memories, Molecular Receptors and Catalysts 
Based on Supramolecular Conjugates of Porphyrinoids 

Kentaro Tanaka 

Department of Chemistry, Graduate School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, 
Japan, 464-8602 (E-mail: kentaro@chem.nagoya-u.ac.jp) 

 
We have reported supramoleculary stacked arrays of porphyrins and phthalocyanines connected by four-fold 
rotaxanes 3.[1-13] The four-fold rotaxane was prepared from tetradactyl porphyrin with four alkyl ammonium 
chains, 2, and phthalocyanine with four peripheral crown ethers, 1.[1,3] The mechanically interlocked 
supramolecule has potential to be functional molecular conjugates reflecting combination of their spatial restraint 
and structural flexibility. We have demonstrated a switchable spin-spin interaction between central metal ions [1], 
molecular accommodation with elevator motion of a multiply interlocked catenane [10], catalytic properties for 
oxygen reduction or methane oxidation reactions [9,12,13], and so on. Herein, we will report redox bistability of 
the four-fold rotaxane. The porphyrin in the conjugate showed two different redox equilibrium states at a given 
redox potential according to the direction of the potential scan. 
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Porphyrin and phthalocyanine electron donors in molecular 
and organic-semiconductor charge transfer systems  

 Nikolai V. Tkachenko  

Chemistry and Advanced Materials Group, Faculty of Engineering and Natural Sciences, Tampere University, 
Korkeakoulunkatu 8, 33720 Tampere, Finland 
 
Porphyrin and phthalocyanine derivatives are popular electron donors in molecular donor-acceptor (DA) 
architectures and sensitizers in dye sensitized solar cells (DSSC) where they act also as electron donors. The 
photoinduced electron transfer (PET) reaction in molecular DA systems is under active investigation for a few 
decades already and these DA systems are one of the key benchmarks for understanding PET in molecular 
assemblies [1]. The electron transfer across the organic-semiconductor interface in DSSCs is another important 
PET reaction which is under intensive investigation for a few past decades as well [2]. However, these two PET 
take place in systems composed of very different classes of the electron donors and acceptors, and assembled in a 
very different types of the DA systems, and therefore typically, these two systems are considered separately 
despite both are focused on optimizing the efficiency of PET. The presentation will compare approaches used to 
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DyP-type peroxidases (DyPs) are heme b-containing enzymes that possess a number of unique properties in 
comparison with classical heme peroxidases: i) distinct amino acid sequence, catalytic residues and tertiary structure; 
ii) a broad substrate specificity, which includes anthraquinone-based and azo dyes, complex phenolic and non-
phenolic molecules like kraft lignin, as well as carotenoids, phenols, aromatic sulphides and metal ions; iii) an 
unusually low optimal pH for the catalytic activity; and iv) still largely unexplored physiological role [1-3]. Resonance 
Raman spectroscopy (RR) demonstrates that multiple heme spin populations typically co-exist in DyPs in solution. 
Unlike in the case of classical peroxidases, a surprisingly high abundance of catalytically incompetent low spin heme 
population is observed in a number of DyPs, and tentatively related to an alternative physiological function [1].  
We couple the insights on molecular details of DyP heme active site, elucidated by RR, with those obtained for  
the immobilized DyPs by surface-enhanced resonance Raman (SERR) spectro-electrochemistry, as a guide for 
biotechnological exploitation of DyPs, and in particular for development of H2O2 biosensors. In SERR spectro-
electrochemistry the modified plasmonic metal that serves as a surface amplifier of spectroscopic signal 
simultaneously acts as a working electrode, revealing whether the  native, solution properties have been preserved 
upon immobilization of the enzyme. We probe structure, redox potential and electro-catalytic activity towards 
H2O2 of a number of DyPs from different bacteria upon immobilization on biocompatible silver electrodes. While 
some immobilized DyPs outperform all currently existing peroxidase-based biosensors, including those that 
employ advanced materials (e.g. carbon nanotubes and nano-dots, ceramic and gold nanostructures), others fail to 
fulfil the essential requirements for the use in the immobilized state [2, 3]. Among the former is DyP from P. 
putida (PpDyP); the PpDyP based 3rd generation H2O2 biosensor shows superior sensitivity and shorter response 
times than other reported H2O2 biosensors [3]. In the light of our findings, we discuss in this talk the prerequisites 
that an immobilized DyP has to fulfill in order to be considered as a promising candidate for biotechnological 
applications, which can be assesses by SERR spectroelectrochemistry in a straightforward manner.  
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Naturally occurring bipyrrin pigments are heme metabolites featuring three or two pyrrole rings and the 
characteristic pyrrolin-2-one termini of tetrapyrrolic bile pigments, such as biliverdin and bilirubin. Whereas 
linear tetrapyrroles enforce a helical geometry in metal complexes, the biopyrrin fragments coordinate as planar 
chelates and allow access to the metal center for additional ligands. Critically, these scaffolds maintain the ligand-
based redox chemistry of many macrocyclic oligopyrroles (e.g., porphyrins, corroles) while avoiding irreversible 
degradation problems that characterize other linear oligopyrroles. [1] We discovered that the tripyrrin-1,14-dione 
scaffold coordinates multiple transition metals (e.g., Pd(II), Cu(II), Zn(II)) as a planar dianionic radical. [2-4] The 
resulting complexes, which are stable at room temperature and exposed to air, undergo reversible one-electron 
processes to access different redox states of the ligand system. The more compact propentdyopent pigments, 
which feature a dipyrrin-1,9-dione scaffold, [5] are also suitable to host unpaired electrons both in homoleptic and 
heteroleptic complexes. [6,7] Spectroelectrochemical and electron paramagnetic resonance (EPR) experiments 
indicate that the ligands act as electron reservoirs. Supported by computational analyses, our spectroscopic 
investigations document the stabilization of a diradical on a binuclear palladium dipyrrindione [8] as well as a 
redox-switchable boron difluoride complex. [9] Overall, the portfolio of properties revealed by our studies takes 
the tripyrrindione and dipyrrindione motifs of heme metabolites to the field of redox-active ligands, where they 
are positioned to offer new opportunities in catalysis, supramolecular systems, and molecular materials. 
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In the last two decades we have been committed to the development of novel third generation PSs for improved 
cancer photodynamic therapy (PDT), which include glycoderivatives, photoimmunoconjugates and photoactive 
(nano)formulations [1-3]. The main idea with these combinations is to offer novel photosensitisers (PSs) with 
high selectivity for cancer cells and consequently high PDT efficacy [4]. Actually, improving the efficacy of the 
photoactive drugs is one of the key innovation aspects that is indeed needed for the broad use of PDT [5]. PS 
bioconjugates and nanoformulations have been developed for drug target and for light-controlled 1O2 and/or drug 
release [3-5]. Most of the examples that will be presented in this seminar comprise of the development of new 
targeted PSs: porphyrinoids (Por, Chls and Pcs) functionalized with monomeric and dendrimeric units of 
galactose (Gal) [1], monoclonal antibodies [2] and silica nanoparticles-PS formulations [3], in this case used on 
biomedical applications (figure 1). In light of the above, I will show our recent contributions on bioconjugated 
PSs, highlighting their synthetic preparation. 

a) 

 

b) 

 

c) 

 
 

Figure 1. Example of: a) PS glycoderivatives; b) photoimmunoconjugates; c) silica nanoparticles-PS nanoformulations. 
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Theranostics combine an imaging agent and a therapeutic agent within the same scaffold, both agents being thus 
delivered at the same time and with the same biodistribution, which is useful to follow the therapeutic agent as 
well as the treatment outcome. Combination of MRI and PDT is expected to provide real-time monitoring of 
therapy. Organic radicals such as TEMPO-based MRI agents are expected to overcome Gd complexes’ drawbacks 
which have detrimental nephrotoxicity [1]. Only a few MRI-PDT theranostics are reported [2], and even less with 
phthalocyanine [3] as the photosensitiser despite its well-known advantages [4].  
Phthalocyanines with various numbers of TEMPO units have therefore been designed and synthesized. 
Preliminary assessment of their MRI and PDT potential will also be presented.  
Acknowledgement: The Scientific and Technological Research Council of Turkey (TUBITAK) is gratefully 
acknowledged (project 119Z095). 
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Nitric oxide (NO) plays diverse and pivotal roles in various biological processes although NO shows high 
cytotoxicity. In microbial denitrification process, a form of anaerobic respiration, in which nitrate or nitrite is 
reduced to dinitrogen in a step-wise manner, NO is produced as an intermediate product. To eliminate the 
cytotoxic effect of NO, microorganisms utilize NO reductase (NOR), which decomposes two NO molecules to 
nitrous oxide (N2O) using two protons and electrons (2NO + 2H+ + 2e- → N2O + H2O). There are two types of 
NORs in microbial denitrification; one is soluble NOR (P450nor) observed in fungi and the other is bacterial 
membrane-integrated NOR (cNOR). Although the extensive efforts for understanding the mechanisms for NO 
reduction by NORs, the reaction mechanisms are still in debate mainly due to the limited information on the short-
lived reaction intermediates. In this study, we utilized caged NO (BNN5) [1], which releases NO within micro-
second time domain upon UV illumination, as a trigger for the NOR reaction, and applied it for time-resolved 
spectroscopic and structural analyses for the reaction intermediates. The time-resolved techniques combined with 
caged NO provided invaluable information on the reaction mechanisms both in P450nor and cNOR. 
 1) P450nor. P450nor catalyzes NO reduction at a thiolate-coordinated heme active center. The resting 
ferric enzyme reacts with one NO molecule to form ferric NO-bound species, followed by a hydride transfer from 
NADH to produce a short-lived reaction intermediate called intermediate I [2]. Then, intermediate I reacts with 
second NO molecule to produce N2O. Because the structural characterization of intermediate I is a key to 
understand the reaction mechanism in P450nor, we aimed to determine the atomic and electronic structures of 
intermediate I. The time-resolved X-ray crystallography using X-ray free electron laser (XFEL) and caged NO 
gave the molecular structure of intermediate I [3-4]. In addition, the time-resolved IR analysis showed that the N-
O stretching frequency (NO) of intermediate I was detected at 1290 cm-1 [4]. Using these structural information, 
we can conclude that intermediate I is a Fe3+-NHO●- species. Thus, NO reduction by P450nor proceeds via radical 
coupling reaction. 
 2) cNOR. The active site of cNOR consists of heme and non-heme iron (FeB). Since the NO reduction 
reaction by cNOR is finished within milli-second time domain, the reaction intermediates were poorly understood. 
The time-resolved visible absorption measurement using caged NO showed that the fully reduced cNOR produced 
N2O via three steps [5]. In the 1st step, one NO molecule binds to reduced cNOR to form a NO-bound species in 
~5 s. The NO-bound species is converted to an other chemical species without protonation and second NO 
binding at ~100 s (2nd step). Finally, the second NO biding and the protonation to the reaction intermediate 
yield N2O in the milli-second 3rd step. These findings allow us to propose a revised mechanism for the NO 
reduction reaction by cNOR [5]. 
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coupling reaction. 
 2) cNOR. The active site of cNOR consists of heme and non-heme iron (FeB). Since the NO reduction 
reaction by cNOR is finished within milli-second time domain, the reaction intermediates were poorly understood. 
The time-resolved visible absorption measurement using caged NO showed that the fully reduced cNOR produced 
N2O via three steps [5]. In the 1st step, one NO molecule binds to reduced cNOR to form a NO-bound species in 
~5 s. The NO-bound species is converted to an other chemical species without protonation and second NO 
binding at ~100 s (2nd step). Finally, the second NO biding and the protonation to the reaction intermediate 
yield N2O in the milli-second 3rd step. These findings allow us to propose a revised mechanism for the NO 
reduction reaction by cNOR [5]. 
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The tetrapyrrolic corrole skeleton is found in the life of pigments as corrin (vitamin B12), in which only 13 core 
atoms are sp2-hybridized and others are sp3-hybridized. Preparation of corroles with all sp2-hybridized atoms 
have been extensively investigated by many groups due to their importance not only for dyes but also for the use 
of non-innocent ligands. Preparation of such free-base corroles, however, is not so easy due to the steric repulsion 
of inner three proton atoms and/or easily oxidizable nature of 18π-electron system incorporated with three 
electron-rich pyrrole units. Stable neutral radical 2 was reported to be formed on the oxidation of trimesitylcorrole 
1 with WCl6/W(CO)6.2 Corroles with bulky and/or electron-deficient aryl substituents at three meso positions are 
commonly employed for many investigations. We encountered the formation of corroles with no substituents at 
the meso positions in the [3+1]-porphyrin and [3+2]-sapphyrin syntheses. In this session, we will discuss about 
the details in the reactions and properties of the corrole products. 

 

 
Figure 1. Free base corroles with 18π- or 17π-electron circuits 
 
The [3+1]-porphyrin synsthesis with tripyrrane-
dicarbaldehyde 3 and BCOD-fused pyrrole 4a (R = H) 
was carried out (CH2Cl2/EtOH) in the presence of TFA 
to give porphyrin and corrole 5a in the yields of 7-25% 
and 9-15%, respectively. Similar results were obtained in 
the case of fluoranthoBCOD-fused pyrrole 4b. The 
BCOD unit of corroles 5 was converted by the retro-
Diels-Alder reaction and π-system enlarged corroles 
were successfully obtained. 

REFERENCES  
1. Financial support by NSFC-JSPS Joint program (JPJSBP 120197420)  
2. Schweyen, K. Brandhorst, R. Wicht, B. Wolfram, and M. Brçring, Angew. Chem. Int. Ed. 2015, 127, 8331-

8334. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 233



O
R

A
LS

 

 

Inducing magnetism in one-dimensional porphyrinoid 
polymers synthesized via oxidative coupling of isopropyl 

substituents on a metal surface  

Kalyan Biswas,a Maxence Urbani,a Ana Sánchez-Grande,a Diego Soler,b Pingo 
Mutombo,b Koen Lauwaet,a José M. Gallego,c Rodolfo Miranda,a,d David Écija,a 

Pavel Jelínek,b Tomás Torrese and José I. Urgela   
aIMDEA Nanoscience, C/ Faraday 9, Campus de Cantoblanco, 28049 Madrid, Spain 
bInstitute of Physics of the Czech Academy of Science, CZ-16253 Praha, Czech Republic  
cInstituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco, 28049 Madrid, Spain 
dDepartamento de Física de la Materia Condensada, Universidad Autónoma de Madrid, 28049 Madrid, Spain  
fDepartamento de Química Orgánica, Universidad Autónoma de Madrid, 28049 Madrid, Spain 
 

The synthesis of novel polymeric materials attracts widespread interest from several scientific fields in view of 
their extraordinary variety of functional properties. The vast majority of such polymers present a closed-shell 
ground state and only recently, as the result of improved synthetic strategies and spectroscopic techniques, the 
engineering of open-shell porphyrinoid polymers has been achieved [1,2]. Here, we present a combined strategy 
toward the fabrication of one-dimensional porphyrinoid-based polymers homocoupled via surface-catalyzed [3 + 
3]cycloaromatization of isopropyl substituents on Au(111). Scanning tunneling microscopy and noncontact 
atomic force microscopy describe the thermal-activated intra- and intermolecular oxidative ring closure reactions 
as well as the controlled tip-induced hydrogen dissociation from the porphyrinoid units. In addition, scanning 
tunneling spectroscopy measurements, complemented by computational investigations, reveal the open-shell 
character, i.e. antiferromagnetic singlet ground state of the formed polymers, characterized by singlet-triplet 
inelastic excitations. Our approach sheds light on the crucial relevance of the π-conjugation in the correlations 
between spins expanding the on-surface synthesis toolbox and opening new avenues toward the synthesis of 
innovative functional nanomaterials with prospects in carbon-based spintronics [3].  
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The preparation of porphyrin dimers and oligomers covalently linked by rigid spacer groups is currently a prolific 
area of research. The exploration of their properties in fields such as molecular electronics, chemical sensors, 
energy storage, etc., has demonstrated that constrained coplanarity is preferable. Red-shifted absorption bands in 
these compounds in comparison with monomers and other tetrapyrrolic cycles manifest a contraction of the 
HOMO-LUMO band gap towards the region assigned to semiconductors. Therefore, these porphyrins dimers have 
been regarded as potential electron-donating components in artificial systems for gas sensing devices. 
The preferential technique of immobilization of bis-porphyrins employed in our research group is the Langmuir-
Blodgett methods together with the Langmuir-Schäfer modification. Ease of deposition and good control over 
multilayer thickness coupled with the chance of tailoring organic molecules to obtain desired physical properties 
mark these films out as serious alternatives of the future in devices applications of today. 
We have investigated LB films of porphyrin dimers which have the two macrocycles (metallated or free bases) 
connected by different bridges and found that the central metals and the bridges play an important influence on 
the behaviour of the multilayers as the active part in gas-sensors. The different performances of the bisporphyrins 
will be discussed with the proposal of appropriate rationales.  
  

 
 

 
 

 
Figure 1. General structures of some investigated bis-porphyrins 
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The main group element porphyrins exhibit properties that make them ideal candidates for the photosensitizers 
donor acceptor complexes.1,2   In particular, the Al(III) and P(V) are of interest because of their ability to form 
axial covalent and coordination bonds and because their redox potentials can be tuned over a wide range. We have 
been investigating various dyads and triads based on these compounds using time resolved EPR methods and 
density functional theory calculations. The electron spin polarization patterns obtained from a variety of triads 
show that electron transfer between axially bound donors and acceptors occurs and in favourable cases allows 
details of the electron transfer pathway and spin selectivity to be determined.  The ability of these porphyrin to 

form axial bonds also makes it possible to construct 
co-facial dimers, which serve as models for the 
primary donors in photosynthetic reaction centres. The 
transient EPR data of a heterodimer comprised of 
P(V)-porphyrin and Al(III)-porphryin in which the two 
porphryins are in close contact shows evidence of 
charge transfer character in the lowest excited triplet 
state3,4. The triplet state is found to be populated by 
intersystem crossing and the ISC rates to the zero-field 
sublevels are altered in the dimer as a result of the 
interaction between the porphyrins. The solvent 
dependence of the charge transfer character leads to a 
decrease in the value of the zero-field splitting 
parameter D as the polarity of the solvent increases.    
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The catalytic activity of dye-decolorizing peroxidases (DyPs) towards bulky substrates is in strong contrast to their 
sterically restrictive active site. In two of the three known subfamilies (A- and C/D-type DyPs) catalytic protein 
radicals at surface exposed sites, which are connected to the heme cofactor by electron transfer path(s), have been 
identified. In contrast, no radicals apart from the Compound I porphyrin radical were reported in B-type DyPs upon 
reaction with H2O2. Surprisingly, we observed two persistent organic radicals in the resting state B-type Klebsiella 
pneumoniae dye-decolorizing peroxidase (KpDyP) using multi-frequency electron paramagnetic resonance (EPR) 
spectroscopy [1, 2]. Based on a comprehensive mutational and EPR study of computationally-predicted tyrosine 
and tryptophan variants in KpDyP, we demonstrate the formation of tyrosyl radicals (Y247 and Y92) and a radical 
stabilizing Y-W dyad between Y247 and W18 in KpDyP, which are unique to enterobacterial B-type DyPs [2]. 
Y247 is connected to Y92 by a hydrogen bonding network, is solvent accessible in simulations and is involved in 
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) oxidation. This suggests the existence of long-range 
electron path(s) in B-type DyPs. The mechanistic and physiological relevance for the reaction mechanism of B-type 
DyPs will be discussed in detail. 
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Porphyrins are attractive photoactive molecules widely used in energy conversion structures, linear and non-linear 
materials for optoelectronics and biomedical research. 
Extending the porphyrin -system by conjugation with proper units is an advantageous tool to control and finely 
tune the HOMO-LUMO gap of porphyrin-based arrays and to modulate their absorption and emission features. 
This approach is particularly interesting to develop systems with absorption and/or luminescence in the near-
infrared (NIR) spectral region, promising for biomedical (imaging, sensing), optoelectronic and energy conversion 
applications [1]. The extended conjugation, moreover, favours non-linear optical properties such as two-photon 
(TP) absorption [2], useful for TP-activated photodynamic therapy with increased 3D spatial resolution and 
reduced tissue damaging.   
In this contest, in collaboration with the group of Prof. V. Heitz (University of Strasbourg), we recently 
investigated several diketopyrrolopyrrole-porphyrin conjugates, where the arrays are composed by monomeric or 
dimeric porphyrin systems conjugated to diketopyrrolopyrrole units. These systems have been proven to be 
promising photosensitizers for one- and two-photon photodynamic therapy and efficient NIR emitters [3-5], with 
potential as active materials in luminescent solar concentrators. Further combination of the conjugates with 
selected functional units allowed to achieve MRI contrast [6, 7] or tumour targeting [8], leading to promising 
systems for theranostics and tumour-targeted photodynamic therapy. Detailed investigation of the photophysical 
properties of the arrays allowed to characterize singlet and triplet excited states features and to understand 
structural-property relationships, important to optimize the design of efficient NIR-responsive materials.  
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applications [1]. The extended conjugation, moreover, favours non-linear optical properties such as two-photon 
(TP) absorption [2], useful for TP-activated photodynamic therapy with increased 3D spatial resolution and 
reduced tissue damaging.   
In this contest, in collaboration with the group of Prof. V. Heitz (University of Strasbourg), we recently 
investigated several diketopyrrolopyrrole-porphyrin conjugates, where the arrays are composed by monomeric or 
dimeric porphyrin systems conjugated to diketopyrrolopyrrole units. These systems have been proven to be 
promising photosensitizers for one- and two-photon photodynamic therapy and efficient NIR emitters [3-5], with 
potential as active materials in luminescent solar concentrators. Further combination of the conjugates with 
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The association of porphyrinic photosensitizers (PSs) with nano-sized particles for drug delivery has become an 
essential part in their application in photodynamic therapy (PDT). In these systems the nanoparticles fulfil several 
functions like enhancing the solubility, bioavailability and stability of the encapsulated PS as well as maintaining 
the photophysical properties, improve targeting via functionalization of the particles and enhancing overall PDT 
efficiency. The design and prediction of suitable efficient carrier systems requires a thorough understanding of 
how the PSs interact with their carrier and what their fate is in physiological environments and inside the cell. 
While optical methods are essential and often the first method of choice for characterizing PSs, a substantial 
amount of complementary aspects can be learnt from NMR spectroscopy. The different NMR techniques can 
provide insights into PS-nanoparticle interactions with atomic resolution. In addition, dynamic properties that 
determine the pharmacokinetic properties of PS-carrier systems can be well studied by NMR diffusometry and 
relaxometry [1, 2]. Moreover, induced changes onto the immediate molecular environment as well as metabolic 
responses in living cells provide further aspects that can be addressed by NMR. 
In this presentation, an overview of the various applications to porphyrin-nanoparticle systems will be given along 
with specific examples for porphyrins physically entrapped into polymeric carriers and their interactions with cells. 
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Aromatically -extended porphyrins possess exceptionally intense one-photon (1P) and sometimes two-photon (2P) 
absorption bands, presenting interest for construction of optical imaging probes and photodynamic agents. Over the 
past two decades we developed synthetic approaches to various types of -extended porphyrins and explored Pd(II) 
and Pt(II) complexes as functional elements for phosphorescent probes for a broad range of oxygen imaging 
applications: from fiber-optic oximetry to different forms of in vivo imaging, including the newly developed optical 
tomographic method termed Cherenkov-Excited Luminescence Scanned Imaging (CELSI) [1]. At the same time, 
Pd(II) and Pt(II) complexes of porphyrins extended by way of fusion with aromatic fragments containing electron-
withdrawing groups [2], such as in fully D4h-symmetric tetraarylphthalimidoporphyrins (TAPIP) [3] and D2v-
symmetric diarylphthalimidoporphyrins [4], proved to be extremely potent two-photon-absorbers, and hence rapidly 
became popular as probes for two-photon phosphorescence lifetime micrscopy (2PLM) of oxygen [5] - a technique 
with broad applications in neurosceince, stem cell biology, immunology and other areas of biological research. In 
this presentation we will discuss the interplay between symmetric and asymmetric -extension of the porphyrin 
macrocycle and its non-linear optical properties on the fundamental level, focusing on two-photon and the most 
recently studied three-photon absoprtion [5]. In practical sense, exploring higher order non-linearity should enable 
deeper imaging with higher resolution in intact biological tissues, such imaging of metabolic activity in live brain. 
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Electronic absorption and magnetic circular dichroism (MCD) spectra of porphyrins and porphycenes react 
differently to peripheral substitution. The intensity pattern remains similar for porphycenes, but it can change 
dramatically for porphyrins. This is a consequence of different relative energy gaps in the two pairs of frontier π 
orbitals. Porphyrins can be classified as “soft” (ΔHOMO ≈ ΔLUMO), whereas porphycenes are “hard” 
chromophores (ΔHOMO << ΔLUMO).1  
 
Absorption spectra of porphycene derivatives vary in an approximately linear fashion with the number of 
substituents.[2, 3] In contrast, the additivity may break down completely with respect to photophysics.[3, 4]  For 
instance, isomeric porphycenes doubly substituted at the meso positions can fluorescence with  completely 
different yields, depending on whether the substituents are located next to each other (9,10-substitution pattern) or 
on the opposite sides of the molecule (9,19- and 9, 20- substitutions). 
 
We have demonstrated that huge variations in fluorescence intensity can be correlated with the dimensions of the 
inner macrocycle cavity, which, in turn, determine the strength of the intramolecular hydrogen bonds.[4] 
Delocalization of the inner protons has been proposed as the crucial factor responsible for the photophysical 
behaviour. This model is supported by growing evidence, obtained from studies in ensemble [5-6] and single 
molecule [7-8] regimes, which indicates the dominant role of tunnelling in tautomerization of porphycenes in 
different environments.  
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Pi-Extended Porphyrins Fused with Five-,Six, and 8-
Membered Rings: Synthesis, Characterization  

and Property Studies 

Austen Moss, Jacob Arividson, Youngwoo Jang, Francis D’Souza  
and Hong Wang 

Department of Chemistry, University of North Texas, Denton, TX 76201, USA 
 
Largely -extended structures represent one most fascinating yet very challenging frontiers in chemistry and 
materials science. Incorporating both porphyrins and polycyclic aromatic hydrocarbons to obtain largely -
extended multichromophoric systems is especially attractive as the resulted largely -extended systems are 
reminiscent of “nanographenes” doped with heteroatoms.1, 2 Several new synthetic methods to fuse different type 
of aromatic rings to the porphyrin periphery at the , -positions have been developed in our laboratory in the past 
two years. Using these methods, a number of novel -extended porphyrin systems with fused 5- and 6-membered 
rings including pentacene-, pentaquinone-, acenaphtho[1,2-b] pentacene- and 12H-
benzo[f]benzo[4,5]imidazo[2,1-a]isoindole-fused porphyrins have been designed and prepared.3-6 Nickel 
porphyrin-fused pentacenes demonstrated unusual stability. Investigation of the abnormal stability using 
femtosecond transient absorption technique suggested nickel porphyrin centered photo-events leading to a short-
lived intermediate charge transfer state, consequently blocking the photodegradation pathways of pentacene.3  
Unsymmetrical pentacene-fused molecular systems exhibited broad and intense near-IR absorptions in the 1800-
2200 nm range for both radical cation and radical anions, illustrating the exceptional ability of these pentacene-
fused systems to accommodate both positive and negative charges.5 These largely -extended molecular systems 
displayed unusual UV-Vis absorption patterns and rich redox chemistry with up to 8 observable redox states.  
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The metalation of the corrin ring  
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The careful and precise insertion of cobalt into the corrin ring moiety of cobalamin is a key and often limiting step 
in its biogenesis (1). For the aerobic synthesis of the corrin macrocycle cobalt is added at a relatively late stage in 
the biosynthetic pathway, with the metal being added to an intermediate called hydrogenobyrinic acid a,c-
diamide. The enzyme that mediates this cobalt-insertion step is composed of three subunits termed CobN, S and 
T, and is related to the magnesium chelatase system associated with chlorophyll biosynthesis. The enzyme 
complex requires ATP for activity and under physiological conditions it also requires the cobalt to be delivered by 
a chaperone called CobW (2). We have now characterised several cobaltochelatase complexes, which not only 
highlight some degree of variance with respect to substrate preference but also reflect differences in control. Our 
work on the cobaltochelatases required the construction of bacterial strains that produced high levels of metal-free 
corrin-based substrates, which have also served another purpose as acting as material that can be used for the 
chemical insertion of different metal ions to generate a suite of different corrin-metal analogues that have been 
converted into a range of metal-substituted cobalamins or metbalamins (3-6).  
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Molecularly defined (photo)electrocatalysts have great potential to perform important energy conversion 
reactions with high efficiency and selectivity. A particular advantage is their modular design, which allows their 
reactivity to be tailored to a specific reaction. However, to advance their rational development, a deep mechanistic 
understanding of the catalytic reactions is required. In situ vibrational spectrochemistry, in particular confocal 
Raman and infrared absorption spectroscopy, is an extremely powerful method to gain deep insights into the 
structure and reactivity of electrode-immobilized molecular catalytic systems under operando conditions [1]. In 
my talk, selected research examples will be used to present the different aspects and features of 
(photo)electrocatalysis that can be visualized using vibrational spectrochemistry. The target systems presented 
include porphyrin- and phthalocyanine-based systems for electrocatalytic oxygen and CO2 reduction [2, 3] as 
well as conjugated acetylene polymers for photoelectrocatalytic hydrogen and oxygen evolution [4]. Spectra 
evaluation under operando conditions allowed us to monitor photoinduced charge separation, redox changes and 
ligand binding within these catalysts. We furthermore identified reaction intermediates and could demonstrate 
synergistic effects of dual active sites in catalysis. 
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Globin coupled sensors (GCSs) are bacterial heme proteins that consist of a globin domain linked by a central 
domain to an output domain, such as diguanylate cyclase domains that synthesize c-di-GMP, a major regulator of 
biofilm formation. While O2-binding typically activates enzymatic activity of GCS proteins, we have recently 
characterized a GCS from Paenibacillus dendritiformis (DcpG) that exhibits differential modulation of two 
enzymatic domains by O2 and NO [1]. DcpG also exhibits markedly weaker O2 affinity than typical sensor 
globins, as well as unmeasurable autooxidation. Comparison of DcpG with the GCS protein from Pectobacterium 
carotovorum (PccGCS) has identified heme pocket residues involved in modulating O2 affinity and redox 
potential of GCS proteins. Using FTIR, O2 binding measurements, enzyme kinetic assays, structural techniques, 
and resonance Raman spectroscopy, we have identified key interactions at the heme edge that modulate O2 
affinity, midpoint potential, and ligand-dependent signal transduction [2]. Results from these studies highlight 
novel ways to modulate O2 affinity and reactivity of heme proteins, as well as the role of heme edge residues in 
signal transduction. 
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Heme enzymes are powerhouses for the interconversion of indole moieties within biological systems, wherein 
synthetically challenging transformations are mediated with remarkable precision on a broad scope of indole 
motifs under environmentally benign reaction conditions. Comprehending these pathways in great detail pose 
significant implications in human pathogenesis and prognosis, thereby offering useful insight into the rational 
design of superior therapeutic agents with enhanced effectivity and specificity. Moreover, a clear, unequivocal 
understanding of these biological pathways hold significant promise in the development of environmentally 
benign catalytic protocols both in acquiring challenging synthetic architectures as well as in alternative energy 
applications. Synthetic heme model systems are appealing probes in this endeavour, which can be generated in 
high yield using relatively straightforward pathways and are typically capable of withstanding a much broader 
range of experimental conditions in comparison to their biological counterparts. These model compounds 
therefore enable detailed interrogations into structure function relationships and mechanisms of bio-inspired 
reaction pathways mediated by heme systems that are virtually impossible to execute on enzymatic systems. We, 
in our recent studies have rigorously described first examples of indole dioxygenating, monooxygenating, and 
nitrating heme model systems drawing close parallels to analogous heme enzymes that are emerging drug targets 
against a vast variety of diseases, especially cancer. We have discovered subtle bio-relevant mechanistic details 
that are likely monumental in the design of novel, selective, mechanism-based drug candidates that could 
revolutionize future human therapeutics.      
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For the fabrication of macroscopic devices exploiting the properties of organic chromophores, the availability of 
well-defined thin films of high optical quality is an important prerequisite. Optical absorption properties are often 
strongly affected by inter-chromophore interactions, and therefore periodic assemblies with low defect densities 
offer substantial advantages over amorphous compounds. In addition, crystalline chromophoric arrangements offer 
the chance to exploit band-structure effects, e.g. the occurrence of indirect band gaps [1]. The latter would reduce 
the chance for radiative recombination and thus improve the performance of solar cells.  
 
In this context, crystalline reticular networks have recently attracted considerable interest. By appropriate 
functionalization, most organic chromophores can be converted to function as di- or higher-topic linkers, which can 
coordinate to metal or metal-oxo centers, so as to yield stable, metal-organic frameworks, or MOFs. Of particular 
interest in this context are light-switchable MOFs. However, the conventional powder form of MOFs obtained using 
solvothermal approaches, exhibits substantial drawbacks with regard to optical applications, e.g. limited efficiency 
resulting from absorption and light scattering caused by the (micrometer-sized) powder particles. Providing MOFs 
in the form of thin films avoids these problems. We have developed a layer-by-layer (lbl) deposition method to 
produce well-defined, highly oriented and monolithic MOF thin films on a number of different substrates. The 
resulting films are referred to as SURMOFs [2]. The fabrication of hetero-multilayers containing well-defined 
hetero-interfaces is rather straightforward with this lbl method. A particularly attractive option is to exploit the 
porous nature of the MOFs in connection with the lbl method to integrate C60 into SURMOF-based devices, e.g. 
in the context of photoconductivity [3]. In the context on nonlinear optical properties, using sophisticated assembly 
strategies were recently used to fabricate non-centrosymmetric SURMOFs with high SHG activity [4]. 
Phthalocyanine-based SURMOFs are also well suited for the fabrication of optical cavities, an exciting new field 
with regard to the tuning of materials properties [5].  
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Catalysis by a binuclear Co(II)Pc: It is well known that Co(II)Pcs are worldwide used in the Merox Process as 
catalyst for the desulfuration of petroleum fractions to convert thiols with oxygen to disulfides. Therefore it is 
important how it is possible to enhance the catalytic activity by CoPc derivatives. In the scientific literature the 
catalytic activity of Co(II)Pcs is usually tested in the oxidation of 2-mercaptoethanol (RSH; R= HOCH2CH2-) to 
the corresponding disulfide (RS-SR) in weakly-alkaline media. 
In our work we compared the catalytic activities for the oxidation of 2-ME of the mononuclear CoPc 1 with the 
annulated binuclear CoPc-CoPc 2 both substituted by 2,6,-methylphenoxy groups for better solubility [1]. The 
measurements were carried under O2 in 50 mL weakly alkaline THF solution containing 2-ME and CoPcs in a 
molar ratio of ~142.000:1. The oxygen consumption over time was measured. The catalytic activity can be described 
by the turnover frequency (TOF, number of moles of thiol converted per mole of CoPc per minute). 
The commercially used mononuclear 1 provides a TOF of 250 min-1. However, the catalytic activity for the 
binuclear 2 exhibits an extremely high TOF of ~9000 min-1. The catalyst 2 is very stable, and turnover numbers 
exceeding 2 000 000 were achieved, and the unprecedented catalytic activity of 2 remains practically unchanged. A 
mechanisms is proposed based on the electronic contact between two Co centres through the extended π-electron 
system in 2 which facilitates the electron transfer from thiolate to oxygen. 
Photocatalysis by a npAu-Zn(II)Pc hybrid system: Nanoporous gold (npAu) supports with a high surface were 
prepared as disks, foils and powders by corrosion of an AgAu alloy with concentrated HNO3. Then 
functionalization of the npAu with a ZnPc derivative 3 to obtain the npAu-ZnPc hybrid system 4 was carried out. 
The ZnPc 3 is homogenously distributed through the whole outer and interior surface of the nanoporous structure. 
Both components of the hybrid material, npAu (~520 nm) and ZnPc (~680 nm), are absorbing in the visible region 
of light. The powdered hybrid system 4 suspended in a solvent was investigated as heterogeneous photocatalyst 
under oxygen atmosphere and irradiation with visible light in photooxidations of [4 + 2] cycloaddition reactions of 
eight different substrates [2]. 100 mL of a solvent contains 5 μmol of a substrate and 28 mg the suspended powdered 
hybrid 4 loaded with only 0.5 nmol active ZnPc (molar ratio substrate:ZnPc = 10.000:1). Irradiation with visible 
light was conducted under oxygen. Exemplarily, after 10 min 100% conversion of 1,3-diphenylisobenzofuran to 
1,2-dibenzoylbenzene was measured with the hybrid photocatalyst. But only 25% of the same substrate was 
converted with the same amount of dissolved ZnPc in solution. Another example is α-terpinene: 85% conversiojn 
after 120 min with the hybrid photocatalyst and 45% with ZnPc in solution. In contrast, npAu showed no 
photocatalytic activity under irradiation. 
The reactive species for the photooxidation is singlet oxygen formed by irradiation of ZnPc from triplet oxygen. 
The much higher activity of the hybrid photocatalyst 4 is explained by energy transfer from localized plasmon 
resonance (LSPR) to the immobilized ZnPc 3 under irradiation with visible light.  
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Tetrabenzoporphyrin (TBP) and phthalocyanine (Pc) are widely studied molecules as the functional dyes and the 
p-type organic semiconductors due to their high stability, large absorption coefficient at visible region, and good 
hole transporting property. 5,15-Tetrabenzodiazaporphyrin (TBDAP) is a structural hybrid molecule of TBP and 
Pc and has several potential advantages as an organic semiconductor [1]. The replacement of two meso-carbons of 
TBP to nitrogen atoms stabilizes the energy levels of the frontier orbitals because of the higher electronegativity 
of nitrogen compared with the carbon. Lowering the HOMO levels of the p-type organic semiconductors is 
effective to achieve large open-circuit-voltage in organic photovoltaic application. Moreover, since the 
substituents at the meso positions are important for tuning not only optoelectronic properties but also solubility 
and solid-state molecular arrangement, the structural versatility of TBDAP is a great advantage compared to Pc. 
Herein, we report the synthesis of meso-substituted BCOD-fused DAP-copper complexes by the metal-templated 
cyclization using NaN3/CuI/ligand system with moderate yield [2]. We also report the thermal conversion of the 
precursors to TBDAPs on the substrate and their optoelectronic properties. 
 

 
 

Figure 1. Chemical structures of TBP, Pc, and TBDAP and the synthetic route of TBDAP. 
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Polyaniline (PANI) is one of the most famous conducting polymers whose structure and redox behavior have been 
well-studied. PANIs have three stable redox states; fully reduced state (leucoemeraldine), fully oxidized state 
(pernigraniline), and partially oxidized state (emeraldine). In addition, those protonated states, in which proton 
was added on the bridged nitrogen atoms, are present for all oxidation states. Those electrochemical and 
spectroscopic properties are quite different. Herein, we present the synthesis and the reversible redox switching of 
novel linear π-conjugated meso-aminoporphyrin oligomers analogous to polyanilines. 
A meso-aminoporphyrin1 undergoes oxidative oligomerization reactions in the presence of dioxygen and an acid 
catalyst to afford the oligomers with a similar structure to fully-oxidized polyaniline. The obtained oligomers 
exhibit narrow HOMO–LUMO gaps and broad NIR electronic absorptions assignable for the intramolecular 
charge transfer (ICT) transitions from porphyrinoid moieties to quinoid moieties (Fig. 1). The quinoid moieties in 
the fully oxidized oligomers are reversibly reduced by sodium ascorbate to afford all-porphyrinoid oligomers, 
which do not have an ICT band. Three types of the partially reduced tetramers having one quinoid moiety (3, 4a, 
and 4b) were also obtained, and 4a and 4b were interconverted to each other in solution. Moreover, this 
interconversion was significantly accelerated in the presence of a protic solvent. This result is consistent with high 
electron transport on the partially-oxidized polyanilines upon protonation. 
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Fig. 1 Vis/NIR absorption 
spectra of 1, 2b, and the 
mixture of 4a and 4b in 
toluene. 
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Construction of the extended π-system is one of the main topics in synthetic chemistry. There are two kinds of π-
extension, one of which is in-plane extension, and the other being longitudinal extension, so called π-π stacks. 
Phthalocyaninato multiple-decker complexes composed by lanthanoid and cadmium ions are one rare examples of 
stacked π-oligomers [1-2]. In addition, oligomers containing terbium ions as the lanthanoid ions are known to show 
single-molecule magnetic behavior. In this presentation, we will report unusual biradical states and decrease in the 
magnetic anisotropy of oxidized oligomers proofed by means of 1H NMR analyses and DFT calculations. Because 
of the strong magnetic anisotropy of Tb(III), the 1H signals show large paramagnetic shift down to -100 ppm. Ligand 
oxidations result in the decrease in amounts of the paramagnetic shifts, indicating the decrease in the magnetic 
anisotropy. In addition, there is a large discrepancy between calculated and estimated 1H signals in +2e charged 
tetramer and pentamer, indicating the triplet biradical states which act as the additional spin source to induce unusual 
paramagnetic shift [3-4]. 
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Human indoleamine 2,3-dioxygenase 1 (hIDO1) and human tryptophan dioxygenase (hTDO) are two important 
heme proteins that degrade the essential amino acid, L-tryptophan (Trp), along the kynurenine pathway. The two 
enzymes share a similar active site structure and an analogous catalytic mechanism, but they exhibit a variety of 
distinct functional properties. Here we used carbon monoxide (CO) as a structural probe to interrogate how the 
functionalities of the two enzymes are encoded in their structures. With X-ray crystallography, we detected an 
unexpected photochemical intermediate trapped in a crystal of the hIDO1-CO-Trp complex (denoted as hIDO-CO-
Trp*), where CO is photolyzed from the heme iron by X-rays at cryogenic temperatures (100 K) (Figure 1). The CO 
photolysis triggers a large-scale migration of the substrate Trp, as well as the photolyzed CO, from the active site to a 
temporary binding site, Sa*. It is accompanied by a large conformational change to an active site loop, JK-LoopC, 
despite the severely restricted protein motion under the frozen conditions, which highlights the remarkable 
conformational plasticity of the hIDO1 protein. Comparative studies of a crystal of the hTDO-CO-Trp complex show 
that CO and Trp remain bound in the active site under comparable X-ray illumination, indicating a much more rigid 
protein architecture. The data offer important new insights into the structure and function relationships of the heme-
based dioxygenases  and provide new guidelines for structure-based design of inhibitors targeting them [1]. 

 

Figure 1. Photoinduced ligand and substrate migration in hIDO1. (A) Active site structure of hIDO1-CO-Trp* (gray) 
superimposed with that of the hIDO1-CN-Trp complex (PDB: 5WMU) (magenta), used as a model for the intact hIDO1-CO-
Trp complex, to illustrate the CO photolysis induced relocation of Trp and CO, as indicated by the green arrows. The bottom 
panel shows sequence alignment of the JK-Loops of hIDO1 and hTDO. The conserved “GTGG” motif is highlighted in 
magenta. (B) Schematic illustration of the ligand and substrate migration and the accompanied opening of the JK-LoopC 
induced by X-rays or visible light (steps 1 and 2) and their subsequent rebinding and the closure of the JK-LoopC upon the 
termination of the photolysis light (steps 3–5). 
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Corrinoids as Cofactor F430 Models and Antibiotic Agents 
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Department of Chemistry, University of Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzerland. 
 
Cobalt-containing vitamin B12 catalyses difficult biological methyl transfer and [1, 2] rearrangement reactions. 
Inspired by its versatile chemistry, my group synthesizes modified corrins with new properties and functions. In this 
lecture, I will highlight the preparation and study of a catalytically active Ni(I) corrin derivative reminiscent of 
cofactor F430 [1, 2]. Apart from fundamental studies, the antibiotic properties of modified Cbls are discussed. 

 

Financial support by the University of Zurich, the Schweizerischer Nationalfonds (SNFS-73537-02-01), the 
“Forschungskredit” of the University of Zurich is gratefully acknowledged. We acknowledge generous gifts of B12 
from DSM Nutritional Products AG (Basel/Switzerland) as well as from Prof. em. Bernhard Jaun (ETH Zurich). 
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Porphyrins are a class of organic molecules abundant in nature with unique photophysical properties rooted in their 
aromatic macrocyclic structure, and their integration into supramolecular assemblies has advanced their biomedical 
utility. By mimicking these light harvesting systems in photosynthetic bacteria, we have created a family of 
supramolecular assemblies of highly ordered porphyrin aggregates possessing unique photonic properties [1, 2] 
making them high suited for multimodal imaging and therapeutic applications. 
 
These assemblies, much like other nanoscale agents, rely on the leaky vasculature and poor lymphatic drainage of 
tumours to extravasate or leak out. While this passive delivery is widely applied and established in pre-clinical 
mouse models, it remains controversial in a clinical context, prompting an exploration of active strategies. One such 
strategy involves ultrasound stimulation of exogenous microbubbles – particles 1-8 um in diameter with a lipid 
monolayer encapsulating a gaseous core. Currently clinically approved for imaging, and in clinical trials for various 
therapeutic applications, microbubbles expand and contract under ultrasound causing a range of vascular events 
while emitting acoustic signatures for feedback control in real time. 
 
We recently created novel multimodal porphyrin-encapsulated microbubbles, and demonstrated their ultrasound-
triggered conversion [3] to a new submicron ultrasound agent – nanobubbles – with actively increased accumulation 
in targeted tumour tissue [4,5]. While traditionally the large diameter of microbubbles has confined them to the 
vasculature, the presence of gas in the daughter nanobubbles in combination with the photoactive porphyrin opens 
the possibility of stimulating further optical- and ultrasound-mediated imaging as well as photo-/and sono-dynamic 
therapeutic applications beyond the vasculature. In this talk we will discuss porphyrin supramolecular assemblies, 
and highlight their novel applications with ultrasound. 
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Isoindoline-Based Open Macrocycles  
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Diiminoisoindoline continues to be a useful reagent for the synthesis of phthalocyanine inspired macrocycles and 
chelate systems.  When combined with pyrazole, indazole, and benzimidazole-based heterocycles, this compound 
forms a chelate that can condense at metal sites to form phthalocyanine analogue compounds.  These analogues 
are ring open macrocycles, where the ring either closes via a non-covalent interaction (biliazine and subbiliazine) 
or forms a helical structure, the new heliphyrin chelates.  This talk will present recent developments in these open 
macrocycle compounds and will also introduce new isoindoline and pthalazine-based bidentate chelates.   
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On the Structural Factors Influencing Photodynamic 
Activity in Phthalocyanines  
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Phthalocyanines (Pcs) belong to widely investigated structural type of synthetic dyes. Thanks to wide absorption 
in (far) red region and good ability to produce singlet oxygen, they have also found their place in photodynamic 
therapy (PDT) of cancerous conditions. Number of Pcs have been synthesized and tested for anticancer PDT on 
cells. The structural factors influencing the final photodynamic effect, however, are not still very clear. In our 
research, we focused first on the direct comparison of Pcs bearing anionic and cationic peripheral substituents 
(Figure A) since the analysis of the published data indicated substantial difference between these two groups. On 
the series of Pcs bearing the same number of charged and bulky substituents, we demonstrated that the main 
reasons laying behind this difference are found in presence on non-ionized form at lower pH and strong binding of 
anionic Pcs to serum albumin that leads to inactivation of excited states and decreased escape of singlet oxygen 
from the protein environment [1]. 
Besides this project, we also focused on the supramolecular approach for decreasing aggregation of Pcs in water. 
Pcs bearing adamantyl moieties as peripheral substituents were therefore designed and synthesized (Figure B). It 
has been proven that substantial monomerization in water can be achieved upon interaction with cucurbituril 
(CB[7]). Despite such monomerization, the photodynamic activity of Pcs was found lower due to lower cellular 
uptake upon interaction with such bulky hydrophilic host. 
Bearing in mind that in vitro photodynamic properties on cells are often evaluated under different irradiation 
conditions, we decided to compare various Pcs under the same conditions. Large series of published Pcs (anionic, 
cationic, nonionic, hydrophilic, amphiphilic, axially substituted, etc.) from various top research groups in area of 
Pcs have been collected and tested. The first analysis of the obtained data will be presented during lecture. 
 
 
 
 
 
 
 
 
 
 
 
The work was supported by Czech Science Foundation (20-09212S). 
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We present in this contribution our molecular approach to the discovery of active and non-toxic antibiotic [1-2] 
and anticancer [3] metal complexes and the preparation of surface-functionalized diatom microalgae for the 
targeted delivery and enhanced cytotoxicity of the anticancer compounds against colorectal cancer (CRC) [4-5]. 
The complexes we identified are active in vivo (zebrafish-lethal C. albicans or MRSA infection and -human HCT-
116 xenograft models respectively) in low M to nM concentrations and show no sign of cardio-, hepato-, 
hematotoxiciy or teratogenicity. A bio-inspired hybrid multifunctional drug delivery system based on diatom 
microalgae for the targeted delivery of the complexes was designed by chemically modifying the microalgae’s 
surface with hybrid vitamin B12-photoactivatable molecules and the materials further loaded with active 
compounds. The constructs showed enhanced adherence to CRC cells and slow release of the chemotherapeutic 
drugs. The overall toxicity of the hybrid multifunctional drug delivery system was further enhanced by 
photoactivation of the microalgae surface.  
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antimicrobial Photodynamic Therapy success 
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Wastewater (WW) containing identified and emergent pathogenic microorganisms (MO), is subject of great 
concern, due to the impact of these effluents on the quality of natural receiving waters [1,2]. A secondary 
biological treatment in a well-operated treatment plant can be very efficient for the removal of carbon (85-95%), 
nutrients (nitrates and phosphates) and suspended solids content in raw WW. However, this process is inefficient 
on the inactivation of MO, including pathogens that can survive through the treatment and an additional oxidation 
process is often required for effluent disinfection [1]. The traditional tertiary treatments, based on disinfection 
methods to reduce pathogens concentration in WW (e.g., chlorination, ozonation, UV) are expensive, sometimes 
ineffective, and unsafe, highlighting the need for new technologies [3]. The promising in vitro results of 
antimicrobial Photodynamic Therapy (aPDT) to eradicate MO suggest its effective application as a disinfection 
process to improve WW quality before its release into the environment [4].  
One of the aims of our work was to assess if the principles of aPDT can be successfully extended to real contexts, 
namely for the microbial inactivation on WW. We have been performed experiments with different water matrices 
compositions to inquire about the influence of some of their physicochemical parameters in the effectiveness of 
microbial photodynamic inactivation of the bacterium Escherichia coli (used as bacterial model of faecal 
contamination) [2]. The results of bacterial photoinactivation in water samples from aquaculture and wastewater 
treatment plants (receiving domestic or industrial WW, or a mixture of domestic and industrial WW) facilities, 
seawater (from different locations) will be presented and discussed.  
 
Acknowledgements: Thanks are due to the University of Aveiro and FCT/MCT for the financial support for the 
LAQV-REQUIMTE (UIDB/50006/2020) and CESAM (UIDB/50017/2020 + UIDP/50017/2020), and to the FCT 
projects PREVINE - FCT-PTDC/ASP-PES/29576/2017 through national founds (OE) where applicable co-
financed by the FEDER-Operational Thematic Program for Competitiveness and Internationalization-COMPETE 
2020, within the PT2020 Partnership Agreement. M.B. and C.V. are thankful to the Fundação para a Ciência e a 
Tecnologia (FCT) for their PhD Grants (SFRH/BD/121645/2016 and SFRH/BD/150358/2019, respectively). 
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Photodynamic therapy (PDT) is a well-known low-invasive technique used as an important part of the combined 
treatment including surgery, chemo- or antibiotic therapy, to eliminate both tumors and superficially located drug-
resistant microbial infections and induced a significant immune responce in organism of the patient [1-5]. The 
photodynamic treatment is realized in combination of visible light, oxygen and photosensitizer (PS), which is very 
often a macrocyclic dye such as chlorin e6 [2, 5]. Chlorin PS molecules are usually functionalized by covalently 
bound fragments of bioactive molecules like amino acids, sugars, glycols or some nitrogen containing 
compounds. These groups are implemented into the structure of PSs to reduce their aggregation and thereby to 
improve both solubility in aqueous solutions and reactive oxygen species (ROS) generation, to increase the 
tropism of PSs to the membranes of tumor and/or microbial cells and to enhance the induction of their apoptosis 
[1, 2]. Here we present our results on the synthesis, photophysical characteristics, aggregation and interaction with 
carriers in aqueous media, distribution of chlorin PSs between blood proteins and modeling of their membrane 
transport as well as photoinactivation of malignant and/or microbial cells in vitro using PDT. 
This work was supported by the Russian Science Foundation (project N 21-13-00398). 
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Modified porphyrins and, in particular, carbaporphyrins may differ significantly in properties and reactivity from 
their regular counterparts [1,2]. By introducing new motifs, we investigate the influence of the modification of the 
scaffold on the resulting molecules’ behaviour. I would like to show the rich chemistry of cobalt meso-substituted 
azuliporphyrin we reported recently [3].  
A cobalt ion may transiently interact with the azulene fragment, altering the overall borderline aromaticity. 
However, it also readily activates the inner C–H bond, forming a reactive organometallic species. The most fun 
comes from the richness of that reactivity. We can either focus on the azulene fragment attaching a metal cluster 
to force it into interacting with the cobalt(II) center. We reach a diamagnetic and aromatic cationic complex by 
oxidizing the center itself.  
Eventually, the greatest chance for post-coordination modifications comes from the lability of the Co(II)–C bond. 
The insertion of an oxygen atom results in the electronic structure changes within the cobalt ion. Though, further 
reactivity starts emerging as it is possible that the center activates particular small molecules and transfers them 
onto the inner carbon atom. The confinement of a new molecular fragment brings a promise of further expansion 
of the research scope for carbaporphyrins, which I currently pursue. 
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Cancer was responsible for about 10 million deaths in 2020, making it one of the biggest civilizational health 
problems [1]. Among all cancers, breast cancer was the most common in terms of new cases of cancer last year 
and in general is the most prevalent cancer among women, alone accounting for 30% of female cancers [2]. 
Although significant progress has been made to improve cancer treatment over the past decade, patients are still 
waiting for new cancer breakthrough treatments. 
 

 
 

In such a breakthrough, photodynamic therapy (PDT) which is a minimally invasive treatment that combines 
photosensitising drugs (PSs), oxygen, and light to kill cancer cells, could play an important role. PDT is a selective 
approach with minimal side effects on normal tissues, offering a promising alternative to standard chemotherapy, 
radiotherapy, and surgery. Phthalocyanines (Pcs) are one of the most promising second-generation PSs and meet 
many requirements for being ideal PSs [3]. Unfortunately, very often Pcs are hydrophobic species and undergo self-
aggregation in aqueous solutions, which drastically reduces their photosensitizing efficiency. In this research, the 
limitations of Pcs were overcome by encapsulating them into polymeric nanomicelles delivery systems which greatly 
improved their photophysical properties. In vitro studies reviled that the novel micelles were effectively taken up by 
breast cancer cell lines. Moreover, the PDT results showed that these photoactive nanomicelles delivery systems 
were much more efficient than the non-encapsulated Pcs, enhancing their future application in the clinical PDT. 
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Electrospun fibers provide decent scaffolding support for other reactive chemicals structures, such as 
phthalocyanines, to be bound onto. Due to this the fibers can be modified to possess a variety of useful properties. 
In addition to this, the final fibers formed through electrospinning may also themselves be made from compounds 
with interesting properties. 
In this presentation we’ll be reporting on the formation of both polymer and metal oxide fibers via electrospinning 
and the subsequent modification of them with different phthalocyanines and metal clusters. These modified fibers 
are then tested for their ability to degrade pollutants [1-3], generate hydrogen [2] and their antimicrobial activity 
[4], and these modified fibers displayed improved behaviour in all of these tested areas. 
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Directly linked metalloporphyrin conjugated polymers are excellent candidates for electro- and photocatalytic 
chemical transformations, –including solar-assisted water splitting for clean hydrogen production– due to their 
enhanced optoelectronic properties resulting from the direct fusion of multiple porphyrins units. [1] Additionally, 
fused-metalloporphyrins can be engineered by the selection of the metal cation chelated at the porphyrin core, to 
be able to act as catalytic active sites towards specific chemical reactions. [2] Despite their promising properties, 
the incorporation of fused-metalloporphyrin conjugated polymers into functional devices is often hampered by 
processability limitations through wet synthesis routes. In this scenario, the oxidative chemical vapor deposition 
(oCVD) has emerged as a suitable alternative enabling the simultaneous synthesis and deposition of fused-
metalloporphyrin thin films in a wide variety of substates. [3-4] Moreover, the oCVD approach provides an 
attractive solution to the engineering of the frontier energy levels of fused-metalloporphyrin conjugated polymers, 
allowing to explore a wide variety of porphyrins monomers affording metal cations and substituents of different 
classes. 
Previous studies in our group revealed the strong influence of the chelated cation on the regioselectivity for the C-
C coupling reaction, as well as on the occurrence of side reactions, and therefore, on the optoelectronic properties 
of the resulting conjugated metalloporphyrin films. [2] Herein, we investigate the impact of meso- substituents in 
the constitution and optoelectronic properties of cobalt (II) 5,15-disubstituted porphyrins bearing halogenated 
substituents: 4-triflouromethyl phenyl (4-CF3P), 4-bromo phenyl (4-BrP), 4-flouro phenyl (4-FP), and pentafluoro 
phenyl (PFP). In-depth physicochemical characterization by ultraviolet-visible-near infrared spectroscopy and 
laser desorption ionization coupled to high resolution mass spectrometry analysis of the resulting films confirmed 
the formation of directly liked metalloporphyrin conjugated polymers resulting from the dehydrogenative 
coupling reaction. However, the efficiency of the coupling reaction, as well as the occurrence of side reactions, 
was found to be strongly dependent on the nature of the substituent. The characteristic oCVD reaction of each 
fused metalloporphyrin according to the substituent were reflected on the optoelectronic properties and catalytic 
performance of the resulting films toward the hydrogen evolution reaction. For a deeper understanding of the 
relation between the nature of the substituent with the conjugated metalloporphyrins conformation, and their 
further optoelectronic properties and catalytic performance, density functional theory calculations were carried 
out, providing a correlation between the molecular orbitals’ distribution and the energy levels arrangement with 
the fusing degree. This work provides new insights for the engineering of functional devices based on fused-
metalloporphyrin thin films, and their further implementation into clean hydrogen production approaches. 
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Inspired by the complexity and functionality of chirogenic systems existed in living organisms, supramolecular 
chirogenesis has become an important way to create symmetry breaking in artificial systems. A comprehensive 
and rigorous understanding of such phenomenon is necessary to have a clear insight into the fundamental 
mechanisms and the several controlling factors for a wide range of applications of chiral supramolecular science. 
Herein a clear and unambiguous rationalization of chirality transfer processes has been demonstrated using a 
flexible achiral urea-bridged porphyrin dimer (host) and a series of chiral diols and diamines (guests). Mg(II)-
porphyrin dimer on complexation with chiral diols demonstrates chirality induction, amplification, and subsequent 
inversion upon formation of a 1:1 polymer and 1:2 monomer via intermolecular assembling and disassembling 
processes, whereas in case of Zn analogue, stepwise formation of 2:2 cyclic dimer and 1:2 monomeric complex 
with chiral diamines have been observed. Interestingly higher CD amplitudes have been observed for the 2:2 
cyclic dimer as compared to the linear 1:1 polymer. Also, strong intermolecular H-bonding interactions generate 
additional stability in the more confined cyclic structure over the linear polymer. The present study opened up 
new avenues towards understanding of various controlling factors regulating supramolecular chirogenesis [1-5]. 
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Electro and photocatalytic CO2 reduction is the quintessence of modern-day sustainable and catalysis research. 
Ideal CO2 reduction reaction (CO2RR) catalyst should avoid competitive H2 evolution reaction (HER), maintain 
good C1 or C2 products selectivity, and work in water medium with low overpotential [1, 2]. Fe and Co-
porphyrin-based molecular catalysts showed efficient electro, and photochemical CO2RR performance and 
catalytic pathways often involved metal center-based multi-redox reactions [3]. However, they suffer long-term 
stability and deactivation. To overcome these shortcomings, we developed hybrid catalyst systems supported on 
FTO coated glass material by combining mesoporous metal oxide (TiO2, SnO2, etc.) anchored with the 
metalloporphyrins. During photoelectrochemical CO2RR using hybrid catalysts, electron transfer takes place at 
the interface of the metal oxide-metalloporphyrin system [4]. In our present study, we have studied transient 
absorption spectroscopy and spectroelectrochemical techniques to monitor the kinetics of the photoinduced 
electron transfer from metal oxide to metalloporphyrin unit, possible recombination processes, and correlate the 
efficiency of the electron transfer process with their CO2RR/ HER catalytic reaction performances. 
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Octaethyltrioxopyrrocorphins, prepared by H2O2/sulfuric acid oxidation of octaethylporphyrin OEP (Scheme 1) 
[1], unexpectedly show macrocycle-aromatic properties, even though they contain the macrocyclic π-system of 
the non-aromatic pyrrocorphins (hexahydroporphyrins) [2]. All four regioisomers possess unique electronic 
properties, including broadly varying degrees of diatropicity that were experimentally determined using 1H NMR 
spectroscopy and were computationally verified. In addition, the unusual halochromic properties of the triketones 
were also taken to support the proposed 16-membered, 18 π-electron aromatic ring-current [2].  
The diatropic ring current of the triketones gets drastically reduced upon chemical reduction of one (forming 
alcohols 2) and particularly two ketone moieties (forming diols 3) [3]. With increasing reduction, the 
chromophores containing one pyrrole, 
one/two pyrrolinone, and one/two 
pyrrolines, respectively, become more like 
regular, non-macrocycle-aromatic pyrro-
corphins [4]. Their weak diatropic ring 
currents, as assessed by 1H NMR spectros-
copy, showed them to possess largely non-
aromatic π-systems. Computations were 
able to reproduce the experimental trends of 
the diatropic ring currents and to fill in data 
for the regio-isomers that could not be 
experimentally accessed. 
The work conceptually expands the 
understanding of tris-modified 
hydroporphyrinoid analogues and further 
highlights the electronic influence of the -
oxo-substituents. 
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one/two pyrrolinone, and one/two 
pyrrolines, respectively, become more like 
regular, non-macrocycle-aromatic pyrro-
corphins [4]. Their weak diatropic ring 
currents, as assessed by 1H NMR spectros-
copy, showed them to possess largely non-
aromatic π-systems. Computations were 
able to reproduce the experimental trends of 
the diatropic ring currents and to fill in data 
for the regio-isomers that could not be 
experimentally accessed. 
The work conceptually expands the 
understanding of tris-modified 
hydroporphyrinoid analogues and further 
highlights the electronic influence of the -
oxo-substituents. 
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Theranostic nanoparticles aim integrate diagnostic imaging and therapy to facilitate image-guided treatment 
protocols. Herein, we present a theranostic nanotexaphyrin for prostate-specific membrane antigen (PSMA)-
targeted radionuclide imaging and focal photodynamic therapy (PDT) accomplished through the chelation of 
metal isotopes (In, Lu). To realize nanotexaphyrin’s theranostic properties we developed a rapid and robust 
111In/Lu-nanotexaphyrin radiolabeling method using a microfluidic system that achieved a high radiochemical 
yield (>90%). The optimized metallated nanotexaphyrin displayed excellent chemical, photo, and colloidal 
stabilities, potent singlet oxygen generation and favorable plasma circulation half-life in vivo (t1/2 = 6.6 h). 
Biodistribution, including tumour accumulation was characterized by NIR fluorescence, SPECT/CT imaging and 
gamma counting. Inclusion of the PSMA targeting ligand enabled preferential accumulation of 111In/Lu-
nanotexaphyrin in PSMA-positive prostate tumours (3.0 ± 0.3 %ID/g) at 48 h with tumour vs prostate in a 2.7:1 
ratio. In combination with light irradiation, the PSMA targeting nanotexaphyrin showed a potent PDT effect and 
successfully inhibited PSMA+ tumour growth in a subcutaneous xenograft model. To the best of our knowledge, 
this study is the first demonstration of the inherent metal chelation-driven theranostic capabilities of texaphyrin 
nanoparticles, which in combination with PSMA targeting enabled prostate cancer imaging and therapy.  
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In France, each year more than 150.000 peoples suffer from infections caused by multi-resistant bacteria. Huge 
efforts have been dedicated to find alternative treatment methods to conventional antibiotics and Photodynamic 
Inactivation (PDI)1,2 is considered as a promising one. PDI3 is an innovative technique that is highly efficient 
against both gram-positive and gram-negative bacteria. Another advantage of this technique is that bacteria are 
not developing resistance against it. PDI is the combination of a photosensitizer (PS) and light in presence of 
oxygen to generate cytotoxic reactive oxygen species (ROS) that kill bacteria but also viruses, fungi and parasites. 
In this project, we were interested in the development of new antimicrobial films, based on porphyrinoids 
(porphyrins, chlorins and phthalocyanines) for PDI applications mainly in hygiene and food safety. These films 
could be used on different surfaces in order to kill bacteria and to prevent their growth. These antimicrobial 
materials could also prevent surface contamination. 
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In previous studies, the template-directed enzyme-catalyzed chemical oxidation leading to oligomeric/polymeric 
products resembling the emeraldine salt form of polyaniline (PANI-ES) was demonstrated. Aniline [1-4] or the 
linear aniline dimer, p-aminodiphenylamine (PADPA) [5], were used as starting materials in the presence of 
polymolecular anionic self-assembled structures. Such structures in the form of micelles or vesicles [1, 6] were used 
as templates [4, 7-9] to guide the reaction towards the formation of PANI-ES type products. One of the enzymes 
used in previous work was horseradish peroxidase (HRP) [1, 5, 10], with H2O2 as terminal oxidant.  
In this work, we investigated whether HRP can be replaced by its prosthetic group, heme B, for the oxidative 
oligomerization of PADPA using SDBS (sodium dodecylbenzenesulfonate) micelles as molecular templates and 
hosts of heme B. How successfully HRP can be replaced by heme B has been assessed by spectroscopic analysis 
(UV/vis/NIR, EPR, and Raman) of the products obtained in aqueous media at pH = 4.3 and room temperature.  
Criteria were set in terms of desired properties the product should possess: (i) presence of spectroscopic features 
that are typical for PANI-ES, (ii) high amounts of PANI-ES motifs, (iii) high quality of product, meaning, high 
fraction of favorable PANI-ES type units compared to unfavorable products containing branches or phenazine-type 
units, and (iv) no product precipitation.  
Based on the results obtained, we conclude that HRP can be replaced successfully by heme B for the formation of 
PANI-ES type products with PADPA as starting monomer, although heme B is catalytically much less active than 
HRP. For production of the same amount of PANI-ES type materials, however, catalyst costs in the case of heme B 
are considerably lower than for the reaction with HRP. 
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Bacterichlorins possess a characteristic intense electronic absorption in the near-infrared (NIR) from 700 nm up to 
900 nm, where endogenous chromophores do not absorb and which allows deep penetration through tissues. 
Although naturally-occurring metal complexes derived from bacteriochlorophylls are unstable and their use is 
limited, it is currently possible to obtain large-scale libraries of photostable synthetic compounds belonging to the 
bacteriochlorin family. The first part of the work presents an up-to-date overview of the most significant studies 
on the synthesis, spectroscopic, photochemical, and electrochemical characteristics as well as various potential 
applications of bacteriochlorins in our laboratories [1-4]. 
The role of photodynamic-immunotherapy has become increasingly important compared to conventional 
treatments. One of the strategies is based on molecular targeting of immune checkpoints - a group of 
costimulatory molecules negatively regulating the immune system. Programmed death-1 (PD-1) and its ligand 
PD-L1 play a key role in tumor immune escape and formation of tumor microenvironment, closely related with 
tumor progression and invasiveness.  Here, we present the design of combining anticancer modality based on PDT 
with checkpoint blockade immunotherapy. We developed novel PD-1/PD-L1-targeting molecules and present 
their therapeutic potential in combination with Redaporfin-PDT. We also compare the results with those obtained 
with anti-PD-1/PD-L1 mAbs. After comprehensive in vitro screening, we performed PDT augmented by systemic 
PD-1/PD-L1 inhibition in vivo. Using the multitarget approach it was possible to evaluate whether modulation of 
inflammatory response induced by PDT affect the tumor microenvironment and determine the susceptibility to 
systemic PD-1/PD-L1 inhibition including effects on primary tumor control as well as prevention of metastasis in 
a preclinical model. In summary, our data provide evidence for the role of PDT for local immune modulation, and 
that the combination with PD-1/PD-L1 axis inhibition is a promising strategy in the therapy of more resistant 
tumors [5-6].  
 
Acknowledgements: We thank National Science Centre (NCN) for Grants no 2016/22/E/NZ7/00420 and no 
2020/37/B/NZ7/04157. 

REFERENCES 
1.  B. Pucelik, A. Sułek, J.M. Dąbrowski, Coord. Chem. Rev. (2020) 416, 213340. 
2.  J.M. Dąbrowski, Advances in Inorganic Chemistry (2017) 70, 343-394. 
3.  B. Pucelik, A. Sułek, A. Barzowska, J.M. Dąbrowski Cancer Letters (2020) 492, 116-135.  
4.  B. Pucelik, LG Arnaut, JM Dąbrowski, Journal of Clinical Medicine (2020) 9, 8.  
5.  M. Karwicka, B. Pucelik, M. Gonet, M. Elas, J.M. Dąbrowski (2019) Scientific Reports 9, 1-15. 
6.  B. Pucelik, L.G. Arnaut, J.M. Dabrowski ACS Appl. Mat. Interfaces (2016) 8 (34), 22039-22055. 

 

 

Porphyrin@CC: from laundry sheets to low-cost optical 
sensors and photocatalysts 

Caterina Damianoa, Matteo Cavalleria and Emma Galloa  
aDepartment of Chemistry, University of Milan, Via Golgi 19, I-20133 Milano, Italy  
 
The easy synthetic access to meso-substituted porphyrins and their well-known photophysical properties makes 
these macrocycles very attractive for a broad range of applications as optical sensors [1] and photocatalysts [2]. 
However, the increasing demand for more sustainable, low-cost, and reusable systems has stimulated the scientific 
research to optimize the heterogenization of porphyrin-based compounds onto eco-compatible, readily available 
and inexpensive solid supports. 
Thus, we studied an easy anchoring procedure to immobilize the porphyrin on the low-cost and commercially 
available Colour Catcher®(CC), a cellulose-based laundry sheet that is commonly used to absorb and trap colours 
released during the wash. By applying an ion-exchange strategy, we obtained the two solid-supported 
TCPPH2@CC and ZnClick@CC porphyrins that revealed very good activity in sensing and photocatalytic 
applications, respectively (scheme 1). 
The metal-free TCPPH2@CC was an excellent and selective sensor for detecting mercury ions in aqueous 
solutions thanks to the eye-visible colour change of the sheet from purple to green that allows detecting 
concentrations of Hg2+ ions up to 1 × 10-8 M (below the limit value legally allowed in drinking water). The rapid 
response, combined with the high selectivity, makes CC@TCPPH2 perfectly suited to in situ monitoring of 
natural water sources or industrial discharges [3]. On the other hand, the ZnClick@CC, that contains a zinc(II) 
florurated porphyrin, showed a very good activity in the photo-oxidation of organic substrates, such as aldehydes 
and benzylamines [4]. The high activity and selectivity of ZnClick@CC, combined with its low-cost and 
recyclability, makes this heterogenous catalyst very interesting for large application in photocatalysis.  

 
Scheme 1: Applications of Porphyrin@CC heterogenous systems. 
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Bacterichlorins possess a characteristic intense electronic absorption in the near-infrared (NIR) from 700 nm up to 
900 nm, where endogenous chromophores do not absorb and which allows deep penetration through tissues. 
Although naturally-occurring metal complexes derived from bacteriochlorophylls are unstable and their use is 
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on the synthesis, spectroscopic, photochemical, and electrochemical characteristics as well as various potential 
applications of bacteriochlorins in our laboratories [1-4]. 
The role of photodynamic-immunotherapy has become increasingly important compared to conventional 
treatments. One of the strategies is based on molecular targeting of immune checkpoints - a group of 
costimulatory molecules negatively regulating the immune system. Programmed death-1 (PD-1) and its ligand 
PD-L1 play a key role in tumor immune escape and formation of tumor microenvironment, closely related with 
tumor progression and invasiveness.  Here, we present the design of combining anticancer modality based on PDT 
with checkpoint blockade immunotherapy. We developed novel PD-1/PD-L1-targeting molecules and present 
their therapeutic potential in combination with Redaporfin-PDT. We also compare the results with those obtained 
with anti-PD-1/PD-L1 mAbs. After comprehensive in vitro screening, we performed PDT augmented by systemic 
PD-1/PD-L1 inhibition in vivo. Using the multitarget approach it was possible to evaluate whether modulation of 
inflammatory response induced by PDT affect the tumor microenvironment and determine the susceptibility to 
systemic PD-1/PD-L1 inhibition including effects on primary tumor control as well as prevention of metastasis in 
a preclinical model. In summary, our data provide evidence for the role of PDT for local immune modulation, and 
that the combination with PD-1/PD-L1 axis inhibition is a promising strategy in the therapy of more resistant 
tumors [5-6].  
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Limiting fossils fuels and increasing global warming have dragged the attention of researchers for capturing and 
converting CO2 to carbon-based fuel.[1] It can be done by solar energy through the photocatalysis in presence of 
water in a process called artificial photosynthesis (AP).[2] The reduction of CO2 in presence of H2O is very 
competitive with the oxidation of H2O, where H2O oxidation is a more feasible process than CO2 reduction.[3] 
Semiconductor quantum dots (QDs) where an electron-hole (e-h) pair can be generated by a photon is one of the 
best materials for CO2 reduction.[4] Metal-porphyrins can be coupled with QDs for better photocatalytic 
performance, employing the metal-porphyrin is an electron acceptor from NCs and an excellent catalyst for CO2 
reduction with quite good stability.[3, 4] However, the photochemistry of these composite systems is still unclear. 
The final products of the AP can be HCOOH, CH4, CO, CH3OH, etc, which is also ambiguous.[5] For boosting up 
the efficiency and selectivity of the CO2 reduction, we have chosen CdTe and CdTe@CdS core-shell with metal-
porphyrin composite systems where QDs and metal-porphyrin molecule act as photo sensitizer and catalyst, 
respectively. Here we studied the charge transfer and charge separation in CdTe/Co-porphyrin and 
CdTe@CdS/Co-porphyrin systems for CO2 reduction by femtosecond transient absorption (TA) spectroscopy. 
Slower TA bleach dynamics of CdTe@CdS relative to CdTe core itself attributes to the long-lived charge 
separation in this type II materials.[6] Luminescence quenching of CdTe and CdTe@CdS in presence of Co-
porphyrin molecule depicts either electron transfer or energy transfer from CdTe and CdTe@CdS to the Co-
porphyrin molecule. The TA spectroscopy unveils the electron transfer from core and core shell to Co-porphyrin 
molecule.  This charge transfer and charge separation in this CdTe@CdS/Co-porphyrin system can boost up the 
CO2 reduction efficiency.  
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Fullerenes and their derivatives present a wide range of applications highlighting their use in solar cells,[1]or 
biological applications.[2] However, their synthesis and purification is difficult and expensive. Functional systems 
formed from two or more porphyrin units, such as molecular tweezers, macrocycles or molecular cages, have been 
widely employed as supramolecular receptors for fullerenes.[3]  
Here, we present a self-assembled molecular cage, formed by two porphyrin units tetra-functionalized and 
connected through molecular linkers (see Figure 1), which has the ability to host fullerene C60 into its inner 
cavity upon external stimulus. The mechanically interlocked nature of the jail was demonstrated, since fullerene 
C60 only can be released from the molecular cage by breaking (some of) its covalent structure.  
 

 
Figure 1. Schematic representation of the metalloporphyrin cage assembly and the mechanical jail for fullerene. 
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The search for efficient molecular electronic devices has recently intensified, motivated by their potential as a 
replacement of the omnipresent silicon-based technologies [1]. Due to their amazing tuneable chemical and 
photophysical properties, porphyrins and their expanded analogues are put forward as new test candidates for 
multiple applications ranging from medicine and photosensitizers to new materials such as nonlinear optical 
(NLO) materials [2,3]. The introduction of meso-substituents and core-modifications into these expanded 
porphyrins lead to enhanced values in the nonlinear optical properties and their corresponding NLO contrasts 
[4,5]. However, the influence of the meso-substituted structures on their respective structural parameters and 
nonlinear optical properties have been scarcely investigated. In this work, we aim to grasp the underlying 
concepts pivotal for the fine-tuning of the NLO contrasts of hexaphyrin-based molecular switches with Density 
Functional Theory (DFT) and an inverse design algorithm [6]. Starting from the unsubstituted hexaphyrins with 
different topologies and number of -electrons, structure property relationships are established based on different 
structural parameters, aromaticity descriptors and first-hyperpolarizabilities related to the Hyper-Rayleigh 
Scattering (HRS). Comparing the unsubstituted to the modified hexaphyrin structures allowed us to retrieve 
variations in electronic, spectroscopic and NLO properties. By applying of the Best-First Search (BFS) algorithm 
on the most promising switches, we explored the combinatorial chemical compound space of hexaphyrin-based 
molecular switches with high NLO contrasts. Several meso-substitution patterns including both electron-donating 
and electron-withdrawing groups are identified increasing the NLO contrast. We concluded that both molecular 
symmetry as well as the electronic nature of the substituents are key players in tuning the HRS contrast of the 
hexaphyrin-based switches.  
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π-Conjugated polycyclic aromatic hydrocarbons (PAHs) have attracted increasing attention from the synthetic 
community due to their use in pharmaceuticals and materials [1] as well as their potential for the bottom-up 
construction of structurally uniform graphenes.[2] In this context, the fusion of dyes to the π-scaffold to boost the 
applications of PAHs constitutes a very promising but still unexplored approach. For this reason, the search for 
“dye-doping” alternatives would be highly desirable as it would enable the further development of this field and, 
thus, the design of novel doped π-functional materials. 
Nowadays, one of the widely used fluorophores in the field of biophotonic materials is the boron dipyrromethenes 
(BODIPYs) due to their advantageous photophysical properties, which include photostability, high extinction 
coefficients, and high luminescence efficiency.[3] Despite these advantages, the use of BODIPYs to dope carbon 
π-nanostructures has not been reported so far. 
Considering the above mentioned, here we report the synthesis and study of novel BODIPY-anthracene hybrids 
(Scheme), with the aim of understanding the impact of incorporating BODIPYs in PAHs in terms of length and 

geometry of the π-conjugated 
structure. The synthesis of these 
derivatives is conducted through a 
straightforward synthesis involving 
Suzuki-Miyaura cross-couplings 
followed by Au(I)-catalyzed 
cyclizations. These derivatives offer 
valuable properties for technological 
applications, such as face-to-face 
supramolecular organization, NIR 
absorption and emission, and strong 
acceptor characters.  
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Nature utilizes supramolecular, macrocycle binding, protein ensembles to afford many energy relevant processes 
including photosynthesis and long range electron transport in anaerobic cellular respiration. Over the past decade, 
we have synthesized a number of metalloporphyrin binding peptides that self-assemble into 0D, 1D, and 2D 
nanostructures in an attempt to replicate natural energetic processes or discover new energetic phenomena. Too 
often when developing these peptide structures, a pH trigger was deployed to initiate self-assembly. As a result, 
many earlier works were performed at high pH to overcome a buried polar amino acid, histidine, critical for 
binding metalloporphyrins. Recently, we have explored overcoming this energetic barrier of burying a polar 
amino acid within a peptide material through careful molecular design. Every peptide we have synthesized for 
metalloporphyrin binding is comprised of four main regions in our peptide design process: (1) the aliphatic tail, 
(2) the metalloporphyrin binding site, (3) the structural/-sheet forming region, and (4) the polar head group. 
Here, we take two approaches to overcome the energetic barrier of burying a polar amino acid. First, we 
manipulate the -sheet region to explore the impact that employing higher -sheet propensity amino acids to 
ensure greater intermolecular packing that yields metalloporphyrin binding sites. Second, we create electrostatic 
peptide pairs to yield a 1D ensemble. As a result of these two studies, we begin to approach more complicated 
architectures where we can create stable 0D light harvesting antennae that can be coupled to 1D reaction centers 
thus achieving complex architectures from simple synthetic precursors. 
 
This work was performed at the Center for Nanoscale Materials, a DOE Office of Science User Facility, and 
supported by the U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences under Contract 
No. DE-AC02-06CH11357. 
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SubPcs - Peryleneimides for Optoelectronical Applications 

José García-Calvo and Tomás Torres 

Universidad Autónoma de Madrid (España) 
 
SubPcs are usually modified with different highly conjugated structures in order to improve their general properties. Their 
derivatization with bulky and/or fluorescent molecules changes characteristics such as their absorption, band gap, stacking 
or stability; which are directly related to their applications in, for example, the design of organic solar cells. 
 
Years ago, the group worked in the synthesis of several perylenediimide (PDI) – subphthalocyanine derivatives. 
Then, it was demonstrated an ultrafast photoinduced electron transfer whenever the PDIs are introduced in axial 
position of the SubPc [1]. However, this is a field with a lot of potential and not fully explored; different derivatives 
could be studied by introducing PDIs and PMIs into the axial- [2] or para- [3] positions of the SubPc; finding a 
straightforward relation with the electronical properties and intramolecular interactions. Here, we are working in 
new ways to combine SubPcs+PDIs or SubPcs+PMIs to study these phenomena. 
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To study a photoinduced proton-coupled electron transfer (PCET) process, we covalently attached a 
benzimidazole–phenol (BIP) unit to a tripentafluorophenylporphyrin (PF15).[1] The BIP system has been used to 
illustrate an E1PT process, where one-electron oxidation of the phenol is accompanied by the transfer of its proton 
to the attached benzimidazole. IR spectroelectrochemistry (IRSEC) of BIP–PF15 showed that upon 
electrochemical oxidation a new band at 1552 cm−1 appeared, corresponding to the formation of the 
benzimidazolium cation following intramolecular proton transfer from the phenol to the attached benzimidazole. 
Upon electrochemical reduction of BIP–PF15, a new band characteristic of the porphyrin radical anion formation 
was observed at 1593 cm−1. Based on these IR signatures, a detailed study of the dynamics of the photoinduced 
E1PT process was investigated by transient IR and two-dimensional electronic–vibrational (2DEV) 
spectroscopies, along with calculations using long-range-corrected hybrid density functionals. Excitation of the 
porphyrin unit of BIP–PF15 results in processes that take place on two-time scales: 1) an ultrafast process from the 
initially prepared, unrelaxed excited level, and 2) a slower process on the time scale of a few hundred picoseconds 
arising from the relaxed lowest excited singlet state of PF15. The ultrafast process is not the dominant pathway, 
but it enables observations which we interpret as the evolution of an initial, partly charge transferred state to full 
charge separation on the 120 fs time scale. This interpretation is supported by a theoretically predicted dipole 
moment arising from dihedral twisting between the BIP and the plane of the PF15 macrocycle.[2] Substitutions on 
the BIP in BIP–PF15 dyads to include proton-accepting groups with sufficiently high pKa predispose the system 
for a photoinduced one-electron two-proton transfer (E2PT) process. Pyridine or substituted pyridines have been 
shown to have the required pKa’s for acting as a secondary or terminal proton acceptor.[3,4] Upon protonation, the 
resulting pyridinium cations display distinctive IR absorptions which differ from the neutral pyridyl state. 
Preliminary analysis of 2DEV results indicates the electron and protons translocation occur within a few hundred 
fs via a concerted process. These bioinspired dyads enable exploration of the differences in the dynamics of 
photoinitiated E1PT and E2PT processes. Further elaboration of these systems is planned with the objective of 
constructing molecular proton wires or circuits over which protons are translocated, as a consequence of a 
photoinduced electron transfer process, over long (~ 30Å) distances by a Grotthuss-type mechanism. 
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Perovskite solar cells (PSCs) are promising for use as a renewable energy source due to their high mobility, 
unique optoelectronic properties, and simple fabrication by solution-processing methods. Although perovskites 
were started to be studied with a power conversion of 3.8% in 2009, today the power conversion values have 
reached 25% [1]. However, the instability problem observed in many PSCs under normal operating conditions 
(under 1 sun illumination at 27 °C and without UV filtration) is one of the main barriers to the successful 
commercialization of such devices. More recently, it was shown that the stability of the PSCs can be improved by 
different strategies such as by selecting an appropriate hole transport material (HTM), by choosing electron 
transport layer, by solvent engineering, and optimizing the PSCs encapsulation process. As one strategy for cost-
effectiveness, choosing a suitable hole transport layer seems to be the most effective way to solve the instability 
problem in PSCs [2, 3]. 
In this work, the Pc ring was molecularly tailored by adding four triphenylamine (TPA) groups on peripheral 
position through the oxygen atoms. To improve the solubility in common solvents as well as the hydrophobic 
quality was appended tert-butyl unit as an alkyl group to TPA. In this respect, tetra-4-(bis(4-tert-
butylphenyl)amino)phenoxy-substituted Cu and ZnPc derivatives (p-ZnPc and p-CuPc), were synthesized. The 
optical and electrochemical properties of these compounds were characterized.  The purpose of this study is to 
examine the effect of the p-ZnPc, and p-CuPc as HTM on the long-term stability of PSCs under real operating 
conditions. For this purpose, PSCs were fabricated with and without HTM to analyse the role of HTM and explore 
the effect of using different materials on the long-term stability of the perovskite solar cells. 
The Scientific and Technological Research Council of Turkey (TUBITAK) is gratefully acknowledged for the 
funding of these works (project no.118Z736) 
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Nickel tetrapyrrole complexes whose structure is related to biologically relevant molecules (e.g., F430 cofactor, 
tunichlorin and nibalamine) are promising precursors for novel functional surfaces in which the active sites are 
anchored in a highly ordered nanostructure. Here, we cover different strategies to specifically modify the properties 
of the nickel centers in a monomolecular layer by tuning the interactions between the complexes and the underlying 
substrate. 
First, we report on the influence of the interaction at the metal/organic interface on the electronic structure of a 
nickel porphyrin (Ni(OEP)) monolayer. This was studied on different coinage metal surfaces by X-ray photoelectron 
spectroscopy (XPS), ultraviolet photoelectron spectroscopy (UPS), scanning tunnelling microscopy (STM), near 
edge X-ray absorption fine structure (NEXAFS) and low-energy electron diffraction (LEED). On Ag(111), Ni(OEP) 
forms a mixed-valent adsorbate structure in which the Ni centers occur in different oxidation states. The two separate 
peaks in the Ni 2p XP spectrum indicate that about 40% of the Ni centers are reduced. STM and LEED show an 
incommensurate superstructure with an ordered arrangement of the metal centers in different oxidation states. 
Further insights into the valence electronic structure were obtained by UPS and NEXAFS. On the more reactive 
Cu(111) surface, Ni(OEP) forms a long-range ordered structure in which nickel centers are uniformly reduced. In 
contrast, on the least reactive Au(111) surface, the oxidation state of the Ni centers remains unaffected by 
adsorbate/substrate interactions. By comparing the characteristics of Ni(OEP) on differently terminated single 
crystal surfaces (Ag(111), Ag(100), Ag(110)), the influence of the substrate lattice on the electronic state of the Ni 
centers is further investigated. 
Finally, we show how the oxidation state of the central atom and the interaction of a nickel tetrapyrrole can be 
influenced by a modification of the ligand skeleton, i.e., using a nickel corrole complex. The investigated corrole 
complex (Ni(HEDMC)) retains the nickel(II) oxidation state[1] even on the reactive Cu(111) surface, as shown by 
XPS. This is accompanied by an integer charge transfer from the metal surface into the former singly occupied 
orbital. Thus, nickel corrole complexes are substantially different from corresponding porphyrin complexes, in 
which the nickel centers are uniformly reduced.  
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Porphysomes (PS) are non-toxic, liposome-like nanoparticles self-assembled and composed of porphyrin-lipid 
conjugates [1]. The high packing density of porphyrins in PS (>80 000 porphyrins per particle) enables the use of 
PS for both photonic-based therapy and imaging applications [1]. One such application is their use as 
photodynamic therapy (PDT) agents, where porphyrin irradiation with light generates cytotoxic reactive oxygen 
species for local cancer cell and tissue destruction. However, PS suffer from limited uptake in cancer cells, which 
has greatly hampered its PDT application [2-3]. We have recently developed a new generation of porphysome 
nanoparticles (NPS) which utilize a novel EDTA-nanoparticle mediated strategy to overcome the current 
limitations of PS. We found that NPS was able to significantly enhance the intracellular accumulation of PS in KB 
cervical cancer cells after 6 hours of incubation. Herein, we present the results of the most suitable NPS 
formulation we discovered to date for in vivo applications due to its higher serum stability and pharmacokinetics. 
NPS was found to remain over 85% quenched in 50 v/v% fetal bovine serum over a period of 24 hours and 
possessed an elimination half-life of 7.5 ± 0.8 hours. NPS exhibited significant photocytotoxicity compared to PS 
after a short 3-hour incubation in KB cells when irradiated with a 660 nm BioTable light box and displayed 
minimal dark toxicity. A recent in vivo PDT efficacy study in KB subcutaneous tumour-bearing mice 
demonstrated the ability of NPS to significantly suppress tumour growth with a higher rate of tumor eradication 
and increased survival rate with a 3-, 6-, and 24-hour drug-light-interval (DLI) compared to PS with a 24-hour 
DLI. This work aims to introduce our novel NPS as a promising nanoplatform for cancer PDT. Our results 
encourage further investigation into understanding the underlying mechanism and application of this EDTA-
nanoparticle approach to improve current nanomedicine formulations that are hindered by poor cellular uptake. 
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Verteporfin Photodynamic Therapy: An Enabling 
Technology to Improve Brain Drug Delivery 

and Tumor Control 
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Most primary brain tumors are managed by maximal safe resection followed by adjuvant chemoradiation to treat 
residual and potentially infiltrative tumor cells [1]. However, these adjuvant approaches do not effectively treat 
the tumor-invaded brain regions due to an intact blood-brain barrier (BBB) that restricts drug penetration or a high 
risk of toxicity to nearby neural structures [2]. The strength of the BBB in protecting brain tumors from exposure 
to circulating drugs is maintained by not only the intact endothelial tight junctions, but also a range of ATP-
binding cassette (ABC) drug efflux transporters on endothelial and cancer cells [3]. My research program is 
interested in using verteporfin-based photodynamic therapy (PDT) to open the BBB tight junctions and shut down 
ABC transporters without damaging normal tissues [4, 5, 6]. This approach offers a more specific and less 
disruptive strategy to deliver drugs to recurrent or residual brain tumors effectively. Furthermore, we will discuss 
a surfactant-free approach to prepare novel amorphous verteporfin nanosuspensions. The verteporfin 
nanosuspensions can be activated upon cancer cell uptake, enabling PDT and fluorescence imaging of tumors in 
vivo. We demonstrate up to a 10-fold increase in anti-cancer efficacy of the verteporfin nanosuspensions in 
glioblastoma cells and animal models, compared to the clinically used liposomal verteporfin formulation. We will 
also discuss the planning of a clinical trial to evaluate verteporfin nanosuspensions for PDT of brain cancer. 
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C−H functionalization represents a powerful approach to the synthesis of complex molecules [1]. Previous studies 
showed metalloporphyrins as effective catalysts in such reactions [2]. The activity and selectivity of these 
complexes strongly depend on the central metal, and on stereo-electronic features of porphyrin ligands. Under the 
current protocols, specific substrates bearing one inherently most reactive C–H bond react with high selectivity, 
while other substrates typically react unselectively, leading to a mixture of products. The control of 
regioselectivity for such unactivated substrates remains challenging, partially due to the relatively low reactivity 
of current catalysts, which require high temperatures to operate [3-5]. 
 

 
 

One of an interesting class of compounds, to which so far no direct way, when starting from alkanes/arylalkanes, 
has been reported are 1,4-dicarbonyl compounds. 1,4-dicarbonyls are common synthetic precursors for bioactive 
5-membered heterocycles such as furans, thiophenes, pyrroles and cyclopentenones [6].  
We have development a complete methodology for one-pot oxidation of arylalkanes to obtain 1,4-diketones under 
mild conditions with high site-selectivity and using water, as a main solvent.  
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poly-halogeno-alkyl-dipyrromethanes 
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Although porphyrins and their derivatives have been studied for over a century, only very few examples of meso-
poly-halogeno-alkyl porphyrinoïds have been brought up to light [1]. These substituents are unique because i) 
they increase the lipophilicity and/or the metabolic stability of the macrocycles, ii) they can induce non planar 
distortion or photo-stability leading to numerous possible applications [2]. Porphyrinoïds are also widely used as 
catalysts whose activity can be enhanced by adding electron withdrawing groups on meso positions [3]. This 
presentation will focus on original synthetic pathways to access poly-halogeno-alkyl-dipyrromethanes 2 from 
acylpyrroles 1, and their use in the preparation of unprecedented A2B2-porphyrins 3 bearing either two 
perfluoroalkyl chains, two formyl groups or two rarely observed fluoro acyl moieties [4]. Those dipyrromethanes 
can also be used in the preparation of innovative A2B corroles via a bilane intermediate. A physico-chemical 
characterization of porphyrins 3 will be also enlightened by their distinctive electrochemical and photophysical 
properties that vary significantly with the nature of the functional substituents.  
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NLO limiting materials, such as phthalocyanines, are of interest due to the need to protect sensitive optical 
devices, especially human eyes, from high intensity light sources such as lasers. These materials show 
considerable nonlinear optical responses to a high intensity light [1].  NLO materials also provide a non-
mechanical method of controlling light intensity. These responses are typically as a result of the atomic or 
molecular structure of the material [2]. This work reports on the nonlinear optical properties of tetra - and octa 
substituted phthalocyanines (Pcs) utilising pentane thiol and 4-tertbutyl phenol as substituents. Their nonlinear 
absorption coefficient (𝛽𝛽) and absorption cross sections were determined using the Z-scan technique with a 10 ns 
pulse laser at 532 nm. The molecular second order hyperpolarizability Im[γ] was observed and the following 
Im[γ] trend was obtained for 𝛼𝛼- H2Pc(SC5H11)4 isomers, 5.93 × 10−31 (Cs) 2.24 × 10−32(D2h) > 1.21 × 10−32(C4h) > 
1.05 × 10−32 (C2v) esu, respectively, in chloroform. Symmetry was observed to have an effect on the reverse 
saturable absorption (RSA) response. When the alkyl thio substituent is replaced with tertbutylphenoxy 
substituent at the 𝛽𝛽 position, 10-fold improvement in Im[γ] value was observed.  
 

 
Figure 1:(a) Geometrically optimised phthalocyanine model of 𝜷𝜷-H2Pc(tert-BPh)8 and (b) Open aperture nonlinear fit z-scan curve 
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Synthesis and studies of NIR-absorbing 
porphyrin−ryleneimide hybrids and donor–acceptor 
heterodimer via trifunctional completive self-sorting
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Ryleneimides, most notably perylenediimides (PDIs), are one of the most important classes of organic dyes, with 
an exceptional scope of industrial and research applications.[1] The development of unsymmetrically fused 
porphyrins 1[2] containing one or two naphthalimide subunits in modular syntheses relying on electron-rich and 
electron-poor pyrrole building blocks. These new chromophores show progressive changes of their electron-
deficient character while retaining comparably small optical and electrochemical bandgaps. The electronic band 
gap is significantly affected when NMI moieties added to the chromophores, the smallest gap is observed for the 
tD2A2 porphyrin, which is highly attractive as an NIR-absorbing. Photocleavage of a donor–acceptor porphyrin 
complex was found to produce an unprecedented heterodimeric 2[3] structure with surprising selectivity. The 
system forms via a multi-step sequence that starts with an oxidative ring opening, which produces an equimolar 
mixture of two isomeric zinc(II) bilatrien-abc-ones (BTOs). The two isomers are susceptible to water addition, 
yielding the corresponding zinc(II) 15-hydroxybiladien-ab-ones (HBDOs). However, in the photocleavage 
experiment only one HBDO isomer was formed, and it quantitatively combined with the remaining BTO isomer. 
The resulting heterodimer was characterized in the solid state and in solution, and found to be stabilized by a Zn–
O coordination bond and extended dispersion interactions between the overlapping π-surfaces of the monomers. 
The observed selectivity, which was explored in detail using chemical and computational methods, can be seen as 
a case of completive self-sorting, driven by three types of complementary interactions make them of interest as 
mono- and difunctional components of multichromophoric assemblies.
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deficient character while retaining comparably small optical and electrochemical bandgaps. The electronic band 
gap is significantly affected when NMI moieties added to the chromophores, the smallest gap is observed for the 
tD2A2 porphyrin, which is highly attractive as an NIR-absorbing. Photocleavage of a donor–acceptor porphyrin 
complex was found to produce an unprecedented heterodimeric 2[3] structure with surprising selectivity. The 
system forms via a multi-step sequence that starts with an oxidative ring opening, which produces an equimolar 
mixture of two isomeric zinc(II) bilatrien-abc-ones (BTOs). The two isomers are susceptible to water addition, 
yielding the corresponding zinc(II) 15-hydroxybiladien-ab-ones (HBDOs). However, in the photocleavage 
experiment only one HBDO isomer was formed, and it quantitatively combined with the remaining BTO isomer. 
The resulting heterodimer was characterized in the solid state and in solution, and found to be stabilized by a Zn–
O coordination bond and extended dispersion interactions between the overlapping π-surfaces of the monomers. 
The observed selectivity, which was explored in detail using chemical and computational methods, can be seen as 
a case of completive self-sorting, driven by three types of complementary interactions make them of interest as 
mono- and difunctional components of multichromophoric assemblies.
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New avenues in the fabrication of SubPc-based molecular 
materials: Chirality, C-H activation, and

supramolecular organization
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By virtue of their outstanding structural and photophysical properties (i.e., intense absorption and/or emission in the UV-vis and near-
infrared (NIR) region, excellent charge transport properties, and a wide chemical versatility), Subphthalocyanines (SubPcs; Figure 
1) actually hold a privileged position among the most exploited and versatile porphyrinoids [1]. These aromatic macrocycles, with
their singular non-planar structure, have demonstrated a great potential in many state-of-art applications, including the fabrication of
polar superstructures, thermotropic and lyotropic liquid crystals,  non-fullerene acceptors and singlet fission materials [2].
Herein we disclose particular aspects within the SubPc chemistry which could open a new dimension in the design, synthesis, and
application of SubPcs. First, we analyze the impact of the intrinsic chirality of SubPcs on aspects as fundamental as the
supramolecular organization, the behavior in contact with metallic surfaces, or the reactivity (Figure 1a). Next, we described novel

methodologies to prepare complex SubPcs from 
very simple substrates via novel C-H activation
reactions (Figure 1b). Finally, we report the 
synthesis and characterization of SubPc columnar 
materials which, depending on the molecular 
design, behave as lyotropic or thermotropic liquid 
crystals, form columnar polymers in solution or 
organize into polar assemblies in the solid state
(Figure 1 c). The factors that govern such unusual 
behaviours are discussed by a combination of 
several experimental techniques and theoretical 
calculations.

Figure 1. a) Molecular structure of SubPc enantiomers. b) Representation of peripheral functionalization of SubPcs via C-H
activation. c) Columnar structures resulting from the assembly of SubPc molecules.
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For the last fifteen years, on-surface synthesis became an extremely popular and powerful method to fabricate 
nanostructures which otherwise would not have been accessible by conventional wet organic syntheses. The syntheses, 
realized in the chamber of high vacuum scanning tunneling microscope (STM), permitted the fabrication and the 
characterization of atomically defined nanostructures such as polycyclic aromatic hydrocarbons (PAH), graphene 
nanoribbons or 2D covalent networks.[1] Among the organic molecules studied by STM, porphyrins are of particular 
importance because of their electronic and optical properties. Initial studies were mainly devoted to the supramolecular 
organization of porphyrins and porphyrin derivatives on surface and it is only in 2004 that noble metal surfaces were 
used as catalytic surface to perform reactions on the porphyrin cores.[2] Since then, examples of open-shell porphyrin 
derivatives [3] and conjugated oligomers [4] were reported.  
While the synthesis of fused bis- and tetra-4,5-bis-(2,4,6-trimethylphenoxy)anthracen-9-yl porphyrins containing Ni(II) 
was reported by Anderson about 10 years ago,[5] the formation π-extended porphyrin bearing unsubstituted anthracenyl 
moieties were never achieved. The formation of such compounds became possible by on-surface synthesis. Herein, we 
report on the synthesis of fused bis- and tetra-anthracenylporphyrin derivatives via the cyclodehydrogenation the parent 
meso-substituted molecules on a catalytic Au(111) surface.[6] Depending on the annealing temperature, 
anthracenylporphyrins with the four anthracene fully linked to the porphyrin core or over-oxidized porphyrin in which 

the anthracene are connected two 
by two in 2-2’ position were 
observed by STM (Figure 1). 
 
Figure 1. STM images of the 
fused tetra-
anthracenylporphyrins and 
related porphyrin structures 
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Corrphycene is one of the four structural isomers of porphyrin obtained so far [1,2] in which all four nitrogen 
atoms are directed towards the interior of the ring formed by the pyrrole subunits and the carbon atoms connecting 
them. The structure of this compound implicates that, unlike the much more well-known porphycene, corrphycene 
belongs to the group of soft chromophores. This means that even slight changes in the substitution pattern of 
corrphycene can significantly affect its spectroscopic properties, as well as the energy of its tautomeric forms [3]. 
The number of tautomeric forms is larger than in porphyrin and porphycene, but smaller than in hemiporphycene. 
This is one of the reasons why it is so important to test this compound in its unsubstituted form. Unfortunately, 
although 28 years have passed since the first synthesis of the corrphycene was published [4], and the synthesis of 
such compounds continues to be of interest [5], the synthesis of parent corrphycene has not been reported yet. 
This encouraged us to develop a convenient method for obtaining unsubstituted corrphycene. In addition to 
typical photophysical measurements, it will also be possible to learn about the reactivity of this compound, and 
the corrphycene derivatives obtained in this way can serve as models to understand the nature of the 
intramolecular hydrogen transfer, possibly involving vibrationally mode-selective tunnelling. 

 
Parent corrphycene and its absorption (black) and emission (red, excitation at 407 nm) spectra in CH2Cl2. 
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First nanoparticles of a hydrophobic derivative of vitamin B12 – aquacyanocobyrinic acid heptabutyl ester (fig. 1a) 
in the layers at air-water interface and Langmuir-Schaefer (LS) films were formed. Characteristics of the structure 
and properties of 2D and 3D nanoaggregates in the layers were determined with the method of quantitative 
analysis of compression isotherms [1]. Gas sensor properties of nanostructured LS films were studied. The 
appearance (color) and UV-Vis spectrum of the films did not change when stored in air for one month, but in the 
presence of hydrogen cyanide gas there are rapid pronounced changes: the films become purple, new peaks appear 
in the spectrum at 369 and 588 nm. The initial state is restored when contaminated air is replaced by clean one. 
The color changes of the LS film could be repeated at least 10 times without reducing the brightness.  
 

 
 
Figure 1. (a) Structure of aquacyanocobirinic acid heptabutyl ester (R – OC4H9), (b, c) Color and UV-Vis spectral changes of 
the LS film: 1 – in air, 2 – in the presence of hydrogen cyanide, HCN gas, 3 – after purging the setup with air. 
 
The results make a prospect for developing more affordable and natural new chemical sensors purposed for 
medicine, food and chemical industries. They can be utilized for the determination of toxic HCN gas in air. 
The work was financially supported by the grant of the RSF (20-12-00175, film formation and study), ISUCT, 
and Ministry of Science and Higher Education of the RF (FZZW-2020-0008, synthesis of the compounds). 
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Phospholipid-porphyrin conjugates (Pl-Por) are amphiphilic scaffolds that consist of porphyrin derivatives grafted 
to a lysophosphatidylcholine backbone [1-4]. Owing to their structural similarities with phospholipids, several Pl-
Por conjugates have shown to be able to self-assemble into liposome-like assemblies exhibiting unique 
photophysical properties compared to their monomeric counterparts. For these reasons Pl-Por conjugates are 
considered nowadays as versatile backbones to design supramolecular assemblies with multifunctional properties 
and thus their application in photodynamic therapy, photothermal therapy, photoacoustic imaging and photo-
triggerable release properties [1-3]. However, little is known about the impact of their structure on their 
assembling properties, their optical properties as well as on their photothermal and photodynamic activities. 
 
In this work, we synthesized six new Pl-Por conjugates exhibiting different alkyl chain lengths in the sn2 position 
of C16 Lysophosphatidylcholine and linked via peptidic bond to two types of porphyrin derivatives; either 
pheophorbide-a (PhxLPC) or pyropheophorbide-a (PyrxLPC) [5]. By combining a variety of experimental 
techniques with molecular dynamics simulations, we investigated the thermodynamic, the optical properties and 
the structure of the Pl-Por either self-assembled or when incorporated in lipid bilayer membranes which exhibit 
different fluidity. Finally, the photothermal and photodynamic efficiencies of these assemblies were assessed on 
planktonic bacteria and their biofilms.  
 
Our results demonstrated that all of the conjugates can form supramolecular assemblies with bilayers structures 
and exhibit different photothermal and photodynamic activities against Gram + and Gram - bacterial planktonic 
cultures and their biofilms depending on their chemical structure of the Pl-Por conjugates.  
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In the 21st century, microbe-related infections were reduced to a level where they no longer had a serious impact 
on human health because of availability of antibiotics. However, microorganisms have developed resistance 
against many antibiotics which were previously highly effective [1]. Methicillin-resistant Staphylococcus aureus 
(S. aureus) is causing much concern at present [2], it is among the top six most dangerous multidrug-resistant 
microorganisms according to the Infectious Diseases Society of America. Photodynamic antimicrobial 
chemotherapy (PACT) could be a potential antimicrobial therapy. PACT has already been shown to be effective 
in vitro against bacteria [3] and other microorganisms [4]. This work report on novel 5-(pyridyl)-10-15-20-tris(4-
bromophenyl) porphyrin, the indium metal derivative and quaternized derivative conjugated to GQDs for PACT. 
Asymmetrical porphyrins are employed since asymmetry is known to result in high singlet oxygen quantum yield 
in porphyrins [5]. 

 
Representation of PACT 
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When an organic or inorganic compound is introduced into an optical cavity and interacts with light, electronic states 
of the molecular moieties can resonate with the eigenmodes of the cavity and give rise to new phenomena, being able 
to observe quantum-electro-dynamical (QED) events which affect different molecular properties (vibrational 
transitions, chemical reactivity landscapes, or electronic characteristics).[1] Metal-organic frameworks (MOFs) 
based on Silicon phthalocyanine (SiPc) chromophoric linkers, in connection with layer-by-layer (lbl) deposition 
methods, offer the possibility to fabricate well-defined and crystalline arrays of dye molecules, which serve as porous 
cavity materials in optical resonators.[2] The intrinsic porosity of these crystalline coordination networks allows to 
reversibly load guest species into the porous MOFs at high densities, and this particular property makes new 
applications possible, e.g., in the fields of optoelectronics, sensing, and catalysis. 
In this communication, we will present the synthesis of new SiPc compounds, axially functionalized with 
carboxylic acid appends and peripherally substituted with electron donor (D) and electron withdrawing groups (D) 
(Figure 1), and the evaluation of their capability to generate, in combination with Zn atoms, MOF structures 
which are used as active material in optical cavities. 
 

 
 
Figure 1. SiPc compounds, axially functionalized with carboxylic acid appends and peripherally substituted with electron 
donor (D) and electron withdrawing groups (D) 
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Fabrication of electrodes with stable thin monolayer films of metallophthalocyanines bearing pH sensitive 
functional groups and electroactive central metal ions still continues to be the subject of our research endevour.
Various chemical modification strategies have been employed for the modification of gold electrode surfaces and 
for specific applications. The chemical strategies involved esterification [1], Schiff-base [2] and ‘Click’ chemistry 
[3a], and amide coupling [3b] reactions. The electrochemical and surface properties of the modified electrodes 
were investigated using state-of-the-art surface sensitive characterization techniques. Spectroscopic techniques 
were used for the characterization of metallophthalocyanine (MPc) complexes during the synthesis process.
Figure 1 shows the AFM images (2D, 3D and cross-section analysis) of the gold (Au) electrode modified with 
MPcs and single-walled carbon nanotubes (SWCNTs). Figure 2 shows the X-ray Photoelectron Spectroscopy 
(XPS) spectra (i.e. survey and C 1s high-resolution) of Au-SWCNT-MPc surfaces. The MPc-SWCNT 
nanohybrids have been investigated for their electrocatalytic and electroanalytical properties. The modified 
electrodes were investigated for their potential applications in detecting various biomedical analytes. The method 
of modification investigated was specific for the analyte of interest. In this presentation, we will show the various 
methods of phthalocyanine synthesis and characterization, different chemical strategies for their fabrication as 
thin monolayer films onto gold electrodes, the characterization of thin monolayer films and finally their 
electrocatalytic properties.

Figure 1: AFM images (2D, 3D and section analysis)   Figure 2: XPS spectra (a) survey and (b) C 1s high
of Au-MPc-SWCNT nanohybrids.     resolution of Au-MPc-SWCNT nanohybrids.
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The high sulfur content of fuel is due to dibenzothiophenes (DBT) and its derivatives. In the petroleum refining 
industry, hydro-desulfurization (HDS) technique is now used to reduce sulfur concentration in fluel. Due to its 
limited effectiveness, the process has difficulties when it comes to removing sulfur from DBT. Photocatalysis-
based advanced oxidation process (AOP) technology has been developed as an alternative. Photocatalysis takes 
advantage of reactive singlet oxygen species (ROS). Photosensitizers such as metallophthalocyanines (MPcs) are 
ideal due to their ability to generate ROS (Scheme 1A).. The existence of different functional groups in low 
symmetry Pcs (employed in this work) allow for the coexistence of several features in a molecule, and therefore 
an improvement in the MPc properties. Asymmetry is known to introduce distortion on the phthalocyanine 
macrocycle which affects the electronic states of the conjugated macrocycle ring, hence the physicochemical 
properties of the Pc. Semiconducting photocatalysts, on the other hand, have been employed for photocatalytic 
desulfurization of DBT[1]. Due to their wide variety of applications, metal tungstate semiconducting 
nanoparticles have attracted a lot of attention [2]. Their properties include high stability and appropriate narrow 
energy band gap which make them good photocatalysts. For the first time, metal tungstate nanoparticles and 
asymmetrical MPcs are combined (Scheme. 1B) in this study for application in desulfuration [3]. 

 
 
Scheme 1: (A) MPc generating ROSS. (B) MPc conjugation to functionalized nanoparticles [unpublished work] 
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porphyrin with graphitic carbon nitride quantum dots for 
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Water pollution prompted by the excessive use of the fertilizer and tennary products and improper disposal of 
industrial effluent containing organic compounds is the major global concern of the current century [1]. Hence, 
the development of the robust method for degradation of these compounds is highly necessary [2]. In this study 
we developed visible light driven photocatalytic method for degradation Rhodamine 6G and 2,4-dichlorophenol 
using TiO2 electrospun nanofibers decorated with conjugates of Zn-5-p-carboxyphenyl-10,15,20-(tris-4-pyridyl)-
porphyrin with graphitic carbon nitride quantum dots photocatalysts. The decoration of the TiO2 with the 
porphyrin@g-C3N4 QDs conjugate resulted to an enhanced catalytic activity. The results demonstrate a 
prospective alternative for 2@g-C3N4 QDs-TiO2 fibers ternary hybrid catalyst to be used as novel catalyst for 
visible light driven photo-degradation of refractory organic water pollutants. 
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N,N'-Dicyclohexylcarbodiimide = DCC 
Ethyl-3-(3-dimethylaminopropyl) 
carbodiimide = EDC 

Figure 1. Synthesis of the conjugate porphyrin with graphitc carbon nitride quantum dots 
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RNA interference (RNAi) is a new therapeutic strategy to silence critical genes involved in cancer growth. To 
deliver intact RNA therapeutics to in vivo disease targets, lipid nanoparticle (LNP)-based delivery platform has been 
extensively developed and showed broad clinical successes in delivering siRNA [1], mRNA [2], and CRISPR gene 
editing tools [3]. However, even with the state-of-art LNPs, the endosomal escape efficiency of RNAi after LNP 
endocytosis remains extremely low (e.g. 1–2% for siRNA) [4], which dramatically impaired the efficacy of RNAi. 
Herein, we incorporated porphyrin-lipid into LNP and utilized it as a light trigger to improve RNAi endosomal 
escape efficiency. Formed porphyrin-based LNP (porphy-LNP) exhibited >95% siRNA encapsulation efficiency 
and excellent colloidal stability. We observed the reactive oxygen species (ROS) generated by porphyrin-lipid upon 
NIR light irradiation made endosomal membranes highly permeable, leading to sufficient siRNA release into 
cytosol in less than 1 min (Figure 1A). This effect has been verified in broad cancer cell lines and has shown over 
2-fold enhancement in RNA knockdown efficacy (Figure 1B). In vivo light-assisted gene knockdown experiments 
have been performed on PC3-Luc6 tumor-bearing mice following intravenous administration of porphy-LNP. 
Overall, porphy-LNP provides a general solution to improve RNA endosomal escape efficiency and therapeutic 
efficacy for current LNP systems. Findings from our study can also be used in delivery of mRNA/ gene editing 
tools and fully boost the efficacy of RNA therapy. 
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Figure 1 (A) siRNA endosomal 
escape induced by porphy-LNP 
upon light exposure. Inset 
showed porphyrin-lipid stayed 
on endosomal membranes (B) 
Decrease in bioluminescence 
intensity when PC3-Luc6 cells 
were treated by light 
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Access to clean water has been a challenge. Water pollution because of industrial effluents and domestic waste 
has serious implications on aquatic lives and the environment in general [1]. Recently, advanced oxidation process 
(AOP) has emerged as an efficient and effective method for the treatment of wastewaters since only oxygen is 
used and toxic by-products are avoided [2]. Photocatalysis is classified as AOP, and metallophthalocyanines 
(MPcs) [3], in this study MPcs were incorporated with exfoliated graphite and electrode fabricated, the 
degradation of 4-acetamidophenol (4-ACMP) was carried out in presence of light and current (Scheme 1). The 
advantages of fabricated electrode are 1; ease to recovery catalyst hence reusable 2; the tendency of electron and 
holes recombination is limited as electron are conducted via external circuit. The synergistic effect of light current 
was found to enhance degradation kinetics of 4-ACMP.  
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Scheme 1: Representation of electrophotodegradation experiment 
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This work explores the synthesis and characterisation of four symmetrical chalcone phthalocyanine complexes 
Fig. 1. Literature shows that the physicochemical and electronic properties of metallated phthalocyanines (MPc) 
can be altered and or improved by changing the substituents and or changing the central metal [1]. This work 
explores the latter through the use of four different transitional metals, cobalt, copper, manganese, and nickel.  
 
 

        

Figure 1: Cyclic voltammograms of the MPc modified electrodes towards the detection of nitrite. The structure of the MPc is 
shown on the side. 

Phthalocyanine complexes have been extensively used as electrocatalysts in electrochemical sensing [2]. This 
work explores this fact by analysing the effect of the change in central metal when studying the physiochemical, 
electrochemical of the four MPcs, Fig. 1. Nitrite was used as the analyte of choice. All four MPcs showed good 
nitrite detection properties which are comparable with similar literature studies. The LoDs obtained range from 
0.085 µM to 1.77 µM and the sensitivity rates were as high as 58.8 µA/mM. Cobalt showed the best results while 
nitrite performed the worst of the four.  
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A simple, facile and efficient encapsulation of cobalt (II) phthalocyanine (CoPc) dye [1] with chitin (CH) 
biopolymer via amide bond [2], followed by decoration with flower-shaped zinc oxide multipods (ZnOMPs) is 
presented. In support of ZnOMPs [3], the CoPc-CH provides a stable platform and influence catalytic property 
due to the synergetic interactions. The characterization of the synthesized complexes, composites and composite-
nanomaterial were done with different spectroscopic techniques. In addition, the potential electrochemical 
property of the composite nanomaterial was used to detect guanine (G) nucleobase [4]. The cyclic voltammetry 
were optimized and recorded in 0.1 M NaOH (pH=13.0) solution. The phthalocyanine encapsulated with chitin 
polymer decorated with ZnOMPs nanomaterial (CoIIPc-CH@ZnOMPs) composite showed greatly enhanced peak 
current at a potential +0.45 V compared with other catalyst. The cyclic voltammogram of nanocomposite (Fig. 1) 
shows quantitative range 1-90 and 90-490 μM with limit of detection (LoD) 0.45 and 30 μM, respectively. The 
kinetic parameters were performed with chronoamperometry. The nanocomposite was applied efficiently for the 
guanine detection in sperm-DNA samples.   

 
Fig.1. Process of fabrication of nanocomposite and possible electrochemical oxidation mechanism of guanine. 
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This work evaluates the effect of nitrogen (NGQDs) and nitrogen-sulfur doped (NSGQDs) graphene quantum 
dots on the cancer cytotoxicity of cationic morpholine-substituted zinc (II) phthalocyanine-mediated photo-
sonodynamic monotherapies (PDT and SDT) and combination therapy (PSDT). The GQDs enhanced the activity 
of the Pcs for the PDT, SDT and PSDT treatments. This was seen with a decreasing survival-percentage of the 
cells post-treatments compared to prior treatments. For, SDT and PSDT, solid nanoparticles improve sensitizer 
activation through enhanced acoustic cavitation [1,2], Fig. 1.  Furthermore, ultrasound irradiations have been 
shown to generate singlet oxygen (1O2) and hydroxyl radicals (•OH) reactive oxygen species (ROS), unlike PDT 
alone which only involves 1O2 [2,3], Fig. 1. In this work, both the ROS were present for the Pcs alone and the 
conjugates upon ultrasound exposure. The ROS involved in the treatments were evaluated using electron 
paramagnetic spectroscopy. For PDT, only the 1O2 was detected for all the sensitizers. Where both the 1O2 and 
•OH radicals were evident after SDT and PSDT treatments. An increase in the 1O2 generation was observed for the 
conjugates compared to the GQDs and the Pc alone. However, the •OH radicals were reduced in the conjugates 
compared to the GQDs and the Pc alone. The NGQDs generally showed better ROS generation efficacy compared 
to the NSGQD, alone and in the conjugates. 
 

 
 
Fig. 1. Mechanism of Action in phthalocyanine-mediated photo-sonodynamic combination therapy. 
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A Chemical modification of electrodes has been shown to produce better electrochemical results in comparison to 
bare electrodes [1]. The most notable of these observations has been a decrease in the oxidation potential and an 
increase in the catalytic current [1]. With the bulk of these advancements in electrocatalysis being steered by 
unsubstituted and tetra-substituted Pcs [2, 3], a significant area of research pertaining to asymmetric Pcs (A3B or 
AB3) has remained unexplored. Asymmetric Pcs have been reported as being more favourable as they result in an 
improvement in the photo-physicochemical properties and offer better control in terms of conjugation to other 
materials or anchoring to surfaces [4]. In this work, symmetric (Figure 1) and asymmetric Pcs bearing cobalt and 
manganese as the central metals are presented. Acetamidophenol was used as the primary substituent. In the case 
of the asymmetric complexes, one of the four substituents was replaced by an alkyne-bearing substituent. The 
purpose of the study was to evaluate the effects of symmetry as well as the central metal in response to the electro-
oxidation of nitrite. Further assessments related to the pH and the method of electrode modification (adsorption 
versus covalent anchoring through click chemistry) were made. 
 

 
 

Figure 1: Molecular structures of the symmetric complexes synthesized. 
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Photodynamic therapy (PDT) holds promise as an alternative treatment modality for cancer and has been shown to 
be effective in numerous tumour cell models [1]. This can be mainly attributed to (amongst others), its local light 
controllable activation as well as tolerance to repeated doses [2]. Hypoxic microenvironments within most tumours 
have profound therapeutic implications for PDT. Hypoxic tissues are often drug-resistant and, as such, are a major 
challenge in the clinical translation of PDT [3]. In this work, we sort to exploit PDT-induced hypoxia-activation 
and hence designed a liposome-encapsulated quinone-substituted silicon phthalocyanine (SiPc-Prodrug). Our 
results show efficient singlet oxygen production as well as retained PDT effect even under hypoxia and hence shows 
promise for clinical translation.  
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Phthalocyanines (Pcs) have unique features as advanced 
photosensitisers [1]. As NIR-shifted maximum absorption is 
desired in photodynamic therapy, naphthalocyanines (Ncs) are 
also promising photosensitising cores. As heavy atoms are 
known to increase the intersystem crossing and improve the 
singlet oxygen generation (SOG) capacity, a series of Pcs and 
Ncs has been prepared with either Si or Ru at the center of the 
macrocycle. Either small linear or large bulky branched moieties 
on the axial substituents have been used to control the 
aggregation. Their synthesis, photophysical and photochemical 
studies will be discussed. 
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Biofilm-associated pathogens are particularly resistant to antibiotic treatment and microbial biofilms are the main 
cause of up to 80% of all human bacterial infections. Antimicrobial photodynamic chemotherapy (APDT) has 
been proposed as an effective alternative to treat biofilms-related diseases such as dental biofilms and chronic 
wound infections [1]. APDT uses non-toxic photosensitizers such as Porphyrins (Ps) which is excited by visible 
light to generate reactive oxygen species (ROS) that inactivate pathogens [2]. New asymmetrical Ps containing a 
p-hydroxyphenyl moiety and p-acetylphenyl moieties along with their functionalized silver-detonation 
nanodiamonds nanohybrids were investigated and they exhibited antibacterial and anti-biofilm activities on the 
multi-drug resistant S. aureus strain due to synergetic effect. Additionally, there was a stronger antibiofilm 
activity observed in optimal conditions following addition of low doses of Ciprofloxacin (used to treat bacterial 
infections) to APDT treatment.  

 
Fig. 1. Porphyrins derived silver-detonation nanodiamonds nanohybrids. 
 
The dual therapy may be a promising candidate in combating drug resistance. 
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As a continuation of our earlier study on electrochemistry of perhalogenated hydroxyphenyl porphyrins,1 two 
octahalogenated nickel(II) hydroxyphenylporphodimethenes, represented as NiPDMCl8 and NiPDMBr8 where 
PDM is the dianion of 5,10,15,20-(3,5-di-tert-butyl-4-hydroxyphenyl)-5H,15H-porphodimethene, were 
electrosynthesized from the corresponding octahalogenated porphyrins (NiPorX8) via a two-fold reductive proton 
coupled electron transfer (PCET) as shown in the figure. The isolated porphodimethenes exhibit two reversible 
one-electron reductions and an irreversible two-electron oxidation in CH2Cl2 and spectroscopic properties of the 
reduced and oxidized products are reported. Deprotonation of the hydroxyphenyl groups on NiPDMX8 occurs in 
DMF, resulting in a rearranged π-system of the porphodimethenes and a proposed Ni(II) porphyrinogen dianion 
(NiPGNX8).  
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Biocatalysts can impart stereoselectivity that is highly desirable in industrial processes, especially for the synthesis 
of pharmaceuticals and fine chemicals. However, industrial catalysis is dominated by the use of chemical catalysts 
that often lack high levels of stereoselectivity.[1-3] For reactions that deal with multiple stereocenters such as 
carbene insertion reactions, using biocatalysts would be highly efficient, but the lack of biocatalysts in industry is 
due to their instability in organic solvents.[4-6] In the work presented here, we explore the use of a novel protein 
scaffold, YfeX, along with rationally designed YfeX variants, to make these reactions more efficient and compatible 
with industrial conditions for pharmaceutical and fine chemical synthesis. The product yields, stereochemistry of 
the products and the catalytic mechanism were analyzed using gas chromatography-mass spectroscopy (GCMS), 
supercritical fluid chromatography (SFC), UV-Visible spectroscopy, and quantum mechanical molecular mechanics 
(QM/MM) calculations. We compare wild-type (WT) YfeX and variants to other heme-biocatalysts and artificial 
metalloenzymes. WT YfeX and variants show high levels of reactivity and stability in aqueous environments and 
in the presence of organic co-solvents. Correspondingly, YfeX shows great potential to be an alternative to 
traditional industrial catalysts; in addition, further optimization by site-directed mutagenesis proves valuable for 
fine tuning the stereoselective generation of pharmaceuticals and fine chemicals in organic cosolvents. 

REFERENCES     
1.  Shanab, K.; Neudorfer, C.; Schirmer, E.; Spreitzer, H., Green solvents in organic synthesis: an overview. Curr. 

Org. Chem. 2013, 17 (11), 1179-1187. 
2.  Sinou, D., Metal catalysis in water. Modern Solvents in Organic Synthesis 1999, 41-59. 
3. Horvath, I. T.; Anastas, P. T., Innovations and green chemistry. Chem. rev. 2007, 107 (6), 2169-2173. 
4.  Lim, X., The new breed of cutting-edge catalysts. Nature News 2016, 537 (7619), 156. 
5.  JaneáWang, Z., P450-catalyzed asymmetric cyclopropanation of electron-deficient olefins under aerobic 

conditions. Catal. Sci. Technol. 2014, 4 (10), 3640-3643.  
6.  Wang, Z. J.; Peck, N. E.; Renata, H.; Arnold, F. H., Cytochrome P450-catalyzed insertion of carbenoids into N–

H bonds. Chem. sci. 2014, 5 (2), 598-601. 
 
 
 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 307



O
R

A
LS

Nitrite Binding and Activation by Heme-Globins as Revealed 
by Resonance Raman Spectroscopy 

Vasiliki Valianti, Androulla Ioannou and Eftychia Pinakoulaki 

Department of Chemistry, University of Cyprus, Panepistimiou Av. 1, 2109 Aglantzia, Nicosia, Cyprus 
 
Nitrite that is present at micromolar levels in tissues and nanomolar levels in blood can be reduced to the bioactive 
nitric oxide molecule during hypoxia and mediate physiological signaling. Nitrite reacts with heme globins 
leading to several heme-Fe adducts and the catalyzed reaction pathways play a vital role for hemoglobin- and 
myoglobin-dependent nitrite activation. In this work, we present the resonance Raman characterization of the 
hemoglobin heme-nitrito and heme-nitrito/nitrovinyl species and compare their properties to those of the 
previously described myoglobin-nitrite adducts [1-2]. Differences in the spin state of the hemoglobin- versus 
myoglobin-nitrite adducts along with the observation of spin transitions will be discussed. The effect of 
temperature in the properties of heme-nitrito and heme-nitrito/nitrovinyl species will also be presented.  
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Porphyrinoids internalization is a key factor for the exploitation of these molecules as dyes or photosensitizers. 
Although phosphorus-corrole (PCor) is an ideal candidate for different applications in medicine due to its 
excellent photophysical properties [1], low water solubility of many aryl-corroles may limit their use, because 
molecules aggregation occurring in water decreases luminescence and makes more difficult cells internalization. 
To overcome this drawback several strategies can be pursuit: for instance the functionalization with charged 
groups increases water solubility even if slightly lowers photophysical properties. Otherwise, small proteins can 
be used as shuttle to promote corrole uptake [2]. 
PCor/BSA nano-aggregates were prepared and the cytotoxicity toward two cancerous and non-cancerous cell lines 
(A549 and MRC-5, respectively) was evaluated. Severe viability decrease was observed in the case of cancer cells 
after 24 h. Internalization and localization studies highlight that PCor /BSA nano-aggregates enter into cells by 
energy-dependent mechanism and that the chromophore accumulates differently in the two cell lines. 
Cellular viability, uptake and intracellular localization of lipophilic P-tritolylcorrole and of the hydrophilic 
sulfonated derivative were investigated. Finally we explored a different approach for nanoaggregate preparation 
based on bioconjugation of PCor to BSA and properties of this covalent adduct were evaluated.  
 

 
 
Figure 1. Left: Structure of P-tritolylcorrole. Right: intracellular localization in A549 cells after 24 h exposure. 
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Strained molecules are of great interest in medicinal, material, and physical chemistry because of their unique 
reactivity. Over the past decade, strain-release-driven transformations have emerged as a powerful tool to access 
otherwise challenging molecular scaffolds, such as functionalized propellanes, cyclobutanes, or azetidines. In this 
context, our group proposed a new approach for strain-release-driven transformations that relies on the polarity 
reversal of the strained bicyclo[1.1.0]butanes (BCB) and bicyclo[2.1.0]pentanes (BCP) [1]. This method allows 
the generation of a radical localized at C3 (BCB) or C4 (BCP) atoms, which can react with electrophiles, while 
they are normally susceptible to nucleophilic addition. Based on the developed methodology, we wanted to obtain 
regioselective reactions of small heterocycles such as epoxides. Ring-opening of epoxides allows for the synthesis 
of linear or branched alcohols that belong to the group of classical transformations in organic synthesis. To date, 
research on epoxides has mostly focused on the generation of alkyl radicals from aliphatic epoxides and leads to 
linear alcohols with good regioselectivity. For aryl epoxides, the dominant approach involves the generation of 
benzyl radicals and the formation of branched products.  However, the ring-opening of aryl epoxides from the less 
sterically hindered side remains unexplored. For the first time, we have developed a highly regioselective, Co/Ni 
catalyzed ring-opening reaction of epoxides with aryl halides [2]. The crucial ring opening by the Co(I) complex 
occurs from the less steric hindered side, leading to linear products. Furthermore, the methodology could be 
expanded to the 4-membered congener, oxetanes [3].  
We showed that vitamin B12 catalysis gives access to alkyl radicals from strained molecules. Importantly, the 
regioselectivity in both the epoxide and oxetane ring openings is complementary to the known methodologies. 
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Ammonia production is one of the biggest industrial processes and is responsible for 1.5% of greenhouse gases 
globally [1]. Therefore, its amount in air must be controlled and measured. Fast and sensitive sensors able to 
detect ammonia under the 50 ppm threshold are needed in many places such as fertilizer production [2]. Ammonia 
sensors are divided into two parts: organic and inorganic sensors. Organic sensors have some advantages such as 
high sensitivity at low temperature, easy production and low cost. Among organic semiconductors, metal 
phthalocyanines (MPcs) are promising because of their thermodynamic and chemical stability, functionality and 
intramolecular-extramolecular π-π interactions via the central metal atom. MPcs demonstrate high solubility in 
many organic and aqueous environments due to their tunable properties [3]. 
Thin films of MPcs can be prepared both under high vacuum and by solvent 
dropping method. MPc bilayer heterostructures are other innovative approaches 
for the ammonia gas sensors and have been investigated by the Bouvet group. 
This heterostructure consists of a rather weak conducting molecular material as 
a sublayer covered by high-conductive molecular materials. It is referred to 
Molecular Semiconductor – Doped Insulator heterojunction (MSDI) [4]. In this 
study, water-soluble nickel phthalocyanines bearing glycerol and 
triethyleneglycol substituents were prepared and used in MSDI sublayers with 
the solvent dropping technique. LuPc2 was covered as a top layer under high 
vacuum. The ammonia sensing properties of these MSDI devices were 
investigated in different humidity conditions and the particular concentrations 
of ammonia at room temperature. 
These works have been performed in the framework of the bilateral project PHC-Bosphorus 117Z623/ 39745WG 
for which the Scientific and Technological Research Council of Turkey (TUBITAK) and the French Embassy in 
Turkey are gratefully acknowledged. 
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Iron-porphyrin  

Ankita Sarkara and Abhishek Deya  
aIndian Association for the Cultivation of Science 
 
The iron-deprived porphyrin macrocycles of the heme cofactors are the derivatives of deuteroporphyrin IX (Fig 1a) 
which can be prepared from the readily available hemin, i.e., protoporhyrin IX iron(III) chloride (Fig 1b). 
Preparation of such variously substituted deuteroporphyrins IX is useful to study the effects of the differences in 
structure found among natural porphyrins and relative reactivities of positions on the porphyrin ring. Several 
preparative methods are reported demonstrating separation of substituted deuteroporphyrin IX by splitting off the 
central iron from the corresponding heme derivative in an organic acid upon addition of a reducing agent (ferrous 
iron salt, SnCl2, Hg metal, diazomethane).[1-2] Similarly, the synthetic iron(III) porphyrin complexes can be also 
demetalated in a strong acidic medium (but not a non-complexing acid) upon chemical or electrochemical reduction 
of ferric iron to ferrous iron.3 We have established a methodology for the demetalation of a synthetic ferric porphyrin 
complex in acid medium without adding any external reducing agent. Here, we employed an acetylthioacetate 
functionalized iron(III)-α4- tetraaminophenyl porphyrin (α4-TAPP) complex. It offers an intramolecularly catalyzed 
exclusion of the central iron atom from the π macrocycle of the porphyrin upon conversion of its acetylthioacetate 
arms into acetylthiolates. Additionally, the excluded iron further binds to the acetylthiolates resulting in a non-heme 
iron tetrathiolate moiety attached to a free-base porphyrin ligand. The deprotection of the thioacetate moiety of a 
thioacetate functionalised α4-porphyrin to thiolate is also the key to synthesise a non-heme metal-tetrathiolate cluster 
attached to a Fe porphyrin.  
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From CO to formaldehyde and methanol with a cobalt 
phthalocyanine electrocatalyst 
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Electrochemical reduction of CO2 can help mitigating carbon emissions upon conversion to valuable molecules 
(CO, hydrocarbons, and alcohols) by using renewable energy. While molecular catalysts show high performance 
in the reduction of CO2 to CO, it is difficult to generate products beyond two-electron processes. Here, we 
demonstrate that cobalt phthalocyanine (CoPc) immobilized at carbon nanotubes can reduce CO2 or CO to 
methanol with considerable activity and selectivity. A maximum methanol Faradaic efficiency of 56.7% was 
obtained at −0.88 V vs. RHE in a near-neutral electrolyte. We definitely proved that formaldehyde is a key 
intermediate in the CO-to-methanol conversion and identified the path for its formation. This strategy enabled us 
to form methanol through the electroreduction of CO, expanding the scope of products available from CO2 
reduction. 
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Phosphorus(V) porphyrinoid complexes remain exotic and rarely studied compounds despite their unique 
absorption in the near-IR region [1] and perspectives for biological applications due to their cationic nature. 
Phosphorus is the smallest atom which can occupy the centre of tetrapyrrole causing specific structural features. 
The most prominent feature is the ruffling of macrocycle core which can influence solubility, absorption and 
electrochemical properties. There are several reasons for distortion mentioned in literature: small ionic radius of 
phosphorus, nature and position of porphyrinoid substituents, nature of axial ligands on P(V), however no 
attention was earlier paid to the counteranion nature in cationic Pc complexes.  
In this work for the first time we systematically studied a series of cationic P(V) phthalocyanines [PcP(OMe)2]+ 
with different counterions: Cl−, I−, CF3COO−, TsO−, BPh4

−, CF3SO3
−, HCOO−. All compounds were characterised 

by set of methods and we succeeded to grow single crystals for each complex. Single crystal XRD (SCXRD) 
allowed us to determine macrocycle distortion and analyze structural features for the phosphorus(V) complex with 
different counteranions. The degree of Pc core ruffling depends on the anion and increases in the following row: I− 
< CF3COO− < HCOO− ≈ CF3SO3

− < TsO− < Cl− << BPh4
−. The bond lengths of Pc core were analyzed by the 

harmonic oscillator model of aromaticity (HOMA). HOMA indices are close for all structures and none of them 
loses its aromaticity during distortion. On the other hand, the crystal packing and distortion degree essentially 
affect the properties of material. Thus, the diffuse reflectance spectra changes depending on anion. 
Moreover earlier in our group the reversible nucleophilic addition to a phthalocyanine core was observed for 
complex [PcP(OMe)2][Cl]. The reaction with KOH leads to a nonaromatic adduct bearing an OH group at one of 
the α-pyrrolic carbon atoms [2]. SCXRD confirmed that after addition of an OH− the Pc-like skeleton becomes 
highly distorted because of the presence of one sp3 carbon (Figure 1). The breakage of aromaticity was verified by 
substantial decrease of macrocycle HOMA coefficient. The acidic treatment of this adduct restored aromaticity 
and recovered the starting cationic complex. Such reversible switching of macrocycle aromaticity and distortion 
results in crucial changes of absorption, emission and NMR spectra. Thus, the discovered phenomenon allows us 
to create novel Pc-molecules with switchable properties. 

 
Figure 1. Side views of [PcP(OMe)2]+ and PcP(OMe)2OH according to SCXRD 

 
This work was supported by the Russian Science Foundation (grant 22-23-01078).  
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Pfaffenwaldring 55, D-70569, Stuttgart, Germany   

 
Electrocatalytic hydrogen evolution reaction (HER), a sustainable route for the production of hydrogen has 
attracted considerable attention as a new paradigm for energy storage, delivery and transport [1]. Due to the high 
cost and low abundance associated with noble metal catalysts, development of molecular catalyst consisting earth-
abundant metal elements has been given priority for realising low-carbon economy. Metal complexes of porphyrin 
macrocycle in this context has been explored extensively as a catalyst for HER due to high catalytic activity, 
appreciable stability, and easy tunability of the ligand backbone. 
In the recent past, several functional analogues based on the active site of naturally occurring metalloenzymes 
hydrogeneases was shown to exhibit higher efficiency than respective mononuclear analogues [2]. However, high 
overpotentials, requirement of strong acids and low turnover number prohibited their large-scale applications. 
Surprisingly, dinuclear analogues of metalloporphyrin i.e. fused porphyrins have largely remained unexplored for 
electrocatalytic hydrogen evolution reaction. Recently, a report from Moore and co-workers highlighted enhanced 
catalytic activity of the doubly fused dinuclear Cu(II)-porphyrin towards HER in comparison to the respective 
monomeric analogue [3]. It was followed by a report from the group of Apfel and coworkers demonstrating 
higher faradaic efficiency and 2-fold increase in HER activity of a bimetallic Ni(II) macrocycle over its 
monomeric analogue [4]. 
We have investigated for the very first time, catalytic efficiency of the bimetallic triply-fused Cu(II)-porphyrin 
(Cu-1) towards electrochemical HER and compared its activity with the respective monomeric counterpart (Cu-
2). Dinuclear analogue was observed to exhibit significantly enhanced catalytic efficiency with a rate constant of 
~107, which is among the highest reported in literature along with significant reduction in the over potential (~320 
mV) as compared to respective monomer. Consistent with the higher catalytic activity of the triply fused 
metalloporphyrins, two different sets of Ni(II) functionalised triply fused porphyrins (Ni-1 and Ni-2) containing a 
large solubilizing and moderate functional groups along the long axis with 4-carboxymethylphenyl functionality 
along the short axis were synthesised and characterised to address the low soluility associated with these type of 
frameworks .Comparative analysis of the HER activity of these complexes revealed that Ni-2 with lareg alkoxy 
groups at the peripheral position catalyses proton reduction at lower overpotential and higher activity in 
comparison to analogous Ni-1 with moderate functional groups, as confirmed from the higher icat/ip and turnover 
frequency values. Mechanistic elucidation of the reaction pathway using disclosed involvement of the doubly 
reduced species to drive the heterolytic protonolysis leading to the generation of H2. 
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Novel dihydro-1H-diazepinoporphyrazines as potential 
photosensitizers and pH-sensitive fluorophores   

Ivan A. Skvortsova, Alina M. Fazlyevaa and Pavel A. Stuzhina

aIvanovo State University of Chemistry and Technology, RF-153000 Ivanovo, Russia 

Porphyrazines containing 1,4-diazepine fragments with two acceptor imino groups [1] and their tetrahydro 
derivatives with donor amino groups [2] are described in the literature. In this work, novel near-IR-absorbing 
symmetric and low-symmetry porphyrazines with 6,7-dihydro-1H-1,4-diazepine rings, combining acceptor imino 
and donor amino groups, were prepared. The dinitrile precursors (6,7-dihydro-1H-1,4-dicarbonitriles) which were 
obtained by condensation of diaminomaleonitrile with acetone or cyclohexanone, according to the method [3]. 
Molecular structure of 2,3-dicyano-5,7,7-trimethyl-6,7-dihydro-1H-1,4-diazepine was determined by single crystal 
X-ray diffraction analysis. The obtained structural data confirm the conclusions made on the basis of spectral study
and quantum-chemical modelling and evidence that –N= and –NH– groups in 6,7-dihydro-1H-1,4-diazepine ring
can be considered as pyridine- and pyrrole-type nitrogens, and the electronic lone pair of the latter is involved in
formation of quasi-aromatic conjugated heterocyclic system [4].
Trimethyl and cyclohexyl derivatives of dihydro-1H-diazepine-2,3-dicarbonitriles were cyclotetramerized in the presence 
of magnesium butoxide affording the Mg(II) complexes, while reaction with lithium butoxide leads directly to the
corresponding metal free macrocycles. Also, mixed sterically controlled cyclization of phthalonitrile and dihydro-1H-1,4-
diazepine-2,3-dicarbonitrile in the presence of lithium butoxide gave a low symmetry A3B type metal free porphyrazine.

Figure 1.

The formation of novel macrocyclic compounds was confirmed by IR, MALDI-TOF, 1H NMR and their properties 
were characterized using UV-Vis-spectroscopy and cyclic voltamperometry. The NH-groups in the diazepine 
fragments participating in intramolecular charge transfer (ICT) strongly quench the fluorescence (Figure 1). 
Spectrophotometric titration, 1H NMR measurements and quantum chemical molecular modeling indicate that 
protonation of the diazepine rings which occurs on the pyridine nitrogen atoms switches off the ICT effect and 
increases the fluorescence quantum yields by 2-4 times [5]. The observed effect of fluorescence switching allows us 
to consider the obtained diazepinoporphyrazines as perspective pH-sensitive fluorescence materials. 
Acknowledgement. The reported study was funded by Russian Foundation for Basic Research (grant №19-33-90276). 
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Figure 1.

The formation of novel macrocyclic compounds was confirmed by IR, MALDI-TOF, 1H NMR and their properties
were characterized using UV-Vis-spectroscopy and cyclic voltamperometry. The NH-groups in the diazepine
fragments participating in intramolecular charge transfer (ICT) strongly quench the fluorescence (Figure 1). 
Spectrophotometric titration, 1H NMR measurements and quantum chemical molecular modeling indicate that
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increases the fluorescence quantum yields by 2-4 times [5]. The observed effect of fluorescence switching allows us
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Manganese complexes supported by macrocyclic tetrapyrrole ligands represent an important platform for nitrene 

transfer catalysis and have been applied to both C–H amination and olefin aziridination catalysis [1-2]. The 

reactivity of the transient high-valent Mn nitrenoids that mediate these processes renders characterization of these 

species challenging. Here we report the synthesis and nitrene transfer photochemistry of a family of Mn(III) 

tetraphenylporphyrin (TPP) complexes with an N-haloamide ([X-N-Ts]−, X = Cl, Br, I; Ts (tosyl) = p-

H3CC6H4SO2) axial ligand. These S = 2 Mn(TPP) N-haloamide complexes are characterized by 1H NMR, UV-vis, 

IR, and high-frequency and -field EPR (HFEPR) spectroscopies, as well as single-crystal X-ray diffraction. 

Although Mn(tetrapyrrole)X (tetrapyrrole = porphyrin [3], corrole [4-5], and corrolazine [6] ; X = halide[3] and 

other axial ligands such as OPPh3[4], as well as free of axial coordination[5]) have been studied extensively by 

HFEPR, the present work is the first with a nitrogen-donor ligand of any type, in this case a haloamide. HFEPR 

demonstrates that the Mn(III) centre is unremarkable in terms of its electronic structure as reflected in the S = 2 

spin Hamiltonian parameters of the X = Cl, Br, and I series. Nevertheless, photolysis of these Mn(TPP)(XNTs) 

complexes results in the formal transfer of a nitrene equivalent to both C–H bonds, such as the a-C–H bonds of 

tetrahydrofuran, and olefinic substrates, such as styrene, to afford aminated and aziridinated products, 

respectively. Low-temperature spectroscopy (including X-band EPR) and analysis of kinetic isotope effects for 

C–H amination indicate halogen-dependent photoreactivity: Photolysis of N-chloroamides proceeds via initial 

cleavage of the Mn–N bond to generate Mn(II) and amidyl radical intermediates; in contrast, photolysis of N-

iodoamides proceeds via N–I cleavage to generate a Mn(IV) nitrenoid (i.e., {MnNR}7 species). These results 

establish N-haloamide ligands as viable precursors in the photosynthesis of metal nitrenes and highlight the power 

of ligand design to provide access to reactive intermediates in group-transfer catalysis.  
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Metalloporphyrins are well–known for their vivid colours, which may change upon a guest binding; therefore, 
serve as molecular sensors [1]. An appealing application of chemosensors is recognition of chiral compounds due 
to typically large differences in biological activity of enantiomers. However, it is demanding and expensive to 
synthesize chiral porphyrins [2], which could fulfill such recognition function themselves.  
In our approach we utilize chiral macrocyles cyclohexanohemicucurbit[n]urils (cycHC[n]s, n = 6, 8) [3] to induce 
chirality in simple inexpensive planar zinc(II) porphyrins through supramolecular interactions (Fig. 1A) [4]. 
Specifically, zinc is coordinated to oxygen of urea moiety. Hence, cycHC[n] may bind simultaneously other 
compounds at unoccupied monomeric units or inside its cavity. Our target is to explore if such ternary complexes 
can effectively sense chirality of third component (analyte). 
In addition, binding of cycHC[n] with bis(zinc octaethylporphyrin) (bis–ZnOEP) (Fig. 1B) — known for its 
ability to recognize enantiomers of various chiral molecules [5] — was examined to compare the chirality 
induction efficiency with single porphyrins and to discover if bis–ZnOEP can recognize differences in size and 
chirality of cycHC[n] [6]. 

Figure 1: (A) originally planar ZnOEP forms complex with cycHC[8], which leads to chirality induction at porphyrin. (B) 
bis–ZnOEP binds cycHC[6] and accommodates chiral tweezer–like conformation. 
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synthesize chiral porphyrins [2], which could fulfill such recognition function themselves.  
In our approach we utilize chiral macrocyles cyclohexanohemicucurbit[n]urils (cycHC[n]s, n = 6, 8) [3] to induce 
chirality in simple inexpensive planar zinc(II) porphyrins through supramolecular interactions (Fig. 1A) [4]. 
Specifically, zinc is coordinated to oxygen of urea moiety. Hence, cycHC[n] may bind simultaneously other 
compounds at unoccupied monomeric units or inside its cavity. Our target is to explore if such ternary complexes 
can effectively sense chirality of third component (analyte). 
In addition, binding of cycHC[n] with bis(zinc octaethylporphyrin) (bis–ZnOEP) (Fig. 1B) — known for its 
ability to recognize enantiomers of various chiral molecules [5] — was examined to compare the chirality 
induction efficiency with single porphyrins and to discover if bis–ZnOEP can recognize differences in size and 
chirality of cycHC[n] [6]. 

 
Figure 1: (A) originally planar ZnOEP forms complex with cycHC[8], which leads to chirality induction at porphyrin. (B) 
bis–ZnOEP binds cycHC[6] and accommodates chiral tweezer–like conformation. 
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The formation of the hyponitrite species from two NO molecules is the key intermediate in the reduction of NO to 
N2O in denitrification. In bacterial respiration the reduction of NO2

-/NO to N2O by terminal oxidoreductases 
supports the hypothesis of a common evolutionary origin of bacterial denitrification and aerobic respiration.  
Activation of NO in denitrification and bacterial respiration provides the means to identify conserved structural 
features, which can be assumed to be involved in basic functions common to both classes. The most commonly 
encountered metals in the biological reduction of NO2

- to NO and subsequently to N2O are iron and copper in 
mononuclear, binuclear, and dinuclear centers. The oxidoreductases contain CuA, one low-spin, six coordinated 
heme b, and a binuclear center that consists of CuB and a high-spin heme a3 in which the catalytic reactions take 
place (Figure 1) [1]. A full elucidation of the structures and the electronic configurations of various intermediates 
are of profound importance for understanding the mechanism by which the enzymes form and cleave NO-
containing bonds [1-4]. Resonance Raman studies of the NO2

-/NO structures formed in the binuclear heme Fe-
CuB center will be presented. 
 

  
 
Figure 1. Structures of reaction intermediates in the binuclear center of heme-copper oxidoreductases.  
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The increase in the consumption of raw fish, often carrying multi-drug resistant microbial strains, has emerged as a 
new global health threat being responsible for serious foodborne diseases for the consumer [1,2]. To prevent these 
infections, new strategies to decontaminate fishery products must be developed. Therefore, in this study we aimed to 
investigate the photodynamic inactivation (PDI) of Escherichia coli and Vibrio parahaemolyticus in fish fillets 
considering the high pathogenicity of these bacteria and their often transmission through contaminated fish to 
humans. The efficiency of the developed protocol was also evaluated in the photoinactivation of microorganisms 
naturally present on fish fillets. The treatments were performed in vitro and ex-vivo (fish fillet) in the presence of two 
photosensitizers (PSs), 5,10,15,20-tetrakis(1-methylpyridinium-4-yl)porphyrin tetra-iodide (Tetra-Py(+)-Me) and 
Methylene Blue (MB) under irradiation with white light (100 mW.cm-2). In vitro, both PSs at a concentration of 0.5 
μM were efficient to reduce E. coli and V. parahaemolyticus viability until the detection limit of the method (~8 log 
of CFU.mL-1) after 30-45 min of PDI treatment. In fish fillet, Tetra-Py(+)-Me and MB (50 μM) were also able to 
promote the photoinactivation of E. coli in ca. 99% after 60 min of PDI treatment, although for V. parahaemolyticus 
a more pronounced inactivation was achieved with MB (> 99.9%). Furthermore, the PDI treatments were even more 
efficient in the photoinactivation of the fish natural microorganisms with reductions of 99.998% and 99.9997% with 
Tetra-Py(+)-Me and MB, respectively. These results reveal that the developed protocol was not only efficient to 
inactivate E. coli and V. parahaemolyticus in contaminated fish fillet but also to photoinactivate the fish natural 
microorganisms that can compromise the fish quality and consumer safety. In summary, the results suggest that PDI 
can be a promising approach to decontaminate fish fillets and provide safe food to the consumer. 
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Phthalocyanines, which were used as dyes and pigments when they were first discovered, later on have taken place 
in many technological applications, such as solar cells, gas sensors, liquid crystals, etc [1]. 
Phthalocyanine chemistry has been an endless researching area for researchers due to its variety by changing central 
metal atom and peripheral / nonperipheral substituents. There are also varieties of phthalocyanines such as 
asymmetric, sub, super, sandwich, clamshell, ball type Pcs. Recently phthalocyanines contain nanocarbon and 
nanoparticle, have been attracted researchers due to their wide applications for energy [2]. 
 

 
Figure 1. Molecular Structure of beta substituted cobalt(II) Phthalocyanine Analogs 
 
One way to provide this diversity is to use different linkage bridges other than the most preferred oxygen bridged 
derivatives. Therefore, four different species were selected in order to investigate the effects of the linkage bridge 
difference on the phthalocyanine properties in this study. The original starting materials 4-(2,4,6-
trimethoxyphenoxy)phthalonitrile(1), 4-((2,4,6-trimethoxyphenyl)thio)phthalonitrile(2), (E)-4-((2,4,6-
trimethoxyphenyl)diazenyl)phthalonitrile(3), (E)-4-((2,4,6-trimethoxybenzylidene)amino)phthalo-nitrile(4) and 
their oxo, thio, azo and imine bridged metal  free Pcs were synthesized. The original compounds were purified by 
column chromatography or crystallization methods and their structures were characterized using spectroscopic 
methods (UV, FT-IR, 1H-NMR and 13C-NMR, MALDI-TOF-MS). 
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Metal-free phthalocyanine (H2Pc) was obtained by accident for the first time in 1907 as a by-product during the 
preparation of 2-cyanobenzamide [1]. H2Pcs are not only synthesized for directly using for some applications, but 
also used for the synthesis of metallo Pcs because this method might be more practical. Most of the time, it is 
difficult to obtain H2Pcs due to lack of metallic template effect [2].  

 

 

 

 
 
 
 
Figure 1. Molecular Structure of beta substituted metal-free Phthalocyanine Analogs 
 
The aim of this study is to synthesize original starting compounds with different linkage bridges and their 
phthalocyanines derivatives and to investigate differences in synthesis and characterization properties. Thus, 4-
(2,4,6-trimethoxyphenoxy)phthalonitrile, 4-((2,4,6-trimethoxyphenyl)thio)phthalonitrile (E)-4-((2,4,6-
trimethoxyphenyl)diazenyl)phthalonitrile, (E)-4-((2,4,6-trimethoxybenzylidene)amino)phthalonitri-le and their 
oxo, thio, azo and imine bridged  metal free Pcs were synthesized.  The original compounds were purified by column 
chromatography or crystallization methods and their structures were characterized using spectroscopic methods 
(UV, FT-IR, 1H-NMR and 13C-NMR, MALDI-TOF-MS). 
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Extending the π-conjugation of aromatic molecules, in particular porphyrinoids, via C-C or C-N coupling(s) with 
peripheral aromatic fragment(s) has been the focus of numerous researches over the last two decades [1]. Indeed, 
C-C/C-N fusion of one are several hydrocarbon(s) or aromatic heterocycle(s) onto the porphyrin periphery forces 
the porphyrin core and the substituent to be coplanar, that enhances the electronic communication between both 
fragments. π-extended porphyrins display important changes in their optical and electrochemical properties such 
as decrease of the HOMO/LUMO gap, bathochromic shift in their absorption/emission spectra, large absorption 
and fluorescence in the NIR range [2]. Nowadays, π-extended C-C/C-N linked porphyrins are commonly obtained 
using toxic and/or expensive chemicals, often under harsh conditions. Due to the extension of the conjugation 
path, the oxidation potential decreases which may lead to over-oxidation during the fusion process. 
In this work, the (electro)chemical oxidation of original zinc(II) meso-(pyridin-2-ylthio)porphyrins will be 
presented affording the C-N fused (bis)pyridinium derivatives in a stepwise manner. When one meso position 
remains free, the first oxidative reaction consists in the meso,meso C-C dimerization. The resulting pyridinium 
derivatives exhibits important changes in their physico-chemical properties (NMR, UV-vis., CV) as compared to 
their initial unfused precursors.  
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peripheral aromatic fragment(s) has been the focus of numerous researches over the last two decades [1]. Indeed, 
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fragments. π-extended porphyrins display important changes in their optical and electrochemical properties such 
as decrease of the HOMO/LUMO gap, bathochromic shift in their absorption/emission spectra, large absorption 
and fluorescence in the NIR range [2]. Nowadays, π-extended C-C/C-N linked porphyrins are commonly obtained 
using toxic and/or expensive chemicals, often under harsh conditions. Due to the extension of the conjugation 
path, the oxidation potential decreases which may lead to over-oxidation during the fusion process. 
In this work, the (electro)chemical oxidation of original zinc(II) meso-(pyridin-2-ylthio)porphyrins will be 
presented affording the C-N fused (bis)pyridinium derivatives in a stepwise manner. When one meso position 
remains free, the first oxidative reaction consists in the meso,meso C-C dimerization. The resulting pyridinium 
derivatives exhibits important changes in their physico-chemical properties (NMR, UV-vis., CV) as compared to 
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Phthalocyanines and their analogues have interesting and highly applicative photophysical properties in areas such 
as photodynamic therapy, fluorescence sensing, dyes manufacturing, and the development of logic gates.[1] 
Switching of their photophysical properties, needed for fluorescent probes, switches and sensors of metal cations, 
is usually achieved by photo-induced electron transfer (PET).[2]  
The aim of this work was to prepare florescence sensors for metal cations by the introduction of sensitive 
azacrown ether ligand into the axial positions of various macrocycles (Fig. 1 below), which is only rarely 
reported. Advantageously peripheral positions on macrocycles may be used for improving water solubility, e.g. by 
the introduction of sulfonated groups. 
The synthetic pathway included the synthesis of the macrocycles with suitable central atoms after which the metal 
ion sensitive ligands were attached to the axial positions. Finally, switching properties were studied by titration 
with various metal cations by observing UV-vis absorption and fluorescence emission, which enabled the 
calculation of appropriate binding constants. Selectivity and sensitivity of prepared series towards various metal 
cations was compared within the series. 
Acknowledgement: The work was supported by Czech Science Foundation (project No. 21-14919J). 

 
Figure 1: Phthalocyanine, Subporphyrazine, and Tetrapyrazinoporphyrazine macrocycles respectively, attached with a metal 
cation sensitive axial ligand. 
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Porphyrinoids are polypyrrolic macrocycles with varied core sizes and aromaticity, which have found applications 
in various fields. Telluraporphyrinoids [1] are a class of tellurium containing heteroporphyrinoids which exhibit 
distinct and interesting properties owing to the large size of tellurium atom. Though the synthesis of core modified 
pentaphyrins (2.1.1.1.1) and sapphyrins [2] have been reported in recent years, telluorophene containing 
homopentaphyrins and sapphyrins have not been synthesized  due to the unavailability of suitable precursors. In 
this poster, we report synthesis of different tellurophene containing core-modified pentaphyrin(2.1.1.1.1)s [3] and 
sapphyrins under ambient reaction conditions in decent yields (chart). Our studies showed that telluorophene 
containing core-modified homopentaphyrins are non-aromatic whereas telluorophene containing dithiasapphyrins 
are aromatic in nature.  Furthermore, the tellurophene containing dithiasapphyrins showed ring flipping upon 
protonation. The synthesis, structure, spectral and electrochemical properties of these tellurium containing 
expanded porphyrinoids will be presented in the poster. 
 

 

                                                                       Chart 
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Hydrogen is regarded a promising molecular fuel for clean energy production, capable of replacing fossil fuels 
and contributing to the resolution of global energy and environmental problems. Therefore, the efficient 
production of H2 is of great significance, with the most promising strategy being the photocatalytic splitting of 
water.[1] In this study, different supramolecular architectures, such as “flowers”, octagonal and “manta ray” 
shaped structures, were obtained using the “good-bad” solvent self-assembly protocol. More specifically, the bad 
solvent was retained (CH3OH) and the good solvent was altered, leading to different assemblies after 48 hours. 
These different structures were observed and studied by Scanning Electron Microscopy, UV-Vis and IR 
spectroscopy, as well as XRD. The prepared structures were found to be effective solid photosensitizers for H2 
production, in the presence of 5% w/w Pt-nanoparticles as the catalyst and ascorbic acid as the sacrificial electron 
donor. Moreover, depending on the structure of the chromophore that was formed, the amount of H2 production 
varied. The maximum H2 evolution was obtained with the octagonal structures. 
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shaped structures, were obtained using the “good-bad” solvent self-assembly protocol. More specifically, the bad 
solvent was retained (CH3OH) and the good solvent was altered, leading to different assemblies after 48 hours. 
These different structures were observed and studied by Scanning Electron Microscopy, UV-Vis and IR 
spectroscopy, as well as XRD. The prepared structures were found to be effective solid photosensitizers for H2 
production, in the presence of 5% w/w Pt-nanoparticles as the catalyst and ascorbic acid as the sacrificial electron 
donor. Moreover, depending on the structure of the chromophore that was formed, the amount of H2 production 
varied. The maximum H2 evolution was obtained with the octagonal structures. 
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Porphyrins have been extensively used in Dye Sensitized Solar Cells (DSSCs),[1] due to their characteristic and 
intense absorption in the visible region, which results from their extended conjugated system. In this work, novel 
meso Zinc (II) porphyrins bearing an electron-withdrawing and an electron-donating group at the same phenyl 
rings have been synthesized. The porphyrin-based sensitizers can be adsorbed onto TiO2 semiconductor electrode 
through carboxylic acid anchoring groups. The nature of the different substituents influences significantly the 
optical, electrochemical and photovoltaic properties of these sensitizers, as shown via UV-Vis, emission and 
electrochemical studies. Furthermore, the corresponding analogues lacking the electron-donor and electron-
acceptor functional groups have been also synthesized and utilized as reference chromophores in the photovoltaic 
studies.  
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Pyrrole modified porphyrins (PMPs) are porphyrin analogues in which at least one of the pyrrolic rings of the 
tetrapyrrolic macrocycle was formally replaced by a non-pyrrolic ring have found applications in chemosensing, 
biomedicine, catalysis, near IR emitters, as well as enhanced the understanding of interplay of factors influencing 
the optical properties of the porphyrin macrocyle [1]. The two main strategies employed to access PMPs are either 
total synthesis or stepwise conversion of porphyrins; the latter we formalized as a the ‘breaking and mending 
approach’ [1b]. While this approach has proven to be versatile in the generation of PMPs containing four-, five-, 
and six-membered non-pyrrolic heterocycles, it failed to generate larger heterocycles. Larger ring-based PMPs 
collapsed to form thermodynamically more stable five membered non-pyrrolic heterocycles. 
We recently showed that by using a reversal of our breaking and mending strategy, we were able to afford in 
select cases an eight-membered ring-based PMP [2]. Here, we will report on our efforts in using this annulation 
→ oxidative cleavage strategy towards 9- and 10-membered ring PMPs. Access to large ring PMPs have remained 
inaccessible due to a host of side reactions. Nonetheless, our investigation allowed us to isolate a number of novel 
macrocycles that allowed us to learn more about the mechanism of the reactions that failed to generate the target 
PMPs (Scheme 1). 
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Porphyrins belong to a widespread class of compounds playing a key role in natural catalytic phenomena such as 
photosynthesis and respiration.[1] Their properties can be easily tuned from the attachment of substituents to one 
or several of the eight β- and four meso- positions of the porphin ring and/or from the introduction of a cation inside 
the porphyrin core.[2] In recent times, the cooperative effect promoted by conjugated covalent links between 
porphyrins was demonstrated for catalytic applications.[3] Particularly, directly fused metalloporphyrin conjugated 
polymers display interesting opto-electronic and electrocatalytic properties.[3,4] In general, despite of their 
attractive electronic, electrochemical, and optical properties, including an extremely red-shifted absorption up to 
the infrared, directly fused porphyrin conjugated polymers struggle to meet the requirements of practical 
applications due to their very weak solubility and non-meltability.[5] In this context, Oxidative Chemical Vapor 
Deposition (oCVD) has afforded a promising solution to prepare and engineer multiply fused porphyrin conjugated 
polymers directly on the desired surface, overcoming the limitation related to solution-based approaches.[5] 
 
Herein, we show the oCVD technique to prepare different di-meso-substituted Ni(II) porphyrin conjugated polymers 
containing phenyl groups with variety of substituents. The substituted groups on phenyl rings are shortlisted based 
on their electron donating, withdrawing and steric properties. High resolution mass spectroscopy displays the 
formation of doubly and triply fused porphyrin oligomers. Direct linkage between metalloporphyrins results in the 
increased conjugation between metalloporphyrin’s leading to the absorption in NIR region. All the polymerized 
material exhibits improved conductivity and electrocatalytic properties in comparison to monomers. Computational 
calculations also display interesting delocalization of frontier molecular orbitals on the polymerized 
metalloporphyrinoids. This study paves the way toward the engineering and future implementation of porphyrin-
based systems comprising of donor-acceptor properties for clean and efficient solar fuel production. 
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Stable nanoparticles of a hydrophobic derivative of vitamin B12 – aquacyanocobyrinic acid heptabutyl ester (AС) 
in the layers at air-water interface and Langmuir-Schaefer (LS) films were formed. Regions of existence and 
characteristics of the structure and properties of nanostructured layers were determined with the method of 
quantitative analysis of compression isotherms of floating layers [1]. 
To reveal the nature of responsible intermolecular interactions in LS film IR and Raman spectra of the film were 
compared with those of the film deposited by drop coating technique from the AC monomer solution. Main 
differences are observed in the range from 2850 to 3050 cm-1. The bands in this range are mainly attributed to the 
stretching vibrations of C-H bonds of the side substituents in the corrin macrocycle, which are most sensitive to 
intermolecular interactions. The bands in the IR spectrum of LS film are shifted to a lower frequency region. This 
may suggest the formation of hydrogen bonds between neighboring supermolecular entities (SMEs) and/or 
hydrophobic interaction between side hydrophobic substituents of neighboring molecules. The same tendency is 
also observed in the Raman spectra. 
Changes in the spectral region corresponding to macroheterocycle deformations (specifically, C-C-N or C-N-C 
bending are also observed in the Raman spectrum of the LS film. The increase in relative intensities of the Raman 
bands in the range from 450 to 650 cm-1 is clearly noticeable. This is in accordance with strong intermolecular 
interactions in nanoparticles in the film, as revealed by UV-Vis spectral studies.  
Furthermore, additional interactions via hydrogen bonds between axial ligands (CN···H2O) of cobalt centers in 
neighboring nanoparticles are confirmed. The shift of the band associated with O-H stretching vibrations and an 
increase in its intensity may be an indication of these hydrogen bonds. A wide band is observed in the IR 
spectrum of the drop coated film with a maximum located around 3430 cm-1, while in the spectrum of LS film the 
band shifts to the region of lower frequencies (~3330 cm-1), and its intensity increases noticeably.  
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Photodynamic therapy (PDT) is considered to be an alternative to conventional methods of tumor cells or 
pathogenic microflora inactivation and can be used as an effective addition to chemotherapy. PDT strategy is 
based on selective accumulation of pigments – photosensitizers (PS) in malignant or microbial cells to kill them 
when exposed to visible light in the presence of oxygen [1, 2]. One of the most important problems in clinical 
PDT when using macroheterocyclic PSs such as porphyrins and chlorins is their aggregation in aqueous solutions 
at therapeutic concentrations [1, 3-6]. Aggregation of PS reduces the efficiency of reactive oxygen species (ROS) 
generation, drug bioavailability, its circulation time in the bloodstream ae tropism [1]. These problems are solved 
by using a wide range of carriers for both passive and active delivery of drugs to abnormal cells, including 
polymer and micellar surfactants, liposomes, nanoparticles, vector carriers, etc. [1]. Non-ionic micellar surfactants 
like Tween 80 and biocompatible polymer carriers as PVP, PEG or P123 are known to be effective and widely 
used passive delivery vehicles. Here we present the results on the interaction of chlorin e6 type PSs with micellar 
and polymer carriers including the binding constants PS/surfactants calculated, size of nanocontainers estimated 
and the depth of PS penetration into the micelle evaluated depending on the substitution pattern of the 
macrocycle. Results are discussed in a poster. 
This work was supported by the Russian Science Foundation (project N 21-13-00398). 
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A comprehensive study of different classes of phenyl-substituted aromatic macroheterocycles (MHC) including 
N-substituted, isomeric, contracted and inverted porphyrin analogues (HnPn) was carried out using a combination 
of spectral (UV-Vis, Fl, 1H NMR) and thermal (calorimetry, thermogravimetry), electrochemical (electrical 
conductivity) and quantum-chemical methods (DFT, NBO) [1-6]. It was shown that inverted porphyrinoids and 
meso-substituted corroles only have a pronounced chemical reactivity of NH bonds, which is appeared in the 
ability of these compounds to interact with a weak electron donors B to form acid-basic molecular complexes 
(HnPn∙B) with incomplete proton transfer [1, 2, 6]. 

The tendency of porphyrinoids to molecular complexation with electron donors is controlled by the 
combination of several factors, as an MHC ability to form solvent-dependent tautomeric forms, an increase of 
polarization of the molecular π-system and decrease in its aromaticity [5, 6]. 

It was demonstrated for the first time that the inner-cyclic NH-proton of MHC forms an intermolecular 
hydrogen bond with the electron-donor center of B molecule within molecular complex resulting in incomplete 
acid-base interaction. NH-active forms of corrole and an inverted analog of porphyrin are formed in polar 
electron-donor media, for example, in N,N-dimethylformamide solutions. Molecular complexes formed under 
these conditions, similarly to 1:1 electrolytes, demonstrate concentration dependences of the enthalpy of solution 
(ΔsolH), as well as a shift and broadening of signals of proton NH in the 1H NMR spectrum, however, they do not 
show a change in the value of specific electrical conductivity of the solution in comparison with a pure solvent. 
These data indicate the formation of H-bound forms, rather than anionic particles in solutions of these 
porphyrinoids. 
 
This work was supported by the Russian Science Foundation (project N 21-13-00398). 
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For many decades, porphyrins have attracted considerable attention due to their implication in natural processes 
(photosynthesis, O2 transport in blood…) and their recent applications in various research fields such as 
photovoltaic solar cells, non-linear optical materials, photodynamic therapy and molecular electronics. To finely 
tune and improve the performance of porphyrin-based materials, peripheral functionalization of the porphyrin ring 
with judicious (hetero) atoms or molecular fragment(s) is essential. In particular, the introduction of a nitrogen 
atom directly bonded to the meso or β position of the porphyrin induces intense alterations of the electronic, 
optical, and electrochemical properties. 
Numerous methods exist to introduce an amine function on porphyrin (reduction of a nitro function [1], 
Buchwald-Hartwig coupling with palladium [2] or attack of an azide anion on a brominated porphyrin [3]). 
However, they remain not always selective and require pre-functionalization of the porphyrin core. 
This poster will present our recent electrochemical/chemical two-step one-pot amination of porphyrins based on 
1) the regioselective anodic nucleophilic substitution of the porphyrin with pyridinium, 2) the chemical ring-
opening of the pyridinium-porphyrin via nucleophilic attack of piperidine (Scheme 1). [4] 
 

 

Scheme 1. Electrochemical /Chemical  two-step one-pot  amination of porphyrins.[4] 
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Polycyclic aromatic hydrocarbons, such as hexa-peri-hexabenzocoronenes (HBCs) can be synthesized as model 
compounds for graphene. Since HBCs and porphyrins show exceptional photophysical properties, a coupling of 
both moieties generates interesting photo/redox – active systems, in which energy transfer processes from HBC to 
porphyrin were observed.[1] Because HBC-porphyrin conjugates show interesting electronic communication 
between both chromophoric units, the next logical step was to extend the size of the aromatic framework, whereby 
a dependency of the energy transfer direction and the size of the GNR was discovered.[2] However, most 
synthetic approaches towards GNRs rely on polymerization reactions, which lack of control on the size, shape and 
edge structure.[3] Herein, we present the selective synthesis of a well-defined GNR and the subsequent coupling 
towards a porphyrin-GNR conjugate to further elucidate the photophysical characteristics of such compounds. 
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β-Functionalized π-Extended Porphyrins: Facile Synthesis, 
Spectral, Electrochemical Redox Properties, and their 

Utilization as Efficient Two-Photon Absorbers 
Amir Sohel Bulbul and Muniappan Sankar* 

Department of Chemistry, Indian Institute of Technology Roorkee, Roorkee-247667, India 
 
β-Functionalized porphyrins with mixed substituents pattern are of growing interest due to their utilization in the 
field of nonlinear optics, anion sensing, gas storage, photodynamic therapy (PDT) and solar cells (DSSC). 
Modulating the degree of π-conjugation and introducing suitable donor-acceptor substituents at β-positions result 
red-shifted electronic spectral features, low HOMO-LUMO gap and high ground state dipole moment which are 
essentials for enhanced nonlinear optical behaviour.1 Benzoporphyrin derivatives are currently under investigation 
as photosensitizers for PDT application.2 Herein, we report one pot facile synthesis of β-disubstituted porphyrins 
with two different substituents at the antipodal positions to each other and β-nitro-mono-benzoporphyrins, and 
their characterization by various spectroscopic techniques viz. UV-vis, fluorescence and NMR and MALDI-TOF 
mass spectrometry and SC-XRD. Further, the investigation of second order and third order nonlinear optical 
properties has been carried out. The synthesized disubstituted porphyrins and benzoporphyrins exhibited 
significantly red-shifted electronic spectral features as compared to their precursor porphyrins. Further, these 
porphyrins exhibited a large anodic shift in reduction and cathodic shift in oxidation potentials due to the extended 
π-conjugation and the electron-withdrawing β-substituents. All the synthesized porphyrinoids exert prominent 
two-photon absorption coefficient and third order nonlinear index. The detailed NLO investigation suggests that 
our porphyrins stand superior compared to recent literature reports as promising NLO materials. 
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Porphyrins with extended π-conjugation is considered as an exciting subject of research due to their potential 
application in sensing, nonlinear optics and solar cells. π-Extension employing intramolecular fusion has attracted 
much attention because of its unique photophysical and tunable spectro-electrochemical properties, making them 
good candidates for an immense variety of applications, including photovoltaics and photoacoustic imaging, two-
photon absorbers and toxic ion sensors [1]. The fusion at the meso and β-pyrrolic positions (i.e., meso-β fusion) 
and at two adjacent β-pyrrolic positions (i.e., β-β’ fusion) both have shown to afford porphyrinoids with enhanced 
chemical stability, near-infrared optical absorption and reduced HOMO-LUMO gap, indicated to be a better 
photosensitizer for photodynamic therapy and optoelectronic devices [2]. Herein, we present a facile synthesis, 
spectral and electrochemical properties of triply fused porphyrins and their Zn(II) complexes. Further, the 
complete characterization of all the porphyrins was carried out by various spectroscopic techniques including UV-
vis, fluorescence, NMR, single crystal XRD, spectro-electrochemical studies, and MALDI-TOF mass 
spectrometry. The synthesized Trifused porphyrins exhibited significantly red-shifted electronic spectral features 
as compared to their precursor porphyrins. These porphyrins showed a significant anodic shift in reduction and 
cathodic shift in oxidation potentials from their parent molecule due to the extended π-conjugation. Further, we 
will explore the Trifused Zn(II) complexes as a promising toxic ion sensor. 
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Subphthalocyanines (SubPcs) constitute a class of curved, aromatic macrocycles, consisting of three isoindole 
subunits connected through their 1,3-positions by aza-bridges.[1] These compounds belong to the group of 
tripyrrolic porphyrinoids, a large family of heteroannulenes that also comprises subporphyrazines (SubPzs),[2] 
subporphyrins (SubPs)[3] and benzosubporphyrins (BzSubPs)[4] as the four cornerstones.[5] Some common features 
within this family are their cone-shaped, aromatic structure, arising from a 14 -electron circuit, and their ability 
to coordinate exclusively boron(III). Indeed, these macrocycles exist only as boron (III) complexes. The smaller 
aromatic circuit of SubPcs related to that of phthalocyanines (Pcs) (18 vs 14 electrons ), produces blue shifted 
absorption bands with respect to the corresponding tetrapyrrolic systems. In the present work we explore the 
preparation of novel subporphyrinoid derivatives with extended conjugation, which are non-existent in the 
literature, and we have named Subphenanthrenocyanines. These compounds consist of three dibenzoisoindole 
units linked through their 1 and 3 positions by aza bridges and coordinating a boron atom within their central 
cavity. The optical and electrochemical properties of these new macrocycles with larger bowl-depths have been 
studied. 
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The decrease of total available reserves of fossil fuels along with the environmental problems caused by increased CO2 
emissions, have turned the interest of the research community towards developing catalytic systems which convert 
solar energy into exploitable fuels.[1] The zero-emission energy carrier, H2 is an ideal alternative to carbon-based fuels 
especially when it is generated photocatalytically from water. Additionally, the photocatalytic conversion of CO2 into 
chemical fuels can reduce the CO2 emissions and have a positive environmental and economic impact. Therefore, the 
preparation of efficient catalytic systems that exploit solar irradiation for H2 production and CO2 reduction can 
contribute to an ultimate green sustainable development of our planet, solving energy and environmental issues. 
In this report carbon dots (CDot) and N-doped carbon dots (NCDot) have been synthesized as light harvesters to direct 
photocatalysis of protons to H2 with the use of molecular cobalt catalysts. The photocatalytic studies demonstrated that 
this system produces 17.1 mmol of H2 (TONCAT = 859) after 52 h of irradiation.[2] Moreover, in an effort to produce 
CDot with lower cost olive leaves were used as starting material and after pyrolysis resulted in the formation of novel 
CDot. The newly synthesized CDot were utilized as chromophores in the photocatalytic CO2 reduction using Fe 
porphyins and Co complexes as molecular catalysts.  
 

 
 

Acknowledgments: The Special Research Account of the University of Crete is gratefully acknowledged for the 
financial support of this research. 

REFERENCES  
1. K. Ladomenou, M. Natali, E. Iengo, G. Charalampidis, F. Scandola, A. G. Coutsolelos, Coord. Chem. Rev., 

2015, 304, 38-54. 
2. K. Ladomenou, G. Landrou, G. Charalambidis, E. Nikoloudakis, A. G. Coutsolelos, Sustainable Energy Fuels, 

2021, 5, 449–458. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)338



PO
ST

ER
S

 

 

Olive leaves-derived carbon dots for efficient photocatalytic 
H2 production and CO2 reduction 

Georgios Charalambidisa, Kalliopi Ladomenoub, Georgios Landroua,  
Emmanouil Nikoloudakisa, Aspasia Stoumpidia and Athanassios G. Coutsolelosa 
aLaboratory of BioInorganic Chemistry, Department of Chemistry, University of Crete, Voutes Campus, 70013, 
Heraklion, Crete, Greece 

bInternational Hellenic University, Department of Chemistry, Laboratory of Inorganic Chemistry, Agios Loucas, 
65404, Kavala Greece. 

 
The decrease of total available reserves of fossil fuels along with the environmental problems caused by increased CO2 
emissions, have turned the interest of the research community towards developing catalytic systems which convert 
solar energy into exploitable fuels.[1] The zero-emission energy carrier, H2 is an ideal alternative to carbon-based fuels 
especially when it is generated photocatalytically from water. Additionally, the photocatalytic conversion of CO2 into 
chemical fuels can reduce the CO2 emissions and have a positive environmental and economic impact. Therefore, the 
preparation of efficient catalytic systems that exploit solar irradiation for H2 production and CO2 reduction can 
contribute to an ultimate green sustainable development of our planet, solving energy and environmental issues. 
In this report carbon dots (CDot) and N-doped carbon dots (NCDot) have been synthesized as light harvesters to direct 
photocatalysis of protons to H2 with the use of molecular cobalt catalysts. The photocatalytic studies demonstrated that 
this system produces 17.1 mmol of H2 (TONCAT = 859) after 52 h of irradiation.[2] Moreover, in an effort to produce 
CDot with lower cost olive leaves were used as starting material and after pyrolysis resulted in the formation of novel 
CDot. The newly synthesized CDot were utilized as chromophores in the photocatalytic CO2 reduction using Fe 
porphyins and Co complexes as molecular catalysts.  
 

 
 

Acknowledgments: The Special Research Account of the University of Crete is gratefully acknowledged for the 
financial support of this research. 

REFERENCES  
1. K. Ladomenou, M. Natali, E. Iengo, G. Charalampidis, F. Scandola, A. G. Coutsolelos, Coord. Chem. Rev., 

2015, 304, 38-54. 
2. K. Ladomenou, G. Landrou, G. Charalambidis, E. Nikoloudakis, A. G. Coutsolelos, Sustainable Energy Fuels, 

2021, 5, 449–458. 

 

 

Porphyrin based dye-sensitized photocatalytic systems for 
efficient photocatalytic H2 production 

Georgios Charalambidisa, Vasilis Nikolaoua, Georgios Landroua, 
Emmanouil Nikoloudakisa, Asterios Charisiadisa, Aurélien Planchatb,  

Eleni Agapakia, Fabrice Odobelb and Athanassios G. Coutsolelosa 
aLaboratory of BioInorganic Chemistry, Department of Chemistry, University of Crete, Voutes Campus, 70013, 
Heraklion, Crete, Greece 
bUniversité LUNAM, Université de Nantes, CNRS, Chimie et Interdisciplinarité: Synthèse, Analyse, Modélisation 
(CEISAM), UMR 6230, 2 rue de la Houssinière, 44322 Nantes cedex 3, France 
 
Photocatalytic hydrogen (H2) production from water is an auspicious approach since an abundant precursor can be 
converted into a useful fuel. In this context, numerous photocatalytic systems have been developed over the years 
that are able to convert solar energy into H2.[1] 
In this study, we report the utilization of BODIPY-(Zn)Porphyrin hybrids in photocatalytic H2 production from 
water. These entities were applied as photosensitizers upon their chemisorption onto the surface of platinum-
doped titanium dioxide nanoparticles (Pt-TiO2), which acted as photocatalysts. To evaluate the impact of the 
different connectivity between the chromophores, we employed two diverse BODIPY-(Zn)Porphyrin entities, in 
which the BODIPY moiety is either covalently attached (BDP-Por) or axially coordinated (BDP(Im)-Por)  with 
the (Zn)Porphyrin. The covalently connected dyad presented higher catalytic activity compared to the axial 
coordinated BDP(Im)-Por. In BDP-Por dyad, an additional BDP(Im) moiety was introduced and the formed 
hybrid outperformed the aforementioned systems, due to the enhanced light harvesting ability. Overall, we 
developed highly efficient dye-sensitized photocatalytic systems (DSPs) based on noble-metal-free 
photosensitizers reaching 18 600 TONs.[2] 
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Naturally-derived metallo-bacteriochlorophylls have attracted much attention since their clinical approval for cancer 
photodynamic therapy. Their therapeutic properties are rooted in the metal complexation of bacteriochlorophylls, 
which endows them with optical properties favourable for biophotonic and biomedical applications, including near-
infrared light-activated reactive oxygen species generation at therapeutic levels. Despite these advantages, the utility 
of these chromophores has been limited by synthetic challenges associated with bacteriochlorophyll metallation; 
specifically, a slow reaction rate and necessity of complex purification procedures remain barriers towards metalated 
bacteriochlorophyll synthesis. Here, these limitations are overcome through the development of a new fast, facile, 
efficient, base-free microwave heating metallation method for the synthesis of a series of metallo (Pd, Cu, Zn, Cd, 
Sn, In, Mn, Co) bacteriopyropheophorbides. The preparation and structural and optical spectral characterization of 
these complexes are presented. This microwave-enabled synthetic method is then applied to generate the clinical 
photosensitizer agent Pd-bacteriopheophorbide (TOOKAD) effectively and efficiently, followed by validation of its 
metallation-enhanced ROS generation. 

✓ Direct and efficient metalation 
✓ Base-free 
✓ Fast and simple  
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Due to their unique chemistry, porphyrins are used in number of ways: oxygen transportation [1], solar cells [2] 
(light conversion), ligands, photodynamic inactivation of bacteria (PDI) [3], photodynamic therapy (PDT) [4]. 
One part of our research is dedicated to the synthesis and characterization of water–soluble porphyrins. Synthesis 
of the first water-soluble porphyrins such as tetraanionic tetra-4-sulfonatophenylporphyrin (TPPS) [5] and 
tetracationic tetra-4-N-methylpyridinium porphyrin (TMPyP) [6] were reported in the early 1970s. Several years 
after their discovery, these compounds quickly become promising candidates for biological and medical 
applications due to their high stability and ability to generate reactive oxygen species. The biological activity of 
these porphyrinoids depends on their solubility, degree of aggregation and redox behavior, properties which are 
influenced by several factors such as counter anion, type of central metal ion and number of positively charged 
substituents.  
 
In the present paper, we present trisubstituted porphyrin derivatives [(TriMPyP)M]3+X-

3 (where M = 2H or ZnII 
and X- = Cl-, Br-, I- or tosyl-) containing three N-methyl-4-pyridyl groups. These macrocycles were synthesized 
and characterized electrochemically and spectroscopically. Their physicochemical properties were compared, 
under the same solution conditions, to several free base and metal tetracationic porphyrins [(TMPyP)M]4+X-

4 
(where M = 2H or ZnII and X- = Cl-, Br-, I- or tosyl-). The type of anions and symmetry of the macrocycle were 
found to strongly influence the properties and redox behavior of these cationic porphyrins.  
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Metal halide perovskite solar cells (PSCs) and organic solar cells (OSCs) are among the best performing solution-
processable photovoltaic devices with certified power conversion efficiencies (PCEs) over 25.5% and 19.0%, 
respectively. [1] However, they still suffer from some instability issues originating from the inferior interface 
quality and poor nanomorphology of the absorber layer. In this work, we introduce a series of judiciously 
functionalized boron-dipyrromethene BODIPY molecules as ultra-thin interlayers at the absorber/electron 
transport layer interface. Our study indicates that BODIPY compounds with a high molecular dipole moment can 
enhance the device performance mainly due to better interface energy level alignment. They also induce 
passivation of defect traps and improvement in the charge transport properties of the absorber layer coated on top 
of them. Among the various compounds used, amino-functionalized BODIPY, owing to the synergetic effect of 
the above-mentioned factors, enabled the highest power conversion efficiency in organic (15.69%) as well as in 
perovskite solar cells (20.12%). Amino-functionalized BODIPY also demonstrated an enhanced stability under 
continuous illumination (in nitrogen) without and with heating (at 65 oC) for 1000 h. These results pave the way 
for the implementation of molecules with tailor-made functionalities in high efficiency and stabile solution-based 
photovoltaic devices of the future.  
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In order to establish a sustainable and green future for our planet, we need to diminish the use of fossil fuels and 
rely on inexhaustible, clean and abundant energy sources. Thus, it is imperative to develop devices that effectively 
exploit solar energy into energy-rich and storable compounds that can be used as fuels. Motivated by natural 
photosynthesis, plenty of scientific reports deal with the photocatalytic conversion of sunlight into H2. 
In this work, diphenylalanine dipeptide was covalently attached to porphyrin macrocycles in order to conveyed 
self-assembling properties to the resulting hybrid. We demonstrated that the metal in the porphyrin core and the 
solvent mixture direct the self-assembly behaviour of the hybrid molecules leading to various supramolecular 
architectures such as fibrils and nanospheres. For the development of the H2 evolving systems, two different 

approaches were applied. In the first 
one, porphyrin nanostructures acted 
as the photosensitizers and Pt 
nanoparticles (NPs) played the role 
of the catalyst.[1] While in the 
second approach Pt NPs were 
replaced by a molecular cobaloxime 
catalyst.[2] 
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Aqueous solubility of porphyrins is frequently desired for their utilization in biological applications such as anti-
microbial agents [1], cancer photodynamic therapeutics [2], as well as in technical applications, such as 
(photo)catalysis [3] or chemo sensing [4,5]. While surfactants or their incorporation into liposomes can introduce 
water soluble properties into porphyrins [5], porphyrins with inherent aqueous solubility is often more convenient 
and thus preferred.  

Herein we describe the synthesis of the low-molecular weight, neutral meso-
tetra(dioxanyl)porphyrin [6]. This work focuses on the expansion of the accessibility 
of chiral porphyrins and neutral porphyrins with solubility in aqueous solutions. The 
key intermediate dioxan-2-carbaldehyde is achievable in three steps as in either 
racemic or in stereo-pure forms from commercially available starting materials. The 
title meso-tetradioxanylporphyrin is synthesized using 41 or 2+2-type syntheses in 
modest yields from the stereo-pure aldehydes. The racemic aldehyde results in an 
inseparable mixture of many porphyrin diastereomers. The enantiopure porphyrin isomers, both as their free base 
or as zinc complexes, display substantial solubility properties in both organic and aqueous solvents, though free 
water-solubility was not accomplished.  
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Long oligodeoxynucleotide (ODN) probes are used for the detection of viral genetic information. The advantage 
of long ODN probes lies in the possibility of recognizing viruses even though they have several point mutations. 
ODN probes for Taq-man assays are usually consist of ODN strand with one fluorophore and one quencher. 
However, several studies indicate that the presence of one fluorophore and two quenchers is beneficial for 
quenching efficiency.[1] In our study, we compare the presence of one or two quenchers to quenching efficiency. 
Two different structures of quenchers were chosen for comparison – the first one, commercially available 
BlackBerry® Quencher 650, and the second one was azaphthalocyanine (AzaPc) quencher.[2] AzaPcs have 
versatile usage thanks to their interaction with light. In this study, we focused on their ability quench fluorescence 
of other compound – in presence of heterodimer or after hybridization via Förster resonance energy transfer 
(thanks to their panchromatic absorption). At first two AzaPc quenchers were synthetised and subsequently 
connected to the ODN strand, which had to be purified. After that, we tested different positions of quencher - e.g., 
two quenchers (intrastrand and 3′-end), only intrastrand quencher, or only quencher at 3′-end. After analysis of 
quenching efficiency in random coil and after hybridization (Figure 1), we observed results that were in contrast 
with observation other groups because presence of the second has not a significant role in quenching efficiency. 

Figure 1. General changes in fluorescence during hybridization study.
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The chemical stability and the optical properties of porphyrinoids have made them very favourable candidates for 
application-oriented as well as fundamental research [1-2]. It has been reported that the properties of molecules 
can be altered by coupling them with light in optical cavities [3]. We aim to analyze this light-matter coupling 
phenomena with porphyrinoid molecules by constructing optical cavities in which the target molecule will be 
distributed in a concentrated and homogeneous manner. To achieve this aim, we needed to incorporate our target 
molecule into a polydimethylsiloxane (PDMS) based polymer matrix in a covalent fashion [3-4].  
5,10,15,20-tetrastyrylporphyrin was synthesized and the PDMS based hybrid polymer was fabricated by adapting 
a scheme using Karstedt’s catalyst [4]. Control experiments using 5,10,15,20-tetraphenylporphyrin-PDMS hybrid 
polymer was carried out to check and confirm the covalent insertion of the monomer into the polymer. The 
absorption spectrum of the polymer was measured and found to be similar to that of the poprhyrin molecule in 
solution. The obtained spectrum was compared with the absorption spectrum of a second PDMS control polymer 
devoid of the porphyrin to confirm that the absorption properties were not resulting from the presence of any other 
constituents of the polymer medium. The emission spectrum of the polymer was measured and found to be similar 
to that of the monomer in solution. Fluorescence decay of the polymer was found to be monoexponential and the 
decay time was found to be similar to that of similar reported porphyrins. The IR spectrum of the polymer was 
measured and the peak corresponding to the N-H stretching vibration was found to be present, similar to that of 
the porphyrin IR spectrum. These findings suggest that this hybrid polymer can be used as a good candidate to 
fabricate optical nanocavities and microcavities to study the light-matter coupling phenomenon in such 
porphyrinoid molecules. 
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N-heterocyclic carbenes (NHCs) and porphyrins have become ubiquitous ligands in the fields of organometallic 
chemistry and catalysis.[1] Over the last decade, NHCs have also emerged as promising ligands for the synthesis of 
metallosupramolecular architectures featuring M−CNHC bonds.[2] For this purpose, numerous poly-NHC ligands 
were reported in the literature allowing the formation of discrete assemblies of various sizes and shapes. Here, we 
show that porphyrins equipped with imidazolium salts on the para positions of the four meso aryl groups can be 
used as NHC precursors for the synthesis of porphyrin cages assembled from eight M−CNHC bonds.[3,4] Silver(I) 
was used as assembling metal ions because they form labile bonds with NHC ligands enabling the formation of 
thermodynamic products which are self-assembled porphyrin dimers with a face-to-face orientation. Moreover, the 
lability of Ag(I)−CNHC bonds offers the possibility to generate new structures by transmetalation reactions forming 
more stable bonds like Au(I)−CNHC with retention of the metallosupramolecular structures. Host-guest chemistry 
is feasible with porphyrin cages incorporating flexible linkers between porphyrins and NHC ligands. Indeed, the 
inner space between the two porphyrins of these cages expands enough to allow the encapsulation of guest 
molecules like water molecules or 1,4-diazabicyclo[2.2.2]octane (DABCO). 
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Polyfluoroaromatics readily react with thiols via nucleophilic aromatic substitution (SNAr) and provide excellent 
templates on to which cysteine-containing peptides can be assembled through side-chain macrocyclisation. [1] The 
reactivity of hexafluorobenzene towards cysteine was initially investigated [2] and the study was subsequently 
extended to polyfluorinated porphyrins, with the aim of exploring the tetrapyrrole ring as photoactive scaffold for 
peptide coupling and cyclisation. Particularly, if compared to linear analogues, macro- and multicyclic peptides 
exhibit greater chemical and conformational stability, potentially resulting in improved interactions with targets and 
improved biological activity. In addition, the inclusion of a porphyrin scaffold within the cyclic architecture allows 
multiple functionalisations, metal coordination and light responsive applications. Here we will present a novel 
technique for 5,10,15,20-tetrakis(pentafluorophenyl)porphyrin coupling with fully-deprotected di-cysteine 
peptides, in solution and under peptide-compatible conditions, to afford the corresponding macrocyclic products. A 
variety of peptide sequences with different inter-thiol distances was employed to demonstrate the generality, chemo-
selectivity, and wide applicability of this method. The combination of these results with those from a similar 
methodology applied to 5,15-bis(pentafluorophenyl)porphyrin gave us important insights regarding the geometrical 
constraints of the macrocyclisation as well as the minimal number of amino acids required to reach the para 
positions of trans and cis meso phenyl groups. The remaining para positions are also available for further 
functionalisation and, with appropriate cysteine-rich amino acid sequences, peptide multicyclisation is also possible. 
As proof of concept, the Skin Penetrating and Cell Entering (SPACE) peptide [3] was tested for cytotoxicity and 
cellular uptake on squamous cell carcinoma cells (SCCIC8) after cysteine crosslinking with 5,10,15,20-
tetrakis(pentafluorophenyl)porphyrin. This water-soluble conjugate retained cell penetration properties without 
influencing cell viability, while the presence of the porphyrin core imparts fluorescence. In conclusion, this robust 
and accessible synthetic tool allows the conjugation of two biologically active compounds, joining and concurrently 
improving their individual properties. Despite the many examples of porphyrin-peptide conjugates, polyfluorinated 
porphyrins and thiol-fluoride SNAr have scarcely been used for this purpose and little is known of porphyrins 
strapped with peptide chains. Moreover, the possibility to ‘dial-in’ the peptide sequence and exploit the photoactive 
tetrapyrrolic scaffold opens the way to a wide range of applications in biological systems, especially as molecular 
probes, drugs and sensors.  
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Photodynamic therapy (PDT) allows the selective, non-invasive and localized destruction of tumor cells, with 
reduced side effects. This therapy combines light, molecular oxygen and a photosensitizer (PS) to produce reactive 
species, such as singlet oxygen (1O2) and free radicals, which lead to oxidative stress and cell death. [1]  

Phthalocyanines[2] (Pcs) are aromatic porphyrinoids consisting of four isoindole units, linked together through their 
1,3 positions by aza-bridges. Unlike porphyrins, the absorption spectra of phthalocyanines are dominated by a very 
intense Q band in the red region of the visible spectrum, usually centered at 620-700 nm, which is responsible for 
its blue-green color.[3] The latter makes Pcs promising as photosensitizers for PDT, as their Q-absorption allows 
the penetration of the irradiated light into deep tissue layers. In addition, Pcs show high efficiency to generate singlet 
oxygen and low toxicity in the dark.[4] 

The aim of this project is the synthesis of Ru(II) Pc complexes and the study of 
their photophysical and photochemical properties for their application in PDT. 
For this purpose, the Pc derivatives have been functionalized at the two axial 
positions with two different ligands L and L’. The L-type ligands contain 
hydrophilic entities that increase Pcs biocompatibility, while L’-type ligands 
contain maleimide or alkyne units, for the bioconjugation of the PSs to 
nanocarriers using "click" chemistry.[5] The RuPcs containing a maleimide unit 
will be conjugated in a second stage to the peptides exendin-4 and octreotide 

through thiol-maleimide coupling. Likewise, RuPcs endowed with alkynes will be subjected to Huisgen 1,3-dipolar 
cycloaddition reactions with elastin-like polypeptides (ELP) for multimodal therapy of ovarian cancer. 
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A new approach to the synthesis of octa-phenoxy-substituted pyrazinoporphyrazines through the stage of 
nucleophilic substitution in pyrazinoporphyrazine macrocycle is presented. This approach allows avoiding the 
template synthesis of the target compound from the phenoxy-substituted dinitrile, during which oligomerization 
and phenol release occur. 

 
Several scientific groups [1,2] reported the unsuccessful attempts to preparation of octa-phenoxy substituted 
pyrazinoporphyrazines. It was found, that phenoxy groups are too labile in template synthesis, as well as, lithium 
phenolates are not useful for mediating of phthalocyanine formation. In addition, phenolate anions are superior 
leaving groups. To solve this problem, we used post-synthetic strategy to modification of pyrazinoporphyrazine 
macrocycle through the nucleophilic substitution of eight chlorine atoms in octa-chloro-pyrazinoporphyrazine. 
Initial octa-chloro-pyrazinoporphyrazine was obtained in a melt of initial nitrile and quinoline complex of zinc. 
Microwave and thermal activation were chosen for macrocyclization procedure. A successful demetallation of 
zinc complex 3 was realised in a medium of polyphosphoric acid. 
Target products were analyzed by 1H NMR, UV-vis, IR spectroscopy and MALDI-TOF mass spectrometry. 
Target complex demonstrates short but intense triplet signals in triplet absorption spectrum. The lifetime of the 
triplet state was 1.0 ms. The singlet oxygen quantum yield for sample 3, measuring using singlet oxygen 
phosphorescence, was 0.38. This value is similar to corresponding one obtaining for phenyl-substituted analogs. 
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Carbazolocyanines – tetracarbazolo-annelated porphyrazine analogs possess significant research interest due to the 
strong electron-releasing effect of carbazole moiety combined with overall extension of π-electron conjugation 
system. However, the synthesis of carbazolocyanines has been reported only once, considering zinc complexes [1]. 
In present study we report synthetic approach towards carbazolocyanine ligand, the important building block curtail 
for the further metallation reactions. 
Firstly, two N-substituted carbazole dinitriles were synthesised, according to well-known approach (Suzuki cross-
coupling with subsequent Cadogan-Sundberg ring-closure) [1]. Then on the basis of N-(2-ethylhexyl) substituted 
carbazole 4 novel magnesium carbazolocyanine 6 was obtained by template condensation reaction. Finally, target 
carbazolocyanine ligand was prepared by demetallation of the corresponding magnesium complex in the 
concentrated sulfuric acid. 
In addition, the synthetic protocol towards important intermediate – 4-bromo-5-nitrophthalonitrile has been 
significantly modified comparing to literature data [2]. Hence the six-step approach starting from phthalic anhydride 
resulted in 16% overall yield. 
The optical and photophysical properties of novel complexes 6 and 7 were studied. 
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Porphyrins and related macrocycles are ancient compounds, found in fossilized form in oil and shale. Though 
abiotic synthesis of these compounds has been described, the discovery of a complete, anaerobic biosynthetic 
pathway for heme in a methanogenic Archaeon [1] suggested that biological roles for heme may likewise be 
ancient. We conducted a wide scale informatics study of >300 methanogen genomes in order to identify the 
potential reach of heme synthesis and usage in both deeply branching class I and more recently diverging class II 
species. This work revealed an unexpected diversity of heme-associated biochemistry in these species, as well as 
evidence of transitions from iron-sulfur cluster dependent pathways. Recent work in our groups demonstrated that 
methanogens are likewise surprisingly competent metal mobilizers, even using pyrite mineral as a sole source of 
iron and sulfur. We hypothesized that Methanosarcina barkeri could survive with heme as its sole source of iron, 
and subsequently observed that it indeed can. These results as well as potential genetic components responsible 
for heme uptake are described.   
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Organosilica nanoparticles made of photosensitising phthalocyanines have been recently reported [1-2]. Indeed, 
the maximum absorption of phthalocyanines commonly centred around 700 nm is an intrinsic advantage for 
photodynamic therapy [3]. It can be pushed towards NIR wavelengths with appropriate substitution pattern [4]. As 
organosilica nanoparticles are easily fabricated from propargylated organic precursors, the design of 
propargylated NIR-absorbing phthalocyanines and their synthetic strategies will be presented. 
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Porphyrins and phthalocyanines are often combined with graphene to fabricate composite sensing and biosensing 
electrochemical materials. Such materials exhibit usually very good sensitivity to detect either pollutants such as 
volatile organic compounds [1-2], or various biomarkers [3-5]. For each of these two macrocyclic cores, 
electrochemically active metals are used. Fe, Co and Cu are hence amongst the most common metals. 
However, no systematic comparison of the effect of the macrocycle itself on the properties of graphene composite 
has been reported. 
An analogous substitution pattern allowing a good solubility of tetra phenyl porphyrin (-meta position) and 
phthalocyanine (-non-peripheral position) in organic solvents have been selected, and metalation by Cu and Co 
has been performed. 
These derivatives have been combined with reduced graphene oxide to form composites where these structural 
and electronic properties should be modified after such association. For this purpose, we have been investigated a 
study of composites properties through various physicochemical methods. Thus, structural and morphological 
characterisations were studied through FT-IR, XPS and SEMs. Electrochemical methods such as cyclic 
voltammetry and electrochemical impedance spectroscopy were performed with various redox markers to 
underline electrical properties. 
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Vitamin B12 is a natural cobalt catalyst that plays an important role in living organisms. Its usefulness in organic 
chemistry has been proven in a number applications.[1] Mainly, it is used as Co-catalyst. The catalytic properties 
of this compound rely on the redox properties of the Co-ion. Once reduced to Co(II)-form it is radical in nature, 
while the Co(I) has nucleophilic character. These reactive species can be obtained using various reducing agents. 
In most of reactions, activated zinc powder is used as well as NaBH4 or manganese, which narrows the possible 
scope of reagents (i.e. for aldehydes). A few attempts for the photoreduction of B12 has been reported, utilizing 
either noble metal complexes (Ir, Ru) [2, 3] or an organic dye (Rose Bengal) [4]. We propose a heterogenous 
photocatalytic reduction system with a titanium-based Metal Organic Framework as the active photoreductant of a 
cobalt centre.  
Our recent contributions to the vitamin B12 catalysis involve, among others, light-induced transformation of vinyl 
azides to ketones [5] and photocatalytic cyclization of terminal alkynes to pyrrolidines. In particular, vinyl azides 
can form different chemical entities, like amides or ketones. [6] The latter can be synthesized in a reaction of vinyl 
azides with nucleophiles. Moreover, radical precursors are reported to yield ketones in such reaction, yet 
utilization of simple electrophiles remained unexplored. Based on our previous work with vitamin B12, we know 
that alkyl radical species can be formed from alkyl bromides with the nucleophilic form of cobalamin under 
visible light irradiation. We proposed a catalytic system in which we utilize electrophiles as radical precursors and 
a vitamin B12 derivative as Co-catalyst to obtain asymmetric ketones. This method gives products in decent yields 
in regard to the bromide scope (30%-82%). 
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Highly versatile photogenerated multi-spin systems 
are promising candidates for a wide range of 
applications such as artificial photosynthesis, 
molecular spintronics, and spin catalysis.[1] While the 
radical acts as an efficient sensitizer that improves the 
intersystem crossing rate, the delicate covalent linkage 
between chromophore-radical systems serves as a 
means of controlling the excited state dynamics of the 
chromophore.[2] The aim of this project is to develop 
covalent multi-spin systems to study spin-information 
transfer and storage. This is performed by engineering 
systems that consist of at least two organic spin 
centers that we connect by a conjugated framework. 

The bridge between the two spin centers is then systematically modified in 
order to trace the changes in the resulting spin communication. By 
choosing a bridged biphenyl [3] as the linker between the chromophore 
and the radical, the electronic communication throughout the synthon is 
expected to vary with the torsion angle Φ between the planes of the two 
phenyl rings, which in turn modulates the spin-spin interaction.
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Phthalocyanines (Pc) are amongst the best photosensitisers for photodynamic 
therapy (PDT) because of their maximum absorption in the phototherapeutic 
window [1]. The photophysical properties of Pcs are strongly dependent on 
the nature of the coordinated central metal ion [2] and of the substitution 
pattern [3]. The presence of heavy atoms of a photosensitiser increases their 
singlet oxygen generation ability [4]. To compare the effect of Zn vs Pd 
metalation, the phthalocyanines shown here have been designed and their 
photophysical and photochemical properties will be presented. 
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The maximum absorption of phthalocyanines centred around 700 nm gives them a very sought
advantage over other photosensitisers [1], as it allows to illuminate them with wavelengths of the 
phototherapeutic window (limiting the excitation of endogeneous chromophores), and to have a deeper 
tissue penetration of the light.

Dimeric annulated fused phthalocyanines exhibit NIR-shifted absorption that is particularly interesting 
[2], and can be further enhanced with non-peripheral substitution. This is why the phthalocyanine 
derivatives shown below have been designed.
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The possibility of fine tuning of the macroheterocycles properties provides a lot of applications in different fields, 
for example, it can be used as sensors of molecular oxygen, semiconductors, in photodynamic therapy.  
The electronic spectra of metal-free tetrabenzoporphiryn (H2TBP) and its metal complexes MTBP (M = Zn, Cd) 
and MClTBP with the axial –Cl (M = Al, Ga, In) were calculated by DFT (PBE0 functional with the dispersion 
correction D3 provided by Grimme [1] using def2-TZVP basis set). The lowest excited states have been computed 
with the use of time-dependent density functional theory (TDDFT) calculations. 
The calculated spectra are shown in Figure 1. The fact that the spectra are similar indicates the minor influence of 
the metal nature on the position of the Q-band. It should be noted that HOMO-LUMO gap is the lowest for metal-
free H2TBP. Nevertheless a negligible bathochromic shift observed in the case of MClTBP, while a 
hypsochromic shift occurs for MTBP with introducing of metal since the Q-band can be assigned to both 
transitions from the highest occupied molecular orbital (HOMO) and HOMO-1 to the doubly-degenerated lowest 
unoccupied MOs (LUMOs). The shapes of these MOs are typical for macrocycles and can be described by the 
Gouterman model. The HOMO is predominantly representing the linear combination  of  atomic  orbitals  of the 
pyrrole rings, while the HOMO-1 is localized on the carbon atoms in meso-positions. 
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Figure 1. Calculated TDDFT electronic absorption spectra for H2TBP, MTBP and MClTBP complexes. 
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The studies of vapor composition over metal-free tetrabenzoporphyrin (H2TBP, fig. 1a) and its complex with zinc 
(ZnTBP, fig. 1b) were carried out using the magnetic mass-spectrometer MI-1201. Solid samples were evaporated 
from a molybdenum Knudsen effusion cell.  
 

 

 
(a) (b) 

 
Figure 1. Molecular models of metal-free tetrabenzoporphyrin (a) and its complex with Zn (b) 

 
The most intensive peak in the mass-spectrum of ZnTBP (Fig. 2) is molecular ion M+, m/z = 572 a.u.m. The 
mass-spectrum also contains a doubly charged molecular ion M2+ and fragment ions, mainly corresponding to 
isoindole dimers.  
 

 
Figure 2. ZnTBP mass-spectrum, T = 730 K with 
ionizing voltage Uion = 50 V. 
 
 
It should be noted that metal-free H2TBP 
decomposes when heated to 780 K. A molecular ion 
is present in the spectrum; however, it has a lower 
intensity compared to fragmentary ions or/and 
decomposition products and gradually disappears 
from the spectrum. 
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Porphyrinoid macrocycles are enjoying constant popularity, not least because of their versatile occurrence in nature, 
for example as leaf and blood pigments [1, 2]. Corroles, in contrast to porphyrins, are reduced by one methine unit, 
leading to a smaller N4 cavity and a formal trianionic nature. This enables the ability to stabilize not only transition 
but also main group metals in unusually high oxidation states. Thus, in the past, a small number of antimony corroles 
in the oxidation states +III and +V have already successfully been synthesized, including the attachment of oxygen 
and halogens as axial ligands [3, 4, 5]. Furthermore, evidence has been found for the existence of an antimony (IV) 
species [6]. 
 

 
 
Fig. 1: Overview over some of the investigated antimony corroles in the oxidation states +III (left), +IV (middle) and +V (right). 

We have investigated antimony corroles from a coordination chemists’ perspective and will present our recent result 
on the synthesis and characterization of novel antimony corroles in the oxidation states +III, +IV and +V, including 
the attachment of various functionalized groups, on the poster. 
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Photodynamic Therapy (PDT) has been successfully employed in the treatment of various types of tumors [1] and, 
more recently, in the treatment of Age-related Macular Degeneration (AMD), a painless eye condition that affects 
the macular region of the retina [2]. This therapy results from the combination of three main elements: a chemical 
compound (photosensitizer, PS), light in the far visible-to-near infrared region, and molecular oxygen [3]. The PS 
excitation with a specific wavelength of light can generate cytotoxic reactive oxygen species (ROS) from 
intracellular oxygen [3]. The wide diversity of biological functions in these molecules demonstrates that minor 
changes in their base structure may lead to distinct properties. The covalent conjugation of hydrophilic groups 
with this type of dyes plays an important role in their biocompatibility [4]. Their conjugation with specific 
biomotifs, such as carbohydrates, is a widely used drug synthetic strategy to reach specific biologic targets. The 
higher specificity has the potential to lead to enhanced PDT efficacy and reduced toxicity of adjacent healthy cells 
[4]. Therefore, the main aims of this work were the bioconjugation of TPPF20 and its chlorin derivative ChlF20 
with the thioglucose (Glc) and thiogalactose (Gal) moieties, and evaluation of their in vitro efficacy as potential 
photosensitizing agents for AMD treatment. The PSs´ photobiological properties (cellular uptake of PSs, dark 
toxicity, and photodynamic effect) were investigated using a human retinal pigment epithelial cell line. 
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Subphthalocyanines (SubPcs) are cone-shaped aromatic macrocycles that can be functionalized at their peripheral 
and/or axial positions. When properly functionalized with electroactive units, SubPcs can give rise to electron 
donor-acceptor (D-A) systems, in which photoinduced charge separation can occur, a process quite interesting for 
optoelectronic applications.[1] Herein, two novel D-A SubPcs 1 and 2 have been synthesized by a cycloaddition-
retroelectrocyclization reaction[2] between R12SubPcs (R = H or F) axially substituted with an 
ethynyldimethylaniline subunit and 7,7,8,8-tetracyanoquinodimethane (TCNQ), a strong electron-withdrawing 
molecule (Figure 1a). The presence of a chiral axis (highlighted in red in Figure 1a) in the “extended” TCNQ 
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Figure 1. a) Synthetic route leading to SubPc-TCNQ-aniline 1 and 2. b) Time-dependent CD spectra of an O2-free and 
illuminated toluene solution of an atropisomer of 2 heated at 80 °C. Inset: Linear fitting of the variation of the CD absorbance 
monitored at 599 nm (ln mdeg) in (b) as a function of time. 
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Metal-oxo complexes, common reactive intermediates in biological oxidation reactions, do a very important and 
difficult reaction: the activation of inert C-H bonds. While these are widely studied reactions, there is a debate 
about the role of oxygen spin density in the C-H bond activation by metal-oxos. The debate is focused on whether 
ground state thermodynamics play the dominant role in determining reactivity or whether the spin density on the 
oxygen atom can provide an intrinsic lowering of the reaction barrier.[1,2] This issue has been very hard to 
address due to the difficulty of thermodynamic and spin density measurements and the lack of a series of 
isoelectronic and isostructural compounds over which these parameters can be varied. In order to shed light on 
this debate, we have labelled the oxygen in a series of C-H bond activating heme protein Compound I species 
with oxygen-17 and used Q-band pulse Davies ENDOR to determine the oxygen-17 hyperfine values. These 
hyperfine values were used to obtain oxygen spin densities. The measured oxygen spin densities provide insight 
into the interplay between donation, spin density, charge density, basicity and C-H bond activation reactivity in 
metal oxo complexes. 
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Vanadyl TPyzPz as material for organic electronic, 
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Tetrapyrrolic macroheterocycles such as phthalocyanines (Pcs) and analogues are widely studied as perspective 
materials for organic electronics. Among modified Pcs their heterocyclic analogues containing electron-deficient 
heterocycle instead of benzene rings as especially interesting as acceptor materials with n-type conductivity. 
Tetrapyrazinoporphyrazines (TPyzPA) attract growing attention and their application potentialities in different 
fields (optical information recording, electrophotographic photoreceptors and photoconductors, organic transistors 
and etc) have been illustrated [1]. Electron affinity of TPyzPA macrocycle can be enhanced by its peripheral 
halogenation and perchlorinated TPyzPA, [Cl8TPyzPAH2] and its complexes with aluminium subgroup metals 
([Cl8TPyzPAM, M = AlOH, GaOH, InOH], as well with with FeII and SnIV were reported Vanadyl 
phthalocyanines attracted much attention as fairly promising material for organic electronic as field-effect 
transistors and vanadyl porphyrazine with four 1,2,5-thiadiazole fragments exhibits a high-density carrier 
accumulation in the organic semiconductors through the formation of electric double layers within them [2]. 
In the presented work, we prepared the vanadyl complex [Cl8TPyzPAV=O] and studied its spectral, 
electrochemical, and photochemical properties. Influence of peripheral halogenation of TPyzPA complexes on 
their electronic structure was also studied by DFT method. 

  
This work was supported by Russian Science Foundation (grant  RNF 21-73-10126). 
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Porphycene, synthesized for the first time by Vogel et al.[1], has an ability to strongly absorb red light and to 
photosensitize formation of singlet oxygen, which makes it a good candidate for a photosensitizer in 
photodynamic therapy (PDT).2 Introducing substituents on the porphycene backbone is a powerful method to 
control the reactivity, solubility, electronic structure, and photophysical properties. Moreover, extending the 
diversity of the porphycene family provides good models to examine the mechanism of intramolecular double 
hydrogen transfer.[3] Peripheral substituents affect the distance between the inner nitrogen atoms and, in 
consequence, hydrogen bond strength and symmetry. Different possible locations of two hydrogen atoms in the 
inner cavity result in three pairs of tautomeric forms. These tautomers are pairwise degenerate when the 
substituents on the β, β’ or meso positions are identical. The degeneration of tautomers is lifted for any other type 
of substitution. Substitution also specifically affects spectral and photophysical properties. Continuing our 
ongoing project,[4-5] we have prepared a set of novel, doubly meso-substituted porphycenes bearing electron-
withdrawing and/or electron-donating substituents. Spectroscopy, photophysics, and tautomeric properties of 
these compounds will be discussed. 
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Saddle-Shaped Porphyrinoids for Energy Transfer 
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Carpyridines (CPs) are porphyrin-related metal-containing macrocycles bearing two carbazole and two pyridine 
units alternately connected through ortho aryl-aryl bonds [1-2]. This arrangement results in a saddle-shaped 
structure, where prefunctionalized building blocks allow the synthesis and tuning of properties of these 
macrocycles. Despite the decoupling of the subunits within the system, conjugation passes from linker via 
pyridine and goes through the metal, making these structures interesting for the study of energy transfer. These 
properties have taken us to study (a) CPs as inherently curved building blocks for Light-Harvesting Nanorings, (b) 
CPs as π spacers for Excited-Energy Relays and (c) CPs as Promoters for Singlet Fission chromophores, and the 
energy migration through bond and through space within these structures [3].  
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Nowadays, the synthesis of new highly extended conjugated phthalocyanine-based -systems as molecular 
materials is becoming an interesting issue due to their outstanding optoelectronic properties, useful for optical 
data storage, as electronic components, and as light-harvesting systems [1]. 
 
Here, we report on the synthesis and characterization of new fused phthalocyanine-perylenebenzimidazole 
dimeric arrays on the basis of the technological importance of near infrared donor-acceptor systems. With the aim 
of obtaining conjugated ensembles with varied electronic features (Figure 1), we used a similar strategy 
previously reported by us [2], based on the condensation of diaminosubstituted phthalocyanines with 
perylenecarboxyanhydrides. The new conjugated ensembles have been fully caracterized by 1H-NMR, UV-Vis 
and cyclic voltammetry. The measurements revealed molecular and supramolecular interactions between 
phtalocyanine and perylene moieties [3]. 
This research was supported by the European Regional Development Fund “A way to make Europe” and the 
Spanish Ministerio de Ciencia e Innovación/Agencia Estatal de Investigación (PID2019-109200GB-I00). 
 

 
 

Figure 1. Different fused ZnPc-perylenebenzimidazole systems 
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Compared to porphyrins counting as one of the most exploited nitrogen-containing macrocycles, the linear 
-extended tetraaryltetrabenzoporphyrins (TATBPs) seem rather underrepresented despite their potential in 
various fields of materials sciences and medicinal chemistry [1,2]. Previous reports of our group established a 
synthetic protocol to prepare a library of A4-symmetric TATBPs [3]. In order to shed light on even more refined 
systems, this work focuses on the introduction of low-symmetric derivatives [4] and the formation of donor-
acceptor hetero dyads consisting of hexa-peri-hexabenzocoronene (HBC) substituents attached to the 
tetrabenzoporphyrin core [5].  
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This Project focuses on establishing an unconventional and versatile strategy to prepare predesigned π-electronic 
function a self-assembled structures where we can control the size, shape, composition and the organization at the 
nanoscale by supramolecular chemistry. Cyclic tetramers are formed through a self-assembly process from 4 
monomeric π-conjugated units via Watson-Crick hydrogen bonding.[1] Following the formation of cyclic 
tetramers, self-assembled nanotubes will be accomplished through a nucleation-growth cooperative mechanism in 
organic solvents, due to the combination of π-π stacking between central unit and the hydrogen bonding 
interactions of the nucleobases that form the monomer.[2, 3] Once the role of molecular organization is 
understood, the aim is to optimize the parameters to achieve optimal photovoltaic efficiency. For this, monomers 
have been built in which the central component is a π-conjugated energy donor/acceptor where the molecular 
organization of p-type and n-type semiconductors is controlled and, therefore, it would be possible to modulate 
and optimize the photophysical, photoconductive and photovoltaic properties of the system. 
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have been built in which the central component is a π-conjugated energy donor/acceptor where the molecular 
organization of p-type and n-type semiconductors is controlled and, therefore, it would be possible to modulate 
and optimize the photophysical, photoconductive and photovoltaic properties of the system. 
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Halogen-substituted lanthanide(III) phthalocyanines are promising photosensitizers. Due to the heavy atom effect 
they are capable of efficient generation of singlet oxygen. The presence of electron-withdrawing halogen 
substituents results in high resistance to photoxidation. Octa- and hexadecachloro-substituted Lu(III) 
phthalocyanines 1 and 2 were obtained via MW-assisted template approach starting from the phthalonitriles [1]. 

 
Chloro-substituted complexes demonstrate moderate quantum yields of singlet oxygen generation (ΦΔ=0.23-0.54). 
Moreover, they showed the ability to generate the superoxide anion radical (O2

-•) with higher efficiency compared 
to unsubstituted analog. The incorporation of chloro-substituted lutetium(III) phthalocyanine into polylactide 
micelles (PLAMs) results in the formation of stable colloid suspension that provides water solubility of the 
complex and makes it a promising photosensitizer for medical applications. Dark and photoinduced cytotoxic 
activity of chlorinated lutetium(III) phthalocyanines were tested using HeLa cell line to estimate their potential as 
photosensitizers for photodynamic therapy of cancer.  

 
PLAMs with complex 1 showed effective phototoxic action – their IC50 dose was 0.22 μM (higher than for 
chlorin e6, its IC50 dose was 0.7 μM). PLAMs with complex 2 showed even more effective phototoxic action 
(IC50 = 0.11μM). The study was funded by RFBR, project number 20-33-90157. 
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Corrole belongs to the family of porphyrinoids which is largely used for sensing applications [1]. We have shown 
that cobalt metallocorroles are able to bind carbon monoxide in the axial position with a high affinity even in the 
presence of nitrogen and dioxygen, the two main components of the atmosphere [2]. We have recently prepared 
sensing devices for low CO detection level (sub-ppm) using cobalt corroles deposited as films on a Surface 
Acoustic Wave device by spray coating [3]. Herein, we will describe the synthesis of new 2D and 3D porous 
materials belonging to the Covalent Organic Frameworks (COF) family based on cobalt corroles (Figure 1). Their 
synthesis and selective sorption properties for CO over N2 and O2 will be presented. 
 

 
 

Fig. 1. Synthesis of 2D and 3D COFs 
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We had previously shown that nitrocorroles could be used as potent anti-hCMV agent without acute toxicity in 
mice [1-3]. They therefore represent an excellent platform to perform Structure Activity Relationship (SAR) and 
increase efficiency or reduce toxicity [4]. 
A series of 43 antiviral corrole-based molecules have been 
tested on myxoma virus (Lausanne-like T1MYXV strain). 
An autofluorescent MYXV, with an ANCHOR cassette, has 
been used for the studies. The most promising compound 
displays a high selectivity index with the lowest IC50                 
(0.12 mM). Interestingly, the “Hit” corrole is easy to 
synthesize in an only two-step reaction [5]. Upscaling 
production up to 25 g has been carried out for in vivo tests. 
In vivo studies on New Zealand white rabbits infected with 
myxoma virus show that symptoms are delayed and animal 
weight is increased upon treatment, while no acute toxicity 
of the corrole molecule was detected. 

 
                                     Figure 1 
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Molecular electronics is a diverse field of research aimed at 
replacing parts of the traditional electronics architecture by 
synthetic units [1]. Molecular wires are distinct organic 
molecules that have appreciable electric conductivity and can 
therefore serve as elementary building blocks for nanoscale 
devices [2]. In general, conductivity is achieved by applying a 
potential bias along a conjugated π-system [3]. 
The aim of our work is the synthesis and the characterization of a 
photoswitchable molecular wire with ethynyl phenylene 
backbone that is endcapped by pyridyl anchor groups for 
contacting common electrode materials. Light-induced 
modulation of the electron density along the main axis of the 
molecular wire will be achieved by the implementation of 
pending photoactive subphthalocyanines (SubPc) to the 
backboneSubPcs are well suited for this purposeas they are light-
stable and can act as electron donors upon interaction with light. [4]. We will report here the synthesis and a 
preliminary photophysical characterization of first examples of these photoswitchable molecular wires. 
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Over the past years, polycyclic aromatic hydrocarbons (PAHs) have gained great importance in the field of 
molecular materials, allowing us to get a comprehensive understanding of planar, as well as helical PAHs. [1] The 
planar hexa–peri–hexabenzocoronene (HBC), the non–planar [5]–helicene and the porphyrin have unique features 
on their own. [2-5] But what can we learn by preparing bis–porphyrin–functionalized model compounds? By optical 
and electrochemical investigation of these model compounds, interesting correlations are hoped to give more insight 
into the structure-property relationships defined by the geometrical orientation. [6] For a detailed insight into the 
electronic communication, the investigated bis–porphyrin model compounds were prepared with a ortho–, meta– 
and para–substitution pattern. 

 

 
Figure 1. Schematic presentation of target model compound with a ortho–, meta– and para– substitution geometry. 
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Pc derivatives have been extensively studied as antioxidant agent [1-3]. Multidrug resistance of human pathogenic 
microorganism to commercial anti-microbial drugs lead to investigation of more effective alternative molecules 
like metal complex derivatives [4]. In recent years, studies on antimicrobial [5, 6] and antimicrobial PDT (aPDT) 
properties of the Pc derivatives have been increasing [7]. 
Suitable photopysical and photochemical properties have made silicon phthalocyanines (SiPcs) different from 
most other Pc derivatives by means of that SiPc macrocycle possess two additional axial bonds. These axially 
substitution reduce aggregation in solution and increase solubility thereby creating further scope for modulation of 
optical, chemical and electronic properties [8]. Considering the promising properties of the SiPc derivatives, it 
seemed reasonable to study on the SiPc derivatives. From this perspective, we have evaluated the possible 
antioxidant and antimicrobial capacities, DNA cleavage, cell viability, photodynamic therapy and biofilm 
inhibition properties of four different SiPc derivatives (1-4) consisting of two novel SiPc (1,2) and axially 
polyoxyethylene substituted Polyoxo-SiPc (3) and Si(OH)2Pc (4) in order to  evaluate the potential of these 
compounds as biological active molecule. 
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While the field of corrole complexes and their applications is ever growing, structures containing early transition 
metals have hitherto remained scarce.[1] Using already known corrole derivatives as a synthetic precursor may lead 
to new synthetic approaches. Lithium corroles may be a promising doorway due to their reactive nature and 
extraordinary cluster forming abilities.[2] The poster will present ongoing research and results of our path to 
unknown frontiers of early transition metal corrole chemistry.    

 
Figure 1 : Molecular structure of a Li corrole cluster obtained via X-ray diffraction. Substituents and solvent molecules where 
removed for better visibility.   
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Phthalocyanines (Pc) are very promising second-generation photosensitizers (PS) for the eradication of solid 
tumours. These are synthetic macrocyclic dyes with optimal photophysical properties: strong absorption in the 
optical window of tissues (650-850 nm), high yields of singlet oxygen and very low inherent toxicity [1, 2]. In this 
study, novel peripherally crowded cationic Pcs containing 8 or 16 pyridyl moieties (neutral or quaternized) were 
synthesized and subsequently evaluated for photodynamic activity in vitro in cancer cell lines. 
Cytotoxicity experiments were performed on several cell lines - malignant (HeLa, MCF-7) and non-malignant 
(3T3, EA.hy926), using neutral red uptake assay on 96-well plates. Both toxicity after irradiation (phototoxicity; 
EC50) and toxicity in the absence of activating light (dark toxicity; TC50) were assessed. Uptake of the PSs into the 
cancer cells was observed as an increase in fluorescence intensity of the dye in the cell lysate. Furthermore, 
subcellular localization was studied by the means of fluorescence microscopy. Mode of cell death was confirmed 
by real-time monitoring of Annexin V binding and the loss of cell membrane integrity. 
The results of individual in vitro experiments have shown very high photodynamic activity after irradiation with 
EC50 up to 47 nM (MCF-7 cells) and exceptionally low inherent toxicity (in the dark) with TC50 ˃ 600 000 nM. 
The Pcs were localized intracellularly, primarily in the endolysosomal compartment thus suggesting an endocytic 
mechanism of cellular uptake. Irradiation led to cell membrane rupture after activation of PSs and induced 
apoptosis with subsequent secondary necrosis.  
This work has demonstrated that a bulky and rigid arrangement of peripheral cationic substituents is very efficient 
for providing high photodynamic activity in the development of novel PSs. This project is a part of extensive 
international project in which we studied the most active Pcs derivatives from renowned foreign scientific groups 
to assess their structure-activity relationship as a main outcome. 
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Phthalocyanines (Pc) are very promising second-generation photosensitizers (PS) for the eradication of solid 
tumours. These are synthetic macrocyclic dyes with optimal photophysical properties: strong absorption in the 
optical window of tissues (650-850 nm), high yields of singlet oxygen and very low inherent toxicity [1, 2]. In this 
study, novel peripherally crowded cationic Pcs containing 8 or 16 pyridyl moieties (neutral or quaternized) were 
synthesized and subsequently evaluated for photodynamic activity in vitro in cancer cell lines. 
Cytotoxicity experiments were performed on several cell lines - malignant (HeLa, MCF-7) and non-malignant 
(3T3, EA.hy926), using neutral red uptake assay on 96-well plates. Both toxicity after irradiation (phototoxicity; 
EC50) and toxicity in the absence of activating light (dark toxicity; TC50) were assessed. Uptake of the PSs into the 
cancer cells was observed as an increase in fluorescence intensity of the dye in the cell lysate. Furthermore, 
subcellular localization was studied by the means of fluorescence microscopy. Mode of cell death was confirmed 
by real-time monitoring of Annexin V binding and the loss of cell membrane integrity. 
The results of individual in vitro experiments have shown very high photodynamic activity after irradiation with 
EC50 up to 47 nM (MCF-7 cells) and exceptionally low inherent toxicity (in the dark) with TC50 ˃ 600 000 nM. 
The Pcs were localized intracellularly, primarily in the endolysosomal compartment thus suggesting an endocytic 
mechanism of cellular uptake. Irradiation led to cell membrane rupture after activation of PSs and induced 
apoptosis with subsequent secondary necrosis.  
This work has demonstrated that a bulky and rigid arrangement of peripheral cationic substituents is very efficient 
for providing high photodynamic activity in the development of novel PSs. This project is a part of extensive 
international project in which we studied the most active Pcs derivatives from renowned foreign scientific groups 
to assess their structure-activity relationship as a main outcome. 
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Heteroatom-containing porphyrin analogs have been attracting attention because of their unique optical and 
electrochemical properties. Among them, we have recently succeeded in the first synthesis of 5,15-dioxaporphyrin 
(DOP) by a nucleophilic aromatic substitution reaction of a nickel bis(,’-dibromodipyrrin) complex with 
benzaldoxime, followed by an intramolecular annulation of the -hydroxy-substituted intermediate.1 Owing to the 
introduction of the lone-pair electrons of oxygen atoms at meso-positions to the conjugated system of porphyrin, 
DOP exhibits 20π-antiaromatic characters. The electrochemistry of DOP in our previous work revealed a stepwise 
oxidation of the neutral 20π-antiaromatic state to the 19π-radical cation and further to the 18π-aromatic dication. 
However, due to the high reactivity at the -pyrrolic positions of the 19π-radical cation species, chemical 
oxidation of DOP did not provide the 18π-aromatic dication species. Instead, a ,-linked dimer was obtained. In 
this work, to prevent the dimerization reaction upon oxidation and isolated oxidized DOP species as stable forms, 
tetraaryl-substituted DOP (DOP-Ar4) was synthesized and used for the chemical oxidation.  

DOP-Ar4 was synthesized by bromination of DOP and subsequent Suzuki-Miyaura coupling reactions. DOP-
Ar4 was oxidized with two molar equivalents of tris(4-bromophenyl)ammoniumyl hexachloroantimonate (Magic 
blue) in CH2Cl2 at room temperature for one hour to provide the dication species. The aromatic nature of the 
dication species was confirmed from the down-field shifts of the -pyrrolic protons in the 1H NMR spectrum. 
Finally, the structure was unambiguously elucidated by single crystal X-ray diffraction analysis. We also obtained 
the 19π radical cation species during the oxidation process. Their electronic structures were carefully investigated 
based on the UV/vis/NIR absorption spectra and theoretical calculations. 

In this presentation, the synthesis of DOP-Ar4 and its redox behaviors will be reported. 
 

 

Scheme 1. Redox reactions of DOP-Ar4 
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Perovskite solar cells (PSCs) are a good alternative to silicon cells thanks to their ease of preparation and low cost. 
Even more so now that they have achieved 25.7% efficiency.[1] However, to bring them to an industrial level, it is 
necessary to increase their stability and replace Spiro-OMeTAD with an economical and long-term stable hole-
carrying material. Phthalocyanines (Pcs) are promising molecules for this role providing greater stability.[2,3] 
In this communication, we will present the synthesis and characterization of novel ZnPcs (see Figure 1) as efficient, 
stable, and low cost HTMs in PSCs. The Pcs are substituted with p-methoxiphenylamino groups that possesses a very 
good solubility in a wide range of organic solvents, adequate HOMO LUMO levels and thus can be applied from 
solution processing in a wide range of perovskite solar cell devices. We will study how the number of substituents in 
the phthalocyanine ring, and the incorporation of a fluorine atom affect the photovoltaic properties of the PSCs. 

                   
 

Figure 1. a) Different ZnPcs structures as HTMs in PSCs. b) Representation of a PSC device 
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Condensation reaction of pyrrole and carbonyl compounds under acidic conditions often lead to selective 
formation of tetrapyrrolic macrocycles such as porphyrin or calix[4]pyrrole. While ring-expanded analogues with 
five or more pyrroles are also synthesized by kinetic control, macrocycle with three pyrroles were never observed. 
The isolation and study of calix[3]pyrrole, a tripyrrolic macrocycle bearing three sp3-carbon linkage, might hold a 
key to explain the absence of tripyrrolic macrocycle. In this research, we have synthesized calix[3]pyrrole and 
discovered its strain-induced ring expansion reaction [1]. Besides, we have prepared core-modified analogues of 
calix[3]pyrrole and investigated the scope and reaction mechanism of the ring-expansion reaction [2]. 
Linear hexaketone 1 was converted into cyclic hexaketone 2 in 9% total yield over 5 steps, and Paal-Knorr pyrrole 
formation reaction of 2 gave calix[3]pyrrole 3 in 41% yield (Figure. 1a). Single crystal X-ray diffraction analysis 
and computational analysis indicated highly strained structure of 3 compared with other known calix[n]pyrroles (n 
= 4~6). This macrocyclic strain led to a rapid ring expansion reaction of 3 under acidic conditions to form 
calix[6]pyrrole 4 within 30 seconds (Figure. 1c). This rapid ring expansion reaction help to explain the absence of 
tripyrrolic macrocycles under classic oligopyrrole macrocycle synthesis. 
Furthermore, calix[n]furan[3–n]pyrrole 5-7 (n = 1~3, Figure. 1b) were prepared in a similar manner to 3. Single 
crystal X-ray diffraction analysis and theoretical calculations suggested that the ring strain of 5-7 gets smaller as 
the number of inner NH sites decreases. When treated under acidic conditions, calix[1]furan[2]pyrrole 5 caused 
regioselective ring expansion reaction to give macrocycle 8 over 5 minutes while less strained analogues 6 and 7 
was stable under the same conditions. The mechanism analysis revealed that the ring expansion reaction consists 
of regioselective ring cleavage and subsequent cyclodimerization. This unique reactivity of calix[3]-type 
macrocycles can facilitate efficient generation of new calix[6]-type macrocycles. 

 
Figure 1. (a) Synthesis of calix[3]pyrrole 3, (b) structures of 5-7, and (c) ring expansion reaction of 3 and 5. 
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The low cost and easy fabrication processes, lightweight and flexible structure of dye-sensitized solar cells 
(DSSCs) make them promising alternatives to the conventional crystalline silicon solar cells. Among the many 
photosensitizers, porphyrinoid dyes (phthalocyanines, porphyrins) appear to be a good candidate because of their 
high chemical and optical stability and versatility. On the other hand, one of the main problems of these dyes is 
the planar aromatic structures leads to dye aggregation through the formation of π-π interaction between the cores, 
thus harming electron injection from the excited dye to the conduction band of the semiconductor. 
Subphthalocyanines (SubPcs) are nonplanar aromatic macrocycle, lower analogues of Pcs, constituted by three 
diiminoisoindole units N-fused around a central boron atom. SubPcs possess a peculiar conical structure, which 
provides them with relatively high solubility and a low tendency to aggregate.[2] SubPcs have recently received 
much attention as an effective light-harvesting material in the concept of artificial photosynthetic systems due to 
their strong absorption in the visible region (500‒700 nm), chemical flexibility allowing modulating its electronic 
properties. SubPc derivatives have also been used as sensitizers in DSSCs, exhibited moderate power conversion 
efficiency of 1.3%.[3] The low power conversion efficiencies were attributed to the low-lying LUMO levels of 
SubPcs concerning that of the TiO2 band edges.  
In this study, a series of SubPc derivatives bearing electron-donating bulky peripheral substituents have been 
synthesized to tune their electronic and optical properties. The photovoltaic performance of novel SubPcs in 
DSSC devices will be tested. 
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Figure 1. Molecular structure of SubPcs for DSSCs 
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The catalytic oxidation of olefins is important for synthetic, industrial, and biological processes [1,2]. 
Phthalocyanines coordinating different metals such as iron, copper and manganese can oxidize olefins [3], such as 
a remarkably stable monomeric sulfonamide substituted iron phthalocyanine [4]. However, the effect of the 
macrocyclic substituents on oxidation reactions has not been deeply studied. 
Two different iron phthalocyanines octa substituted either with electron-withdrawing isobutyl sulfonyl moieties or 
electron-donating isobutoxy moieties were prepared, characterized, and tested in oxidation of cyclohexene to 
evaluate substituents nature effect [5]. All results from oxidation reactions will be presented. 
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N-bridged µ-nitrido porphyrinoid complexes can act as powerful oxidation catalysts in various reactions such as the 
oxidation of methane, benzene, alkyl aromatics and olefins [1]. Different metals can also be used, mainly Fe and 
Mn. However, the importance of the role of the macrocycle vs the role of the metal has yet to be figured out, 
especially as we could demonstrate that minor structural variations can significantly affect their catalytic efficiency 
and other properties [2-5]. 

To this end, mixed heteroleptic and heterometallic µ-nitrido complexes involving one porphyrin and on 
phthalocyanine, metalated either with Mn or Fe, have been prepared and characterized by HRMS, MALDI-MS, 
UV-vis, FT-IR and EPR spectroscopies. Their catalytic activities will be compared in the light of their structural 
variations. 
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The most 13, 14, 15 group elements form stable complexes with corrolles, porphyrins, phthalocyanines, and 
porphyrins in full agreement with the following requirements: 1) the metal cations should have an oxidation state 
corresponding to the low ionization potential and electronegativity sufficient for the cation to form covalent 
bonds; 2) correspondence of the inner coordination cavity bearing 4 nitrogen atoms to a metal cation dimension 
and its coordination polyhedron.  
Few synthesis methodologies are used to form main group macrocyclic oligopyrrole complexes: the reaction of 
halides/acetates with free oligopyrrole bases; template assembly using nitrile (boron 
subphthalocyanines/subporphyrazines); treatment of tetrahalide by the corresponding dilithio complex (the 
tellurium porphyrin complexes); synthesis using an organometalic derivatives as AlAlk3; axial modification of a 
ready-made main group porphyrin complex by a substitution or oxidative addition reaction. The structure of 
complexes varies from classic six/five coordinate with central atom in the mean porphyrin N4 plane to never seen 
before as in the case of boron(III) or tellurium(IV) [1]. Unusual coordination geometries are the characteristic 
properties for porphyrin complexes of the period 6 main group elements. Therefore the preparation of main group 
oligopyrrole complexes can result in mixtures of various complexes which differ in the stoichiometry, a molecular 
structure, and the nature of axial ligands. The possibility of involving an aromatic macrocycle in the redox process 
during the synthesis of the complex is represented in our work by the examples of the indium and lead complexes 
[2]. 
The widest possibilities open up in the as yet little studied area of the chemistry of main group complexes with
hemiporphyrazines, hemihexaphyrazine and others [3]. Taking into account the results in the theoretical and 
experimental studies of the deprotonated and anionic forms of these, the synthesis of their main group complexes 
is the achievement of the near future. Namely, the described in [4] trithiododecaazahexaphyrin forms lithium 
complexes which can be considered as precursors for main group ones. 
The outlook on recent achievements in synthesis and application of the main-group polypyrrole complexes are 
represented. 
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Fused porphyrin analogs (e.g., triply fused porphyrin dimer, 1) have paid much attention due to the small HOMO-
LUMO gap, rich redox features, and near-infrared nonlinear optical responses caused by highly perturbed 
electronic structures.[1] On the other hand, N-confusion modification of the porphyrin skeletons is an effective 
approach to modulating the distinct -conjugated circuit and coordination capability at the inner NNNC cores of 
the typical porphyrins. In this regard, meso-α doubly fused N-confused porphyrin (NCP) dimer 2 was recently 
synthesized via metalation-coupled fusion reaction of the tetrabromo-substituted [36]octaphyrin.[2] Herein, we 
report the straightforward access to the genuine α-α’, meso-meso’, β-β’ triply fused N-confused porphyrin tape (3) 
via the stepwise oxidative dimerization of 5-unsubstituted N-confused porphyrin.  
Reflecting the NH tautomeric feature (2H vs. 3H forms in the core) of the N-confused porphyrins, coordination of 
silver(III) and nickel(II) ions of the triply fused NCP tape 3 yielded the corresponding bis-metal complexes, Ag2-3 
and Ni2-3, respectively. Exclusively, a local paratropic ring-current was realized on the benzo[e]pyrrolo[3,2-
g]indole moiety in Ag2-3. In contrast, a strong paratropic ring current emerged in Ni2-3 along with the distinct 
global Hückel antiaromaticity as inferred from the NMR spectroscopy and the DFT calculations. Corresponding 
reduced species (rAg2-3) and oxidized species (oNi2-3) will also be discussed in the presentation. 
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Finding biomarkers that allow the detection of neoplasms by illuminating them in real time in the operating room 
and combining it with photodynamic therapy (PDT) can be an advantage for the successful resection of the 
tumour. In this study, we chemically conjugated a water-soluble phthalocyanine with a monoclonal antibody to 
assess the selectivity for a cancer cell type. Photoimmunotherapy combine the antibody selectivity and the PDT 
properties of the photosensitiser. [1, 2, 3, 4] 
One photoimmunoconjugate is presented, the antibody employed is Trastuzumab which has selectivity for HER-2 
receptor and the moiety is IRDye® 700DX NHS. The in vitro assays were performed on two tumoral cells: BT-
474 as a positive control and HeLa as a negative control. The biological in vitro assays show that this conjugate is 
able to photoinactivate cancerous mammalian cells that presents the receptor HER-2 at sub-micromolar 
concentrations. Furthermore, it is possible to differentiate the targeted cells by means of using a real-time 
fluorescence guided device adapted for this photoimmunoconjugate. In vivo studies are currently underway. 
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The self-assembly of amphiphilic molecules is governed by their amphiphilic balance and their overall shape, as 
well as microseggregation [1-2]. The porphysome nanotechnology developed by the Gang Zang group is a 
thrilling example of the self-assembly of amphiphilic porphyrins [3]. 
Our efforts to prepare amphiphilic phthalocyanines likely to form self-assembled supramolecular nanostructures 
will be presented, with the exploration of synthetic feasibility of two targeted phthalocyanines with either one or 
two alkyl chains, and one cationic function. 
The Scientific and Technological Research Council of Turkey (TUBITAK) and the French Embassy in Turkey are 
gratefully acknowledged for the bilateral project Bosphorus 119R052 / 44754NA between Turkey and France. 
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multiple ion binding sites  
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Porphyrin derivatives are essential pigments in biological system. Owing to the versatile functionality of the 
porphyrin derivatives, various porphyrin-based functional materials have been designed. Recently, we have 
designed a triazole bearing strapped calix[4]pyrrole(1) which applied to selective extraction of lithium salts under 
an organic solvent condition. The bindings of LiCl and LiBr to 1 were confirmed by 1H NMR spectral studies, 
and a binding mode of LiCl⊂1, coordination with a triazole and water-assisted bridge, is confirmed by a single 
crystal X-ray crystallography and theoretical calculation. Furthermore, these lithium salts were successfully 
extracted to the organic solvent using 1 through liquid-liquid extraction and solid-liquid extraction. And then, 
lithium salts extracted by 1 could be isolated as the form of Li2CO3. In this symposium, we are going to report 
research on the porphyrin-based supramolecular architectures. A series of porphyrin derivatives having multiple 
ion-binding sites was prepared to build up supramolecular architecture through intermolecular hydrogen bonding. 
The details will be presented in the symposium. 
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Interaction with Cucurbituril and Studying Their Properties 
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Phthalocyanines (Pcs) are macrocyclic compounds structurally related to porphyrins, which are used also as 
photosensitizers in photodynamic therapy. Because of their planar structure they form aggregates in water 
environment and therefore lose their desired photodynamic activity. Based on formation of a supramolecular 
complex with cucurbiturils (CBs), we can potentially improve solubility and decrease aggregation of Pcs in water. 
CBs are macromolecules composed of methylene bridged glycoluril monomers [1] with hydrophobic cavity and 
hydrophilic portals where they can bind appropriate guest molecules. In this project, we used one of the strongest 
reported supramolecular interactions between CB[7] and 1-aminoadamantane [2] as substituent on the Pc ring. 
Seven zinc Pcs, peripherally or non-peripherally substituted with 1-aminoadamantane, were prepared. Their 
absorption spectra showed substantially improved (but not complete) monomerization in water after addition of 
four equivalents of CB[7]. This shows binding of one molecule of CB[7] with one molecule of 1-
aminoadamantane which was also confirmed by NMR titration of phthalonitrile precursor and CB[7] complex 
formation. Higher quantum yields of fluorescence in water were also achieved after addition of four equivalents of 
CB[7]. Biological tests on HeLa cells did not show higher photodynamic activity of Pc-CB[7] complex even 
though higher monomerization should also result in higher activity. It was due to lower cell uptake of Pc-CB[7] 
complex.  
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Phthalocyanines (Pcs) are group of organic dyes with promising photophysical properties (strong absorption in 
area over 600 nm and strong singlet oxygen production). Due to these properties, they can be used as 
photosensitizers (PSs) in photodynamic therapy (PDT). 
The aim of this project was to synthesize novel unsymmetrical Pcs with boronic acid, phosphonic acid and free 
hydroxy groups on the periphery. Due to their amphiphilic character, these Pcs can be incorporated into 
phospholipid bilayer of liposomes, which can serve as delivery systems carrying some cargo inside (e.g., 
hydrophilic anticancer drug). Upon light activation, the Pc releases reactive singlet oxygen that destroys liposomal 
membrane and releases cargo only in the irradiated area. The use of PS anchored in liposomes carrying 
antineoplastic drugs may thus cause double punch in the tumour tissue, since it allows combining of the benefits 
of targeted chemotherapy of the released drug and PDT caused by production of singlet oxygen. 
Precursor 1 was obtained by nucleophilic substitution of 4,5-dichlorophthalonitrile by 3,5-dimethoxyphenol.  
Starting compound of precursors 2 and 3 was 4,5-bis(3,5-dibromophenoxy)phthalonitrile that was prepared by 
nucleophilic substitution of 4,5-dichlorophtalonitrile with 3,5-dibromophenol. 4,5-Disubstitued phthalonitrile was 
converted to precursor 2 by palladium-catalyzed cross coupling reaction with diethylphosphite. The phthalonitrile 
precursor 3 was obtained by Miyaura borylation.  
Further work will be focused on synthesis of unsymmetrical magnesium complexes of Pcs by statistical condensation 
of phthalonitrile with 4,5-disubstituted precursor with magnesium butoxide as initiator. The reaction leads to the 
mixture of six different congeners. A required congener will be isolated and converted to zinc complex that has more 
favourable photophysical properties. After final deprotection of protective groups, three final amphiphilic Pcs should 
be obtained. These compounds will be further tested in vitro for their own photodynamic activity as well as the 
activity in the combination with hydrophilic drug incorporated in liposomal matrix. 
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Magnesium complexes of phthalocyanines (Pc) and tetrapyrazinoporphyrazines (TPyzPz) are widely examined for 
their ability of strong photon emission. Magnesium as the lightest central cation stable in the macrocycle explains 
the strong fluorescence of such complexes. [1] On the other hand, the instability of magnesium complexes in acidic 
environment (demetallation to metal-free ligands) decreases the various usage of these fluorescent dyes and may 
influence their in vitro as well as in vivo testing. This project evaluated more closely the demetallation process of 
these compounds at various pH and considered possible protection.  Pcs and corresponding TPyzPzs substituted 
with alkylsulfanylperipheral substitution were involved in the study (Fig. 1e). The progress of the reaction was 
monitored by absorption spectroscopy where characteristic splitting of the Q-band occurs after demetallation. 
Water-soluble compounds were tested in buffers at five different pH ranging 1 – 7.4 for 24 h or less. Lipophilic 
derivatives were examined in anhydrous benzene by titration with differently strong acids and subsequently in time-
dependent study for 24 h. A mechanism of demetallation was confirmed in organic solvent as well as in water. The 
mechanism of demetallation in organic solvent was proved as acidoprotolytic, in water on the other hand as 
solvoprotolytic. [2]   Moreover, lipophilic compounds were incorporated into two delivery systems (liposomes and 
microemulsions) to test their protection ability.  Interestingly, the use of liposomes as a delivery system resulted in 
high level of protection where no changes in absorption spectra of TPyzPz were detected even after 24 h at tpH=1. 
Moreover, magnesium complexes of TPyzPzs were more stable than corresponding Pcs, either free molecules in 
solvent or incorporated in both delivery systems. 

 
Figure 1. Studied systems a) Organic solvent b) Water c) Microemulsion d) Liposome e) Structures of Pcs and TPyzPzs 
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Metalloporphyrins can act as Lewis acids capable for strong axial binding of Lewis base-type ligands, e.g., 
amines. Due to the axial binding properties and unique spectral characteristics, porphyrins are widely used as 
chemical sensors [1]. Takemoto’s catalyst [2] (1a, Figure 1) and similar amino-functionalized thioureas are 
widely used chiral organocatalysts. Environmental pollution with chiral organic compounds is an emerging 
problem which is requiring innovative sensing methods. Environmental safety data and detection methods are 
currently absent for 1. 
 

410 430 450

 
 

Figure 1. Amino-functionalized thiourea organocatalysts studied as model pollutants (left) and an example CD signal they 
induce in zinc porphyrins (right). 
 
Our ecotoxicology studies with Vibrio fischeri bacteria revealed ecotoxic properties for 1a and 1d. To develop a 
detection method for these chiral pollutants, a range of zinc porphyrins were tested as plausible chemical sensors 
[3, 4]. In nearly all cases axial ligation of guests 1 to porphyrin hosts resulted in induction of system-specific 
(chir)optical signals. In total, 24 host-guest complexes have been characterized with UV-Vis and CD 
spectroscopies. Additional single crystal X-ray diffraction analysis and computational studies were performed for 
the selected complexes to characterise the geometries of the complexes. 
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bonding provides “short-circuit” coupling pathways for 

electron transfer 
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Electron flow through proteins is a crucial factor, which decides about their multiple functions in living 
organisms. Incorporating polypeptides as bridges in donor-bridge-acceptor (DBA) conjugates allows for 
examining how various structural features in proteins affect the kinetics of the CT processes they mediate. Based 
on the premise that hydrogen-bonds formation could serve to modify geometry and special orientation of donor 
and acceptor scaffolds in covalently linked bichromophoric system we designed and synthesized series of dyads 
comprised of perylene-bisimide and free-base corrole. Specifically, the object of the study was hydrogen-bonded 
discrete assemblies of corroles possessing core-NH as hydrogen bond donor and amide groups located at position 
meso-10 as hydrogen bond acceptor [1,2]. The three dyads differ in type and number of bridging aminoacids’ 
moieties: L-alanine and L-phenylalanine and one or four respectively. These complex corroles were prepared via 
synthesis of perylenebisimide-amino acid conjugate possessing free NH2 group followed by amidation of COOH-
corrole. Combined steady-state and time-resolved photophysical studies identified that electron-transfer occurs in 
all four bichromophoric systems. Our focus was on alanine tetramer that is long enough not to mediate too 
efficiently through-bond CT. A corrole moiety serves as an electron donor, and a perylenediimide as an acceptor. 
The picosecond rates of electron transfer suggests that the electronic-coupling pathways cannot be through-bond 
and most likely involve through-hydrogen bond interaction. 
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Photodynamic therapy with water-soluble phthalocyanines 
and their efficacy against 3D tumor multicellular spheroids 
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Nowadays, cancer is one of the most common fatal diseases, so it is desirable to improve treatment methods. 
Photodynamic therapy is non-invasive form of cancer treatment. This non-invasive method is based on the 
combination of three elements – photosensitizer (PS), light and molecular oxygen. PS is a non-toxic molecule 
which absorb the light of a specific wavelength and initiates the formation of reactive oxygen species that cause 
cell death.[1,2] This study is mainly focused on the research of novel PSs, which should provide better efficacy 
against tumours and lower toxicity to non-malignant tissue.[2] Phthalocyanines studied in our work belong to the 
group of modern promising PSs. In the commonly used and somewhat "standard" 2D cultures, cells grow in 
monolayer and inadequately reflect the complexity of in vivo environment. Three-dimensional (3D) cultures 
should help better mimic tumour microenvironment, cell-cell and cell-matrix interactions.[3,4] 3D tumour 
spheroids derived from MCF 7, CT-26 or HeLa cell lines were generated by an ultra-low adhesion plates. The 
photodynamic activity of original amphiphilic and hydrophilic (aza)phthalocyanine PSs (cationic and anionic) 
was determined on 3D tumour multicellular spheroids by two separate methods – fluorescence measurement of 
resorufin formation and luminescence measurement of ATP.  We have also studied the invasive behaviour of 
spheroids after PDT with the studied compounds. The distribution of PSs in spheroids was evaluated by confocal 
microscopy after cryomicrosectioning. The amphiphilic cationic PS provided highest phototoxicity against all cell 
lines. Invasive potential to extracellular matrix was detected only for spheroids derived from CT-26 cell line. 
Invasive behaviour of these spheroids exposed to all PSs has been reduced after irradiation, nevertheless, for 
cationic (aza)phthalocyanines more than for anionic. Despite the fact, that invasive behaviour has been reduced, 
viability of spheroids could not be completely reduced after irradiation. The work was supported by Charles 
University PRIMUS/20/SCI/013 and “Grant Schemes at CU” (CZ.02.2.69/0.0/0.0/19_073/0016935). 
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PorphyStruct – Structural Analysis of Porphyrinoids 

Jens Krumsiecka and Martin Bröringa  
aTU Braunschweig, Institut für Anorganische und Analytische Chemie 
 
While the non-planar displacements of porphyrins and their consequences on both chemical and physical proper-
ties were investigated using the NSD method of J. A. Shelnutt and its reimplementation by C. J. Kingsbury and 
M. O. Senge, such a method did not exist for other porphyrinoids, like corroles, for a long time. [1] 
PorphyStruct is a digital tool for the quantitative analysis of out-of-plane distortion modes for a variety of porphy-
rinoids. [2] An analysis of the vibrational normal modes obtained by DFT calculations showed that the established 
non-planar vibrational modes of porphyrins - Doming, Saddling, Ruffling, Waving (X, Y) and Propellering, are 
also observable in the less symmetric porphyrinoids. These are used describe and quantify the conformations of 
corroles and other macrocycles. As in the NSD method, the minimal basis is formed from the first set of the 6 
vibrational modes - the extended basis includes another set of the 6 vibrational modes. 
 

       

        

        

        

        

        

       

        

        

        

        

       

   

     

     

   

   

   

             
                     

    

  

    

 

   

 

   

  
  
   

 

Figure 1 : « Supersaddling » in Copper Corrole OVEVAN (CCDC 815952)[3]. Substituents omitted for clarity. 

An examination of already published corroles showed a peculiarity in copper corroles - they can only be described 
with the extended basis and show a substantial amount of both saddling variants – we called this phenomenon 
“Supersaddling”. 
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Metalloisoporphyrins 
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William-Dale Möllera and Martin Bröringa  

aTU Braunschweig, Institut für Anorganische und Analytische Chemie 
 
Isoporphyrins represent a tautomeric form of porphyrins where one NH proton shifts to a meso position, resulting 
in the break-up of the macrocyclic  conjugation. Isoporphyrins feature intense Q bands in the NIR region be-
tween 700 and 1000 nm (Fig. 1) and act as a monoanionic ligand after deprotonation.  
 
Isoporphyrins and phlorins, which themselves exhibit tautomerism to porphodimethenes, are formally separated 
by a 2e-/2H+ redox step (Fig. 1). An electrochemical gateway to the isoporphyrin/phlorin redox step has been 
proposed in [1]. 
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Figure 1 : Isoporphyrin and its relatives (left) – UV/Vis Spectrum of a zinc-isoporphyrin complex (right) 
 
Zinc- and Cadmium-meso-Aryl-Isoporphyrins carrying a pyrrolyl or dipyrrinyl residue can be obtained by a two-
step one-pot procedure using pyrrole and aromatic aldehydes [1,2]. Complexes from other metal ions can be ob-
tained from these zinc  or cadmium complexes and will be presented on the poster.  
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Corrole chemistry has constantly gained popularity amid its stable and easily accessible 
derivatives. In particular, the metal complexes of these macrocycles has been proved beneficial 
for mankind due to their drug carrying efficiency and catalytic properties for several sustainable 
energy processes. Despite so many applications, the puckered structure of this macrocycle has 
sometimes been a setback as it does not allow full elucidation of many fundamental properties 
of corroles. With this in mind,0 we now report the substituent-free corrole following 
conceptually different reaction pathways. Five metal complexes of this novel corrole were also 
synthesized and characterized. The molybdenum complexes, including that of the parent corrole, 
were utilized for exploring their catalytic properties for the hydrogen evolution reaction. 
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Strong Two-photon Absorption and Ultrafast Dynamics in 
Meso-Functionalized ‟Push-Pull” Trans-A2BC Porphyrins

Sandeep Kumar, and Muniappan Sankar*

Department of Chemistry, Indian Institute of Technology Roorkee, Roorkee 247667, India.

Porphyrins and their analogues possess high thermochemical stability, aromatic delocalized π-system, and small 
HOMO-LUMO gap which are essential to have good NLO response and utilized in the various potential 
technological applications as optoelectronic devices for telecommunication devices for telecommunications, 
information storage, optical switching, signal processing, and light frequency converter [1]. Herein, we report two 
new series of trans-A2BC ‟Push-Pull” type porphyrins having mesityl groups, the phenothiazine moiety (electron 
donor) and nitrophenyl moiety (electron acceptor) on meso-position (Figure 1). These trans-A2BC ‟Push-Pull” 
porphyrins with a strong dipole moment have been prepared via [2+2] MacDonald method and their metallation 
by Zn(II), Cu(II) and Ni(II) find possible use in photonic and two-photon imaging applications. These trans-A2BC 
porphyrins were characterized by UV-vis, fluorescence, and NMR spectroscopic techniques and, mass 
spectrometry, cyclic voltammetry, single-crystal X-ray diffraction analysis, and DFT studies.
The synthesized trans-MA2BC porphyrins (M = 2H, Zn(II), Cu(II) and Ni(II)) exhibited marginal redshift in their 
electronic spectra as compared to corresponding MTPPs. In cyclic voltammetry, these trans-A2BC porphyrins 
have shown cathodic shift for first oxidation potential and anodically shifted for the first reduction potential as 
compared to MTPPs possibly due to destabilization of HOMOs in the case of trans-A2BC porphyrins. These 

porphyrins adopt planar 
conformation of macrocyclic 
core revealed by single crystal 
X-ray analysis. Femtosecond
nonlinear optical (NLO) studies
performed with kHz pulses at
800 nm revealed strong two-
photon absorption coefficients
and cross-sections for these
push-pull porphyrins.

Figure 1. The molecular structure 
and optimized geometry of trans-
A2BC ‟Push-Pull” porphyrins and
its non-linear optics (NLOs) and 
transient absorption (TA) studies.
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In the recent past, BF2-chelated dipyrromethenes (BODIPYs)[1] have drawn major attention because of their 
broad range of applications as laser dyes, fluorescent stains and labels in imaging, indicator dyes in sensors and 
chemosensors, photodynamic therapy agents, and building light-energy-converting donor-acceptor systems.[2] 
The properties of the BODIPY can be altered by simple modifications at the appropriate positions of the BODIPY 
core. One of the modifications on the BODIPY core is the replacement of meso carbon by imine-type nitrogen 
atom resulting in a new derivative often known as azaBODIPY.[3] Compared to BODIPYs, the azaBODIPYs 
exhibited red-shifted absorption and emission spectra with high molar absorption coefficients and fluorescence 
quantum yields, which has captured the attention of researchers to construct azaBODIPY-based photosynthetic 
model compounds. Moreover, BODIPYs and AzaBODIPYs-Pt(II) derivatives have attracted considerable 
attention in the field of nanomedicine, including cancer therapy, bioimaging, and bioanalysis.[4] 

 
The present work is aimed at developing new 2D amphiphilic supramolecular coordination complexes through 
coordination driven self-assembly of pyridyl-functionalized azaBODIPYs to Pt(II) metal centers. Furthermore, 
these chromophores are functionalized with glucose units, providing the molecule with the necessary amphiphilic 
character, water-solubility, and biocompatibility, together with improved uptake features by the tumor tissues. The 
Pt(II)-metallocage were thoroughly characterized by a combination of techniques: 11B-, 19F-, 195Pt- and 1H-NMR, 
ESI-TOF-MS, and absorption and emission spectroscopies. 
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β-Tetracyanobutadiene Appended π-Extended Porphyrins 
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Porphyrins and their analogues are used as a model compounds of biological importance and potential material 
applications due to their interesting properties, such as high chemical and thermal stability, strong absorption in 
the visible region, and flexible architectural modification to tailor physicochemical and optoelectronic parameters 
[1]. Herein, we have synthesized a new series of β-substituted 1,1,4,4-tetracyano-buta-1,3-diene (TCBD) 
porphyrins (Figure 1) and their metal complexes (M-TCBD, where M = 2H, Co(II), Ni(II), Cu(II), and Zn(II)) 
from 2,3-diphenylethynyl-12-formyl-meso-tetraphenylporphyrin and characterized by various spectroscopic 
techniques. This reaction is highly regioselective and proceeds via [2+2] cycloaddition, followed by the 
reteroelectrocyclization reactions of tetracyanoethylene (TCNE) with one of the phenylethynyl group because 
TCNE acts as a powerful dienophile for electron-rich alkenes and alkynes and form donor-acceptor (D-A) 
appended π-conjugated chromophores, which possess strong electrical conductivity and optical properties [2]. 
These type of porphyrins have ideal response toward nonlinear optical (NLO) properties/features, because due to 
modulation in their aromatic delocalized π-system, high thermochemical stability, smaller HOMO−LUMO gap, 
tuneable molecular conformation, and redox properties. DFT studies showed nonplanar conformation of the 
resultant complexes w.r.t. macrocyclic core due to the steric repulsion among the β-and meso-substituents 
extended π-conjugation. The UV-visible spectrum of these complexes exhibited a broadening of the Q bands in 
the visible region. These features could be utilized in material applications like photonics, optical limiters and 
magnetic wires. In this presentation, we will discuss about the synthesis and spectral properties and their 
utilization in nonlinear optics (NLO) in detail. 

 

Figure 1.  Molecular structures of β-TCBD appended π-Extended Porphyrins. 
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Tetrapyrrole macroheterocycles are widely used in various fields owing to the possibility of fine-tuning their 
properties. The nature of a central metal determines a number of properties of the molecules, e.g. efficiency of the 
singlet oxygen generation, fluorescence, coordination or catalytic activity. 
The electronic and geometrical structure of metal-free tetrabenzoporphyrin (TBP) and its complexes with Zn, Cd 
(Fig. 1a), Al, Ga, In (with an axial -Cl ligand, Fig. 1b) were investigated by DFT calculations followed by natural 
bond orbital (NBO) analysis of the electron density distribution.  
 

  
(a) (b) 

Figure 1. Molecular models of the metal complexes of tetrabenzoporphyrin: MTBP (M = Zn, Cd) (a) and MClTBP (M = Al, 
Ga, In) (b). 
 
The equilibrium structure of metal-free H2TBP was found to possess D2h symmetry, while metal complexes are 
either planar (MTBP, D4h point group), or exhibit doming distortion (MClTBP, C4v point group).  It should be noted 
that the nature of a metal atom only slightly affects the geometry of the macrocyclic skeleton. The distance M-N 
correlates with ionic radii of metals [1] and these bonds possess predominantly ionic character with a noticeable 
covalent contribution according to the results of the NBO analysis. Strong interactions between natural bond orbitals 
of the types LP(N) → ns(M), LP(N) → np(M) (and an additional favorable overlap LP(N) → npz(M) for complexes 
with Al, Ga and In), where n is a principal quantum number, contribute to stabilization of the complexes. 
This work was supported by the Russian Science Foundation grant 21-73-10126. 
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Nanoparticles of a derivative of vitamin B12 – aquacyanocobyrinic acid heptabutyl ester (AС) in the layers at air-
water interface and Langmuir-Schaefer (LS) films were formed. Characteristics of the structure and properties of 
the layers were determined with the method of quantitative analysis of compression isotherms [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. CV of the first (a) and second (b) cycles of LS film on ITO electrode in 0.1 m KCL aqueous solution. 
 
The LS films demonstrate the significant difference of electrochemical responses of the first and the second cycles 
(figs. 1a and b). During the first cycle, a two-electron reduction leads to forming cyanide free AC nanoparticles in 
the LS film with yielding Co1+ (reduction peak current at –1.02 V, Co3+/ Co1, fig. 1a). After reverse of potential 
scan the oxidation waves at –0.740 V (Co1+/Co2+ oxidation), –0.280 V (Co2+ /Co3+ oxidation), 0.606 V and >0.750 
V (deprotonation of Co ion-linked water molecules) are observed. The first cycle leads to accumulation of 
aquahydroxo forms of the nanoparticles which are observed as Co3+/Co2+ RedOx response at –0.563 V and 
Co2+/Co1+ RedOx response at –0.845 V during the second cycle (fig. 1b). The potential of Co3+/Co2+ couple for 
AC nanoparticles is more negative than that for aqua form of vitamin B12 monomers, so it should be expected the 
stronger reducing properties of Co2+ in LS films. 
 
The work was financially supported by the grant of the RSF (20-12-00175, film formation and study), ISUCT, 
and Ministry of Science and Higher Education of the RF (FZZW-2020-0008, synthesis of the compounds). 
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Proteins are key components in functional biological systems and many of these proteins rely on cofactors 
modulating their activity. Hence the exchange of the natural cofactor by artificial analogues allows for 
investigations concerning not only their properties, but also to establish a detailed understanding of the structure-
function relationship in respecting metal proteins. Furthermore, the knowledge derived from these investigations 
can be utilized to modify the reactivity and substrate specificity in order to design tailored functionality.[1,2,3] 
 

 
 
Figure 1. Reconstitution of Myoglobin with artificial cofactor [4]. 
 
A promising class of artifical cofactors to be explored is represented by corroles, which resemble the natural 
porphyrine cofactors, while maintaining a unique coordination chemistry.[5] Therefore, a new method facilitating 
the preparation of amphipolar meso-free metal corrole derivatives was developed and the reconstitution to heme 
apo-proteins explored. The poster provides an overview of first results. 
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Reaction of free-base porphyrazines with phosphorus(III) halides leads to contraction of the macrocycle due to 
expulsion of one of the meso-nitrogens and formation of PV corrolazine complex having a wide range of unique 
features. They possess intense absorption both in the 600-700 nm region, inheriting this property from 
porphyrazines, and intense absorption in the 400-500 nm region, acquiring this property from the contraction of 
the macrocycle. In addition, phosphorus(V) corrolazines exhibit intense fluorescence with high quantum yields, as 
well as a high ability to generate singlet oxygen [1]. 
 

         
 
Figure 1. Left – investigated complexes; Right – Decomposition of DPBF by p-(dimethylamino)phenoxy-derivative during 
irradiation of light. 
 
Axial modification of macroheterocyclic compounds allows tuning of their luminescence properties and can 
endow them with sensor features. For example, the sub-phthalocyanines and their analogs bearing axial phenolic 
ligands change their fluorescence properties depending on the acidity of the medium [2]. The prescence of 
deprotonated hydroxy or dimethylamino groups in para-position of axial phenoxy groups enables PET process to 
proceed, which results in a switchable fluorescence and its strong dependence on the solvent properties and 
medium acidity. 
In this work we have synthesized the first examples of phosphorus (V) corrolazines bearing axial aryloxy ligands. 
The fluorescent and photosensitizing properties, as well as their sensitivity to additions of acid or base, was 
investigated in different media. Influence of pyrazine annulation to corrolazine ring is discussed. 
 
This work was supported by Russian Foundation of basic research (grant № 20-53-26004) 
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In the last two decades, the flourishing chemistry of azaannulenic systems larger than porphyrins has witnessed an 
ever-growing diversity of scaffolds. Beyond - and meso-functionalization, isomeric, core-modified, fused, π-
extended, twisted, among other types of congeners, afford a huge set of possibilities for the emergence of novel π-
functional systems. Besides, conformational flexibility, coordination/organometallic chemistry, aromaticity, 
inherent chirality, are key interlinked features of expanded porphyrins. Orchestrating these features with 
appropriate external stimuli opens the way to ever-complex adaptive systems. 
Until recently, a particular domain of engineering consisting in the coupling of an expanded porphyrin with an 
hydrophobic cavity has remained under-explored. Considering the previous work achieved with porphyrin-
cyclodextrin conjugates bringing selectivity in molecular recognition and catalysis, the emergence of novel 
properties was expected to arise from the controlled association of larger porphyrin congeners with such cavities. 
With this idea in mind, the covalent assembly of hexaphyrin and cyclodextrin subunits was recently developed by 
our groups leading to the so-called family of hexaphyrin-cyclodextrin hybrids.[1, 2, 3, 4, 5] This presentation will 
give an overview of the story so far. 
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Möbius rings are inherently chiral objects (topological chirality),[1] mirror images being generated by twisting the 
Möbius band according to a right or a left screw sense (respectively P and M configurations). Compared to other 
sources of chirality, Möbius chirality has been scarcely investigated at the molecular level and thus constitutes an 
innovative stereogenic element. Chirality is an important added value to π-conjugated systems opening to a wide 
range of functions with potential technological applications.[2] Considering the importance of chiroptical switches in 
many fields of science,[3] designing Möbius-type chiroptical switches represents a real challenge with great 
opportunities. 
Currently, a major obstacle remains the asymmetric preparation of Möbius compounds with only two examples 
described in the literature. Focusing on the Möbius [28]hexaphyrin scaffold, our group has investigated an original 
approach for chirality induction taking advantage of the dynamic character of the twisted π system. Indeed, this 
conformationally flexible scaffold undergoes rapid P ↔ M equilibrium in solution,[4] thus exhibiting a dynamic 
Möbius chirality. In the present contribution, we have extended our dynamic approach[5] to a situation where a 
source of fix chirality is part of a covalently attached coordinating arm.[6] The arm allows straightforward formation 
of labile monometallic Zn(II) complexes with an 
exogenous ligand, either a carboxylato or an amino with 
opposite inwards/outwards orientations relative to the 
Möbius ring. As a corollary, the chiral coordinating arm is 
constrained over the ring or laterally, inducing opposite P 
and M Möbius configurations with unprecedented high 
stereoselectivity (diast. excess greater than 95 %). By 
tuning the transfer of chirality, these achiral effectors 
generate electronic circular dichroism spectra with 
bisignate Cotton effect of opposite signs. Switching 
between distinct chiroptical states was ultimately achieved 
in mild conditions owing to ligand exchange, with high 
robustness (10 cycles).  
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Porphyrins and chlorophylls are often self-assembled into nanoscale superstructures to perform many essential 
functions, such as light harvesting and electron transport. From the inspiration of the natural light harvesting 
systems, a variety of porphyrin-based nanoarchitectures, such as nanofibers, nanosheets, nanoparticles, and 
nanorings have been fabricated for applications in various research fields including photonics, catalysis, and 
electronics. The mimicry of light harvesting system is a very important subject, not only form a scientific 
viewpoint, but also for its possible contribution to sustainable utilization of energy resources.  As mimic of natural 
light harvesting system, we recently have designed several porphyrin-based artificial models including porphyrin 
dendrmers, self-assembled nano-ring, and supramolecular receptors. We are going to report recent advances in our 
research on the porphyrin-based supramolecular architectures. A series of porphyrin derivatives having multiple 
carboxylic acid groups was prepared to build up supramolecular architecture through intermolecular hydrogen 
bonding. The obtained nanostructures were successfully analyzed by X-ray crystallography. The details will be 
presented in the symposium. 
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With a growing international trend of Cannabis legalization, there is a 
present need for on-the-spot, low cost, and rapid differentiation of 
cannabinoids. The two primary cannabinoids, Δ9-tetrahydrocannabinol 
(THC) and cannabidiol (CBD), obtained from Cannabis, elicit very 
different pharmacological effects necessitating consumer and industry 
methods for their detection and rapid speciation. CuPc and F16-CuPc, well 
characterized p- and n-type semiconductors respectively, are used as the 
OTFT semiconducting layer in combination with a cannabinoid-sensitive 
chromophore allowing for the differentiation of THC and CBD. Device 
analysis of pre- and post-pyrolyzed rapid plant extract samples was able to 
predict the THC/CBD ratio with HPLC accuracy. Spectroelectrochemistry 
was used to probe molecular interactions between cannabinoids with and 
without a cannabinoid sensitive chromophore against a variety of Pcs. 
Spectroelectrochemical changes to the Q-band region of the Pc spectra in 
the presence of analytes was related to modified ratios of Pc-Pc orientations 
in solution, streamlining material selection, reducing manufacturing burden, 
and expediting sensor development. 2D-NMR was used to further elucidate 
unique Pc-Pc and Pc-analyte interactions, providing additional insight on atomic level interactions. Through 
altered Pc-Pc orientations, analytes can induce physical alterations to Pc thin-film morphology and structure, 
consequently, modifying electrical performance beyond charge trapping effects. Pc peripheral and axial 
substitutions allow an additional level of Pc tunability and their relationship with analyte interactions, film 
structure, and OTFT sensing performance was explored. 
 
We established relationships between thin-films of phthalocyanines (Pcs) with a variety of central, peripheral, and 
axial substituents and their response to THC. X-Ray diffraction and UV–vis absorption spectroscopy 
measurements demonstrate significantly altered film morphologies and the formation of new crystal orientations 
in response to analytes, which are corroborated by scanning electron microscopy. With exposure to THC, 
aluminium chloride Pc generates the largest physical film changes as well as the largest changes in OTFT 
performance. These findings have implications for Pc-based OTFT sensor design, suggesting that the 
semiconducting Pc thin-film morphologies are not static in the presence of analytes, and that the sensing response 
is driven both by strong analyte-Pc coordination and bulk film restructuring to accommodate these interactions.  
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Glucagon is a 29-amino acid pancreatic hormone responsible, in part, for the regulation of glucose. This 
regulation is imperative when it comes to patients with insulin-dependent diabetes, as glucose can have large 
fluctuations in these patients. Current treatments consist of solubilizing the glucagon immediately prior to 
administration, however, is poorly soluble and prone to aggregation in its native state. Developing a modified 
glucagon that is shelf stable and readily soluble would improve the current treatment. The Doyle group has coined 
the term ‘corrination’ [1, 2] to describe the conjugate modification of a compound/peptide/protein with a corrin 
ring containing compound such as dicyanocobinamide (Cbi). Herein, we describe the corrination of glucagon with 
the highly water-soluble Cbi via copper catalysed azide-alkyne cycloaddition. The effects of corrination position 
on the peptide on solubility, stability, aggregation, and function at the glucagon receptor is described. 
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The interaction between stacked antiaromatic π-systems has recently attracted considerable attention. Schleyer 
and Fowler theoretically proposed that stacking of two antiaromatic systems in methano-bridged superphanes 
eliminates their antiaromaticity, which originates from their effective orbital interactions [1]. This phenomenon 
has been known as stacked-ring aromaticity [2]. Recently, our group have achieved stacked-ring aromaticity 
experimentally by tethering two antiaromatic norcorrole units using covalent linkers. These norcorrole dimers 
with remarkably short interplanar distances (< 3.4 Å) exhibit characteristic absorption bands in the near infrared 
(NIR) region [3]. However, the current strategy to achieve stacked-ring aromaticity consists only of the tethering 
approach, which requires the elaborate synthesis of norcorrole dimers. 
Here, we demonstrate the realization of stacked-ring aromaticity by a rational supramolecular approach. Several 
norcorroles were subjected to the encapsulation in a micellar capsule composed of bent polyaromatic amphiphiles 
[4]. The encapsulation resulted in the appearance of a broad absorption band in the NIR region, which is 
characteristic of face-to-face staked norcorrole dimers. Importantly, 5,15-diisopropylnorcorrole, which does not 
exhibit π-staked orientation even in a concentrated organic solvent and crystalline phase, adopted π-stacking in the 
micellar capsule. These results demonstrate the power of supramolecular chemistry for the realization of stacked-
ring aromaticity. 
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Over the past decades, columnar-organized structures obtained from π-conjugated bowl-shaped molecules have 
gained increased attention. As a result of their molecular structure, these systems can form unconventional polar 
organizations that significantly improve the charge transport, which is of outmost importance in most of state-of-
the-art technological devices.  
Among the molecular building blocks able to form such columnar assemblies, Subphthalocyanines (SubPcs; 
Figure 1a) are particularly attractive on account of their outstanding structural and photophysical properties (i.e., 
intense absorption and/or emission in the UV-vis and near-infrared (NIR) region, excellent charge transport 
properties, and a wide chemical versatility). [1] Thus, these aromatic macrocycles, with their singular non-planar 
structure, have demonstrated a great capability to form columnar assemblies both in solid-state, solution and liquid 
crystal (LC) phases. [2] Herein we report the synthesis and characterization of SubPc columnar materials which, 
depending on the molecular design, behave as lyotropic/thermotropic liquid crystal or form columnar polymers in 
solution. The factors that govern such an unusual organization are studied by a combination of several experimental 
techniques and theoretical calculations.  

 

Figure 1. a) Molecular structure of SubPcs, b) columnar structures resulting from the assembly of SubPc molecules. 
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Photo antimicrobial chemotherapy (PACT) is a therapeutic modality to pathogenic bacteria [1] based on the 
administration of a non-toxic photosensitizer (PS), which after activation by visible light of an appropriate 
wavelength in the presence of molecular oxygen, produces reactive oxygen species (ROS) including singlet 
oxygen (figure.1a), that cause irreversible photodamage to bacteria cells, leading to cell death [2]. 
Phthalocyanines (Pcs) are second-generation photosensitizers that possess impressive photophysical and 
photochemical properties and an aptitude for several structural modifications on the Pc ring (fig.1b) making them 
and ideal candidate for antibacterial molecules. Attributes for an effective PS for use in PACT include low 
toxicity in the dark and strong light absorption in the optical window of biological tissues, that is, in the range of 
650−800 nm. In this work, cationic styryl pyridine triphenylphosphonium-based Pcs are synthesized and applied 
in PACT on E. coli. We present ZnPc containing styryl pyridinoxy (containing four positive charges) and styryl 
triphenylphosphine (containing eight positive charges). The effect of number of charges on the PACT activity will 
be evaluated. 
 

(a) (b)
 

Figure 1. (a) Electronic energy transfer from suitable photosensitizers to molecular oxygen to produce reactive oxygen species 
(ROS) (b) Phthalocyanine photosensitisers  
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Cytochrome bd oxidases are unique terminal oxidases from prokaryotic respiratory chains that catalyse the 
reduction of molecular oxygen in water and oxidation of quinols. Three heme cofactors, namely heme d, heme 
b558 and heme b595 are buried in the scaffold of these bacterial enzymes. Catalytic reduction of O2 takes place at 
the high spin d-type heme in all cyt bd oxidases that is also the binding site for small uncharged signalling 
molecules such as CO, H2S and NO. In particular, it was demonstrated that bd oxidases enhance the bacterial 
survival under oxidative and nitrosative stress [1]. The understanding of the NO binding with cyt bd oxidase 
might help to evaluate the relevance of this reaction for microbial pathogenicity.  
E. coli contains two highly comparable cytochrome bd oxidases [2], bd-I and bd-II. Despite the high similarity in 
sequence and structure, there are differences in accessibility of the active site through the gas channel that may 
cause the differences in binding to the small gaseous molecules. In this study we focus on the NO binding 
mechanism of bd-I and bd-II oxidases from E. coli. On the basis of an essay based on bioelectrochemical sensor 
the inhibitory effect of nitric oxide on the enzyme electrocatalysis with oxygen and the respective IC50 values 
were determined for both enzymes [3]. Additionally, the UV-Vis spectroscopic study of the NO binding and 
release was studied. It can be shown that cyt bd-I and bd-II have a different pH dependence concerning both, the 
enzymatic turnover and the sensitivity towards NO.  It is suggested that the presence of the two bd oxidases is 
necessary to ensure the activity of E.coli for a broader pH range. 
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In recent decades, particular attention has been paid to the issue of sustainability by encouraging the development 
of technologies with low environmental and economic impact. It is a transversal approach that is gaining 
momentum in all sectors of industry, especially in the chemical industry and research. Given the extreme 
versatility and technological importance of phthalocyanines, the design and study of alternative synthetic 
approaches to the conventional ones have gained importance in the last few years. Phthalocyanines are commonly 
synthesized on lab-scale by tetramerization of phthalonitriles with lithium alcolates or strong organic bases in 
environmentally impacting reaction media like alkyl alcohols or aromatic organic solvents. Further state-of-the-art 
protocols exploit melting methods from phthalic anhydride at high temperatures (200-300 °C), microwave-
assisted processes, synthesis in ionic liquids and syntheses performed at room temperature catalyzed by strong 
organic bases such as lithium diisopropylamide (LDA). [1, 2, 3] Even though moving towards an increased 
sustainability, these alternative synthetic routes often suffer from lack of scalability, thus may result difficult to 
realize on a large scale. In this context, the idea of approaching the synthesis of phthalocyanines exploiting 
classical solution processes by applying green chemistry principles was developed.  
In this contribution, the use of more sustainable solvents and purification methods [4] as well as the rational 
design of electron-rich symmetrically substituted phthalocyanines by means of pot-economical approaches will be 
shown and discussed, along with an estimation of the environmental and economic impact with respect to the 
related established procedures. Optoelectrochemical characterizations of the synthesized materials hint at the 
possibility of their application in the field of organic electronics and perovskite solar cells. 
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Porphyrin derivatives can be found in several biological molecules,[1] usually in enzyme cofactors, and have 
inspired the synthesis of many chemicals with properties that are useful for mankind.[2] Transition metal 
complexes of the N-confused NCP-2H isomer of porphyrin, in particular, have been shown to have anti-cancer 
activity,[3] be able to fixate and functionalize CO2[4] and work as molecular probes.[5] Their understanding is 
thus of the utmost urgency. 
While the optical and electronic properties of these molecules have been tentatively rationalized with analyses of 
their molecular orbital diagrams in the frontier region (HOMO-LUMO),[6] they are still unclear to this day as the 
spin and oxidation state of the complexes is elusive due to the porphyrinate ring non-innocence. These complexes 
have also been obtained with different structural features[7] and it would be useful to understand the rationale 
behind the preference for different coordination modes and numbers. 
Here, we use state-of-the-art Density Functional Theory methods[8] to study the electronic properties of [M(2H-
NCP)2-], M = transition metal complex with varying oxidation state, type complexes with varying d-electron 
populations to understand how they can be used to modulate the properties of porphyrin into more useful 
scenarios and how they react to redox phenomena. We hope to provide guidelines for the rational design of this 
class of porphyrin derivatives. 

                                  
Figure 1. NCP-2H metalloporphyrin structure. 
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On-surface synthesis under ultra-high vacuum (UHV) conditions has emerged as an appealing strategy for the 
fabrication of surface-supported nanostructures [1]. Moreover, the resulting nanoarchitectures can directly be 
accessed by local-probe techniques such as scanning probe microscopy, allowing for their in situ structural and 
electronic characterization with sub-molecular resolution. Among such nanostructures, π-extended porphyrins 
(Pors) represent an interesting target due to the unique structural and optoelectronic features these macrocycles 
have.  
Recently, our group has reported the fabrication and atomic-scale characterization of some novel phenalenyl-based 
π-extended Pors (Figure 1a) [2]. These nanostructures were obtained on Au(111) via on-surface 
cyclodehydrogenation reaction at 300 °C from suitable Por precursors and showed an open-shell electronic 
character. Interestingly, further thermal annealing (i.e., 325 °C) of the latter surface-supported monomeric Pors 
triggered an intermolecular coupling reaction leading to the formation of π-extended Por nanotapes (Figure 1b) 
which retained the open-shell character of the precursor [3]. 
As an extension of that work, we aim here at investigating the effect of further increasing the π-extension of the 
surface-supported Pors by “fusing” them to [3]triangulene moieties (Figure 1c). Such nanostructures will be 
achieved through cyclodehydrogenation reaction of adequate Por precursors bearing two or four 9-(2,6-
dimethylphenyl)anthryl moieties at their meso position and will be characterized by STM and nc-AFM. 
Furthermore, the effect of the nature of the inner metal center on the electronic features of the resulting Por 
nanostructures will also be explored.  
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Natural systems represent a source of inspiration when it comes to the processing of energy and matter. At the 
core of many of these processes are metalloporphyrinoids, which are found in many of the organized enzymatic 
machineries that harvest solar energy and catalyse relevant chemical processes [1]. Enzymes also teach us that the 
catalytic sites around the metal centres must remain accessible to the relevant substrates to optimize catalytic 
performance and embedded in a well-defined compartment to enhance selectivity. These complex natural systems 
have inspired chemists to design various porphyrin-based nanocages, making use of both covalent and 
noncovalent interactions [2]. Notably, in these synthetic systems, discrete cofacial porphyrin-based systems, 
where two porphyrin units are arranged in a parallel conformation with the help of rigid covalent spacers, have 
proven unique advantages over their monomeric analogues [3]. 
In this context, we target the construction of nanocages whose simple preparation relies on the development of a 
new self-assembly strategy that will allow us to cofacially arrange metalloporphyrinoids at tailored interstitial 
distances, thus creating accessible (photo/electro) catalytic compartments.  

 

 
 

Figure 1. Schematic representation of a nanocage and its components. 
 
To this aim, metalloporphyrinoids macrocycles have been tetra-functionalized at the periphery with arenes 
bearing self-assembling motifs R1 disposed at 120º angle (i.e. meta position). This metalloporphyrnoids will be 
fused, thanks to the linkers bearing a complementary self-assembling motif R1’.  
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Porphycene and its derivatives have been of interest to researchers due to their established applications in 
information storage, studies of tautomeric equilibria, and photodynamic therapy (PDT) [1]. The deployment of 
porphycenes, structural isomers of porphyrin, in cancer phototherapy was motivated by photophysical and 
photobiological properties of these compounds, which make them excellent candidates for PDT. These properties 
include high molar absorptivity in the red region of the spectrum (which penetrates deeper into tissues), low dark 
cytotoxicity, high yield of triplet state formation, high quantum yield of singlet oxygen generation, and fast 
cellular uptake. Reports of successful use of porphycenes in PDT are present in the literature [2]. Although there 
are several records on the photophysical properties of porphycenes [3], studies of photostability are rare, which 
calls for more research in this area. Therefore, our group has focused on the investigation of photostability in 
porphycenes and recently reported photostability of selected porphycenes on a single molecule level [4]. 
 
Although photophysical properties are fundamental in the choice of photosensitizers, photostability is equally a 
significant factor that determines the suitability and durability of sensitizers in PDT. The present study reports the 
photophysics of selected porphycenes substituted with electron-donating amino and electron-withdrawing nitro 
groups. The influence of tert-butyl substituents on the photophysics is also evaluated. The bulky tert-butyl groups 
present a significant influence on the fluorescence quantum yields and lifetimes. We also report influence of 
electron-donating and electron-withdrawing substituents on the photophysics and photostability. Two of the 
studied porphycenes demonstrate dual fluorescence bands, assigned to emission from two tautomeric forms. 
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Cancer is a multifaceted disease and one of the leading causes of death worldwide, responsible for 9.6 million 
deaths and affecting almost 18.1 million new cases in 2018.[1] Among the therapeutic armamentarium against 
cancer, photodynamic therapy (PDT) has attracted much enthusiasm due to its minimal invasiveness, 
implementation, low systemic toxicity and high efficiency.[2] This type of treatment is based on tumoral specific 
accumulation of a photosensitizing agent that can be activated by light source at a specific wavelength to produce 
locally reactive oxygen species (ROS), leading to a cascade of reactions, which could trigger cancer cells death by 
necrosis or apoptosis.[3] However, the PDT efficacy is largely impaired by the deficient oxygen supply in solid 
tumours where hypoxia commonly exists. To overcome this limitation, recent approaches based on synergistic 
combination of tumor-targeted PDT and inhibition of the transmembrane solid tumor-associated carbonic 
anhydrase IX (hCA IX) which is overexpressed under hypoxia, have recently emerged and proved their 
effectiveness.[4-6] In this context, we will describe in this presentation the synthesis, the characterization, the 
optical and biological properties of innovative tetrafunctionalized zinc(II) porphyrins bearing carbonic anhydrase 
(CA) inhibitors in sulfonamide and coumarin series. 
 

 

REFERENCES 
1.  https://www.who.int/news-room/fact-sheets/detail/cancer. 
2.  A. Merabti, M. Roger, C. Nguyen, A. Nocentini, P. Gerbier, S. Richeter, M. Gary-Bobo, C. T. Supuran, S. 

Clément, J.-Y. Winum, Eur. J. Org. Chem. 2022, In press, doi: 10.1002/ejoc.202101538 
3.  U. Chilakamarthi, L. Giribabu, Chem. Rec. 2017, 17, 775-802. 
4.  H. S. Jung, J. Han, H. Shi, S. Koo, H. Singh, H.-J Kim, J. L. Sessler, J. Y. Lee, J.-H. Kim, J. S. Kim, J. Am. 

Chem. Soc. 2017, 139, 7595-7602. 
5.  Y. Jiang, J. Li, Z. Zeng, C. Xie, Y. Lyu, K. Pu, Angew. Chem. Int. Ed. Engl. 2019, 58, 8161-8165. 
6.  W. Zhu, Y. Liu, Z. Yang, L. Zhang, L. Xiao, P. Liu, J. Wang, C. Yi, Z. Xu, J. Ren, J. Mater. Chem. B 2018, 6, 

265-276. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)420



PO
ST

ER
S

 

 

Carbonic Anhydrase Inhibitors Featuring a  
Porphyrin Scaffold 

Amina Merabtia,b, Maxime Rogerb, Christophe Nguyena, Alessio Nocentinic, 
Philippe Gerbierb, Sébastien Richeterb, Magali Gary-Boboa, Claudiu T. Supuranc, 

Sébastien Clémentb and Jean-Yves Winuma 
aICGM, Univ Montpellier, CNRS, ENSCM, Montpellier, France. * amina.merabti@umontpellier.fr 
bIBMM, Univ Montpellier, CNRS, ENSCM, Montpellier, France. 
cNeurofarba Department, Sezione di Chimica Farmaceutica, Via Ugo Schiff 6, University of Florence, 50122 
Sesto Fiorentino (Florence), Italy. 
 
Cancer is a multifaceted disease and one of the leading causes of death worldwide, responsible for 9.6 million 
deaths and affecting almost 18.1 million new cases in 2018.[1] Among the therapeutic armamentarium against 
cancer, photodynamic therapy (PDT) has attracted much enthusiasm due to its minimal invasiveness, 
implementation, low systemic toxicity and high efficiency.[2] This type of treatment is based on tumoral specific 
accumulation of a photosensitizing agent that can be activated by light source at a specific wavelength to produce 
locally reactive oxygen species (ROS), leading to a cascade of reactions, which could trigger cancer cells death by 
necrosis or apoptosis.[3] However, the PDT efficacy is largely impaired by the deficient oxygen supply in solid 
tumours where hypoxia commonly exists. To overcome this limitation, recent approaches based on synergistic 
combination of tumor-targeted PDT and inhibition of the transmembrane solid tumor-associated carbonic 
anhydrase IX (hCA IX) which is overexpressed under hypoxia, have recently emerged and proved their 
effectiveness.[4-6] In this context, we will describe in this presentation the synthesis, the characterization, the 
optical and biological properties of innovative tetrafunctionalized zinc(II) porphyrins bearing carbonic anhydrase 
(CA) inhibitors in sulfonamide and coumarin series. 
 

 

REFERENCES 
1.  https://www.who.int/news-room/fact-sheets/detail/cancer. 
2.  A. Merabti, M. Roger, C. Nguyen, A. Nocentini, P. Gerbier, S. Richeter, M. Gary-Bobo, C. T. Supuran, S. 

Clément, J.-Y. Winum, Eur. J. Org. Chem. 2022, In press, doi: 10.1002/ejoc.202101538 
3.  U. Chilakamarthi, L. Giribabu, Chem. Rec. 2017, 17, 775-802. 
4.  H. S. Jung, J. Han, H. Shi, S. Koo, H. Singh, H.-J Kim, J. L. Sessler, J. Y. Lee, J.-H. Kim, J. S. Kim, J. Am. 

Chem. Soc. 2017, 139, 7595-7602. 
5.  Y. Jiang, J. Li, Z. Zeng, C. Xie, Y. Lyu, K. Pu, Angew. Chem. Int. Ed. Engl. 2019, 58, 8161-8165. 
6.  W. Zhu, Y. Liu, Z. Yang, L. Zhang, L. Xiao, P. Liu, J. Wang, C. Yi, Z. Xu, J. Ren, J. Mater. Chem. B 2018, 6, 

265-276. 

 

 

Efficiency of Strain Promoted Azide-Alkyne Cycloaddition 
of Azaphthalocyanine Fluorescence Quencher and BODIPY 

Fluorophore with Oligonucleotides 

Kolarova M., Demuth J., Kaushik R. and Miletin M. 

Charles University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry and Pharmaceutical 
Analysis, Akademika Heyrovskeho 1203, 500 05 Hradec Kralove, Czech Republic,  

e-mail: miletin@faf.cuni.cz, tel.: +420 495 067 257 
 
Functionalized synthetic oligonucleotides are object of intense interest in the field of natural sciences, as well as 
nanotechnologies and related fields. They contribute to proceedings in area of genetic diagnosis as well as 
therapeutic approaches like antisense and SiRNA technologies.[1] There is a great potential also in development 
of aptamer-drug conjugates.[2] The development of highly reliable and efficient methods for the modification of 
synthetic and native nucleic acids is therefore an important issue. The solid phase post-synthetic labelling 
employing “click” type reaction - Strain Promoted Azide Alkyne Cycloaddition (SPAAC) [3] is one of the most 
convenient approaches. Since the reaction efficiency on solid phase depends on position in the oligonucleotide 
chain, size and character of the conjugated molecule, and also the solid phase character, we have performed a 
comparative study with azaphthalocyanine (AzaPc) fluorescence quencher and BODIPY (BDP) fluorophore to 
reveal more regularities of this process.  

 

An oligonucleotide synthesized and bound on various supports, modified with dibenzoazacyclooctyne (X, Z) in 
various positions was “clicked” with azido derivatives of the above mentioned molecules. The reactions outcomes 
were evaluated by HPLC chromatography. 
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Low-symmetry phthalocyanines containing peripheral thiol groups are prospective compounds for covalent 
bonding on the gold surface. They can form self-assembled monolayers (SAMs) for different applications: 
modified electrodes for electrochemical sensors; capping agents for tuning of gold nanoparticles (GNPs) for drug 
delivery [1,2]. Although functionalization of gold surfaces with phthalocyanines has been previously reported, 
free peripheral thiols or amines were employed [3]. The use of acetate‐protected thiols can be superior due to the 
stability of the functional group and the possibility of the direct attachment to gold [4]. By changing the structure 
of macrocycles, one can control the orientation of the self-assembled layer (edge-on or face-on arrangement of 
phthalocyanine with respect to the substrate). A3B-type phthalocyanines with only one functional linker attach to 
gold surfaces in strictly vertical macrocycle orientation and exclude the formation of cross-linked structures. 

 
In this work, a three-stage synthesis of low-symmetry mono-(prop-2-ynyl thioacetate)-substituted zinc 
phthalocyanine starting from 4-iodophthalonitrile was conducted. Initial 4-iodophthalonitrile was obtained 
according to an alternative synthetic protocol recently described [5]. A3B-type phthalocyanine was obtained by 
the reaction of mixed cyclization between 4-tert-butyl- and 4-(prop-2-ynyl thioacetate)-substituted phthalonitriles. 
Phthalocyanine 3 was employed in the surface modification reaction of a gold electrode and GNPs. Two 
modification procedures were performed. The removal of the acetate group was more efficient than the reaction 
without deprotection. The obtained self-organized monolayers were studied by cyclic voltammetry and 
chronoamperometry. The number of phthalocyanine molecules adsorbed to the electrode surface was calculated.  
Novel phthalonitrile 2 was characterized by nuclear magnetic resonance (NMR), infrared (IR) spectroscopy and 
electrospray ionization (ESI) mass spectrometry. Matrix-assisted laser desorption/ionization (MALDI) mass 
spectrometry, NMR and IR spectroscopy were used to characterize the targeted phthalocyanine 3. The 
composition and texture of the modified gold surface were characterized by atomic force microscopy (AFM) and 
X-ray photoelectron spectroscopy (XPS). Functionalized GNPs were confirmed by UV-Vis spectroscopy. 
We are grateful for financial support from the Russian Foundation for Basic Research Grant № 21-33-70004.  
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Boron subphthalocyanines bearing aryl, aryloxy, alkyl and halogen peripheral functional groups were tested as a 
photosensitizers and fluorophores. Synthetic protocols to novel 4-ethoxycarbonylphenoxy-substituted 
subphthalocyanine and phenoxy-substituted subphthalocyanine boron phenolate were presented.  
The results of flesh photolysis measurements predicted the good ability of target boron subphthalocyanines to 
singlet oxygen formation and it was supported by the measurements of 1O2 quantum yields (ΦΔ=0.44÷0.85). 
Satisfactory yields of fluorescence (Φf=0.13-0.28) were observed for the main part of subphthalocyanines. The 
fluorescence decay kinetics was studied to determine the fluorescence lifetimes and confirm the regularities 
obtained for fluorescence yields. 

 
 
Good fluorescent properties allowed investigating the distribution of boron subphthalocyanines in endoplasmic 
reticulum. The binding constants with bovine serum albumin were determined. Tetra-tert-butyl- and iodo-
substituted subphthalocyanines demonstrate remarkable photocitotoxicity to human epidermoid carcinoma cells at 
micromolar concentrations. At the same time target boron subphthalocyanines exhibited low dark cytotoxicity and 
no oxidative stress without irradiation. 
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Perovskite solar cells (PSCs) are promising candidates to reach the market to complement the current offer of 
photovoltaic cells although for such a thing they still have to overcome some challenges such as long-term stability. 
The hole transporting layer (HTL) is a crucial component in n-i-p PSC, since it must favor an adequate movement 
of charges and protect the perovskite layer from environmental conditions. In this sense, the commonly used HTL, 
spiro-OMeTAD, does not provide PSCs with sufficient stability and is too expensive. Cheaper molecular materials 
such as metallophthalocyanines are proving to be a good alternative, as they provide greater stability.[1] 
In this comunication, both the synthesis of new dimers based on zinc phthalocyanines (ZnPc) and their study as 
HTL in n-i-p PSCs are exposed. These dimers (ZnPc-t-DPP-t-ZnPc 1,[2] ZnPc-t-t-ZnPc 2,[3] ZnPc-t-Spiro-t-
ZnPc 3, Figure 1) are connected by different groups through ethynyl bridges. PSCs containing ZnPc-t-Spiro-t-

ZnPc 3 yielded an efficiency of 
18.32%, higher than the state-of-
art spiro-OMeTAD (17.42%). 
Furthermore, ZnPc dimers 
showed improved long stability 
under different stress conditions 
such as moisture and thermal.[4] 

 

Figure 1. a) Chemical structure 
of the HTMs under study, b) J-V 
curves and c) representation of 
an n-i-p PSC device. 
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Perovskite solar cells (PSCs) are promising candidates to reach the market to complement the current offer of 
photovoltaic cells although for such a thing they still have to overcome some challenges such as long-term stability. 
The hole transporting layer (HTL) is a crucial component in n-i-p PSC, since it must favor an adequate movement 
of charges and protect the perovskite layer from environmental conditions. In this sense, the commonly used HTL, 
spiro-OMeTAD, does not provide PSCs with sufficient stability and is too expensive. Cheaper molecular materials 
such as metallophthalocyanines are proving to be a good alternative, as they provide greater stability.[1] 
In this comunication, both the synthesis of new dimers based on zinc phthalocyanines (ZnPc) and their study as 
HTL in n-i-p PSCs are exposed. These dimers (ZnPc-t-DPP-t-ZnPc 1,[2] ZnPc-t-t-ZnPc 2,[3] ZnPc-t-Spiro-t-
ZnPc 3, Figure 1) are connected by different groups through ethynyl bridges. PSCs containing ZnPc-t-Spiro-t-

ZnPc 3 yielded an efficiency of 
18.32%, higher than the state-of-
art spiro-OMeTAD (17.42%). 
Furthermore, ZnPc dimers 
showed improved long stability 
under different stress conditions 
such as moisture and thermal.[4] 

 

Figure 1. a) Chemical structure 
of the HTMs under study, b) J-V 
curves and c) representation of 
an n-i-p PSC device. 
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Infectious diseases are the leading cause of death worldwide, particularly in developing countries [1]. The 
development of alternative technologies to overcome microbial resistance is necessary and PACT is one such 
attractive approach [2,3]. This study aimed to synthesize asymmetrically meso-substituted porphyrin H2BPMPP 
containing two different types of meso-substituents and to enhance the photodynamic antimicrobial properties by 
inserting Zinc and Indium metals to their peripheral to form H2BPMPP, ZnBPMPP, and ClInBPMPP. Photophysical 
properties were determined by measuring the UV-Vis absorption, singlet oxygen quantum yields, and Fluorescent 
quantum yields. The PACT activity of the photosensitizers was evaluated on both gram-positive (Staphylococcus 
aureus) and gram-negative bacteria (E.Coli). ). The ФΔ values for H2BPMPP, ZnBPMPP and ClInBPMPP were 
0.5705, 0.6734, 0.756 and ФF values of 0.011, 0.007, 0.004 respectively. In all the photosensitizers there was 
reduced bacterial survival in S. aureus than in E. coli. ZnBPMPP and InBPMPP gave better inhibition compared to 
H2BPMPP. These results indicate that meso metalloporphyrin complexes can have a good antimicrobial activity 
after illumination than the free base porphyrin. 
 
Antimicrobial activity of H2TBnOPP, ZnBPMPP, and ClInBPMPP against E. coli was also done and discussed in 
this work. 
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For most bacteria, Fe2+ is an essential element for their survival, and in response to Fe2+, many iron metabolism 
proteins were regulated by a transcription factor, Ferric uptake regulator (Fur). Fur regulates downstream gene 
expression by binding to the specific DNA sequence, Fur box. Interestingly, we found a Fur box sequence just 
upstream of the nik operon encoding proteins for the nickel uptake system in Vibrio cholerae, suggesting that the nik 
operon is regulated by Fe2+ via Fur. To examine the Fur box binding of Fur from V. cholerae (VcFur) in the presence 
of Fe2+, the titration of VcFur against the 6-FAM-modified Fur box was performed, showing a biphasic binding curve 
(Fig. 1, black circles). The addition of Salmon sperm DNA (SalDNA), which non-specifically binds to the Fur box 
sequence, resulted in disappearance of the low-affinity binding process at [VcFur] > 10 mM, indicating that the low-
affinity binding process was non-specific binding (Fig. 1 black triangles). On the other hand, the high affinity 
binding process at [VcFur] < 10 mM, which was independent of the concentration of SalDNA (Fig.1 black circles 
and triangles), corresponds to the specific binding of Fur to Fur box. The value of Kd for the Fur-Fur box binding was 
1 mM. This value is 20-50 times larger than that of Fur from other species. The fluorescence anisotropy 
measurements in the presence of Ni2+ showed that, unlike the case of Fe2+, the addition of SalDNA shifted the entire 
plot to the right, and non-specific DNA binding of Fur was observed. (Fig. 1 red circles and triangles). 
Interestingly, Fe2+-induced Fur box binging in VcFur was inhibited by the addition of heme. As clearly shown in 
Fig. 2, the fluorescence anisotropy was decreased by the addition of heme, indicating that Fur was dissociated 
from the Fur box. The decreased anisotropy was restored when apo-myoglobin (Fig.2 red triangles) was added to 
extract heme from VcFur. These results suggest that the Ni2+ uptake system in V. cholerae is regulated by iron and 
heme, but the physiological function of Ni2+ in V. cholerae is not reported. Therefore, it is more plausible that the 
nik operon of V. cholerae has a function other than the uptake of nickel. One of the nik operon protein, NikA of 
Escherichia coli (EcNikA) has been reported to bind heme, suggesting that it is involved in the heme metabolism. 
VCA1098, a homologue of EcNikA, is present in the nik operon of V. cholerae. As we expected, VCA1098 was 
found to bind heme with low affinity (Kd = 1.3 M). The Kd value is about 100 times larger than that of proteins 
binding heme as the active center. The heme binding to VCA1098, therefore, functions as a regulator of nickel 
uptake or heme transporter in V. cholerae. 
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Metal surfaces and interfaces functionalized with metal complexes play important roles in modern technologies 
such as catalysis, sensors, and organic electronics. Since the chemical and (opto-)electronic properties of the 
complexes are partly determined by their central metal atoms, stability with respect to metal exchange at the 
interface is a crucial issue. Here, we studied a model transmetalation reaction, i.e., the exchange of the central 
atom of a complex, between Pb(II) tetraphenylporphyrin (PbTPP) and Cu atoms from a Cu(111) surface.[1] X-ray 
photoelectron spectroscopy (XPS) showed that the Pb/Cu exchange starts around 380 K and is complete at 600 K. 
The identity of the reaction product, CuTPP, was confirmed by mass spectrometry. Scanning tunneling 
microscopy (STM) uncovers structural changes accompanying the metal exchange and additional reactions of the 
ligand. Our study reveals that metal exchange reactions of complexes at interfaces can proceed already at 
moderate temperatures and thus can affect the operational stability of functionalized hetero interfaces. 
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Porphyrin tapes have been targets of extensive studies because of their remarkably red-shifted absorptions, multi-
charge responsibility, and electric conductivity.[1] A variety of porphyrin tape variants have also been created to 
display perturbed photophysical properties being characteristic of constituent porphyrin(oid) units. Such tape-like 
porphyrinoid arrays are synthesized mostly by oxidative fusion of the corresponding singly-linked precursors. 
Here we found that tetrabromo[36]octaphyrin was transformed into novel fused porphyrin dimers such as 
porphyrin(2.1.1.1) dimer 2 and N-confused porphyrin dimer 3 through metalation-induced transannular C–C bond 
formation. Tetrabromo[36]octaphyrin 1 was synthesized as a nonaromatic meso-free type octaphyrin. Zn(II) 
complexation of 1 afforded bis-Zn(II) complex 2 through Cmeso–Cmeso bond formation. The complex 2 exhibited a 
diatropic ring-current effect due to its 36π Möbius aromaticity.[2] On the other hand, Ni(II) complexation of 1 
caused Cmeso–Cβ bond formation with concomitant debrominations to afford bis-Ni(II) complex 3, which showed a 
paratropic ring-current effect due to its global 36π Hückel antiaromaticity.  

 
Figure 1. Typical synthetic route of porphyrin tape. 

 
Scheme 1. Synthesis of 2 and 3. 
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Colocalization of heme rich deposits in the senile plaque of Aβ in the cerebral cortex of Alzheimer’s disease (AD) 
brain along with altered heme homeostasis and heme deficiency symptoms in AD patients have invoked the 
association of heme in AD pathology [1-3]. Heme binds to Aβ to form heme-Aβ complex and depending on the 
concentration of the complex or peptide to heme ratio it exhibits an equilibrium between a high spin mono-His 
bound peroxidase-type active site and a low spin bis-His bound cytochrome b type active site [4-6]. The high spin 
heme-Aβ complex shows higher peroxidase activity than free heme where compound I is the reactive oxidant [6-
7]. It is also capable of oxidizing neurotransmitters like serotonin in the presence of peroxide, owing to the formation 
of compound I [6-7]. The low spin bis-His heme-Aβ complex on the other hand shows enhanced peroxidase activity 
relative to high spin heme-Aβ. It reacts with H2O2 to produce two stable intermediates compound 0 and compound 
I which are characterized by absorption, EPR and resonance Raman spectroscopy. The stability of compound I of 
low spin heme-Aβ is accountable for its enhanced peroxidase activity and oxidization of the neurotransmitter 
serotonin. The effect of second sphere Tyr10 residue of Aβ in the formation and stability of the intermediates of 
low spin heme-Aβ has also been investigated. The higher stability of compound I for low spin heme-Aβ indicate 
that in contrast to the high spin form Tyr10 [6-7] in this case is redox inactive possibly due to its involvement in H-
bonding interactions at the distal pocket. 
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Pressure Sensitive Paint (PSP) is a new method of measuring pressure distribution over an aircraft model in a 
wind tunnel using optical oxygen sensors, known as luminophores. The field settled early on platinum(II) 
5,10,15,20-tetrakis-(2,3,4,5,6-pentafluorophenyl)porphyrin (figure 1) as the main luminophore, as it has ideal 
photo physical properties suited for oxygen sensing [1].  These compounds are formulated into paint formulations 
with an oxygen permeable binder such as various polymers [2], porous substrates [3] and polymer ceramic 
formulations [4]. When excited the luminophores phosphoresce, which can be quenched by the presence of local 
oxygen and so the intensity of phosphorescence decreases and therefore is proportional to the partial pressure of 
oxygen in the air. When the model is placed into a wind tunnel, the varying pressure caused by air currents causes 
a dynamic quenching environment that can be imaged and processed to generate a global pressure map. The PSP 
method is easy to apply to the model, provides global coverage and has a much higher resolution than pressure tap 
measurements.  
 
There are to date few publications describing the effect of the luminophore identity on the paints characteristics. 
Porphyrins are a rich family of strong light absorbing compounds and there is a great variety of halogenated 
metalloporphyrins [5] and metallobenzoporphyrins [6] that are being developed for other oxygen sensing 
platforms. Therefore, this work aims to synthesise and characterise a large variety of metalloporhyrins and 
benzometalloporphyrins and study the effect of these compounds chemical structure and identity of the central 
metal ion on the performance of PSP formulations. 
 
 
 

 
 
 
 
 
Figure 1: The current luminophore (right) and the structure of luminophores studied in this work (left).  
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Figure 1: The current luminophore (right) and the structure of luminophores studied in this work (left).  
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The application of porphyrins as a main element for the design of extended carbon-based frameworks gained 
increasing popularity in recent years [1]. The fusion of aromatic hydrocarbons of various sizes to the β- and meso- 
positions of porphyrins emerged hereby as a particularly convenient strategy for an effective expansion of the 
aromatic network [2]. The here presented extension of the π-system leads to substantial alterations in optical and 
electrochemical features. These changes involve a bathochromic shift in the absorption spectrum, increased 
absorption in the NIR range as well as a profound decrease of the HOMO-LUMO gap [3]. 
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Dye-decolorizing peroxidase (DyP) is an enzyme that can degrade compounds difficult to be decomposed such as 
anthraquinone dyes [1]. To examine the possibility of the application for environmental purification, we constructed an 
Escherichia coli (E. coli) strain expressing DyP. However, the dye-degradation activity of the strain was not so high, due to 
the low heme contents of DyP in cells. Thus, we tried to design an artificial peroxidase based on cytochrome c (cyt c), whose 
heme is covalently bound to the protein.  
In the presence of an artificial dye, reactive blue 19 
(RB19), significant dye-decolorizing activity (kcat/Km 

= 44 s-1mM-1), 60 % of DyP at pH 4.5 (Table 1), was 
detected for cyt c under the high H2O2 concentration 
(20 mM) conditions, but the turnover under low H2O2 
concentration (200 μM) conditions was ~1/60 that of 
DyP at pH 4.5, suggesting the low affinity of cyt c to 
H2O2. To enhance the affinity of H2O2 to cyt c, we 
prepared a mutant lacking one of the axial heme 
ligands by replacing Met80 with Val (M80V) (Fig. 1). 
However, the activity of M80V was only 1.5 times 
larger than that of wild type protein (WT) (Table 1), 
and the lack of a heme axial ligand did not result in the drastic improvement of the dye-degrading activity. Another factor to 
increase the dye-decolorizing activity is improvement of low binding affinity of the dye substrate (Table 1). We focused on 
aromatic amino acid residues on the protein surface since they are function as the substrate binding site as well as the active 
center in DyPs [2]. Considering that introduction of Trp to the myoglobin surface significantly increased the dye-degrading 
activity by π-π stacking interaction between Trp and RB19 [3], we replaced Pro76, located on the protein surface near the 
putative substrate binding sites, with Trp (P76W). The kcat/Km value of the mutant was 138 s-1mM-1, which was ~3-fold larger 
than that of WT cyt c. However, the E. coli strain expressing the mutant failed to degrade 
RB19. The UV/vis spectrum of the cyt c mutant in E. coli indicated the heme iron was 
reduced to form reduced cyt c in cells, which is inactive to H2O2. To stabilize the oxidized 
form of cyt c, we replaced Gly29 near His18 with Asp (G29D) (Fig. 1) to form a hydrogen 
bond between axial His and Asp, which stabilizes the ferric state of the heme iron and 
promotes the reaction with H2O2 as found for many peroxidases [4]. The mutation 
resulted in the drastic enhancement (~80-fold) of the dye-decolorizing activity (Table 1).  
In summary, we found that cyt c can decompose the artificial dye and the activity was 
drastic improved by the formation of the hydrogen bond with the axial histidine. We are 
now trying to construct an effective dye-degradation system in E. coli based on this 
mutation. 
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Fig. 1. The structure of cyt c 

Table 1. DyP activity of DyP and cyt c 
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Porphyrin (DBCA)4H2P which has 8(9)-6b,10b-dihydrobenzo[j]cyclobut[a]acenaphthylene units directly on the 
meso positions of the porphin core has been synthesized. Its photophysical, photochemical and electrochemical 
properties, as well as its frontier orbitals and the HOMO–LUMO gaps, have been determined and compared to those 
of tetraphenylporphyrin [1]. 
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In nature, many proteins contain metal ions as cofactors. The selection of a particular metal in a specific oxidation state 
is crucial for the biological function.[1] The amide linkage in proteins offers two potential binding sites, oxygen for 
the interaction with protons, and nitrogen for the metal ions binding. Tetrapyrroles and their derivatives represent a 
class of chromophoric systems that have been widely used for metal ion recognition processes, due to their remarkable 
photophysical and electrochemical properties.[2;3]  
To this end, porphyrin-cubane/BCP arrays [BCP = bicyclo(1.1.1)pentane] featuring a combination of BCP/cubane 
units and a semi-rigid amide linkage (Figure 1a) were investigate for their suitability as receptors for transition metals 
in form of their perchlorate salts.[4] A spectroscopic investigation revealed that these porphyrins 1 and 2 possesses 
both strong anion and cation recognition sites.    
The complexes formed were studied using UV-Vis, fluorescence (FL), time-correlated single photon counting 
(TCSPC), and 1H NMR spectroscopy. In particular, the stoichiometry of binding and limit of detection (LOD) were 
calculated using UV-Vis, and fluorescence spectroscopy (Figure 1b). NMR spectroscopy was employed to investigate 
the mode and site of complex formation. Also, circular dichroism (CD) spectroscopy was used to study a 
conformational switch upon formation of supramolecular complexes. These spectroscopic investigations suggest that 
the coordination of MClO4 can act as a driving force to control the conformation of the porphyrin unit. The 
supramolecular architectures formed, indicate the possibility to mimic a protein structure due to the sp3 rigid aliphatic 

hydrocarbon scaffolds (BCP or cubane) that 
exhibit the essential conformational space 
for protein function while simultaneously 
providing amide bonds for molecular 
recognition. Reversible photophysical 
changes indicate that these dimeric systems 
act like switchable porphyrin tweezers. 

 
Figure 1: a) Chemical structure of porphyrin arrays; b) fluorescence spectral titration of porphyrin-BCP array in presence of 
Fe(ClO4)2 in CHCl3. 
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Cyclic compounds with selective and reversible binding of metal ions have been applied to ion adsorption and 
catalytic reactions. We have reported that linear polyketones 1 composed of 3,3-dimethylpentane-2,4-dione as a 
repeating unit has lithium-ion conductivity [1].  On the other 
hand, cyclic polyketones 2-5 consisting of the same 
repeating unit are capable of binding alkali metal ions 
depending on their ring size (Figure 1). In this study, we 
apply the metal-ion binding property of these cyclic hexa- 
to dodeca-ketones 2-5 to catalyze reactions and for the 
design of new alkali metal ion capture molecules [2]. 

Association constants of cyclic polyketones 2-5 with Na+ ion were investigated by NMR titration experiment in 
mixture of CDCl3/CD3CN = 9/1 (v/v). Na+ ion capture was observed for cyclic polyketones 3-5, while cyclic deca-
ketone 4 showed the highest association constant (K = 9.2 × 103 M-1). Alkali ion-binding hosts 3–5 exhibited 
catalytic activity for the Finkelstein reaction in low-polarity solvents. The observed positive correlation between 
catalytic activity and sodium ion binding constants (Scheme 1). Since no interaction with alkali metal ions was 
observed in the linear octa-ketone, we attempted to functionalize the molecular terminal sites in expectation of 
changing the binding properties. Linear compound 6 with pyrenes at the terminal sites induced a pseudo-cyclic 
structure due to π-π interactions, and showed high association ability with Na+ ion (K = 6.4 × 102 M-1), which is 
almost 6.5 times higher than the cyclic octa-ketone 3 (K = 9.8 × 101 M-1) (Figure 2). The optimized structure of 
6•Na+ obtained from the theoretical studies revealed that the pseudo-cyclic conformation is stabilized by five 
C=O•••Na+ coordination bonds with pyrene moieties no longer showing π-stacking interactions. The terminal 
functionalization of linear polyketones can change the ring size and the association constant with alkali metal ions.  
 

REFERENCES 
1. T. Eriksson, A. Mace, Y. Manabe, Y. Yoshizawa-Fujita, Y. Inokuma, D. Brandell, J. Mindemark, J. 

Electrochem. Soc., 2020, 167, 070537. 
2. N. Ozawa, K. I. Shivakumar, M. Murugavel, Y. Inaba, T. Yoneda, Y. Ide, J. Pirillo, Y. Hijikata, Y. Inokuma, 

Chem. Commun., 2022, in press. 

Figure 1. Linear and cyclic polyketones. 

Figure 2. Linear compound 6 with pyrene units. Scheme 1. Finkelstein reaction catalyzed by cyclic 
polyketones 2-5. 
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Porphyrins constitute a ubiquitous class of molecules largely employed in different application fields [1]. In order 
to enhance the performance of porphyrin-based devices, tetrapyrrolic compounds are often coupled to metallic 
nanoparticles. It has been demonstrated that the singlet oxygen production can be maximized when porphyrin 
derivatives are opportunely coupled to plasmonic metal. Furthermore, porphyrin-nanoparticle hybrid 
nanostructures have been used to enhance light harvesting [2] for photodegradation of different organic 
compounds [3]. In this work, supramolecular adducts formed by a commercial porphyrin derivative and silver 
nanoparticles have been obtained using exclusively light as an external trigger that is able to promote the 
formation of the plasmonic nanostructures. In particular, a water-soluble porphyrin, i.e. tetrakis(4-
carboxyphenyl)porphyrin, has been used. We demonstrate that, by means of light illumination, it is possible to 
tune the porphyrin aggregation state. Furthermore, when the monomeric form of the organic macrocycle is 
induced and a controlled amount of AgNO3 is simultaneously dissolved, it is possible to promote the formation of 
silver nanostructures using visible light. The proposed eco-friendly mechanism allowed porphyrin derivatives/Ag 
hybrid nanostructures to be obtained without using a chemical reducing agent. The porphyrin derivative 
simultaneously acts as reducing agent when irradiated by visible light and as a capping agent for the silver 
nanostructures. The organic/inorganic adduct was characterized by means of steady-state fluorescence that 
highlights a strong energetic or electronic communication between the two species. XRD and SEM investigations 
evidence that silver nanoparticles are formed without using any reducing agent. Radical Oxygen Species (ROS) 
production under visible light was finally preliminary tested. 
 

 
Figure 1 Schematization of proprphyrin/Ag adducts.  
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Biocatalysts containing transition metals have been shown to synthesize carbon-carbon and carbon-nitrogen bonds 
stereospecifically through carbene insertion reactions, generating few by-products.[1-3] Typically, industry 
uses  metallo- and organocatalysts to perform carbene insertion reactions; however, these catalysts often lack 
selectivity.[4-6] In the work presented here, we explore the use of a novel protein scaffold, YfeX,  to make these 
reactions more efficient and environmentally friendly for pharmaceutical and fine chemical synthesis. The product 
yields, stereochemistry of the products and the catalytic mechanism were analyzed using gas chromatography-mass 
spectroscopy (GCMS), supercritical fluid chromatography (SFC), UV-Visible spectroscopy, and density-functional 
theory (DFT) calculations. We compare wild-type (WT) YfeX to other heme-biocatalysts and artificial 
metalloenzymes. WT YfeX shows high levels of reactivity and stability in aqueous environments with a wide 
variety of substrates. Correspondingly, YfeX shows great potential to be an alternative to traditional industrial 
catalysts with the natural relative stereo- and enantioselectivity needed for the generation of pharmaceuticals and 
fine chemicals. 
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Theragnostic nanostructures for both, monitoring and therapeutic purposes, have a key role in the fight against 
cancer. Nanoassemblies of photophysically active molecules have furthered the efficacy of photodynamic (PDT) 
and photothermal therapies (PTT) [1]. 
The great advantage of nanomedicines based on self-assembly is their high potential to build smart 
photosensitisers (PS). By controlling non-covalent interactions between components, assembled nanoparticles 
(NP) can achieve precise targeting and enhanced therapy based on their reversible assembly/disassembly process. 
With intelligent monomer design, a partial disassembly of the nanostructures inside the cells results in the 
recovery of their photophysical activity (previously cancelled in the assembled state) [2], leading to a combination 
of photodynamic and photothermal therapy that can dramatically improve anti-tumour efficacy [3]. 
Phthalocyanines (Pcs) are frequently used as PS and, more recently, as promising photothermal agents due to their 
unique photochemical and structural characteristics. By tuning their structure, they can be programmed to self-
assemble in aqueous media. Binaphthyl-bridged AABB Pcs previously reported in the group are representative 
examples of amphiphilic PS capable of forming highly stable NPs with PDT abilities [4]. 
We have designed and prepared different binaphthyl-bridged AABB Pcs with different hydrophilic substituents, 
programmed to spontaneously aggregate in aqueous media, forming stable spherical NP in the 10-50 nm scale. 
Biological assays indicate that the NP penetrate into cell, where remain partially assembled rendering: i) high 
temperature increase after laser irradiation (i.e. PTT), and ii) singlet-oxygen generation abilities (i.e. PDT).  
 

Figure 1: Binaphthyl-bridged AABB Pcs structure and schematic illustration of switchable photoactivity 
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Porphyrin derivatives are abundant in nature and are used as various functional building blocks such as 
chlorophyll, heme. In this study, a porphyrin tripod (PZnT) composed of three zinc porphyrin wings connected via 
triazole bridges was prepared as a monomeric building block for a supramolecular polymer. PZnT formed long 
fibrous supramolecular polymers with a diameter of 7 nm through the axial coordination of triazole nitrogen 
atoms to zinc porphyrins. The molecular packing structure of a PZnT-based supramolecular polymer was assigned 
as a hexagonal columnar phase. PZnT formed a stable 1:1 host–guest complex with 1,3,5-tris(4-pyridyl)benzene 
(Py3B) through axial coordination of pyridyl groups to zinc porphyrins. The host–guest complex between PZnT 
and Py3B adopts a cone-shaped geometry. After the addition of Py3B, the host–guest complex exhibited a 
characteristic X-ray diffraction pattern of rectangular columnar ordering. Furthermore, the formation of 
supercoiled helical fibrous assemblies was observed by transmission electron microscopy (TEM). 
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Expanded porphyrinoids display modified -systems that alter the porphyrin aromatic character. In addition, their 
large, polydentate central cavities provide interesting coordination abilities, such as anion binding, or 
multimetallic complexation, which are virtually inaccessible within the corresponding tetramers [1,2,3]. Expanded 
porphyrinoids also show unusual optical, electrochemical and photophysical properties that render them 
promising building blocks for the construction of new molecular materials at different technological fields [4]. 
Contrasting with the great assortment of expanded porphyrins reported to date, examples of the corresponding 
expanded meso-aza-analogues are still very scarce. One prototypical example of the latter is the family of the 
hemihexaphyrazines, a kind of expanded hemiporphyrazine hexamer that has been developed in our group [5]. 
The aim of this work is to donate the periphery of the hemihexaphyrazine macrocycle with functional groups 
(FG= halogen, OH, CO2H, etc.) that can supply different physicochemical properties and/or can function as 
linkers to assemble hemihexaphyrazines to other chromophores such as phthalocyanines. The latter should allow 
to generate new hybrid systems that combine the properties of both porphyrinoids, and study the electronic 
interactions between them.  
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Cofacial ‘aluminum(III) porphyrin – phosphorus(V) porphyrin’ heterodimers have been synthesized to investigate 
the factors that govern the energy and electron transfer processes in a direction perpendicular to the porphyrin plane. 
The electron-rich aluminum(III) porphyrin acts as an electron and energy donor, whereas the electron-poor 
phosphorus(V) porphyrin performs the role of electron and energy acceptor. Steady-state absorption studies and DFT 
calculations performed to study the energy states and the orbital perturbation in the heterodimer compared to the 
corresponding monomers. Excitation of the AlPor unit in the heterodimer results in both energy and electron transfer 
from the 1AlPor* to the PPor+ unit. The relative yield of the energy and electron processes can be modulated by 
changing the solvent polarity or by changing the distance between two porphyrin rings. In contrast, excitation of the 
PPor+ unit results exclusively in electron transfer from the AlPor unit to 1(PPor+)*. Regardless of the excitation 
wavelength, the resulting charge-separated state eventually decays to the triplet state of the PPor+ unit. 
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During the last few years, our group has been developing drug delivery systems (DDSs) based on mesoporous 
silica nanoparticles (MSNs) for the co-release of multiple drugs for combination therapies of cancer [1]. The 
chemical versatility of MSNs allows the design of stimuli-responsive DDSs capable to release payloads 
selectively thanks to smart gates installed at their surface [2]. Despite the high potential of the use of 
nanoparticles, their clinical application is still far away. One of the main limitations is the short circulation time in 
the bloodstream. Once in the blood, nanoparticles are rapidly coated by plasma proteins forming the so-called 
protein corona. As a result, a considerable portion of nanoparticles (up to 95%) is eliminated by macrophages, 
hampering their accumulation in the target site [3]. Currently, our group is working on the preparation of MSNs 
coated by an artificial protein corona with the aim to prolong the half-life of nanoparticles in the bloodstream [4]. 
To take advantage of the capping, the proteins are attached to the surface of MSNs through stimuli-responsive 
linkers, cleavable at acidic conditions and in the presence of singlet oxygen. In this poster, we would like to report 
on our recent results in the development of novel photo-cleavable MSNs. 

REFERENCES   
1.  Llinàs, M. C.; Martínez-Edo, G.; Cascante, A.; Porcar, I.; Borros, S.; Sánchez-García, D. Drug Deliv, 2018, 

25, 1137–1146. 
2.  Martínez-Edo, G.; Xue, E.Y.; Ha, S.S.Y.; Pontón, I.; González-Delgado, J.A.; Borrós, S.; Torres, T.; Ng, 

D.K.P.; Sánchez-García, D. Chem. Eur. J. 2021, 27, 14610–14618. 
3.  Rezaei, G.; Daghighi, S. M.; Raoufi, M.; Esfandyari-Manesh, M.; Rahimifard, M.; Mobarakeh, V. I.; 

Kamalzare, S.; Ghahremani, M. H.; Atyabi, F.; Abdollahi, M. Colloid Interface Sci. 2019, 556, 476–491. 
4.  Giulimondi, F.; Digiacomo, L.; Pozzi, D.; Palchetti, S.; Vulpis, E.; Capriotti, A. L.; Chiozzi, R. Z.; Laganà, A.; 

Amenitsch, H.; Masuelli, L. Nat. Commun. 2019, 10(1), 3686. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)442



PO
ST

ER
S

 

 

Mesoporous Silica Nanoparticles with a Photo-cleavable 
Protein Corona for Drug Delivery  

Iris Pontóna and David Sánchez-Garcíaa 

aGrup d’Enginyeria de Materials (GEMAT), Institut Químic de Sarrià (IQS), Universitat Ramon Llull (URL), Via 
Augusta, 390, 08017 Barcelona, Spain 

During the last few years, our group has been developing drug delivery systems (DDSs) based on mesoporous 
silica nanoparticles (MSNs) for the co-release of multiple drugs for combination therapies of cancer [1]. The 
chemical versatility of MSNs allows the design of stimuli-responsive DDSs capable to release payloads 
selectively thanks to smart gates installed at their surface [2]. Despite the high potential of the use of 
nanoparticles, their clinical application is still far away. One of the main limitations is the short circulation time in 
the bloodstream. Once in the blood, nanoparticles are rapidly coated by plasma proteins forming the so-called 
protein corona. As a result, a considerable portion of nanoparticles (up to 95%) is eliminated by macrophages, 
hampering their accumulation in the target site [3]. Currently, our group is working on the preparation of MSNs 
coated by an artificial protein corona with the aim to prolong the half-life of nanoparticles in the bloodstream [4]. 
To take advantage of the capping, the proteins are attached to the surface of MSNs through stimuli-responsive 
linkers, cleavable at acidic conditions and in the presence of singlet oxygen. In this poster, we would like to report 
on our recent results in the development of novel photo-cleavable MSNs. 

REFERENCES   
1.  Llinàs, M. C.; Martínez-Edo, G.; Cascante, A.; Porcar, I.; Borros, S.; Sánchez-García, D. Drug Deliv, 2018, 

25, 1137–1146. 
2.  Martínez-Edo, G.; Xue, E.Y.; Ha, S.S.Y.; Pontón, I.; González-Delgado, J.A.; Borrós, S.; Torres, T.; Ng, 

D.K.P.; Sánchez-García, D. Chem. Eur. J. 2021, 27, 14610–14618. 
3.  Rezaei, G.; Daghighi, S. M.; Raoufi, M.; Esfandyari-Manesh, M.; Rahimifard, M.; Mobarakeh, V. I.; 

Kamalzare, S.; Ghahremani, M. H.; Atyabi, F.; Abdollahi, M. Colloid Interface Sci. 2019, 556, 476–491. 
4.  Giulimondi, F.; Digiacomo, L.; Pozzi, D.; Palchetti, S.; Vulpis, E.; Capriotti, A. L.; Chiozzi, R. Z.; Laganà, A.; 

Amenitsch, H.; Masuelli, L. Nat. Commun. 2019, 10(1), 3686. 

Catalytic Properties of Porphyrins Bearing Peripheral  
N-Heterocyclic Carbene Rhodium Complexes 

Ludivine Poyaca, Michel Graniera, Stefano Scodittib, Rafael Gramage-Doriac, 
Sébastien Clémenta, Nicolas Bruna, Xavier Dumaila, Charles Devillersd,  

Winfried Leible, Annamaria Quarantae, Ally Aukauloof and Sébastien Richetera* 
a ICGM, Montpellier University, Montpellier, France 
b Department of Chemistry and Chemical Technologies, Univ of Calabria, Via P. Bucci, Rende 87036, Italy 
c Institut des Sciences Chimiques de Rennes, Rennes University, Rennes. France 
d ICMUB, Bourgogne-Franche-Comté University, Dijon, France 
e CEA/Saclay-ISVF, Paris-Saclay University, Gif-sur-Yvette, France 
f ICMMO, Paris Saclay University, Orsay, France 
* sebastien.richeter@umontpellier.fr 
 
N-heterocyclic carbenes (NHCs) are both relevant ligands in the fields of coordination and organometallic 
chemistry.[1-2] During the last decade, several molecular systems combining porphyrins and NHC ligands were 
reported in the literature.[3] Merging metalloporphyrins and NHC-metal complexes within unimolecular systems 
may lead to multimetallic species with new catalytic properties such as cooperative effects between inner and outer 
metal cations. Here, we present the synthesis and characterization of some molecular systems combining porphyrins 
and NHC-rhodium(I) complexes (see below). The catalytic properties of these complexes were investigated for the 
conjugated addition of phenylboronic acid to cyclohexen-2-one.[4-6] We notably show the effect of the inner metal 
cations on the catalytic properties of the outer rhodium(I) complexes according to the structure of the ligand and the 
distance between the two metal centres. The results of these structure-function relationship study show a modulation 
of the catalytic properties of NHC-Rh(I) complexes by the porphyrin. 
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The incorporation of cyclopentadiene subunit into the porphyrinoid framework yielded carbaporphyrins, β-
substituted 2-formyl-21-carbaporphyrin or 21-carba-23-thiaporphyrin [1-2]. The latter also shows an interesting 
reactivity by forming a dimer with a covalent bond between internal carbon atoms [3]. An interesting insight into 21-
carbaporphyrin chemistry was provided by metal mediated contractions of p-benziporphyrin providing 21-
carbaporphyrin complexes with gold and palladium [4-5]. The synthesis of meso-tetraaryl-21-carbaporphyrin 1, the 
first macrocycle with a cyclopentadiene subunit entrapped in the meso-tetraarylporphyrin architecture provides 
significant motivation for further exploration of the chemistry of 21-carbaporphyrin and its derivatives [6]. 

A novel derivative of meso-tetraaryl-21-carbaporphyrin 1 with an embedded cyclopenta-1,2,4-trione motif formed 
from cyclopentadiene subunit, namely 21-carbaporphyrin-2,3,21-trione 2 has been identified. The route to obtain 2 
relied either on modification of reported synthetic procedure for 21-carbaporphyrin 1 [6] or on the specific reactivity 
of silver(III) meso-tetraaryl-21-carbaporphyrin 1-Ag. Due to its nontrivial structure, this compound possesses 
interesting chemical and physicochemical properties. The macrocyclic aromaticity of 2 was accounted for by the 
predominant participation of a charge-separated canonical structure 2’ with well-defined 18 π-electron delocalization 
route. In the solid state and in solution in lower temperature limits, 21-carbaporphyrin-2,3,21-trione 2 forms the 
chiral dimeric structure [2]2 with two subunits linked by network of hydrogen bonds. The kinetics of [2]2 
enantiomerization was explored by 1H NMR .  
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substituted 2-formyl-21-carbaporphyrin or 21-carba-23-thiaporphyrin [1-2]. The latter also shows an interesting 
reactivity by forming a dimer with a covalent bond between internal carbon atoms [3]. An interesting insight into 21-
carbaporphyrin chemistry was provided by metal mediated contractions of p-benziporphyrin providing 21-
carbaporphyrin complexes with gold and palladium [4-5]. The synthesis of meso-tetraaryl-21-carbaporphyrin 1, the 
first macrocycle with a cyclopentadiene subunit entrapped in the meso-tetraarylporphyrin architecture provides 
significant motivation for further exploration of the chemistry of 21-carbaporphyrin and its derivatives [6]. 

A novel derivative of meso-tetraaryl-21-carbaporphyrin 1 with an embedded cyclopenta-1,2,4-trione motif formed 
from cyclopentadiene subunit, namely 21-carbaporphyrin-2,3,21-trione 2 has been identified. The route to obtain 2 
relied either on modification of reported synthetic procedure for 21-carbaporphyrin 1 [6] or on the specific reactivity 
of silver(III) meso-tetraaryl-21-carbaporphyrin 1-Ag. Due to its nontrivial structure, this compound possesses 
interesting chemical and physicochemical properties. The macrocyclic aromaticity of 2 was accounted for by the 
predominant participation of a charge-separated canonical structure 2’ with well-defined 18 π-electron delocalization 
route. In the solid state and in solution in lower temperature limits, 21-carbaporphyrin-2,3,21-trione 2 forms the 
chiral dimeric structure [2]2 with two subunits linked by network of hydrogen bonds. The kinetics of [2]2 
enantiomerization was explored by 1H NMR .  

 

REFERENCES   
1.  Berlin K., Angew. Chem. Int. Ed. Engl., 1996; 35, 1820. 
2.  Berlicka A, Dutka P, Szterenberg L., Latos- Grażyński L., Angew. Chem. Int. Ed. 2014; 53, 4885. 
3. Berlicka A, Białek M. J., Latos- Grażyński L., Angew. Chem. Int. Ed. 2016; 55, 11231. 
4.  Szyszko B, Kupietz K, Szterenberg L and Latos- Grażyński L., Chem. Eur. J., 2014; 20, 1376. 
5.  Szyszko, B., Latos- Grażyński, L., Szterenberg, L., Angew. Chem. Int. Ed., 2011, 50, 6587. 
6. Garbicz, M., Latos-Grażyński, L., Angew. Chem. Int. Ed., 2019, 58, 6089.   

A Novel Exchange Coupled m-m linked bis-Vanadyl 5, 10, 
15-Triphenylporphyrin for Quantum Information Processing 

D. Ranieria, F. Santannia, A. Priviteraa, A.Albinoa, E. Salvadorib, M. Chiesab,  
F. Tottia, L. Soracea and R. Sessolia 

aUniversità degli Studi di Firenze, Dipartimento di Chimica Ugo Schiff & INSTM RU, Via della Lastruccia 3, 
50019 Sesto Fiorentino, Italy 

bUniversità degli Studi di Torino, Dipartimento di Chimica e NIS Center, Via P. Giuria 7, I10125 Torino, Italy 
 
Qubits are the fundamental unit of the quantum computer and for the realization of universal quantum gates, it is 
necessary to have at least two interactive qubits in the quantum circuits. Therefore, molecular spin qubits are 
attractive because it is possible to combine two or more qubits in one molecule and tune their magnetic 
interactions by varying the ligand or spin-spin distance. Especially Porphyrins are well suited for the realization of 
multi-qubit systems since it is possible to link two or more Porphyrin units together in m or β position varying the 
distance and the interaction between the paramagnetic metal centers [1-2]. 
In this work, we synthesized a m-m linked bis-Vanadyltriphenylporphyrin ([VO(TrPP)]2) and investigated its 
magnetic properties (Fig. 1). A detailed crystallographic study showed that the torsion angle between the two 
[VO(TrPP)2] planes varies depending on the pseudo-polymorph investigated. The angle goes from 64° for the 
monoclinic species to 72° for the orthorhombic species. Cw-EPR measurements on single crystals of [VO(TrPP)]2 
showed that the larger the torsion angle is, the larger is the exchange interaction. The results obtained are 
counterintuitive with respect to previously studied dimers where flat triply linked CuII Porphyrin dimers showed 
strong antiferromagnetic interactions, while the singly m-m linked Porphyrin dimer showed only weak 
interactions [2-3]. Additionally, the coherence times (Tm) of [VO(TrPP)]2 molecules, measured with pulsed EPR 
measurements, are around 1 µs in the temperature range from 2 to 30 K making the [VO(TrPP)]2 molecules 
interesting for quantum information processing. The tilting angle in both crystal structures makes the two spin 
centers in the [VO(TrPP)]2 molecules distinguishable and individually addressable by microwave radiation, thus 
opening the possibility to build two-qubit quantum logic gates.  
 
 
 
 
 
 
 
 
Fig 1: Molecular structure of [VO(TrPP)]2 (left) and angle-resolved cw-EPR spectra of monoclinic (middle) and orthorhombic 
(right) crystals of [VO(TrPP)]2 with different tilting angles of the porphyrin rings. 
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Phthalocyanines present the ability to act as electronic mediators in voltammetric sensors by improving the 
electronic transfer between the analyte and the sensor surface. It has been demonstrated that the modification of 
electrochemical sensors surfaces with electrocatalytic and/or conductive elements such as nanomaterials or 
phthalocyanines can improve the sensitivity of the sensor towards certain compounds [1-4]. For this reason, the 
design of hybrid systems combining different materials has become an interesting tool for the development of new 
and more efficient electrochemical sensors. In this work, we analyse the existence of a synergistic effect between 
silver nanowires (AgNWs) and phthalocyanines/bis-phthalocyanines along with its influence on the 
electrochemical effectiveness of the sensor. Thin films of silver nanowires together with cobalt phthalocyanines 
(CoPc) or gadolinium bis-phthalocyanines (GdPC2) have been prepared by Langmuir-Blodgett (LB) technique. 
The nanostructured films were deposited at different pressures (45 mN/m and 25 mN/m) onto indium tin oxide 
(ITO) substrates to assess the alterations in the electrochemical behaviour due to conformational changes of the 
LB layer. These changes can be due to the phthalocyanines or the interaction between the phthalocyanines and the 
AgNWs. The characterization of the LB layers was carried out by π-A isotherms, Brewster angle microscopy 
(BAM) and atomic force microscopy (AFM). The deposited LB films were used as voltammetric sensors to test 
their electrochemical response towards different reference solutions. The increase in the intensity of the redox 
peaks and a reduction of the overpotential demonstrated a synergistic effect between the AgNWs with both 
phthalocyanines and bis-phthalocyanines. Furthermore, the surface pressure established for the preparation of the 
nanostructured films leaded to changes in the electrochemical activity of each sensor which indicates a different 
degree of interaction of the components within the monolayer. 
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Tetrapyrrolic macrocycles have become attractive for researchers in the last century due to the many possibilities 
for their application. For example, these compounds can be applied as catalysts, photovoltaic cells, building 
blocks for new functional materials, in biomedicine. Therefore, a thorough study of their electronic structure and 
energy properties is important for explaining the chemical, biological and physical properties of this compounds. 
Theoretical electronic spectrum of octachlorotetrapyrazinoporphyrazine complex with Ga(Cl) (Fig. 1) was 
obtained using TDDFT after geometry optimization with use of PBE0-D3/def2-TZVP. The number of the 
calculated excited states was set to 30. 
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Figure 1. Equilibrium geometry (a) and electronic absorption spectrum (b) of octachlorotetrapyrazinoporphyrazine complex 
with Ga(Cl). 
 
The presence of an intense Q-band (λ1) and two Soret-bands (λ2 and λ3) in the spectrum (fig. 1b) is typical for 
macrocycles with a porphyrazine core. 
The Q-band (571 nm) corresponds to the excited state 11E predominantly represented by an electron transition 
from highest occupied molecular orbital (HOMO) to lowest unoccupied molecular orbital (LUMO). 
Analysis of MOs shapes had demonstrated that HOMO localized on pyrrole rings along with pyrazine fragments. 
LUMOs are doubly-degenerated e* molecular orbitals. The frontier orbitals are centered on the macrocycle 
framework and don’t include the AOs of the metal. The electron transition from HOMO-3 to LUMO strong 
contributes into the most intense band λ3 (337 nm). 
 
This work was supported by the Russian Science Foundation grant 21-73-10126. 
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Porphyrins are suitable for chemical sensor development due to their chemical and optical properties [1]. 
Particularly, bis(zinc octaethylporphyrin) (bis–ZnOEP) has been thoroughly studied and proved to sense chirality 
of small monodentate and bidentate chiral molecules [2,3]. 
Previously, our group has shown that macrocyclic cyclohexanohemicucurbit[n]urils (cycHC[n]s, n = 6, 8) 
[4, 5, 6] induced chirality to achiral zinc(II) monoporphyrins through supramolecular interactions [7]. To continue 
further chirogenic studies we investigated the corresponding self-association of bis–ZnOEP with cycHC[n]s to 
enhance chirality induction of the complex and discovered that bis–ZnOEP is able to discriminate opposite 
enantiomers and sizes of chemically analogous cycHC[n]s (Figure 1) [8]. The binding of cycHC[6] showed fast 
equilibration and a tweezer-like conformation followed by subsequent transformation into anti-form of bis–
ZnOEP upon further addition of cycHC[6]. Whereas, the interaction of cycHC[8] is more complicated and 
proceeds through the syn-to-anti conformational change of bis–ZnOEP and further intermolecular self-assembly 
via multiple noncovalent associations between cycHC[8] and bis–ZnOEP. Detailed spectroscopic studies and 
proposed supramolecular mechanisms are discussed. 

 
 

Figure 1: Schematic representation of bis–ZnOEP complexes with cycHC[n]s and respective fluorescence and CD spectra. 
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Although most of porphyrin metal complexes have metal ions in the inner cavity, outer-metallated porphyrins 
have been also investigated. Various outer-metallated porphyrins have been synthesized, of which properties are 
dependent on the inner metals. Among them, meso-metalated porphyrins with a carbon–metal σ-bond at the meso-
positions have been actively explored [1]. There have beeen two synthetic strategies for the preparation of outer-
metallated porphyrins, (i) oxidative addition of a C–X (X: halogen) bond with low valent metals [2] and (ii) 
metallation of a C–H bond with the aid of a directing group such as pyridyl groups [3]. 
 
5,15-Diazaporphyrins have imine-type nitrogen atoms at two meso positions, which provide the coordination 
ability. However, outer-metallated diazaporphyrins have remained rare because of the weak coordination ability 
of the meso-nitrogens [4]. Our group reported that pyridyldiazaporphyrin act as a bidentate ligand to form metal 
complexes with various metals [5]. 
 
Here, we have synthesized tetrapyridyldiazaporphyrin and its palladium complexes. We found that 
tetrapyridyldiazaporphyrin bispalladium complex underwent facile one- and two-electron reduction. In this 
presentation, we will disclose the detailed synthesis and properties of tetrapyridyldiazaporphyrin bispalladium 
complexes with various redox states. 
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Materials with high nonlinear optical performance have always been of utmost importance due to their potential 
application in the area of photonics, such as telecommunications, optical switching, data storage, optical limiting, 
optical computing, optical fibre technology, optical information processing, and photodynamic therapy.1,2 Due to 
the potential candidacy of ‘push-pull’ porphyrins towards nonlinear optics, a series of “push-pull” porphyrins, 
MTPP(DCV)(TPA)2 (M = 2H, CuII, NiII, and ZnII) having dicyanovinyl (DCV) and triphenylamine (TPA) at 
antipodal positions were synthesized and characterized by various spectroscopic techniques and electrochemical 
methods. These porphyrins were utilized for third-order NLO measurements. Remarkably, MTPP(DCV)(TPA)2 
(M = 2H, CuII, NiII, and ZnII) exhibited 21-
48 nm and 38-80 nm bathochromic shift in 
B and  Qx(0,0) bands, respectively as 
referenced to corresponding MTPPs (M = 
2H, CuII, NiII, and ZnII); the results are in 
consistent push-pull effect of substituents 
and electron withdrawing effect of DCV 
moiety. The “push-pull” porphyrins 
exhibited cathodic shift (0.13-0.51 V) in 
their first oxidation potential as compared 
to the precursor owing to the presence of 
electron donating TPA groups. The third-
order nonlinear optical responses were 
recorded using single beam femtosecond Z-
scan technique to retrieve the information 
about the nonlinear absorption, and 
nonlinear refraction of the samples. The 
estimated two-photon absorption 
coefficients (β) are in the range of 0.8710-13 to 4.2810-13 mW-1 and nonlinear refractive index (n2) in the range 
of 1.2110-19 to 7.3610-19 m2 W-1. The ultrafast absorption dynamics of the ground state bleaching (GSB) and the 
photo-induced absorption (PIA) are monitored by femtosecond broadband transient absorption studies. The strong 
nonlinearity of these “push-pull” porphyrins endowing them as potential candidates for nonlinear optical and 
photonic devices applications. 
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(M = 2H, CuII, NiII, and ZnII) exhibited 21-
48 nm and 38-80 nm bathochromic shift in 
B and  Qx(0,0) bands, respectively as 
referenced to corresponding MTPPs (M = 
2H, CuII, NiII, and ZnII); the results are in 
consistent push-pull effect of substituents 
and electron withdrawing effect of DCV 
moiety. The “push-pull” porphyrins 
exhibited cathodic shift (0.13-0.51 V) in 
their first oxidation potential as compared 
to the precursor owing to the presence of 
electron donating TPA groups. The third-
order nonlinear optical responses were 
recorded using single beam femtosecond Z-
scan technique to retrieve the information 
about the nonlinear absorption, and 
nonlinear refraction of the samples. The 
estimated two-photon absorption 
coefficients (β) are in the range of 0.8710-13 to 4.2810-13 mW-1 and nonlinear refractive index (n2) in the range 
of 1.2110-19 to 7.3610-19 m2 W-1. The ultrafast absorption dynamics of the ground state bleaching (GSB) and the 
photo-induced absorption (PIA) are monitored by femtosecond broadband transient absorption studies. The strong 
nonlinearity of these “push-pull” porphyrins endowing them as potential candidates for nonlinear optical and 
photonic devices applications. 
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β-Substitution at the macrocyclic ring is an effective approach towards altering different properties of the 
porphyrin moiety. Cyano group is less sensitive towards steric factors and has the potential to create pronounced 
effect [1]. Nitrile-containing porphyrins are known to be utilized in various fields such as toxic ion sensing, 
nonlinear optics, solar cells and fabrication of nanostructures [2]. The presented work mainly emphasizes on the 
synthesis of β-cyano appended porphyrin derivatives.  
 

    
 
Herein, β-cyanodibromoporphyrin and their metal complexes were synthesized via a facile synthetic pathway in 
excellent yield and characterized by various spectroscopic techniques such as UV-vis, fluorescence, NMR 
spectroscopy, MALDI mass spectrometry, cyclic voltammetry, and density functional theory (DFT) studies. The 
cyanation of the mono-bromo porphyrin was carried out using cuprous cyanide in the presence of quinoline as 
solvent. Further, bromination in the presence of the controlled amount of N-bromosuccinimide yielded dibromo 
monocyanoporphyrin. The absorption spectral features of the synthesized molecules are marginally shifted as 
compared to the precursor. They exhibited 6-9 nm and 8-16 nm red shift in the Soret and Qx(0,0) bands, 
respectively, as compared to monocyano substituted porphyrins due to inductive effect of β-bromo substituents on 
the macrocyclic ring. In this presentation, we will discuss about the synthesis, spectral and electrochemical 
properties of β-cyano appended porphyrins in detail.  
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The use of porphyrin receptor systems in fullerene recognition is a well-established strategy based on their 
favourable donor-acceptor interactions. [1, 2] Other approaches exploit the shape complementarity between the 
spherical fullerene and bowl-shaped PAHs. [3,4 ] In general, high binding interactions are depending on a careful 
design of the host system to achieve a good alignment of the binding sites. We chose 
tetraaryltetrabenzoporphyrins as the host systems in our research to make use of the intrinsic saddle shaped 
curvature of those π-extended porphyrins. [5, 6] To this end several host systems were synthesized using rigid and 
flexible linkers to tune and compare shape and dimensions of their cavities. Their binding interactions with 
fullerenes C60 and C70 were analysed using different techniques from fluorescence and absorptions spectroscopies 
to mass spectrometry.  
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Manganese complexes of porphyrinoids have been studied in detail for a long time. They are used in biological 
studies because of their similarity to iron porphyrins such as heme [1]. Furthermore manganese corroles and 
manganese porphyrins show catalytic behaviour for example in C-H halogenation and polymerisation of epoxides 
[2, 3].  
By synthesizing modified porphyrins with altered electronic properties, these processes can be investigated in 
more detail. 10-Thiacorroles can be considered as the intermediate between porphyrins and corroles. They are 
dianionic ligands and have a contracted cavity size.[4] Already known complexes of 10-heterocorroles show 
unusual electronic and magnetic properties[5], so the synthesis of novel manganese complexes of these ligands is 
of great interest. 
The poster will give an overview of the manganese thiacorroles obtained so far and provide detailed insight into 
electronic and magnetic properties of such compounds. 
 
 

Figure 1: Synthesis of Chlorido manganese thiacorroles with a following substitution of the axial ligand. 
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Luminescent porphyrins are a well-researched class of compounds with many applications in diverse fields such 
as diagnostics and therapeutics[1] or dye-sensitized solar cells[2]. Porphyrins are widely applied in sensor 
materials[3], where phosphorescent Pd(II) and Pt(II) porphyrins are especially important in oxygen sensing. 
Likewise, thermally activated delayed fluorescence (TADF) materials have attracted much interest lately which is 
mainly due to their application in OLEDs[4]. In 2009 Endo et al. introduced Sn(IV) porphyrins as the first TADF 
molecules in OLEDs[5]. Nonetheless, TADF in porphyrins remains a poorly researched phenomenon with most 
known examples suffering from low efficiency of TADF. Recently, Zach et al. showed that Pd(II) and Pt(II) 
tetraarylbenzoporphyrins with strongly electron withdrawing groups in beta position (most notably alkylsulfones) 
exhibit dual TADF and phosphorescence emission with remarkably efficient TADF at elevated temperatures. 
These unique properties were shown to be of high interest for simultaneous self-referenced sensing of temperature 
and oxygen[6]. Unfortunately, the optimal ratio of TADF and phosphorescence has only been achieved at 
relatively high temperatures (above 60 °C) which is not optimal for measurements at physiological conditions.  
In this work, we aimed to further increase the TADF efficiency of -extended Pd(II) and Pt(II) porphyrins by 
reducing the singlet-triplet energy gap. For this purpose, we screened the TADF/phosphorescence ratio of several 
-extended Pd(II) porphyrins bearing various substituents in beta and meso positions. By far the highest ratio of 
TADF/phosphorescence of over 2/1 (at RT in deaerated toluene) is reached by the Pd(II) complex of 
tetranaphthoquinono meso-tetraarylporphyrin[7] that features a S1-T1 energy gap of 2045 cm-1. Although the ratio 
of TADF/Phosphorescence is inverted to 1/4 for the corresponding Pt(II) complex, the overall TADF brightness is 
unprecedented for the Pt(II) complexes. Notable, the Pt(II) complex is better suited for sensing applications due to 
significantly shorter luminescence decay time. When embedded into gas blocking polymers this dye serves as 
ratiometric molecular thermometer with negligible oxygen cross-talk and immobilization in common polymers 
such as polystyrene provide unique (nano)sensors for self-referenced dual temperature (ratiometric) and oxygen 
sensing (lifetime based). 
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In recent years, covalently linked porphyrin-nanographene structures have moved into the focal point of attention, 
as they serve as models for porphyrin-graphene hybrids.[1] Herein, we introduce the first examples of a 
supramoleculary associated hexa-peri-hexabenzocoronene (HBC) featuring (metallo)tetra-arylporphyrins via 
coordination. Our concept was realized by the efficient synthesis of a pyridinic-HBC, which contains a nitrogen-
atom at its periphery on an exposed position.[2] With this in hand, pyridinic-HBC supports the coordination of 
sterically demanding metal complexes such as (metallo)porphyrins, as sketched below. Here, we present examples 
of (metallo)porphyrins or tetrabenzoporphyrins featuring a variety of different metals ranging from Ru and Zn to 
Co and their photophysical investigations. In analogy to covalently bound porphyrin-HBC conjugates [3] an 
energy transfer from the pyridinic-HBC to the (metallo)porphyrin dictates their excited state deactivation. 
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The coproporphyrin-dependent heme biosynthesis pathway, used by pathogenic Gram-positive bacteria to 
produce heme b, has been discovered in 2015 [1]. In the last step of this pathway, the coproheme decarboxylases 
(ChdCs) generate heme b via the H2O2-mediated stepwise decarboxylation of the two propionate groups of 
coproheme at positions 2 and 4 (p2 and p4, respectively), forming vinyl groups. After cleavage of p2, the 
transiently formed three-propionate intermediate, monovinyl monopropionyl deuteroheme (MMD), undergoes a 
reorientation to bring p4 in close proximity to the catalytic tyrosine [2, 3], to allow its decarboxylation for the 
formation of the heme b final product. 
 
On the basis of the protein crystal structure [4], the electronic absorption and resonant Raman spectroscopic study 
on the wild-type and relevant variants of ChdC of actinobacterial Corynebacterium diphtheriae (Cd) [5, 6] upon 
titration with hydrogen peroxide, strongly supports the rotation of MMD reaction intermediate within the active 
site rather than a release and rebinding mechanism, before the second decarboxylation takes place. [5] 
 
Interestingly, CdChdC appeared highly reactive to hydrogen peroxide, as confirmed by the presence of side 
reactions in presence of an excess of H2O2, leading to the hydroxylation of a porphyrin ring, compatible with the 
formation of an iron chlorin-type heme d species [7]. Furthermore, we analyzed the behavior of this protein upon 
reduction studying the status of the proximal Fe-His bond strength during the hydrogen peroxide-mediated 
decarboxylation [6]. Finally, since actinobacterial  CdChdC uses a distal histidine residue (H118) for 
deprotonation and subsequent heterolytic cleavage of hydrogen peroxide [4], we probed the  distal cavity by the 
spectroscopic characterization of CO-adducts. Important information on the role of this key distal polar residue in 
ligand binding have been obtained. The results on Corynebacterium diphtheriae coproheme decarboxylase have 
been compared and discussed with respect to those obtained for ChdCs from other clades [3]. 

REFERENCES 
1.  Dailey HA, Gerdes S, Dailey TA, Burch JS & Phillips JD (2015) Proc Natl Acad Sci USA 112, 2210– 2215. 
2.  Streit BR, Celis AI, Moraski GC, Shisler KA, Shepard EM, Rodgres, KR, Lukat-Rodgers GS, DuBois JL 

(2018) J. Biol. Chem. 293, 3989–3999. 
3. Milazzo L, Gabler T, Pühringer D, Jandova Z, Maresch D, Michlits H, Pfanzagl V, Djinović-Carugo K, 

Oostenbrink C, Furtmüller PG, Obinger C, Smulevich G, Hofbauer (2019) ACS Catal. 9, 6766–6782. 
4. Michlits H, Lier B, Pfanzagl V, Djinović-Carugo K, Furtmüller PG, Oostenbrink C, Christian Obinger C, 

Hofbauer S (2020) ACS Catal. 10, 5405-5418. 
5.  Sebastiani F, Michlits H, Lier B, Furtmüller PG, Oostenbrink C, Obinger C, Hofbauer S, Smulevich G (2021) 

Biophys J. 120, 3600–361. 
6.  Sebastiani F, Risorti R, Niccoli C, Michlits H, Becucci B, Hofbauer S, Smulevich G (2022) J. Inorg. Biochem. 

229, 111718. 
7.  Sebastiani F, Niccoli C, Michlits H, Risorti R, Becucci B, Hofbauer S, Smulevich G (2022) J. Raman Spectrosc. 

- Accepted. 

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)456



PO
ST

ER
S

Molecular mechanism of the last step of the heme b 
biosynthesis pathway in Gram-positive bacteria 

Federico Sebastiania, Hanna Michlitsb, Andrea Dalia, Maurizio Becuccia,  
Stefan Hofbauerb and Giulietta Smulevicha  

aDipartimento di Chimica ‘Ugo Schiff’ (DICUS), Università di Firenze, Sesto Fiorentino (FI), Italy. 
bDept. of Chemistry, Institute of Biochemistry, University of Natural Resources and Life Sciences, Vienna, Austria 
 
The coproporphyrin-dependent heme biosynthesis pathway, used by pathogenic Gram-positive bacteria to 
produce heme b, has been discovered in 2015 [1]. In the last step of this pathway, the coproheme decarboxylases 
(ChdCs) generate heme b via the H2O2-mediated stepwise decarboxylation of the two propionate groups of 
coproheme at positions 2 and 4 (p2 and p4, respectively), forming vinyl groups. After cleavage of p2, the 
transiently formed three-propionate intermediate, monovinyl monopropionyl deuteroheme (MMD), undergoes a 
reorientation to bring p4 in close proximity to the catalytic tyrosine [2, 3], to allow its decarboxylation for the 
formation of the heme b final product. 
 
On the basis of the protein crystal structure [4], the electronic absorption and resonant Raman spectroscopic study 
on the wild-type and relevant variants of ChdC of actinobacterial Corynebacterium diphtheriae (Cd) [5, 6] upon 
titration with hydrogen peroxide, strongly supports the rotation of MMD reaction intermediate within the active 
site rather than a release and rebinding mechanism, before the second decarboxylation takes place. [5] 
 
Interestingly, CdChdC appeared highly reactive to hydrogen peroxide, as confirmed by the presence of side 
reactions in presence of an excess of H2O2, leading to the hydroxylation of a porphyrin ring, compatible with the 
formation of an iron chlorin-type heme d species [7]. Furthermore, we analyzed the behavior of this protein upon 
reduction studying the status of the proximal Fe-His bond strength during the hydrogen peroxide-mediated 
decarboxylation [6]. Finally, since actinobacterial  CdChdC uses a distal histidine residue (H118) for 
deprotonation and subsequent heterolytic cleavage of hydrogen peroxide [4], we probed the  distal cavity by the 
spectroscopic characterization of CO-adducts. Important information on the role of this key distal polar residue in 
ligand binding have been obtained. The results on Corynebacterium diphtheriae coproheme decarboxylase have 
been compared and discussed with respect to those obtained for ChdCs from other clades [3]. 
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Dimeric Corrole Analogs of Chlorophyll Special Pairs 

Vinay Kumar Sharmaa, and Zeev Grossa 
a Schulich Faculty of Chemistry, Technion-Israel Institute of Technology, Haifa 32000, Israel 
 
Chlorophyll special pairs in photosynthetic reaction centers function as both exciton acceptors and primary electron 
donors. Although the macrocyclic natural pigments contain Mg(II), the central metal in most synthetic analogs is 
Zn(II). Here we report that insertion of either Al(III) or Ga(III) into an imidazole-substituted corrole affords an 
exceptionally robust photoactive dimer. Electronic interactions between dimer subunits are relatively strong, as 
documented by signature changes in NMR and electronic absorption spectra, as well as by cyclic voltammetry, 
where two well-separated reversible redox couples were observed. EPR spectra of one-electron oxidized dimers 
closely mimic those of native special pairs, and strong through-space interactions between corrole subunits inferred 
from spectroscopic and electrochemical data are further supported by crystal structure analyses (3 Å interplanar 
distances, 5 Å lateral shifts, and 6 Å metal to metal distances).[1] 
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Vitamin B12 is one of unique metal complex which has the cobalt ion as a centered metal and the corrin as the 
ligand. The Co(I) state of the vitamin B12 reacts alkyl halide to form alkylated complex by the SN2 type reaction 
and proceed the several catalytic reactions via alkyl radicals formed by homolysis of the cobalt-carbon bond.[1] 
Based on these characters of the vitamin B12, many B12-inspired reactions have been developed.[2] In general, the 
cobyrinate complex (1) was used as the B12 derivatives. In this work, we succeeded the synthesis and 
characterization of the Co(II) state of pyrocobseter (2) with π-expanded structure. Moreover, we clarified the 
catalytic reactivities of the complex.  
The pyrocobester was synthesized by the pyrolysis of the cobyrinate.[3] The absorption of the pyrocobester 
showed red-shift compared to the cobyrinate because of the conjugated corrin ligand (Figure 2. (a)). Furthermore, 
Co(II)/Co(I) redox potentials were +0.3 V shifted (Figure 2. (b)). To investigate the reactivities of Co(I) species, 
Co(I) species and CH3I was reacted. The spectrum of Co(I) species was changed after adding the CH3I. It is 
suggested that Co(I) state of pyrocobester reacted with CH3I and alkylated complex (CH3-Co(III)) was formed. 
We constructed the eco-friendly photocatalytic system composed of the pyrocobester as the active center and 
tungsten oxide (WO3) as visible light responsive photocatalyst. In this system, Co(I) species was formed under 
visible light irradiation by using water (or methanol) as electron source. In this presentation, we will report 
experimental detail of pyrocobester chemistry.  
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Synthesis of Near-Infrared Absorbing Donor-Acceptor 
BODIPY Dyes as Two-Photon Photoacoustic Imaging 

Contrast Agents 

Takahide Shimadaa, Masatoshi Ishidaa,b and Hiroyuki Furutaa 
aDepartment of Applied Chemistry, Graduate School of Engineering, and Center for Molecular Systems, Kyushu 
University, Fukuoka 819-0395, Japan 
bJapan Science and Technology Agency (JST)-PRESTO, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan 
 

To date, various near-infrared (NIR) light-absorbing boron-dipyrromethenes, namely BODIPYs, have been 
reported for numerous applications such as bio-imaging, photosensitizers, sensory indicators, and so on. Along 
with these derivatives, the development of non-emissive BODIPY-based contrast agents has paid attention to 
photoacoustic imaging (PAI) of the deeper biological tissues in recent years. Especially, the two-photon-induced 
PAI strategy is advantageous in the high 3D-spatial resolved visualization at the local excitation area of tissues. 
For this purpose, donor-acceptor-donor structured BODIPY derivatives are expected to demonstrate intense PAI 
signals via large two-photon absorption cross-section values. 

 In this work, we have successfully synthesized N,N-diethyl-4-vinylaniline-substituted BODIPY derivatives (2 
and 4) from ethynyl-substituted derivatives (1 and 3) by Knoevenagel condensation and Heck reaction, 
respectively [1]. The resulting dyes exhibit broad NIR absorption bands beyond 800 nm with relatively high molar 
coefficients, and photoacoustic signals induced by two-photon excitation at 1064 nm were observed under pulsed 
laser irradiation. In particular, the -donor-substituted derivative 2 exhibited two-photon-induced PA signals with 
low energy pulsed laser excitation (3.0 J). 
 

 
 

Scheme. Synthesis of ethynyl- and vinylaniline-substituted BOIDPY derivatives. 
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Subphthalocyanine-type compounds possess unique properties that allow using them in various fields, including 
photovoltaics, organic electronics and medicine. Thereby, synthesis and characterization of such compounds is an 
important step in the development of mentioned fields. In this work unsymmetrical azaanalogues of 
perhalogenated subphthalocyanine were obtained for the first time (Fig.1). They were characterized by different 
methods, but in our report we want to focus mainly on redox, fluorescent and acid-base properties. Increasing the 
degree of azasubstitution in benzene rings of the macrocycle, when moving from F12sPc to Cl6N6sPc (synthesized 
in our group earlier [1]), facilitates the reduction of the macrocycle due to electron-withdrawing character of 
pyrazine fragments. Along with hypsochromic shift of the Q band due to increase of the HOMO-LUMO gap 
fluorescence efficiency is reduced in a series: F12sPc, F8Cl2N2sPc, F4Cl4N4sPc, Cl6N6sPc. The influence of acids 
and nucleophiles on spectral properties and stability of obtained macrocycles in solution has been studied as well 
[2] and will be discussed. 

  

Figure 1. Perhalogenated azaanalogues of 
subphthalocyanine 

Figure 2. Electronic absorption spectra for perhalogenated 
azaanalogues of subphthalocyanine 

Acknowledgment: This work was supported by Russian Science Foundation (grant №17-13-01522). 
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1,3-Dipolar Cycloaddition of Polycyclic Azomethine Ylide to 
Norcorroles: Towards Dibenzoullazine-fused Derivatives 
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Marcin Stępieńa and Piotr J. Chmielewskia 
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bKey Laboratory of Theoretical Organic Chemistry and Functional Molecules, Ministry of Education, School of 
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Aromaticity is one of the most important and most thoroughly explored concepts. In contrast, antiaromaticity is in 
the process of becoming more and more significant field of organic chemistry. The main reason of its lower 
popularity is the instability of the antiaromatic compounds. The traces of norcorrole were discovered in 2008 [1] 
and 4 years later a gram-scale synthesis of norcorrolatonickel(II) was developed [2]. Metal-templated synthesis of 
the contracted porphyrin without two meso atoms afforded to the smallest, antiaromatic, stable and reactive 
porphyrinoid. Despite of their structural similarities, the reactivity of norcorroles is distinct from the reactivity of 
aromatic compounds. These macrocycles readily undergo regioselective substitution [3], 1,3-dipolar cycloaddition 
[4], insertion [5], amination [5] and nitration [6]. In comparison to aromatic and non-aromatic materials, 
antiaromatic systems often have higher molecular conductivity because of the narrow HOMO-LUMO energy gaps 
and relevant electron-donating and accepting abilities.  
 
A 1,3-cycloaddition reaction of 2-(tert-butyl)-8H-isoquinolino[4,3,2-de]phenanthridin-9-ium chloride to Ni(II) 
norcorrole in the presence of base was carried out. As a result, we obtained a group of a chiral mono- and 
diadducts with polycyclic system(s) fused with pyrrole subunits(s) of the macrocycle. One of the goals was to find 
out if the dehydrogenation has the influence on the conformation. The analysis of the results showed that it 
strongly depends on the number and position of hydrogen atoms in the linking part. 
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Reducing the amount of atmospheric CO2 to mitigate the effects of climate change is an ambitious goal that can 
be achieved in several ways. One of them is the electrochemical reduction of this gas, converting into highly 
useful chemical products. To carry out this reduction reaction, a series of catalyst have been used, including those 
of inorganic complexes of copper, gold, silver and tin. as well as organic-type structures such as 
metallophthalocyanines (MPcs) that have been reported as highly selective towards CO production.[1] 
 
Another approach is the use of metal-organic frameworks (MOFs). MOFs are materials with a repetitive structural 
units of inorganic metal ions and organic linkers to form an ordered porous network. The large surface area, 

tunable porosity, design flexibility and 
adaptable nature of MOFs make them 
ideal candidates for use as catalysts in 
electrochemical reactions.[2] Thus, 
combination of phthalocyanines and 
inorganic ions can result in a great 
advance in the catalytic field to obtain a 
highly valuable chemical products from 
CO2. 
 
In this communication, we will present 
the synthesis of new SiPcs compounds 
axially functionalized and MPc 
peripherally substituted (Figure 1), to 
generate, in combinations with inorganic 
ions, MOFs structures which will be 
used as catalysts in CO2 reduction. 
 

Figure 1. SiPcs and MPcs compounds used as organic linkers in MOFs. 
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porphyrin tape - cycloparaphenylene hybrids 
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Porphyrin nanorings have attracted attention recently due to their unique properties [1-2]. However, synthesis of 
such large cyclic molecules remains challenging, especially when a substantial ring strain is introduced.  
Fusion of two and more porphyrins via a meso and two β positions leads to formation of the porphyrin tapes; 
highly π-conjugated species with absorption in the NIR region [3] and with remarkably ‘wire-like’ charge transfer 
behavior [4]. 
Although several nanorings bearing a meso-meso linked porphyrin motif have been reported [5-6], involvement of 
a triply fused, highly π-delocalised porphyrin tape into a three-dimensional, strained nanoring-like structure has 
been scarcely explored [7-8]. 
In this work, we describe an efficient synthesis of strained para-phenylene linked porphyrin nanorings bearing a 
meso-meso linked motif and their postsynthetic modification by fusion of porphyrins (see: Figure).  

 

 
 

Figure. DFT-optimized structures of synthesised nanorings before and after fusion of porphyrin units. 
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Corrolazines are ring -contracted analogs of porphyrazines in which one meso-nitrogen is missed. They show 
very strong light absorption in both the blue and the red regions and have photophysical and photochemical 
properties which are easily tunable by chemical modification. Consequently, corrolazines can find important 
applications in such fields as photovoltaics and photodynamic therapy (PDT) [1]. 

In this work, the Si(IV) complex of octaphenylcorrolazine (SiPh8Cz) was obtained by the interaction of 
dihydroxysilicon(IV) complex of octaphenylporphyrazine with chlorotripropylsilane in pyridine. In addition to 
the contraction of the macrocycle, the HO ligands in the initial porphyrazine are substituted by the tripropylsiloxy 
groups (SiPh8Pz).

The compounds obtained were characterized using spectral methods of analysis (UV-Vis, IR, 1H NMR). The 
effect of contraction of the macrocyclic ligand on the photophysical, photochemical, and acid-base properties of 
Si(IV) complexes is discussed. The spectrophotometric titration data of SiPh8Cz in the presence of CF3COOH 
reveal two consecutive stages of protonation of meso-nitrogen atoms, allowing to determine the corresponding 
constants (pKs1 = 0.93±0.2, pKs2 = 0.45±0.07). Having a high ability to generate singlet oxygen (Ф∆=0.76), 
SiPh8Cz can be considered as a promising photosensitizer for PDT.

Figure 1. The structures of SiPh8Pz and SiPh8Cz and UV-vis spectral changes observed for SiPh8Cz in CH2Cl2
upon titration by CF3COOH

This study was supported by the RFBR (grant No. 20-53-26004 Czech_a).
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One of the bacteriochlorophyll(BChl)-d analogs, methyl bacteriopheophorbide-d possessing the 8-ethyl and 12-
methyl groups, was dehydrated by refluxing in a benzene solution of p-toluenesulfonic acid (pTSA) to give the 
corresponding 3-vinyl-chlorin, methyl pyropheophorbide-a (R3 = Me, R20 = H in the step A of Scheme 1) [1,2]. 
Its 20-methyl derivative, methyl bacteriopheophorbide-c as a BChl-c analog, was treated with the same conditions 
to give the other type of dehydrated product, cyclized 3,5-ethano-chlorin with one more fused, 5-membered ring 
(R3 = R20 = Me in the step A) [1,3]. Recently we found that the 20-substitution affected the acidic dehydration 
pathways to give these two different products [3,4]. As the control experiment for the above intramolecular 
reactions, refluxing a benzene solution of a 3-hydroxymethyl-chlorin lacking the 31-methyl group, methyl 3-
hydroxymethyl-pyropheophorbide-a, with pTSA was examined (R3 = R20 = H in the step B). The starting material 
was unexpectedly consumed during the 
acidic treatment to afford a new product, 
3-benzyl-chlorin (Ar = C6H5) by the
Friedel-Crafts alkylation of benzene as
the reaction solvent. Herein, we report the
synthesis of 3-arylmethyl-chlorins by the
acidic intermolecular dehydra-tion of 3-
hydroxy-methyl-chlorin with various
arenes and their photophysical proper-ties
in a solution. Their electronic absorption
and fluorescence emis-sion properties
were independent of the substituents on
the 31-phenyl group.

Scheme 1. Acidic de-hydration of 3-(1-hy-
droxyethyl)chlorins (R3 = Me) in a molecule 
(A) and a 3-hydroxy-methyl-chlorin (R3 = H)
with arenes ArH (B).
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In the primary step of photosynthesis, chlorophyll(Chl)-a works in light-harvesting, energy-migrating, and charge-
separating systems. Chl-a molecules are usually surrounded by protein supports and primarily coordinated by the 
imidazolyl moiety of histidine residues. Since there are two coordination directions of the imidazolyl nitrogen atom 
against the central magnesium atom of Chl-a, Oba et al. categorized them as - and -coordination based on IUPAC 
rules [1]. It is noteworthy that the -coordination of the imidazolyl moieties is favorable over the -coordination in 
photosynthetic organisms [1,2]. Although the intermolecular /-coordinated species in solution cannot be separated 
due to rapidly reaching its equilibrium state, the coordination-dependent diastereomers of asymmetric Chl-a were 
expected to be isolated under specific conditions. To achieve stereoselective /-coordination of Chl-a, we here 
designed intramolecular coordination systems using the C132-stereochemistry, the (132R/S)-epimers. 
Chl-a derivatives possessing the zinc center and the C132-alkanoate residue with a terminal pyridyl group were 
synthesized. Their C132-epimerically pure products were isolated by preparative reverse phase HPLC. The C132-
stereochemistry gave two directional terminal pyridinyl groups to coordinate the central zinc atom in each 
stereoisomeric molecule; /-intramolecular axial coordination (Fig. 1). The diastereomerically dependent 
conformers in solution were characterized by 1D/2D NMR, visible absorption, and fluorescence emission as well 
as circular dichroism (CD) spectroscopy. The 1H NMR and DOSY spectra revealed that the stereoselectively 
intramolecular coordination occurred in less coordinative deuterated chloroform, whereas a deuterated pyridine 
molecule as a highly coordinative solvent replaced the terminal pyridine moiety as the axial ligand to form a 
mixture of /-coordinated species. Their optical spectra in pyridine were nearly independent of the C132-
stereochemistry and the linkers in the C132-substituents. The CD bands of -coordinated species in chloroform were 
more intense than those of the corresponding -coordinated stereoisomers, indicating that the distortion of the 

chlorin π-plane in the former was 
larger than that in the latter. 
Therefore, the -coordinated Chl 
complex would be more 
conformationally stable than the -
complex. 

Figure. Intramolecularly -coordinated 
conformer of zinc methyl 132-[3-{(3-pyr-
idyl)methyloxycarbonyl}-propyl] 
pheophorbide-a (left) and the -

coordinated one of its 132-epimer (right). 
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stereochemistry gave two directional terminal pyridinyl groups to coordinate the central zinc atom in each
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conformers in solution were characterized by 1D/2D NMR, visible absorption, and fluorescence emission as well 
as circular dichroism (CD) spectroscopy. The 1H NMR and DOSY spectra revealed that the stereoselectively
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more intense than those of the corresponding -coordinated stereoisomers, indicating that the distortion of the
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larger than that in the latter.
Therefore, the -coordinated Chl
complex would be more
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Antimicrobial photodynamic therapy of Gram-negative and 
Gram-positive bacteria through the action of cationic Si(IV) 

phthalocyanines  

Sara R. D. Gamelasa, Cátia Vieirab, Maria Bartolomeub, Maria A. F. Faustinoa, 
João P. C. Toméc, Augusto C. Toméa, Adelaide Almeidab 

and Leandro M. O. Lourençoa  
aLAQV–REQUIMTE, Department of Chemistry, University of Aveiro, 3810–193 Aveiro, Portugal 
bCESAM, Department of Biology, University of Aveiro, 3810–193 Aveiro, Portugal  
cCQE, Departamento de Engenharia Química, Instituto Superior Técnico, Universidade de Lisboa, 1049–001, 
Lisboa, Portugal 

Photodynamic inactivation of microorganisms (PDI) has emerged as 
an alternative to conventional antibiotics [1]. Lately, Si(IV) 
phthalocyanines (SiPcs) have been used as photosensitizers (PSs) in 
PDI approach due to their excellent absorption and emission features 
[2]. To increase the knowledge about the potential of cationic SiPcs 
as PSs, one novel (1a) and two previously described (2a and 3a) 
axially substituted compounds with di-, tetra-, and hexa-ammonium 
units, respectively, were synthesized and characterized [3]. Their 
PDI effect was evaluated under white-light irradiation against 
Escherichia coli and Staphylococcus aureus, a Gram-negative and a 
Gram-positive bacterium, respectively. The photodynamic 
treatments were conducted with PS concentrations of 3.0 and 6.0 
µM under white light irradiation (150 mW.cm-2, 60 min). 

Acknowledgements: Thanks are due to the University of Aveiro and FCT/MCTES for the financial support to 
LAQV-REQUIMTE (UIDB/50006/2020), CESAM (UIDB/50017/2020+UIDP/50017/2020), and CQE 
(UIDB/00100/2020) research unities, and to the FCT project P2020-PTDC/QUI-QOR/31770/2017, through 
national funds (PIDDAC) and where applicable co-financed by the FEDER-Operational Thematic Program for 
Competitiveness and Internationalization-COMPETE 2020, within the PT2020 Partnership Agreement. S. 
Gamelas, C. Vieira, and M. Bartolomeu thank FCT for their PhD scholarships (SFRH/BD/143549/2019, 
SFRH/BD/150358/2019, and SFRH/BD/121645/2016 respectively). 

REFERENCES 
1. a) Santos, I.; Gamelas, S.R.D.; Vieira, C.; Faustino, M.A.F.; Tomé, J.P.C.; Almeida, A.; Gomes, A.T.P.C.;

Lourenço, L.M.O. Dyes Pigm., 2021, 193, 109557. b) Gamelas, S.R.D.; Gomes, A.T.P.C.; Faustino, M.A.F.;
Tomé, A.C.; Tomé, J.P.C.; Almeida, A.; Lourenço, L.M.O. ACS App. Bio Materials. 2020, 3, 4044–4051.

2. Ribeiro, C.P.S.; Lourenço, L.M.O. J. Photochem. Photobiol. C. 2021, 48, 100422.
3. a) Lo, P.C.; Huang, J.D.; Cheng, D.Y.Y.; Chan, E.Y.M.; Fong, W.P.; Ko, W.H.; Ng, D.K.P. Chemistry-A Eur.

J. 2004, 10, 4831–4838. b) Uslan, C.; Şebnem Sesalan, B. Inorg. Chim. Acta 2013, 394, 353–362.

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12) 467



PO
STER

S

Preliminary Study on Metal and Substituent Effects of 
Aqueous Porphyrin-based Redox Flow Batteries Systems 

Ali Tunaa,b, Jenna Hannonenb, Pekka Peljob 
aÉcole Polytechnique Fédéral de Lausanne, ISIC-LEPA, Rue de l´Industrie, CH-1950 Sion, Switzerland 
bUniversity of Turku, Dep. of Mat. and Mech. Eng., Vesilinnantie 5, FI-20500 Turku, Finland 

Redox flow batteries (RFBs) are one amongst promising energy storage technologies for large-scale applications. 
Both energy and power can be easily adjusted from a few hours to days for storage depending on the application, 
which is an important advantage for renewable integration of energy management [1,2].  

Aqueous RFBs exhibit faster dynamics and higher ionic conductivity compared with non-aqueous RBFs. For 
large-scale energy storage applications, the comparatively low cost of aqueous electrolyte compared to non-
aqueous electrolyte adds additional competitiveness [3]. 

In a recent paper, the results have shown that the porphyrin based RFB in a non-aqueous system can work in as 
low as -40°C. Such a low working temperature has been a problem for commercialized type RFB systems due to 
the freezing point of the electrolyte, resulting in damages to the battery system [4]. 
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Figure 1. The basic structure of water-soluble (metallo)porphyrins 

In this work, we studied a few water-soluble porphyrins and their metal derivatives (Figure 1). The synthesized 
porphyrins and metalloporphyrins were characterized by different analytical techniques and electrochemically 
investigated in different pHs in aqueous media. Also, we studied the metal and substituent effect on the redox 
potentials to accomplish a better candidate for water-soluble porphyrin based RFBs. 

Acknowledgement: This work is partially sponsored by Frontier Speciality Chemicals and the Finnish 
Foundation for Technology Promotion. 
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Corroles are tetrapyrrole containing aromatic molecules which are often categorized as contracted porphyrin 
derivatives. Many metallocorroles have been successfully synthesized, and both their molecular and 
electrochemical properties have been investigated. Although the group 13 elements (B, Al and Ga) 
metallocorroles are very well characterized, attempts to investigate the corresponding corrole complexes of the 
heavier elements of this main group are still quite rare. It has been tried many times to synthesize a stable indium 
corrole derivatives [1-3], but as a first time an indium corrole molecule has been recently synthesized and 
characterized by different analytical techniques [4].  
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Figure 1. The structure of 5,10,15-Tris(pentafluorophenyl)corrolatoindium(III) 

In this study, a new indium corrole compound was synthesized and characterized by UV-vis, HR-MS, CV, and 
1D- and 2D-NMR techniques. 
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and BODIPYs as Energy Transfer Systems for DSSCs 
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Already in 1991 GRÄTZEL and O’REGAN published the development of the first Dye Sensitive Solar Cell 
(DSSC).[1] Optimization of DSSCs, especially in terms of improving efficiencies, will currently become more 
and more important in tackling energy and environmental problems. Inspired by photosynthetic processes the 
demand of innovative energy transfer systems in particular for DSSCs increases.[2-3]  
The aim of our current work is to assemble energy and electron transfer systems into one molecular ensemble. By 
combining multiple chromophores in a single confined space, the efficiency of their interaction with light will be 
maximized. As a prototype, we attached three cone-shaped subphthalocyanines (SubPcs) as antenna dyes to a 
BODIPY core (Figure left). Initial photophysical measurements confirm an energy transfer from the SubPc 
entities to the central BODIPY. In a further development, we modified the BODIPY/SubPc-ensemble by 
implementing a carboxylate-anchoring group to facilitate the binding of the multi-chromophore ensemble to the 
TiO2 electrode of a DSSC (Figure right). We will report the syntheses of the multi-chromophore ensembles along 
with preliminary tests of their energy conversion abilities. 
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Small Phospholipid Bicelles as Drug Delivery Vehicles for 
Porphyrinic Compounds

Lea P. Moser, Ilche Gjuroski, Julien Furrer, and Martina Vermathen

University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences, Bern, Switzerland

Phospholipid (PL) bicelles are small disk-shaped particles typically consisting of long chain PLs forming a closed
bilayer and short chain PLs forming the edges [1]. With size-ranges between 5 nm and 50 nm [1], bicelles provide
potential nano platforms for topical applications of photosensitizers in the treatment of skin diseases. Similar to
PL liposomes, the closed bilayer of bicelles offers a hydrophobic environment to accommodate lipophilic guest
molecules. Moreover, the PL-based systems benefit from their good biocompatibility and availability.
The current presentation focuses on the encapsulation of porphyrinic compounds into bicelles and the
characterization of the resulting systems with respect to their physicochemical properties. Different porphyrinic
compounds covering the groups of chlorin e6 derivatives, tetra-phenyl-porphyrins and phthalocyanines were
incorporated into PL-bicelles. The structure, size and substitution pattern of the porphyrinic guest molecule
required specific adjustments for achieving the desired drug loading. This could be achieved by systematic
variation of PL chain lengths and different combinations and molar ratios of long and short chain PLs (q-values)
of the bicellar vehicles. 1H-, 13C- and 31P NMR spectroscopy was applied as main tool to monitor encapsulation
(Fig. 1), monomerization and localisation of the porphyrinic molecule at the bicellar interface [2]. Dynamic light
scattering (DLS) and NMR diffusion ordered spectroscopy (DOSY, Fig. 1) allowed to determine the average size,
size distribution and stability against dilution. In ongoing studies, in vitro skin permeation tests are performed for
assessing the capability of the delivery systems to enhance porphyrin skin penetration.

Figure 1: Structure of Chlorin e4 and sketch of a bicelle. Overlay of 1H DOSY spectra of chlorin e4 encapsulated into bicelles
(shown in blue) and dissolved in DMSO (shown in green).
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Already in 1991 GRÄTZEL and O’REGAN published the development of the first Dye Sensitive Solar Cell 
(DSSC).[1] Optimization of DSSCs, especially in terms of improving efficiencies, will currently become more 
and more important in tackling energy and environmental problems. Inspired by photosynthetic processes the 
demand of innovative energy transfer systems in particular for DSSCs increases.[2-3]  
The aim of our current work is to assemble energy and electron transfer systems into one molecular ensemble. By 
combining multiple chromophores in a single confined space, the efficiency of their interaction with light will be 
maximized. As a prototype, we attached three cone-shaped subphthalocyanines (SubPcs) as antenna dyes to a 
BODIPY core (Figure left). Initial photophysical measurements confirm an energy transfer from the SubPc 
entities to the central BODIPY. In a further development, we modified the BODIPY/SubPc-ensemble by 
implementing a carboxylate-anchoring group to facilitate the binding of the multi-chromophore ensemble to the 
TiO2 electrode of a DSSC (Figure right). We will report the syntheses of the multi-chromophore ensembles along 
with preliminary tests of their energy conversion abilities. 
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of the bicellar vehicles. 1H-, 13C- and 31P NMR spectroscopy was applied as main tool to monitor encapsulation 
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scattering (DLS) and NMR diffusion ordered spectroscopy (DOSY, Fig. 1) allowed to determine the average size, 
size distribution and stability against dilution. In ongoing studies, in vitro skin permeation tests are performed for 
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Figure 1: Structure of Chlorin e4 and sketch of a bicelle. Overlay of 1H DOSY spectra of chlorin e4 encapsulated into bicelles 
(shown in blue) and dissolved in DMSO (shown in green).  
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Instead of generating singlet oxygen (1O2) in situ at the intended site of action by the interaction of light, oxygen 
and an appropriate photosensitizer, we use the delayed provision of reactive oxygen through the thermal 
decomposition of an endoperoxide (EPO).[1] For this purpose, we synthesize and explore diverse dyadic systems 
of subphthalocyanines (SubPc) as photosensitizers and pyridones as EPO-forming units.[2][3] We realize these 
self-sensitized EPO-forming dyads by axial or peripheral functionalization of SubPcs. We show that the dyads are 
active as photosensitizers and still generate 1O2 efficiently in the wavelength range of their absorption maxima. 
The dyads are able to store the SubPc-sensitized singlet oxygen, resulting in pyridone-centered endoperoxide 
formation. We are investigating the reversibility of this process by photophysical, photochemical and NMR-
spectroscopic means. To verify that the released oxygen is in its singlet state, we use the selective 1O2 trap 
1,3-diphenyliso-benzofuran (DPBF).[4] These results will be presented along with the latest synthetic 
developments aimed at different ways of linking the dyads and trying to increase the pyridone units per SubPc and 
thus the amount of 1O2 to be stored and released. 
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Controlled Storage and Release of Singlet Oxygen via 
Pyridone-Subphthalocyanine-Dyads 

Lorena Vogt and Rüdiger Faust* 

University of Kassel, Institute for Chemistry and CINSaT – Center for Interdisciplinary Nanostructure Science 
and Technology, Heinrich-Plett-Straße 40, 34132 Kassel, Germany. (r.faust@uni-kassel.de) 
 
Instead of generating singlet oxygen (1O2) in situ at the intended site of action by the interaction of light, oxygen 
and an appropriate photosensitizer, we use the delayed provision of reactive oxygen through the thermal 
decomposition of an endoperoxide (EPO).[1] For this purpose, we synthesize and explore diverse dyadic systems 
of subphthalocyanines (SubPc) as photosensitizers and pyridones as EPO-forming units.[2][3] We realize these 
self-sensitized EPO-forming dyads by axial or peripheral functionalization of SubPcs. We show that the dyads are 
active as photosensitizers and still generate 1O2 efficiently in the wavelength range of their absorption maxima. 
The dyads are able to store the SubPc-sensitized singlet oxygen, resulting in pyridone-centered endoperoxide 
formation. We are investigating the reversibility of this process by photophysical, photochemical and NMR-
spectroscopic means. To verify that the released oxygen is in its singlet state, we use the selective 1O2 trap 
1,3-diphenyliso-benzofuran (DPBF).[4] These results will be presented along with the latest synthetic 
developments aimed at different ways of linking the dyads and trying to increase the pyridone units per SubPc and 
thus the amount of 1O2 to be stored and released. 
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Supramolecular assemblies of Ru(II) and Zn(II) porphyrins 
and octahedral Mo(II) iodide cluster 

M. V. Volostnykh,a G. A. Kirakosyan,a,b A. A. Sinelshchikova,a P. A. Loboda,c     
Y. G. Gorbunova,a,b M. N. Sokolovd and A. Yu. Tsivadzea,b 

aFrumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, Moscow 
bKurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences, Moscow 
cPeoples' Friendship University of Russia, Moscow 
dNikolaev Institute of Inorganic Chemistry, Siberian Branch of the Russian Academy of Sciences, Novosibirsk 
 
The modular construction of supramolecular assemblies from molecular components with specific properties is a 
current strategy for the preparation of functional materials. In this work we have demonstrated the strategy toward 
hybrid materials that combine two photoactive components from different classes of compounds: octahedral 
iodide Mo(II) cluster (Mo6I8(Py)6) and zinc(II) or ruthenium(II) ditolyl-substituted A2-type porphyrinates ((ZnPor) 
and (Ru(CO)Por), correspondingly). Axial ligation of cluster pendant pyridyl ligands to metalloporphyrins leads 
to formation of Npy...M bonds (M = Zn(II), Ru(II)) and to assembling of unique organic-inorganic architectures. 
The structure and composition of the obtained cluster-porphyrin hybrids in solutions (CH2Cl2 or CHCl3) were 
investigated by 1H NMR including COSY and DOSY as well as UV-Vis spectroscopies. It was demonstrated that 
in the case of ZnPor molecules, the components participate in the rapid exchange due to the lability of Npy...Zn 
bonds [1], in contrast to solutions of RuPor(CO) where hybrid structures with different cluster/porphyrin ratio 

have been detected even in polar acetone.  
Indeed mixture of hybrid compounds with 
compositions [Mo6I8(Py)6](Ru(CO)Por)n, where 
n=1-6 were observed in 1H NMR as well as COSY 
and DOSY experiments due to slow ligand-
exchange on the NMR timescale. It was also 
demonstrated that at a large excess of porphyrin in 
acetone-d6 solution (cluster/porphyrin ratio is 1:14) 
the main particle was [Mo6I8(Py)6](Ru(CO)Por)6. 
The structure of such species has been confirmed by 
means of the single crystal X-ray analysis (Fig.1). It 
should be noted that this X-ray structure is similar 
to previously obtained hybrid material containing 
ZnPor [1]. Interestingly, the two uncoordinated 
metalloporphyrins are also present inside the crystal 
structure of both hybrids linked with cluster-
porphyrin assembly by hydrogen bonds. The 
photophysical properties of obtained hybrid 
materials are under investigation. 

Acknowledgements: This work is supported by Russian Science Foundation (grant 21-73-00284).  
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Pyrrolopyrrole aza-BODIPYs

Yitong Wang and Soji Shimizu*

Department of Applied Chemistry, Graduate School of Engineering, Kyushu University, Fukuoka 819-0395,
Japan (wang.yitong.882@s.kyushu-u.ac.jp)

Diketopyrrolopyrrole (DPP)-based donor-acceptor small molecules and polymers have been investigated as 
functional materials in organic electronics.1 To enhance the optical properties of DPP in the far-red and near-
infrared (NIR) regions, we attempted to expand the π-conjugation of DPP using an aza-BODIPY structure and 
synthesized a dimeric aza-BODIPY analog called pyrrolopyrrole aza-BODIPYs (PPABs).2

In our previous study, we developed donor-acceptor-donor (D-A-D) structures using PPAB as an acceptor unit to 
shift the absorption and fluorescence emission of PPABs into the NIR region. Among them, D-A-D PPAB 
bearing diphenylamine as a donor and a phenylene linker exhibited the intense fluorescence and high fluorescence 
brightness (εAbs × ФFl) value owing to the moderately large dihedral angle between the phenylene linker and the 
PPAB core. In this study, to give the detailed insight into the role of the linker, D-A-D PPABs with a thienyl 
linker were synthesized by a Buchwald-Hartwig amination reaction using carbazole, diphenylamine, and 
phenothiazine as a donor unit. Despite the possible fluorescence quenching due to the energy-gap law, they still 
exhibited significant red-shifts of fluorescence emission peaked at around 827 nm with a quantum yield of 0.3.
The fluorescence brightness up to 2~3 × 104 L M-1 cm-1 was relatively high in this region. The photophysical 
properties of a series of D-A-D PPABs were investigated and discussed based on the theoretical calculations.
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Structure and biological activity in BODIPYs designed for 
PDT and antimicrobial phototherapy 
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Garching (Germany) 
 
Photodynamic techniques use non-toxic dyes - photosensitizers - that can be activated by absorption of visible 
light to form reactive oxygen species (prominently singlet oxygen) which in turn oxidize biomolecules and thus 
are capable of destroying eukaryotic as well as bacterial cells. Today, apart from the well-known application in 
tumour therapy (PDT) another rapidly developing field for photodynamic techniques is antimicrobial 
phototherapy as the increasing drug and multi-drug resistance of bacteria and microorganisms against standard 
antibiotics is a serious problem for public health systems around the world [1,2]. 
In view of a combined application in PDT and antimicrobial phototherapy a synthetic strategy for specifically 
functionalized BODIPY (boron dipyrromethene) dyes is presented. BODIPYs with the 8-(4-fluoro-3-nitrophenyl) 
and the 8-pentafluorophenyl substituent were used for the synthesis of new mono- and dibrominated BODIPYs. 
The para-fluorine atoms in these electron-withdrawing groups facilitate functional modification via nucleophilic 
aromatic substitution (SNAr) with a number of amines and especially thio-carbohydrates. 
Subsequently, the PDT activity of these BODIPYs has been investigated in tests in several (tumour) cell lines. 
The antibacterial phototoxic activity of these BODIPYs has been assessed in bacterial assays against the Gram-
positive bacterium S. aureus and the Gram-negative bacterium P. aeruginosa [3]. Antibacterial testing was 
performed not only in phosphate-buffered saline (PBS) but also in the presence of serum, thereby more 
realistically modelling the complex biological environment that is present in clinical applications. In both series of 
tests specifically the brominated, carbohydrate-substituted BODIPYs exhibited a pronounced activity against 
tumour cells and bacteria. In addition, the non-brominated, carbohydrate-substituted BODIPYs could be of 
interest for tumour tissue detection due to their cell-uptake behaviour and intense fluorescence. 
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Vitamin B12-catalyzed difunctionalizations of olefins  
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Vitamin B12 plays a crucial role in enzymatic transformations. This natural compound proved also useful as a 
catalyst in numerous organic reactions.[1] Commercial availability and lower cost than precious metal complexes, 
make cobalamin an attractive candidate for a broader use as a benign Co-catalyst and is in line with the green 
chemistry trends.[2]  
Catalytic properties of vitamin B12 stem from the central Co(III) ion, which upon reduction generates either 
radical Co(II) or ‘supernucleophilic’ Co(I)-species. As such, they react, respectively, with radicals 
and electrophiles furnishing alkyl cobalamins. Subsequent photolytic or thermal homolytic cleavage of the C–Co 
bond leads to C-centered radicals, which with suitable partners forge new C–C bonds.[3] These are represented 
by the vitamin B12-catalyzed dicarbofunctionalization of bromoalkenes with electrophilic olefins that leads 
to substituted pyrrolidines and piperidines in decent yields after only 15 minutes under light irradiation.[3] 
Cobalamine as a natural Co-complex can also catalyse 1,2-phenyl group migration reaction in various derivatives 
of 2-phenyl-2-vinylic acid. Radical aryl migration reactions are a useful source for the formation of new bonds 
in aromatic compounds, and the resulting free radical intermediates are often more stable than their ionic analogs, 
making them an excellent alternative to the ionic counterparts of these reactions.[4]  
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Synthesis and Properties of Carpyridines 
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Questioning how molecular topography can govern supramolecular ordering is a relatively unexplored avenue of 
thought and one which poses great synthetic challenge that could lead towards new functional materials. 
“Carpyridines” — macrocycles fused from carbazoles and pyridines — are an underdeveloped example of a 
simple system bearing negative Gaussian curvature that could hold such promise [1]. 
Derivatisation of these non-planar systems through peripheral functionalisation of the aromatic core and metal 
coordination into the internal cavity has provided intriguing results in terms of optical findings as well as unusual 
supramolecular assemblies [2-3].  
 

 
 
a) Structure of Carpyridine (Car) functionalised with R groups and metalated with M, vials of M-Car-R under b) 
visible light and c) 365 nm, d) TEM image of 2H-Car-C6 and e) AFM image of stacked sheets of 2H-Car-C6. 
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Polyaromatic hydrocarbons/heterocycles (PAHs) embedded porphyrinoids have drawn significant attention in the 
recent past in the light of their tremendous applications as fluorescent sensors and NIR dyes [1]. The altered π-
conjugation in the macrocyclic framework of PAH embedded porphyrinoids leads to interesting coordination and 
physico-chemical properties. PAH embedded porphyrinoids are relatively new ligands in the literature where the 
polyaromatic hydrocarbon moiety may or may not participate in the macrocyclic ring -delocalization. The fused 
expanded porphyrinoids have been explored for cation/anion sensing and as photosensitizers in photodynamic 
therapy but the reports on fused expanded PAH embedded porphyrinoids are very few. Our group has recently 
reported the synthesis of fluorene embedded porphyrins named as fluorenophyrin I [1] (Chart).  In this poster, we 
describe the synthesis and characterization of the first examples of doubly fused fluorene embedded 
heterosapphyrin II [2] and bis-(fluorene) embedded hexaphyrin III [3] (Chart) using fluorene as a starting 
precursor. The structural, spectral, electrochemical and computational studies of these macrocycles also will be 
discussed in the poster.  

 

Chart 
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Tetracyanoethene (TCNE) and 7,7,8,8-tetracyanoquinodimethane (TCNQ) are one of the most strongest cyano-
based organic acceptors known in literature exhibiting fascinating material properties like magnetic and electrical 
conductivity [1]. Recently, tetracyanobutadiene (TCBD) appended porphyrins have been synthesized via [2+2] 
cycloaddition-reteroelectrocyclisation (CA-RE) click reaction of arylethynyl-substituted porphyrin with TCNE 
exhibiting excellent optical limiting and strong charge transfer properties [2]. Corrole based donor-π-acceptor (D-
π-A) conjugates are potential candidates for optoelectronic applications. In this work, we report the facile 
synthesis of three new 3,17-bis(TCBD) and -bis(DCNQDCM) appended metallocorroles via [2+2] CA-RE 
reaction of diphenyethynyl-substituted corroles with TCNE or TCNQ (Figure 1a) in excellent yields. These π-
extended metallocorroles contain strong acceptor arms on both sides which lead to shouldering in Soret band and 
broadening of Q-bands to NIR region which is the consequence of extensive charge transfer (Figure 1b). All these 
corroles exhibited push-pull effect and high ground state dipole moment which could be useful in nonlinear 
optical (NLO) applications. 
 

 
Figure 1. (a) Molecular structures of symmetrically β-disubstituted corroles; (b) Comparative UV-Vis spectra of 

PE2[TTC]Ag, TCBD2[TTC]Ag and DCNQDCM2[TTC]Ag in CH2Cl2 at 298 K. 
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Figure 1. Molecular structure of F12-SubPcBCl. 

Molecular structure of perfluorinated subphthalocyanine 
F12-SubPcBCl  

Alexander E. Pogonin, Ivan Yu. Kurochkin,  Yuriy A. Zhabanov 
and Georgiy V. Girichev 

Ivanovo State University of Chemistry and Technology, Sheremetevsky av., 7, 153000 Ivanovo, Russian Federation 
 
The structure of perfluorinated subphthalocyanine F12-
SubPcBCl determined by gas-phase electron 
diffraction and DFT calculations. The diffraction 
patterns were obtained in a synchronous gas-phase 
electron diffraction and mass spectrometric 
experiment carried out using the EMR-100/APDM-1 
unit. Vapor composition was monitored by mass 
spectrometry during the GED/MS experiment. The 
mass spectra of the saturated vapor over the samples 
show a stable relative abundance of ions, indicating 
the presence of the only molecular species in the vapor 
at the temperature of the experiment. The starting 
model of the molecule used in the refinement of the 
data of the electron diffraction experiment was built 
on the base of the optimized geometry in the 
B3LYP/pcseg-2 approximation. The structural 
parameters of the F12-SubPcBCl molecule obtained 

from the GED are in good agreement with the 
parameters obtained by quantum chemical 
calculations. Main geometric parameters: re(Cl-B)=1.850(10) Å, re(B-N)=1.487(3) Å, re(N-Ca)=1.362(3) Å, re(C-
Nm)=1.331(3) Å, re(Ca-Cb)=1.449(3) Å, re(Cb-Cy)=1.385(3) Å, re(Cy-Cd)=1.384(3) Å, re(Cb-Cb)=1.425(4) Å,  re(Cd-
Cd)=1.394(3) Å, re(C-F)ave=1.328(3) Å, re(N-X2)=2.116(5) Å, re(X2-X3)=2.388(5) Å. Like subphthalocyanine, 
perfluorinated subphthalocyanine F12-SubPcBCl has a "bowl-shaped" geometry of the subporphyrazine 
macrocycle. The perfluorinated subphthalocyanine F12-SubPcBCl has a "bowl-shaped" geometry of the 
subporphyrazine macrocycle, as does subphthalocyanine. This distortion is described using three bond angles 
a(X1-B-N)=65.4(1)0, a(X2-N-B)=178.0(17)0,a(X3-X2-B)=179.5(17)0, which also varied in GED structural analysis. 
The disagreement factor between theory and experiment was Rf = 4.1%. 
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data of the electron diffraction experiment was built 
on the base of the optimized geometry in the 
B3LYP/pcseg-2 approximation. The structural 
parameters of the F12-SubPcBCl molecule obtained 

from the GED are in good agreement with the 
parameters obtained by quantum chemical 
calculations. Main geometric parameters: re(Cl-B)=1.850(10) Å, re(B-N)=1.487(3) Å, re(N-Ca)=1.362(3) Å, re(C-
Nm)=1.331(3) Å, re(Ca-Cb)=1.449(3) Å, re(Cb-Cy)=1.385(3) Å, re(Cy-Cd)=1.384(3) Å, re(Cb-Cb)=1.425(4) Å,  re(Cd-
Cd)=1.394(3) Å, re(C-F)ave=1.328(3) Å, re(N-X2)=2.116(5) Å, re(X2-X3)=2.388(5) Å. Like subphthalocyanine, 
perfluorinated subphthalocyanine F12-SubPcBCl has a "bowl-shaped" geometry of the subporphyrazine 
macrocycle. The perfluorinated subphthalocyanine F12-SubPcBCl has a "bowl-shaped" geometry of the 
subporphyrazine macrocycle, as does subphthalocyanine. This distortion is described using three bond angles 
a(X1-B-N)=65.4(1)0, a(X2-N-B)=178.0(17)0,a(X3-X2-B)=179.5(17)0, which also varied in GED structural analysis. 
The disagreement factor between theory and experiment was Rf = 4.1%. 
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a Ivanovo State University of Chemistry and Technology, Sheremetevsky av., 7, 153000 Ivanovo, Russian Federation 
 
A unique aromatic π-system of phthalocyanines provides their high optical activity, chemical and thermal 
stability. In addition, the development of synthetic chemistry of the described compounds makes it possible to 
obtain phthalocyanines with structural substituents in peripheral and nonperipheral positions, which reveals 
practically inexhaustible possibilities of macromolecules [1]. It is known [2] that tetrasubstituted phthalocyanines 
are formed as a mixture of four position isomers – randommers in various ratios. In this regard, determination the 
most preferable structure of the complexes is an important task. Quantum chemical calculations of the geometric 
and electronic structures of aluminum and zinc phthalocyanine complexes substituted by 4-cyclohexylphenoxy 
group in the 3 or 4 position were carried out using the density functional theory method (DFT, B3LYP functional) 
in combination with the dgdzvp basis set. The gfn2 method implemented in the CREST software package was 
used to determine the conformational composition of the compounds under consideration. In the case of 
phthalocyanines with zinc, the existence of 56-132 conformers was found and 60 ones for aluminum complex. It 
should also be noted that, for considered phthalocyanine derivatives with aluminum, the plane of the macrocycle 
is distorted, the radicals are "attracted" to the axial substituent (chlorine) and the structure becomes similar to a 
"spiral". In the case of phthalocyanines with zinc, this effect was not observed. It should be noted that a "spiral" 
structure was obtained by the optimization of phthalocyanines complex with aluminum taking into account 
dispersion interactions by the Grimme method [3] (B3LYP-D3), and the using of the CAM–B3LYP functional 
does not lead to such an effect. We also calculated electronic absorption spectra modeled by the TDDFT method 
for the structures of phthalocyanines with aluminum obtained using the Grimme correction for long-range 
interactions (B3LYP-D3) and the CAM–B3LYP functional. Comparing the theoretical and experimental 
absorption spectra, we noted a great similarity between them in case the Grimme correction applied. Thus, we can 
conclude that the realization of the “spiral” structure of phthalocyanines with aluminum is more probable. 

Quantum-chemical calculations were performed with the support of the Russian Science Foundation grant 21-73-
10126. 
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A universal free-energy landscape for near-reversible 
electron bifurcation 

David N. Beratan a 
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Many electron transfer reactions in biology involve the motion of multiple electrons and protons, creating novel 
opportunities for novel electron correlation and spin effects to influence the reaction kinetics and dynamics.  
Electron bifurcation is a biological energy conversion process that oxidizes a two-electron donor at medium 
potential, coupled to the reduction of a high-and a low-potential acceptor species. This process is often fully 
reversible (can occur close to zero driving force), allowing the creation of strong reductants with minimal free 
energy cost, derived from compounds with higher reduction potentials. For many years, the internal workings of 
electron bifurcating enzymes were poorly understood, especially regarding how short-circuit reactions are 
prevented. Recently, we described an energy landscape that naturally insulates near-reversible electron bifurcation 
reactions from short-circuiting, thus enabling efficient and reversible electron bifurcation. I will describe the 
physical principles that underpin the EB scheme, describe how the reversible EB scheme is distinct from previous 
views, and outline open challenges and opportunities surrounding multi-electron transport processes. 
last line on the page. 

Synthesis, characterization and reactivity of borylated 
Subphthalocyanines  

Marta Gómez Gómeza, Jorge Labellaa, Tomás Torresa,b,c 
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Cantoblanco, 28049 Madrid, Spain. 
cInstituto Madrileño de Estudios Avanzados (IMDEA)-Nanociencia C/ Faraday, 9, Cantoblanco, 28049 Madrid, 
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Subphthalocyanines (SubPc) hold a privileged position among the most employed organic semiconductors.1 This 
unique non-planar aromatic macrocycle, which is composed of three N-fused 1,3-diiminoisondoline units around a 
central tetrahedral boron atom and a fourth substituent that occupies the axial position, exhibits multiple exciting 
properties easily tailored by functionalization. Whereas the replacement of the axial ligand (typically a chlorine 
atom) mainly affects physical properties such as solubility, stability, or tendency towards aggregation, the chemical 
modification of the substituents at the periphery leads to remarkable changes in the electronic properties of SubPcs. 
Thus, the preparation of novel, versatile SubPc-based building blocks is crucial for the further development of these 
macrocycles.   
 
Herein we report the synthesis, characterization, and reactivity of borylated SubPcs. These derivatives are 
characterized by means of UV/Vis and fluorescence spectroscopy, as well as electrochemistry. Moreover, density 
functional theory (DFT) calculations are carried out to shed light into the experimental results. Then, we explored 
the reactivity and stability of these particular derivatives. 
 

 

Figure 1. a) Molecular structure of borylated SubPcs.  
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Binuclear Rhodium(III) Complex of N-Fused Porphyrin:  
A -Extended NIR Absorbing Analogue of Cyclopentadienyl 

Rhodium(III) Dichloride Dimer 

Jibin Alex Abrahama, Masatoshi Ishidab, Hiroyuki Furutac 
a Faculty of Pharmacy in Hradec Kralove, Charles University, Ak. Heyrovskeho 1203, Hradec Kralove, 50005, 
Czech Republic (E-mail: abrahamji@faf.cuni.cz) 
bDepartment of Chemistry, Tokyo Metropolitan University, 1-1 Minami-Osawa, Hachioji, Tokyo 192-0397, Japan 
cDepartment of Chemistry and Biochemistry, Graduate School of Engineering, Kyushu University, Fukuoka 819-
0395, Japan 
 
N-fused porphyrin (NFP) is a unique class of photostable near-infrared (NIR) dye with an 18 aromatic 
tetrapyrrolic macrocyclic skeleton containing a fused tri-pentacyclic moiety. NFP is an ideal ligand platform for 
metal complexation by the monoanionic, tridentate N3 donor organized in a fac manner. Unlike porphyrin, NFP is 
isoelectronic to well-known ligands like cyclopentadienyl (Cp) and tris(pyrazolyl)borate (Tp). Hence, NFP can 
serve as a -extended Cp analogue and can be exploited to investigate the broad array of metallocene and related 
chemistry.[1]  

In this study, we have established a facile approach to expand the π-system in functional complexes like 
[Cp*RhCl2]2. The π-extension was met with rhodium coordination at the NFP core supported by terminal and 
bridging chloride ligands providing the cofacial di--chloro-bridged rhodium(III) complex Rh-2 and the bromo 
derivative Rh-2-Br. Although N-fusion largely incites modification in the electronic and chemical properties of 
porphyrinoids, the bimetallic NFP scaffold is designed by minimizing the orbital interaction between ligand 
orbitals through bonds. Rh-2 and Rh-2-Br illustrate typical NFP-like absorption with an intense visible band and 
NIR Q-like bands, signifying the typical − transitions of the NFP ligand. We also report the molecular 
characterization and DFT calculations of the NFP-rhodium complexes and their distinctness with the organo-
rhodium reagent [Cp*RhCl2]2. 
 
 

 

 

 

Figure 1. Extension of -conjugated systems and crystal structure of Rh-2. 
 
This work was supported by the EFSA-CDN project (Reg. No. CZ.02.1.01/0.0/0.0/16_019/0000841) co-funded 
by the European Union. 
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chlorophyll-a derivatives and their self-aggregation in an 

aqueous micelle solution 

Kana Sakaguchi, Masashi Kishi, Yusuke Kinoshita, and Hitoshi Tamiaki 
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Chlorosomes are the main light-harvesting antenna systems of photosynthetic green bacteria. They are constructed 
by J-type self-aggregation of several chlorophyllous pigments including bacteriochlorophyll(BChl)s-c/d (Fig. 1, 
left). BChls-c/d have a similar chlorin π-system as in chlorophyll(Chl)-a and possess the 31-hydroxy group, a 
magnesium atom at the central position, and the 13-keto carbonyl group along their molecular y-axis. The self-
aggregates are composed of a variety of intermolecular interactions, hydrogen bond of 31-OH∙∙∙O=C-13, 
coordination bond of 31-OH∙∙∙Mg, and π-π interaction of chlorin moieties [1]. It was reported that zinc 20-
(un)substituted Chl-a derivatives were synthesized to be good models of natural BChls-c/d [2,3]. 

In this study, some zinc 3-hydroxymethyl-131-oxo-chlorins bearing an electron-withdrawing group at the 
20-position (R = NO2, COCH3, and OCOX in Fig. 1, right) were prepared by chemically modifying Chl-a and 
their self-aggregation in an aqueous micelle solution to give chlorosomal models [3,4]. Their self-aggregates were 
compared with that of the corresponding 20-unsubstitute (R = H), and the 20-substitution effects including their 
electronegativity and steric size will be discussed. 

 

Figure 1. J-type self-aggregates of BChls-c/d (left) and their synthetic models (right). 
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3.  K. Sakaguchi, M. Kishi, Y. Kinoshita, H. Tamiaki. J. Porphyrins Phthalocyanines 2021; 25: 1104–1110. 
4.  K. Sakaguchi, M. Kishi, H. Tamiaki. Chem. Lett. 2021; 50: 1416–1418. 



LATE A
B

STR
A

C
TS

Copyright © 2022 Society of Porphyrins & Phthalocyanines

International Conference on Porphyrins and Phthalocyanines (ICPP-12)486

Intramolecular asymmetric coordination of synthetic zinc 
chlorophyll-a derivatives 

Kagari Oyagi, Shin Ogasawara, Hitoshi Tamiaki 
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Chlorophyll-a (Chl-a) is one of the most important natural pigments in the light-harvesting antennas and reaction 
centers of oxygenic phototrophs. The central magnesium atom of Chl-a is often coordinated by the imidazolyl 
group of a histidine residue in such photosynthetic proteins. The imidazolyl ligand can axially coordinate to the 
Mg atom either from the back (denoting as the α-coordination, L) or face side (the β-coordination, L’) to give 5-
coordinated species (Fig. 1, left). While the α-coordinated Chl-a has been found more frequently than the β-
coordinated one in photosynthetic proteins [1], the functional differences between their stereoisomers have not 
been revealed yet. In order to address the issue, we prepared both intramolecularly α- and β-coordinated models 
by utilizing the 132-stereochemistry of a Chl-a derivative and examined their physical properties.  

To construct the intramolecular coordination model complexes, we synthesized complexes with different 
positions of ester groups (Fig. 1, center). Their intramolecular coordination behaviors will be discussed based on 
spectroscopic analyses. Furthermore, stereoisomers of complexes having different linker distances at the 132-
position were obtained by transesterification reaction of the 132-COOCH3 moiety (Fig. 1, right). The major 
complexes (α-coordination) were separated by HPLC to give the stereochemically pure samples. Their 
coordination behaviors will be discussed. 

 
 
Fig. 1. Molecular structures of axially coordinated Chl-a (left) and zinc Chl-a derivatives bearing a pyridyl group 
at the 132-substituent terminal (center, right). 
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Metallophthalocyanine-based nanoparticles for 
photodynamic therapy (PDT)  
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Photodynamic therapy (PDT) is a non-invasive, clinically approved, therapeutic procedure, which has been used 
to treat malignancies of different types and regions, as well as non-oncological diseases [1]. Phthalocyanines (Pcs) 
are artificial tetrapyrrolic macrocycles [2] that constitute optimal organic photosensitizing chromophores to be 
used as therapeutic agents for PDT. Their utility for PDT mainly arises from their ability to produce singlet 
oxygen, their non-toxicity and their strong absorption in the phototherapeutic window [3].  
 
This work describes the synthesis and characterization of Metallophthalocyanine based photosensitizers (MPcs), 
bearing Zinc(II) and Ruthenium(II) ions within their central cavity. The chromophores have been functionalized at 
their peripheral or axial positions with a carboxylic acid group for their covalent linkage to a hyperbranched 
PAMAM dendrimer nanocarrier. 
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