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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

AWARDS

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.
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Porphyrins, the Periodic Table, and Phototherapeutics

Abhik Ghosh

Department of Chemstry, UiT — The Arctic University of Norway, 9037 Tromsa, 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 Almlof 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 Alml6f often, saw his
chance and recruited me as an Associate Professor at his Department in the northern-Norwegian city of Tromse.
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”* character) and went on to develop comprehensive experimental and theoretical probes of the
phenomenon [4], ultimately using state-of-the-art DMRG-CASPT?2 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 *Tc, 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.
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Porphyrinoid-Based Charge and Photon Management

Dirk M. Guldi

AWARDS

“Department of Chemistry and Pharmacy & Interdisciplinary Center for Molecular Materials
Friedrich-Alexander-Universitdit Erlangen-Niirnberg, 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. 1 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/O, — all of them as analytical tools needed to
analyze systems that convert solar energy into useful sources of power.

Copyright © 2022 Society of Porphyrins & Phthalocyanines
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N-Confused Porphyrinoid-based Functional
Near-infrared Dyes

Masatoshi Ishida®P®

“Department 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 n-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 n 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-m 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.
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Phthalocyanines and their analogues: Toward efficient
fluorescence sensors and photosensitizers for PDT

AWARDS

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,1]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 CO,[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 (ECso) in
nanomolar range, which ranks such derivatives among the best photosensitizers ever.
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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), Universita 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 ¢ 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.

Copyright © 2022 Society of Porphyrins & Phthalocyanines



International Conference on Porphyrins and Phthalocyanines (ICPP-12) 7

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

AWARDS

Takayuki Tanaka?

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 Bi,. 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 16w
conjugation circuit defined in a C(6+)—O(8-) 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(IT) 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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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 (» = 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 Ahmad?®

“BCMaterials, 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 n-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 Almeida?, Marta Gomes?, Maria Bartolomeu?, Catia Vieira?,
Ana T P C GomesP?, M Amparo F Faustino® and M Graca P M S Neves®

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

“Department 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 $6 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 $6 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 Alonso?, Tatiana Woller?, Eline Desmedt?, and Freija De Vleeschouwer?

* 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 n-electrons. These macrocycles are flexible enough to adopt
different m-conjugation topologies, namely Hiickel, Mobius and twisted-Hiickel, 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 Hiickel
and Mobius 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,
n-conjugation topology, photophysical and nonlinear optical properties [3]. It is noteworthy that the absorption
spectra of certain antiaromatic Hiickel 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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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 4nn
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 20w S-confused isophlorin undergoes a two-electron irreversible oxidation to yield a
short-lived 197 electron species which can be quickly oxidized to its 18t mono-catonic species. Their synthesis,
structural, electronic and redox properties will be discussed in this presentation.

— —®®

2X
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Phthalocyanines as Functional Recognition Motif for
Highly-Ordered Biobased Materials

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

“Department of Bioproducts and Biosystems, Aalto University, 02150 Finland
bDepartment of Organic Chemistry, Universidad Auténoma 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 m-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 Hiickel circuit of 4n + 2 = 162 & electrons.® 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 Arcudi?, Luka Dordevié¢?, Samuel I. Stupp? and Emily A. Weiss?

*Department 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 CO; [1] and (ii) polymer-grade ethylene from the acetylene contaminant of ethylene feed [2]. CO» 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 CulnS; 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, CO,, and catalyst at the QD core that serves at the source of
the electrons; (ii) a dynamic equilibrium between carbamic acid and free CO, that increases the local
concentration of available CO»; 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 H»
feed, and (iii) use of earth-abundant cobalt in the catalyst, which works not only in combination with the
benchmark photosensitizer [Ru(bpy)s]**, 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

Luis G. Arnaut,® Claire Donohoe,>? Fabio A. Schaberle,? Fabio M. S. Rodrigues,?
Mariette M. Pereira,2 Mathias O. Senge® and Ligia C. Gomes-da-Silva @

“CQC, Coimbra Chemistry Center, University of Coimbra, Rua Larga, 3004-535 Coimbra, Portugal
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Hospital, Trinity College Dublin, The University of Dublin, Dublin 8, Ireland

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 a4 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, a4 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 o4 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 a4 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
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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(IIl) derivative was investigated in presence of
iodosylbenzene. Unexpectedly, MS, EPR, Moéssbauer, UV-Visible and FTIR spectroscopic signatures supported
by DFT calculation provide convincing evidence for the involvment of a relevant Fe™-O-Np, 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 O,. This study sets a new
paradigm to rethink about the photosplitting of water.[4]

povsyelin este

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

Willi Auwarter?

“Physics 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, 1 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.

(a)

650 K

Zn-P on Ag(100)

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).

REFERENCES

1. W. Auwirter ef al., Nature Chem. 7, 105 (2015)

2. K. Diller et al., Chem. Soc. Rev. 45, 1629 (2016)

3. L. Grill et al., Nature Chem. 12, 115 (2020)

4. L.M. Mateo et al., Chem. Sci. 12, 247 (2020)

5. F.Bischoff et al., J. Am. Chem. Soc. 143, 15131 (2021)

Copyright © 2022 Society of Porphyrins & Phthalocyanines



STVvHO0

20

International Conference on Porphyrins and Phthalocyanines (ICPP-12)

1
e

LA e
-

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 LiCI-PEG (polyethylene
glycol) solutions of different concentrations as gate electrolytes. The threshold voltages linealy followed the
concentration dependence of the rest potentials the LiCI-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-x IL and a low-k 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

Joana F. B. Barata?, M. Graga P. M. S. Neves® and José A. S. Cavaleiro®

“ CESAM and Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal;
b LAQV-REQUIMTE and Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal;

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 B-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.

Acknowledgements Thanks are due to University of Aveiro and FCT/MCTES for the financial support to CESAM
UIDP/50017/2020 + UIDB/50017/2020 + LA/P/0094/2020 and the LAQV-REQUIMTE (UIDB/50006/2020)
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Project N° 022161 (co-financed by FEDER through COMPETE 2020, POCI and PORL and FCT through
PIDDAC). This work was financially supported by the project Corlutna (POCI-01-0145-FEDER-031523) funded
by FEDER, through COMPETE2020 - Programa Operacional Competitividade e Internacionalizagdo (POCI), and
by national funds (OE), through FCT/MCTES.
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Light Harvesting, Charge Separation and Charge Transport
in Covalent Organic Frameworks

Thomas Bein?

“Department of Chemistry, University of Munich (LMU), 81377 Munich, Germany

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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Aryl- and Heteroaryl-substituted Thioalkyl-Porphyrazines
for Optoelectronic Applications

Sandra Belviso
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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 TiO», essential feature for application in DSSC
cells. In this communication these novel achievements will be described.

N M
“ NN
N N
RS \ N ! y/ ~—
N ~

RS SR n

M = Hy, Ni, Pd; Ar = aryl, heteroaryl
R = alkyl; n = 0,1
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Progression on the Development of Boron
Subnaphthalocyanines and Related Hybrids
for their Applications
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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 [2¢] 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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determining the absolute configuration of chiral guests
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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 & 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 IH-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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