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Porphyrin-Based Molecular Wires, Nanorings
and Nanobelts

Harry L. Anderson

AWARDS

University of Oxford, United Kingdom

Molecular wires are the simplest single-molecule electronic devices, and they can be viewed as the elementary
components of bulk organic semiconductors. Molecular wire rings exhibit fundamentally different behavior from
straight molecular wires, leading to the phenomenon of aromaticity [1]. This lecture will present the synthesis and
investigation of several linear and cyclic molecular wires based on porphyrins, with emphasis on understanding
electronic delocalization in longer chains and larger rings. The rigid structures of porphyrins lead to small
reorganization energies, leading to low barriers for charge transport and electronic delocalization [2]. The
presentation will include recent work on triple stranded porphyrin nanobelts, such as the 10-porphyrin nanobelt
shown in the graphic below (X-ray crystal structure) [3].

REFERENCES

1. M. Jirasek, H. L. Anderson, M. D. Peeks, From macrocycles to quantum rings: Does aromaticity have a size
limit? Acc. Chem. Res. 2021, 54, 3241-3251.

2. J.-R. Deng, M. T. Gonzalez, H. Zhu, H. L. Anderson and E. Leary, Ballistic conductance through porphyrin
nanoribbons. J. Am. Chem. Soc. 2024, 146, 3651-3659.

3. A. Rodriguez-Rubio, H. Zhu, K. M. Cheung, I. Ronc¢evi¢, L. A. G6dde, J. Hergenhahn, J. L. Field, P. Gupta,
W. Stawski, H. Gotfredsen, J. Straw, M. Edmondson, J. O’Shea, A. Saywell, H. L. Anderson, Synthesis of
triple stranded porphyrin nanobelts. Science 2025, 390, 290-293.
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Bio-inspired Supramolecular Electron and Energy Transfer:
Design Perceptions for Producing High-Potential, Long-
Lived Charge Separated States

Francis D’Souza

“Departments of Chemistry and Materials Science and Engineering, University of North Texas, 1155 Union
Circle, #305070, Denton, TX 76203-5017, USA; E-mail: Francis.Dsouza@unt.edu

The construction of supramolecular systems capable of mimicking biological functions, whether through self-
assembly or covalent bonding, is one of the fastest-growing and most fascinating areas of research. In this regard, the
construction of donor-acceptor conjugates capable of undergoing electron or energy transfer upon photoillumination
holds great promise for light energy harvesting, nanotechnology, sensing, and the design of optoelectronic devices.
Mimicking the primary events in the antenna and reaction centers of photosynthesis is an important area of research,
as it directly involves converting solar energy into electricity or making fuels for a sustainable society. Several elegant
tetrapyrrole-derived supramolecular systems have been designed and studied for these applications.

This award talk summarizes the progress made in our laboratories over the years on tetrapyrrole-derived donor-
acceptor conjugates. In our construction, porphyrin, phthalocyanine, and BODIPY have been primarily used as
electron donors or excitation-transfer agents. In contrast, all carbon-derived materials, including fullerene, carbon
nanotubes, graphene, and other two-dimensional electron-deficient molecules, such as tetracyanobutadiene and
perylenediimide, have primarily been used as electron acceptors. Apart from covalent linkage, self-assembly
protocols involving cation-dipole, dipole-dipole, hydrogen bonding, metal-ligand coordination, and ©—n interactions
have been successfully employed in the construction of these conjugates. The effects of distance and orientation, the
role of intermolecular forces in governing the stability and geometry of the nanoconjugates, and their significance in
controlling kinetics and mechanism of electron- and energy-transfer events, especially in generating high-potential,
long-lived charge-separated states, much desired for photocatalytic applications, will be highlighted.

The author is thankful to all his past and present graduate and undergraduate students, post-doctoral fellows,
collaborators, and visiting scholars. He is also grateful to the funding agencies, ACS-PRF, NSF, DOE, NIH, and NSF-
EPSCoR, for financial support. Institutional support from the University of North Texas, Denton, Texas, and Wichita
State University, Wichita, Kansas, and all collaborators’ institutions, is duly acknowledged.
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Modification of Hemoproteins for Creating New Biocatalysts
and Bionanomaterials

Takashi Hayashi

AWARDS

Graduate School of Engineering, The University of Osaka, Japan

Hemoproteins are widely distributed in nature and function as small molecule binders, electron carriers, catalysts,
sensors/regulators and more. These functions primarily arise from the properties of the heme cofactor and its
surrounding coordination sphere, which is composed of proteins. Over the past few decades, numerous
hemoproteins have been discovered and identified [1]. Futhermore, the introduction of site-directed mutations
into hemoproteins has accelerated the elucidation of their functional mechanisms. Furthermore, some
hemoproteins can be converted to their apoforms by removing the cofactor from the heme pocket, making it
possible to reconstitute hemoproteins by adding artificial metallocofactors into the apoprotein solutions. Several
groups have incorporated modified iron porphyrins into hemoproteins, such as myoglobin to elucidate protein
functions based on the interaction between the heme cofactor and the heme pocket. In contrast, for over 30 years,
our group has amined to modify the hemoprotein functions by replacing native heme with artificial heme
derivatives to create new biocatalysts and bionanomaterials. This presentation introduces several representative
examples of our reconstituted hemoproteins as shown below [2-3].

1. Enhancement of myoglobin or peroxidase fuctions
Myoglobin and horseradish peroxidase reconstituted with iron porphycene were confirmed to exhibit enhanced
O: affinity and peroxidase activity, respectively.

2. Elucidation of the heme-propionate side chains in P450cam
A single-legged heme cofactor where one of the heme-propionate side chains was replaced with a methyl
group clearly indicated the role of the interaction between the heme side chain and the protein in P450cam.

3. Modeling of methionine synthase or methyl-coenzyme M reductase
Myoglobins reconstituted with cobalt corrin and nickelt corrin derivatives demonstrated the structural and
functional models of the enzymes, respectively.

4. Creation of new artificial metalloenzymes
Using metalloporphyrinoids as artificial cofactors, myoglobin was converted into artificial metalloenzymes
such as hydroxylase, cyclopropane synthase, nitrile synthase.

5. Formation of hemoprotein assembly
Artificial hemoprotein assemblies (named “hemoprotein polymers”) were created using apohemoproteins in
which heme derivatives were covalently linked onto the protein surface.

REFERENCES

1. T. Hayashi, in Handbook of Porphyrin Science” Eds. K. M. Kadish, K. M. Smith, R. Guilard, World Scientific
(Singapore), 2010, Vol. 5, Chapter 23, pp 1-69.

2. K. Oohora, A. Onoda, T. Hayashi, Acc. Chem. Res., 2019, 52, 945-954.

3. T. Hayashi, Bull. Chem. Soc. Jpn., 2023, 96, 1331-1338.
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Bio-inspired Fe porphyrins as the best catalysis of the
reduction of O, contradict the Sabatier-Principle volcano
correlation of activity versus MN4-O; binding energy

José H. Zagal-Sagal®, Laura Scarpetta-Pizo?, Wolfgang Schmickler®

“Laboratory of Electrocatalysis and Molecular Electronics University of Santiago de Chile, Santiago 970000
bInstitute of Theoretical Chemistry, Ulm University, D-89069 Ulm

This manuscript discusses several strong limitations in applying the Sabatier Principle to interpret the catalytic
activity of graphite-surface-confined macrocyclic metal complexes in the O reduction reaction in 0.1 M NaOH.
Many volcano correlations in the literature use activities calculated in the absence of an electrolyte and of an
applied potential [1]. The reactivity descriptor is the binding energy Em.02 of dioxygen to the active site (metal
center in. metal complexes) Other volcano correlations compare catalytic activity as the exchange currents io
versus Em-02 Even though these correlations predict the most active catalyst, the conditions are far removed from
real or operando conditions [2] where the Oz cathode is far removed from the equilibrium potential. The volcano
correlations show [3-6] that perfluorinated Fe phthalocyanine 16(F)FePc) is the most active catalyst and exhibits
the largest activation energy!!!. In contrast, the case of biomimetic Fe porphyrins, even though they appear in the
low portion of the volcano. In living systems, these complexes are highly active in ORR; see, for example,
cytochrome c [7], an iron porphyrin. The reason for their low activity is that at the operating potentials, they are
inactive Fe(II[)OH in alkaline media and Fe(III)H20 in acid [5]. The Fe(Ill) is inactive for ORR as well as other
metals in the (III) state located on the descending region of the volcano [4]. They exhibit strong O binding
energies, which facilitate e-transfer to the

bound O.. So essentially the descending

region of the volcano is attributed to a gradual

loss of Fe(Il) active sites [4,5]. This is also

true for Mn and Cr complexes, but they have

low or even negative activation energies [this

work]. In a fuel cell, this cannot be avoided. If

the electrode is polarized at very negative

potentials, this will release M(II) active

species, but the hydrogen electrode does not

provide enough free energy for this. Li and Na

are more promising anodes for air batteries.

Acknowledgments: Grant Fondecyt 1221298 and L.S-S thanks postdoc grant Dicyt Usach,

REFERENCES

1. J.K. Nerskov, J. Rossmeisl, A. Logadottir, L. Lindqvist, J.R. Kitchin, T. Bligaard, ... J. Phys, Chem., B 108
(2004) 17886.

2. P. Quaino, F. Juarez, E Santos, W. Schmickler, Beilstein J. Nanotech., 5 (2014) 846
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4. ]J.H. Zagal, M.K.T. Koper Angew. Chem., Int- Ed. 55 (2016) 14510-14521,

5. J. H. Zagal, S. Specchia, P. Atanassov, “Current Op. Electrochem., 27,2021, 100687.

6. T. Burschstein, Y. Yasman, L. Muifloz, J. H. Zagal, D. Eisenberg, ACS Catalysis, 14,(2024) 22R, Boulatov in
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Molecular Design Principles of Porphyrinoid-Based Dyes
for Efficient Solar Energy Conversion

Tomohiro Higashino?

AWARDS

aDepartment of Molecular Engineering, Graduate School of Engineering, Kyoto University

Dye-sensitized solar cells (DSSCs) have attracted considerable attention due to their potential advantages in terms
of power conversion efficiency (PCE), low production cost, design flexibility, and applicability to indoor use.
DSSCs are composed of a dye-sensitized TiO2, a counter electrode, and an electrolyte containing redox shuttles.
Based on the fundamental mechanism of photocurrent generation in DSSCs, the overall device performance is
strongly governed by the molecular characteristics of the sensitizers and redox shuttles, which play crucial roles in
light harvesting and electron transfer processes.[1] Among various organic chromophores, porphyrins and related
porphyrinoids have emerged as particularly attractive sensitizers because of their strong visible—near-infrared
absorption, rich redox chemistry, and exceptional structural tunability. We aim to establish clear structure—
property—performance relationships in porphyrinoid-based DSSCs by exploiting the rich molecular design
flexibility of porphyrins, combined with synthetic chemistry, detailed spectroscopic analysis, and systematic
evaluation of photovoltaic performance.

For example, we revisited rational molecular design strategies of fused porphyrin dyes as sensitizers for high-
performance DSSCs. In principle, the introduction of aromatic-fused structures into porphyrin cores is a
promising strategy because direct m-expansion enhances light-harvesting properties. However, fused porphyrin
dyes have generally exhibited limited PCEs, which were attributed to unfavorable energy-level alignment, strong
molecular aggregation, and shortened excited-state lifetimes. To overcome these challenges, we established a
methylene-bridged fusion strategy, which enabled us to surpass the conventional performance limits of fused
porphyrin dyes.[2]

We further demonstrate that rational molecular design enables precise control of electron transfer processes in
porphyrinoid-based DSSCs.[3] In particular, energy-level engineering of both porphyrin dyes and copper(I/II)
redox shuttles allowed us to optimize the driving force for dye regeneration and boost PCEs in porphyrinoid-
based DSSCs, clearly demonstrating how molecular-level design of electron-transfer pathways translates into high
photovoltaic performance.[4]

In this lecture, I will present our efforts in porphyrinoid-based DSSCs and molecular design of efficient solar
energy conversion systems.

REFERENCES

1. T. Higashino, H. Imahori, Dalton Trans. 2015, 44, 448; Y. Zhang, T. Higashino, H. Imahori, J. Mater. Chem.
A 2023, 11, 12659; T. Higashino, H. Imahori, ACS Energy Lett. 2022, 7, 1926.

2. Y. Kurumisawa, T. Higashino, S. Nimura, Y. Tsuji, H. liyama, H. Imahori, J. Am. Chem. Soc. 2019, 141,
9910; Y. Zhang, T. Higashino, I. Nishimura, H. Imahori, ACS Appl. Mater. Interfaces 2024, 16, 67761.

3. Guo, Q.; Higashino, T.; Adachi, R.; Wechwithayakhlung, C.; Packwood, D.; Yamakata, A.; Imahori, H.
ChemSusChem 2024, 17, €202301661.

4. Zhang, Y.; Higashino, T.; Namikawa, K.; Osterloh, W. R.; Imahori, H. Chem. Sci. 2025, 16, 15004.
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Porphyrinoids as a Molecular Platform for Revealing and
Understanding Excited-State Aromaticity

Juwon Oh

Department of Chemistry and Green-Nano Material Research Center, Kyungpook National University, Daegu
41566, Korea

The concept of aromaticity has long served as a central framework for understanding the stability, electronic
structure, and reactivity of m-conjugated molecules. Among aromatic systems, porphyrinoids have played a
particularly important role in the development of aromaticity concepts, as they represent prototypical macrocyclic
molecules that exhibit pronounced global aromaticity beyond local aromaticity at individual pyrrole units.[1]
These distinctive features have made porphyrinoids indispensable in advancing our understanding of aromaticity
in extended m-systems.

Beyond ground-state aromaticity, Baird’s rule predicts a reversal of Hiickel aromaticity and antiaromaticity upon
electronic excitation.[2] Despite its conceptual importance, however, direct experimental validation and practical
utilization of excited-state aromaticity remained elusive for several decades. Here, it will be highlighted how
porphyrinoids have emerged as a uniquely powerful molecular platform for the experimental verification,
mechanistic understanding, and functional exploration of excited-state aromaticity and antiaromaticity.[3] Owing
to their structurally tunable macrocyclic n-systems and the pronounced sensitivity of their electronic structures to
(anti)aromatic character, porphyrinoids enable direct spectroscopic observation of aromaticity reversal in excited
states.

Through a combination of advanced time-resolved spectroscopies and quantum-chemical calculations, clear
experimental signatures of Baird aromaticity and antiaromaticity have been identified across a wide range of
expanded and contracted porphyrinoid systems.[4] Beyond conceptual validation, these studies reveal that
excited-state aromaticity plays a decisive role in governing photophysical pathways, charge-transfer dynamics,
and photochemical reactivity. By establishing design principles that link excited-state aromaticity to controllable
molecular function, these findings open new avenues for tuning photoactive n-conjugated systems and developing
advanced functional materials. Overall, this presentation aims to illustrate how studies on porphyrinoids
contribute to addressing a long-standing fundamental question in excited-state aromaticity and provide useful
insights into its effect on excited-state processes.

REFERENCES

1. Y.M. Sung, J. Oh, Y. Cha, W. Kim, J. M. Lim, M. C. Yoon, D. Kim, Chem. Rev. 2017, 117,2257-2312.
2. N. C. Baird, J. Am. Chem. Soc., 1972, 94, 4941-4948

3. J.Kim,J. Oh, A. Osuka, D. Kim, Chem. Soc. Rev., 2022, 51,268-292.

4. J.Oh, Y. M. Sung, Y. Hong, D, Kim, Acc. Chem. Res., 2018, 51, 1349-1358.
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Phthalocyanines as Multifunctional Platforms: Fundamental
Electronic Structure, Energy Storage, and Electrocatalytic
Applications

AWARDS

Brendon J. McNicholas?

2Department of Chemistry, University of Tennessee, Knoxville, Tennessee 37996, United States.

Phthalocyanines are important building blocks for materials for a variety of energy storage and electrocatalytic
applications. My group’s research is focused on the fundamental understanding of electronic structure of
phthalocyanines and other porphyrinoid macrocycles and their applications in energy storage and electrocatalysis.
In my talk, I will focus on three major areas: 1st row transition metal phthalocyanines and substitutions affecting
charge-transfer and ligand-centered electronic transitions, main-group phthalocyanines and their applications in
semi-solid redox flow batteries, and 1st row transition metal phthalocyanines and substitutions affecting activity
for electrocatalytic applications, specifically CO2 reduction and other small molecule reactions.

Copyright © 2026 Society of Porphyrins & Phthalocyanines Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org
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Cobalt Porphyrin or Phthalocyanine Catalysts for CO;
Photoreduction

Jia-Wei Wang?, Fan Ma?

aSchool of Chemical Engineering and Technology, Sun Yat-sen University, Zhuhai 519082

The reduction of COz into chemical feedstocks is a promising means to alleviate the global warming, which
is also an indispensable unit in the realization of man-made carbon capture and recycling. To effectively
circumvent the multiple possibilities of products and the inertness of COa, suitable catalysts are requested for CO2
reduction to improve the product selectivity and also to drive the reaction at a fast rate. Molecular catalysts,
mainly transition metal complexes, continue to attract attention for their well-defined molecular structures and
rich redox properties, which are amenable to the rational synthetic optimizations, the isolation of catalytic
intermediates and the theoretical analysis on the mechanisms. The use of earth-abundant metals to replace the
precious 4d and 5d transition metals is also very appealing to lower the preparation cost and enable the large-scale
applications. In this context, it is desirable to exploit effective strategies to design and optimize the earth-abundant
molecular catalysts for COz photoreduction [1]. Alternatively, our group has made efforts in designing cobalt
porphyrin and phthalocyanine catalysts for CO2 photoreduction in both homogeneous and hetereogeneous systems
[2], along with the investigations on their structure-activity relationship.

REFERENCES

[1] (a) Ma, F.; Luo, Z.-M.; Wang, J.-W.*, et al. Coord. Chem. Rev. 2024, 500, 215529; (b) Wang, J.-W.*;
Ouyang, G. Acc. Chem. Res. 2025, 58, 2862-2874.

[2] (a) Wang, J.-W.; Jiang, L.; Huang, H. H., et al. Nat. Commun. 2021, 12, 4276; (b) Li, Z.; Wang, J.-W.*;
Huang, Y., et al. Chin. J. Catal. 2023, 49, 160-167; (c) Wang, J.-W.*; Zhang, X.; Velasco, L., et al. JACS Au
2023, 3, 1984-1997; (d) Ma, F.; Lin, H.-W.; Wang, J.-W.*, et al. Molecules 2024, 29, 4994, (¢) Wang, J.-W.*;
Zhao, F.; Velasco, L., et al. Nat. Commun. 2024, 15, 9779; (f) Zhao, J. S.; Mu, Y. F.; Wang, J.-W.*, et al. Angew.
Chem. Int. Ed. 2024, 63, €202401344.
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Conformational diversity in the supramolecular assembly of
porphyrins on single crystal substrates

Aisha Ahsan?, S. Fatemeh Mousavi?, Aaron Oechsle®, Narmadha Devi?,
Luiza Buimaga-larinca®, Cristian Morari¢, Thomas A. Jung® & Jonathan P. Hill¢

2University of Basel Switzerland

bPaul Scherrer Institute Switzerland

‘NIRDIMT Cluj-Napoca, Romania

dNational Institute for Materials Science, Tsukuba, Japan

Here, we discuss an exceptionally complex on-

surface network that forms spontaneously from a

single porphyrin module taking up multiple site-

specific conformations. We investigate different

physicochemical interactions at surfaces that

contribute to the symmetry breaking of the porphyrin

in its conformational flexion. We compare the

binding motifs observed in 3D crystal structures

obtained from X-ray diffraction with high-resolution

scanning tunneling microscopy and spectroscopy

(STM/STS) data and chemical information from X-

ray photoelectron spectroscopy (XPS). Density

functional theory of the molecular modules on different substrates indicates that the complex interplay of multiple
interactions and molecular flexibility is responsible for the observed complexity: Molecular conformational
flexibility facilitates the site-specific adaptation of the molecule and its relocation to the most energetically
favourable site on the corrugated surface potential [1]. Further, the molecule interacts with the surface-state
electrons of the underlying substrate and, via intermolecular hydrogen-bonding, links molecular units at different
elevations above the substrate surface. Also, the molecule exhibits conformational diversity across different
surface facets of Au(l111) [2]. In conclusion, we discuss surfaces and interfaces as possible causes of the
emergence of quasi-degeneracy in molecular configurations of supramolecular self-assemblies. The adsorbate-
adsorbent interface is recognized as the driver of this system's counterintuitive behavior relative to equilibrium
thermodynamics [3].

REFERENCES

1. Mousavi, S. F. ef al., Communication Chemistry. 8 article number 214 (2025)
2. Baklanov A. et al., J. Am. Chem. Soc., 142, 1871-1881, (2020)
3. Ahsan, A. et al., J. Phys. Chem. Lett. 13, 7504 —7513 (2022)
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Supramolecular and Materials Sciences with Porphyrins
and Phthalocyanines

Takuzo AIDA?.°

*Reken Center of Emergent Matter Science, 2-1, Hirosawa, Wako 351-0198, Japan.
5The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Porphyrins and phthalocyanines are key functional molecular platforms owing to their rich electronic structures,
coordination chemistry, and hierarchical self-assembly. In this lecture, I will present two conceptually related topics
that demonstrate how these chemical motifs are utilized for supramolecular chemistry and materials sciences.

First, I introduce solvent-free autocatalytic supramolecular polymerization (SF-ASP)as a template-assisted
supramolecular reaction that couples molecular assembly with chemical conversion. Under solvent-free conditions,
phthalonitrile precursors are transformed into phthalocyanines through a self-templated process in which the product
assembles into ordered supramolecular fibers that promote further reaction. This inhibition-free, termination-free
growth resembles living supramolecular polymerization and enables efficient formation of phthalocyanine and
metallophthalocyanine assemblies, as well as multistep synthesis of sequence-controlled supramolecular
copolymers. SF-ASP thus exemplifies how chemical reactivity can emerge from supramolecular order in a
sustainable manner [1].

In the second part, I report a particular porphyrin-based assembly in which conformationally flexible spiral units
function as molecular springs, imparting elastic behavior of the assembly under compressive stress. Mechanical
deformation induces a cooperative reorganization of supramolecular chirality and packing that minimizes
unfavorable intermolecular interactions at the expense of entropy, while release of stress restores the original
entropy-favored structure. This behavior demonstrates how entropic modulation within ordered supramolecular
assemblies can be translated into reversible mechanical function [2].

Together, these studies highlight how supramolecular polymerization and entropy-driven structural reorganization
enable adaptive porphyrin- and phthalocyanine-based systems that integrate sustainable synthesis, structural
precision, and mechanical responsiveness.

REFERENCES

1. Z.Chen et al., Nat Mater. 2022, 21, 253-261.
2. W. Yuan, H. Sato et al., submitted.

Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 11

Star-Shaped Polymers with a Phthalocyanine Core for
Organic Memory Devices

Junko Aimi®

*National Institute for Materials Science (NIMS), Japan

Topological polymers such as block copolymers, branched polymers, and star polymers, exhibit unique three-
dimensional microstructures in bulk, thin films, or solutions. Incorporating functional molecules into such
polymer microstructures presents various applications in materials science. For instance, polymeric materials
containing m-extended aromatic compounds including porphyrins and metallo-phthalocyanines (MPc) have been
synthetic targets for practical applications in organic electronics, because they show outstanding photochemical
and electronic properties.

We have prepared star-shaped polymers with an MPc core and applied them to organic field-effect transistor
(OFET) memory devices. Non-volatile OFET memory presents a promising technology for wearable data storage
due to its non-destructive read-out memory cell system, multi-bit storage capability, and easily integrated
structure. In these devices, the memory layer resides between the organic semiconductors and control gates,
storing and releasing charges during the writing and erasing processes. The star-shaped polymer with an MPc
functions like a nano-floating gate, capable of storing and releasing hole charges. Also, its polystyrene arms form
homogeneous polymer films and inhibit leakage of the trapped charges. A bottom-gate top-contact OFET memory
device, utilizing pentacene as the organic semiconductor and MPc-cored star polymer (MSP) as the memory layer,
demonstrated flash-type memory characteristics with a high memory on/off current ratio of 107, long retention
ability, and good endurance.[1] The memory device performance, including memory window and charge retention
time, can be controlled by tailoring star polymer design through precision polymer synthesis.[2][3] In addition,
the OFET memory can be fabricated via a one-pot solution process via polymer-matrix assisted phase separation
of MSP and a soluble organic semiconductor.[4] The star-shaped polymer was easily fabricated in logic circuits
such as inverters, demonstrating multilevel or reconfiguarable logic-in-memory applications.[5][6][7] The star-
shaped polymer nano-floating gate is a promising material to prepare high-performance OFET memory devices
and is useful for integrating flexible organic devices and large-area memory devices. The preparation and device
performance of the OFET memory with polymer nano-floating gate will be discussed.
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Meso-Modified Porphyrinoids: Its B(lll) and
bis-Rh(l) Complexes
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Modifying the number or configuration of meso-carbons in the porphyrin core alters the steric environment and
electronic delocalization within the macrocycle. By decreasing or increasing the number of meso-carbons or
heterocyclic rings in the tetrapyrrolic core led to the formation of contracted or expanded porphyrinoids.[1] To
achieve such modified analogues, as a strategy, (i) meso-carbon appended with ortho-benzannulation at the
periphery of the core for rigidity and (ii) vinylogous linkages for flexibility are introduced. In the first part, we
wish to highlight the synthesis of E-stilbene imprinted cyclic diphyrin (A). The vinylene or ethylene twist in A
disrupts global conjugation while preserving the local aromaticity, thus introducing a new class of contracted
porphyrinoid with non-aromaticity. Complexation of A with B(III) ion generates asymmetric ring formation
within the cavity and transformation of non-emissive diphyrin into emissive in solution (B).[2] At the end, we
demonstrate the synthesis of porphyrin resembling macrocycles, where the design enables stimuli-responsive
conformational plasticity and tunable (anti)aromaticity, manifesting as moderate Hiickel antiaromaticity in
freebase (C), weak Mobius aromaticity upon protonation, and nonaromaticity through bis-Rh(I) complexation
(D), resulting in foldameric structures with n? coordination and panchromatic absorption.[3] Overall, the strategy
reveals topology—property relationships in m-conjugated macrocycles.

NELA:(0)
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Aromaticity in the Spectroscopic Spotlight: Expanded
Porphyrins
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Spectroscopic observables are widely used to infer ground- and excited-state aromaticity in expanded porphyrins.
However, how reliably these photophysical signatures reflect aromaticity across chemically diverse systems
remains an open question. In this talk, I will examine a broad family of hexaphyrins spanning different redox
states, topologies, peripheral substitutions, and core modifications, and ask whether commonly assumed
spectroscopic markers of aromaticity remain valid. By combining TD-DFT calculations with multiple aromaticity
descriptors and chemical compound space analyses, we uncover a subtle interplay between molecular planarity,
electronic structure, aromaticity, and absorption spectra [1]. Notably, our results demonstrate that the general
assumption that antiaromatic expanded porphyrins exhibit significantly attenuated absorption bands compared to
aromatic counterparts should be applied with caution. Then, I will turn to nonlinear optical (NLO) properties and
illustrate how explainable artificial intelligence can be used to disentangle the key factors governing the NLO
response of hexaphyrins [2]. In particular, we address the central question: which structural and electronic features
control NLO activity in these systems? Overall, these findings underscore the need for a multidimensional
approach to quantify aromaticity in porphyrinoid macrocycles, going beyond spectroscopic observables alone,
with innovative computational and data-driven strategies emerging as powerful tools for uncovering robust
structure—property relationships across chemical compound space [3].
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Antimicrobial behaviour of supramolecular gels containing
a variety of porphyrins
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*Department of Chemistry and Centre of Advanced Studies in Chemistry, Panjab University, Chandigarh, India

The use of encapsulation of a family of tetraphenylporphyrins in a supramolecular gel formed using a bis-
imidazolium-based provides materials that generate singlet oxygen upon light excitation. The gels comprise fibres
that incorporate one of the four porphyrins: 5,10,15,20-tetrakis(N-methyl-4-pyridinium)porphyrin tetraiodide,
5,10,15,20-tetrakis(4-carboxyphenyl)porphyrin, 5,10,15,20-tetrakis(3-hydroxyphenyl)porphyrin) or 5,10,15,20-
tetrakis(4-hydroxyphenyl)porphyrin. The porphyrins are trapped in the fibres (see image below).

All thee gels are viscoelastic, suggesting their potential as manipulable delivery systems that can retain their gel
form.[1] The singlet oxygen generation from the hydrogel matrix is higher than solutions of the chromophores, as
seen before by us.[2] The generation of the singlet oxygen was screened as a way to attain antimicrobial activity.
The pyridinium-derived porphyrin-containing gel had the highest reduction in E. coli and S. aureus colony
forming, indicating their promise in antimicrobial photodynamic treatments.
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Medicinal precursor synthesis from carbon dioxide with
zinc porphyrin/ATP-NADH dependent biocatalysts
hybrid system

Yutaka Amao?®®
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A novel medicinal precursor, 3-hydroxybutyrate synthesis from gaseous CO2 and acetone using a visible-light
driven hybrid catalytic system consisting of triethanol amine (TEOA), water-soluble zinc porphyrin, zinc
tetraphenylporphyirn tetrasulfonate (ZnTPPS), [Cp*Rh(bpy)(H20)]**(Cp*: 1,2,3,4,5-pentamethylcyclopentadien,
bpy: 2,2’-bipyridine), NAD"™ and various biocatalysts is a candidate for a useful method as a green process. In
this presentation, an enzyme extract containing ATP dependent acetone carboxylase (AC) and NADH dependent
3-hydroxybutyrate dehydrogenase (HBDH) from culturing a purple nonsulfur photosynthetic bacterium,
Rhodobacter capsulatus in a medium containing acetone and bicarbonate under anaerobic photoheterotrophic
conditions was applied as a catalyst for the visible light-driven 3-hydroxybutyrate synthesis from acetone and
gaseous CO> system of TEOA, ZnTPPS, [Cp*Rh(bpy)(H20)]*"and NAD" in the presence of ATP was introduced
as an example for a medicinal precursor production from low concentration of gaseous CO2 (>15 %) with the zinc
porphyrin/ ATP-NADH dependent biocatalytic system as shown in Figure 1[1-4].

Fig. 1. Visible-light-driven 3-hydroxybutyrate synthesis from acetone and low concentration CO2 with the
combination of NAD"' reduction system of TEOA as an electron donor, ZnTPPS as a photosensitizer,
[Cp*Rh(bpy)(H20)]**, and biocatalysts (AC and HBDH) in the presence of ATP.
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Advances in Photodynamic Materials for Antimicrobial
and Environmental Applications
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Recent research in our group has focused on the design and development of photochemically active materials to
address persistent microbial and environmental challenges. Central to this work is the synthesis, modification, and
photophysical characterization of porphyrin-based photosensitizers with enhanced performance under visible-light
irradiation. Systematic structural tuning of phenolic and cationic porphyrins has enabled the establishment of clear
structure—property relationships governing light absorption, intersystem crossing, triplet-state lifetimes, and
singlet oxygen generation. These findings have supported the rational development of photosensitizers with
improved stability and photodynamic efficiency.

Parallel efforts have focused on incorporating these optimized photosensitizers into polymer-supported systems,
notably polysulfone nanofibers and related composite membranes [1]. These materials were engineered to
enhance photosensitizer retention, promote water compatibility, and improve long-term operational stability.
Antimicrobial evaluations performed under illuminated and dark conditions have demonstrated substantial
photodynamic inactivation of waterborne pathogens, along with favourable reusability and material robustness.
These results highlight the potential of light-driven antimicrobial materials for practical water treatment
applications.

In addition to antimicrobial performance, this research has explored broader environmental photochemistry
themes, including the behaviour of reactive oxygen species, light-driven degradation pathways, and the
operational feasibility of photodynamic systems in low-resource contexts. Collectively, these investigations
underscore the promise of photosensitizer-integrated materials as sustainable, adaptable solutions for improving
water quality and advancing environmental health [2, 3].
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Multifaceted exploration of aggregation in water: from
self-assembly to liquid-liquid phase separation

Alba Sanz-Velasco?, Prof. Eduardo Anaya-Plaza?®
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Molecular materials like phthalocyanines have numerous applications in biotechnology, including their use as
imaging agents, photosensitizers for photodynamic therapy, and as biomaterials. However, similar to most
fluorophores, phthalocyanines face a key challenge in aqueous media: their hydrophobic nature lead to aggregate
and precipitate, resulting in the loss of excited state properties, such as fluorescence.

To address this, we initially developed bioconjugation strategies that utilize the electrostatic self-assembly of
phthalocyanines for diverse applications.[ 1] Nonetheless, there exists a family of compounds known as aggregation-
induced emitters (AIEs) that capitalize on their limited solubility in water. In the aggregated state, their molecular
vibrations and rotations—which would otherwise deactivate their emission—are restricted, thereby restoring their
emissive properties.[2]

Through a carefully tailored chemical design, AIEs can be precisely controlled in their self-assembly,[3] which can
lead to the formation of monomerically dissolved molecules, crystalline arrays, or liquid-liquid phase separation
(LLPS).[4] The latter is particularly significant in the fields of biomedicine and biotechnology, offering substantial
potential for developing biomaterials, such as biohybrid silk fibers and protein crystals.
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porphyrins : operando spectroelectrochemical mechanistic
studies

Elodie Anxolabéhére-Mallart, Julien Bonin, Claire Fave, Marc Robert

Sorbonne Université, Institut Parisien de Chimie Moléculaire, CNRS UMR 8232
4 Place Jussieu, 75252 Paris Cedex 05, France
elodie.anxolabehere@sorbonne-universite.fr

The development of spectroelectrochemistry (SEC), which integrates spectroscopic and electrochemical
techniques, has become a powerful approach for uncovering reaction mechanisms at the molecular scale. SEC
offers strong evidence for the presence of reaction intermediates and enables more reliable interpretation of the
structures of the species identified. In particular, coupling cyclic voltammetry with infrared (IR) and UV—visible
SEC has proven highly valuable for detecting reaction intermediates.

We will show how in situ and operando SEC serves as an essential tool for gaining insight into the activation of
small molecules and will illustrate our point with examples related to CO> reduction [1,2] and O2 reductive
activation[3,4] using Mn and Fe porphyrins catalysts (scheme 1).

We will describe promising results of electrocatalysis experiments which can lead to new electrosynthesis
processes, thus promoting the development of more sustainable and efficient synthetic reactions.

LFe®
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Scheme 1: Proposed catalytic cycle for CO: reduction using Fe porphyrin showing successive intermediates
reactive species
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Novel Synthetic Method and 22nx Global Annulene
Aromaticity of Photochromic
Dibenzodimethyldihydropyrenes
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Dibenzo-m-cyclophane (DC) is a photochromic compound that converts to green dibenzodimethyldihydro-
pyrene (DP) upon irradiation of UV light, and quickly returns to DC at room temperature.[1] We have developed
a facile synthetic method of DCs using
Suzuki-Miyaura cross-coupling
reactions, which made the synthetic
steps short and facilitated the
introduction of various substituents.

In the DC state, the number of
aromatic units is 6m (benzene) x 4,
which results in no absorption in the
visible region (colorless) (Figure 1).
Irradiation of UV light (365 nm) to the
DC isomerizes it to a large 227 annulene
aromatic system of DP with visible-to-
near-infrared (NIR) absorption, which

Figure 1. Photochromic reaction between dibenzo-m-cyclophane

was  confirmed by  experimental 1y and dibenzodihydro-pyrene (DP).
evaluation and theoretical calculations

(Figure 2). We observed that the half-
lifetimes of DPs are 0.5-20 sec,
depending on the substituents. There
is a correlation between the activation
barrier from DP to DC and the half-
lifetimes of DPs; 2,7-dimethoxy-DP
has the longest half-life, exceeding 2
minutes. Besides, they can photo-
isomerize not only in solution but
also in films.

We will report the substituent
effects and physical properties of DC
and DP.

Figure 2. UV-vis absorption spectra of DC and DP in toluene.
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Bacteriochlorins and Phthalocyanins in Photoacoustic
Tomography
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Photoacoustic tomography (PAT) is a new tool for the armamentarium of noninvasive imaging inside the body.
PAT combines the contrast of spectroscopic techniques with the depth of acoustic methods. Although the use of
light to excite a chromophore and of ultrasound detection to identify its location, offers new opportunities for
imaging, the development of chromophores, or contrast agents, for PAT is still at its infancy. The physical basis
for the generation of a photoacoustic wave is a fast (sub-microsecond) volume change. Nanosecond pulsed lasers
are employed to excite a chromophore absorbing in the red/near-infrared region of the spectrum and the
subsequent radiationless transitions provide thermal energy to launch a thermoelastic expansion. Most often this
thermoelastic expansion is at the origin of the photoacoustic wave. In special cases, the heat released is used to
promote a phase change, from a nanodroplet to a microbubble, and a larger volume change can be achieved.

This lecture will present PAT of tumors using pulsed lasers and bacteriochlorins with strong absorption at ~750
nm. It will be shown that the signal of the bacteriochlorin can be deconvoluted from those of oxy- and
desoxyhemoglobin, to assess the biodistribution of the bacteriochorin in the tumor and surround tissues [1,2]. It
will also be shown that phthalocyanines can be associated with nanodroplets of perfluoropentane and when
excited at 727 nm provide enough thermal energy to vaporize the nanodroplets and form microbbubles [3]. This
process is reversible and repetitively produces high intensity photoacoustic waves.

The challenges and opportunities of PAT using thermoelastic expansion or phase transitions are discussed, and
their effect in the tumor microenvironment is investigated.
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Optical characterisation of single chlorophyll molecules at
the sub-nanometre scale
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As one of the main biomolecules harvesting light in photosynthetic organisms, chlorophyll plays a crucial role in
biological systems, ultimately sustaining life on Earth. Therefore, the fundamental understanding of the optical
properties of this porphyrin-related biomolecule has attracted widespread interest from the scientific community.
However, traditional spectroscopic experiments, often probing complexes, only provide an averaged understanding
of the rich photophysics of chlorophyll, where the effects of each possible molecular configuration and the local
environment are smeared out. In this work, we address this by exploiting the sub-nm resolution of scanning
tunnelling microscopy and the highly-localised plasmonic enhancement of the picocavity at the tunnelling
junction. We characterise individual chlorophyll molecules, deposited by electrospray ion beam deposition on a
Ag(111) surface with NaCl islands as decoupling layer. By analysing their fluorescence emission excited by the
tunnelling electrons or an external laser source and their tip-enhanced Raman spectra, we observe the structural
dependency of the molecular opto-electronic properties. Our investigation opens new opportunities for the
fundamental understanding of light-harvesting during photosynthesis with unprecedented sub-molecular
resolution.

*Equally contributing authors
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On-Surface Reactions for Chain-Like Porphyrin
Architectures
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On-surface synthesis protocols provide elegant routes to individual porphyrinoids and tetrapyrrole-based one-
(1D) and two-dimensional (2D) nanostructures on coinage metal supports [1-3], including covalent architectures
as well as organometallic coordination polymers.

In this presentation, I will focus on two of our recent approaches to create and comprehensively characterize 1D
structures from porphyrins in an ultrahigh vacuum environment. First, a halogenated porphyrin equipped with
terminal CF3 groups, provided by the group of Mathias O. Senge (Trinity College, Dublin), is used to probe
thermally-induced dehalogenation reactions on Au(111) and Ag(111) supports. After selective activation of the 3-
position, the porphyrins form different reactions products, including Au- and Ag-coordinated chains.
Configuration and electronic properties are characterized with submolecular resolution by scanning tunneling
microscopy, spectroscopy and non-contact atomic force microscopy. Second, we aim to extend porphyrin
architectures by including non-conjugated rigid hydrocarbon linkers, namely BCP [4,5]. Thermally-induced
coupling reactions on Au(111) result in chain-like ribbons. The coupling motifs are discussed based on a scanning
probe microscopy characterization. These studies give access to novel surface-supported porphyrinoid structures
with distinct chemical and physical properties and shed light on the underlying on-surface reactions.
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Metal phthalocyanines and their hybrid structures as active
layers of chemiresistive gas sensors

Tamara Basova?
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The development of novel sensing materials capable of detecting trace toxic gases in ambient air remains a critical
scientific and technological challenge. Hybrid architectures combining metal phthalocyanines (MPcs) with carbon
nanotubes (CNTs) and noble metal nanoparticles (MNPs) have emerged as highly promising platforms for next-
generation chemiresistive sensors.

In this work, we present an overview of our group’s recent advances in designing MPc-based active layers for
chemiresistive gas sensors, with a primary focus on the sensors for ammonia detection. Among various MPcs,
fluoro-substituted derivatives, particularly cobalt and zinc phthalocyanines (MPcFy), exhibit exceptional
sensitivity to sub-ppm NHs concentrations, with detection limits as low as 0.1 ppm. These thin films were
fabricated via physical vapor deposition, enabling precise control over morphology and composition. Systematic
studies revealed that both the number and positional arrangement of fluorine substituents on the phthalocyanine
macrocycle significantly influence sensor response [1].

Further performance enhancement was achieved through hybridization with single-walled carbon nanotubes
(SWCNTs). Non-covalent and covalent functionalization strategies were employed to integrate MPcs with
SWCNTs. It was shown that the use pyrene-functionalized phthalocyanines improves the interaction between
MPc and SWCNT. Increasing the number of pyrene substituents (from 1 to 4) progressively amplified the NH3
response, yielding hybrid films with a detection limit of 0.4 ppm [2].

We also explored 3D architectures in which SWCNTs are cross-linked via covalently attached MPc units.
Comparative analysis demonstrated that these 3D networks outperform conventional MPc/SWCNT composites in
sensor response, highlighting the critical role of nanotube functionalization architecture [3].

Finally, we report on hybrid “MNP/MPc¢” systems fabricated by sequential gas-phase deposition: MPc layers were
prepared by physical vapor deposition, while palladium (Pd) and bimetallic Pd/Au nanoparticles were introduced
via metal-organic chemical vapor deposition (MOCVD) [4]. These nanostructured hybrids exhibited enhanced
sensitivity and selectivity toward hydrogen, even in the presence of interfering reducing gases and volatile organic
compounds.
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Glioblastoma (GBM) is the most common and aggressive primary brain tumor diagnosed in adults. The standard of
care is surgical resection followed by radiation and chemotherapy with the alkylating agent, temozolomide (TMZ).
Unfortunately, at least one-third of patients experience tumor progression during TMZ adjuvant therapy, due to the
presence of intrinsically TMZ-resistant tumor cells. Thus, there is a need for novel therapies to improve current
GBM treatments.

B-lapachone is a small-molecule natural product with potent anti-cancer activity. Its anticancer activity is dependent
on the intratumoral activity of the enzyme, NAD(P)H quinone oxidoreductase 1 (NQO1), which mediates a two-
electron reduction of B-lapachone to a hydroquinone that spontaneously oxidizes back to the parent structure,
completing a futile redox cycle that, in the process, produces cytotoxic reactive oxygen species (ROS) that kill
cancer cells. As GBM has higher NQO1 expression than surrounding brain tissues, B-lapachone is toxic to cancer
cells, whereas normal tissues are unaffected.

Despite its therapeutic promise, the clinical evaluation of B-lapachone has been limited by its poor water solubility,
short in vivo half-life due to rapid metabolism (t/2 = 20 min), and narrow therapeutic window, due to the generation
of methemoglobinemia (i.e., oxidized hemoglobin which cannot deliver oxygen to tissues) as a side effect.

To mitigate these limitations, we developed a prodrug of B-lapachone dependent on light activation [1]. In contrast
with native B-lapachone, our photoactivatable B-lapachone remained intact in a human whole blood assay (t¥2 > 2
h), did not induce methemoglobinemia in mice, and displayed light-induced tumor shrinkage in dorsal window
chambered (subcutaneous) pancreatic tumor mice models. The in vitro and in vivo performance of our
photoactivatable B-lapachone will be discussed, along with recent work targeting GBM.
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The Structure and Mechanism of Natural and Engineered
Heme Oxygenase Biocatalyts
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Cytochrome P450 heme containing metalloenzymes (CYPs) are monooxygenases which catalyse a diverse range
of oxidation reactions through the activation of dioxygen. However, the high cost of the required nicotinamide
cofactors and their need for additional electron transfer proteins limits their use as biocatalysts in larger-scale
chemical applications. We have recently identified that a family of these CYP enzymes involved in the oxidation
of lignin derived aromatics can function as peroxygenases. We have investigated whether other bacterial CYPs
can be converted into efficient hydrogen peroxide using peroxygenases through protein engineering of the
enzyme’s oxygen activation machinery to more closely resemble those of the natural peroxygenase [1,2]. We have
developed mutants which have significantly higher peroxygenase activity than a single mutant prototype and that
function at significantly lower hydrogen peroxide concentrations [3]. The X-ray crystal structures and other
spectroscopic techniques revealed significant structural changes at the heme and the oxygen-binding groove
providing a rationale for the modified activity. In crystallo reactions and ambient temperature crystallography
methods have been undertaken by to shed insight into the mechanism of action of these enzymes [4]. We have
extended our mutagenesis strategy to CYP enzymes from a diverse range of bacteria and generated new
peroxygenase biocatalysts for the regio- and stereo-selective hydroxylation of steroids, norisoprenoids and drug
molecules at relatively low hydrogen peroxide concentrations [5-7]. When this method is applied to CYP enzymes
from thermophilic bacteria these reactions can occur at elevated temperatures enabling enzymatic hydroxylation
reactions on a variety of substrates under non-standard biological conditions [7].
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Thioalkyl porphyrazines are tetrapyrrolic macrocycles bearing sulfur atoms at the B positions of the ring and
exhibiting distinctive optical and electronic properties. Moreover, the presence of sulfur atoms enabled the
development of an original and efficient strategy for the non-symmetrical functionalization of the macrocycle with
suitable aryl or aryl ethynyl substituents, leading to fine tuning of its electronic properties. As a result, thioalkyl
porphyrazines represent promising building blocks for functional materials in optoelectronic applications, such as
organic photovoltaics (OPV), nonlinear optics (NLO), and liquid crystals (LC) as we have previously demonstrated.
In particular, we reported the application of pyrene-substituted thioalkyl porphyrazines in NLO and OPV,[1] as well
as the preparation of their composites with nanocarbons, yielding materials capable of efficient photocurrent
generation.[2] More recently, we also described a new porphyrazine scaffold conjugated with a chiral, extended
aromatic hexahelicene moiety, a structural motif that remains largely unexplored in OPV applications.[3] We will
describe herein the synthesis of the novel B-n!-Pd(II)-thioethyl porphyrazine complex 1, as well as its structural and
electronic properties, and potential application in material science and as a catalyst in cross-coupling reactions.[4]
Moreover, considering that tetrapyrrolic systems have been extensively exploited as sensing materials in chemical
sensors,[5] we explored, for the first time, the potential of thioalkyl porphyrazines in this field. A selected set of
these compounds was employed as sensing layers on quartz crystal microbalance (QCM) transducers to discriminate
a series of amines, alcohols, and alkanes using an electronic-nose approach. The influence of the thioalkyl chain
length and of different metal coordination within the macrocyclic cavity on sensing performance was systematically
evaluated.

SEt SEt
EtS

7 SN —sEt

N

) NH\

N N

y NH  N=( pph,
EtS = NT N\ Pd-Br

SEt set PPhs

(1)
REFERENCES

1. Belviso, S.; Tessore, F.; Santoro, E.; Righetto, S.; Penconi, M. J. Phys. Chem. C 2019, 123, 13074.

2. Belviso, S.; Capasso, S.; Santoro, E.; Najafi, L; Lelj, F.; Superchi, S.; Casarini, D.; Villani, C.; Spirito, D.;
Bellani, S.; Del Rio Castillo, A. E.; Bonaccorso, F. Adv. Funct. Mater. 2018, 1705418.

Belviso, S.; Marsico, G.; Franzini, R.; Villani, C.; Abbate, S.; Longhi, G. Dalton Trans. 2022, 51, 16453.
Belviso, S.; Larotonda, G.; Santarsiere, A.; Santoro, E. ; Tuzi, A. Dalton Trans. 2025, 541, 11563.

5. Paolesse, R.; Nardis, S.; Monti, D.; Stefanelli, M.; Di Natale, C. Chem. Rev. 2017, 117,2517.

bl

Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 27

Progression on the Development of Boron
Subphthalocyanines, Subnaphthalocyanines and Hybrids
for their Applications and on the Sustainability Side.
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For many years, my group has been focused on the molecular/material designs, synthesis and applications of
boron subphthalocyanines (BsubPcs) and subnaphthalocyanines (BsubNcs), which are macrocycles with a
chelated central boron atom.[1] Our focal points continues to be between the basic and applied chemistry and their
application into organic photovoltaics (OPVs)/organic solar cells (OSCs),[2a] batteries, and organic light
emitting diodes (OLEDs);[2b] electrochemical and photophysical properties being critical to these applications.
[2c-d] To-date/in the literature and industry, there is always significant energy that needs to go into Pc formation/
manufacture and therefore we are also considering a more sustainable process to make the Pcs as well as the
BsubPc and BsubNcs.

For this presentation, a point will be 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 BCls with 2,3-dicyanonaphthalene, however the random halogenation has been
shown to have a positive impact to the OPV devices,[3a] but negative within OLED devices.[3b] We did
develop a method to separate the mixed alloyed BsubNcs, and it was a mixed set of bands and we acquire data to
show the impact of the percentage/number of bay-position halogens, including chlorine and bromine, on
electrochemical/conductivity etc.[4a-b] I will also present a new synthetic methodology to avoid the random
bay-position halogenation of the BsubNcs. And I will also present a new method to have complete bay-position
halogenation to the BsubNcs, is ongoing research to-date. We have also applied a computational model to look at
the relative impact of the random bay-position halogenation on the electronics, the HOMO-LUMO levels as well,
so I will likely present that as well. I may likely also present that we ongoing considerations of other bay-position
substitutions of the BsubNcs to avoid the random halogenation. Re hybrids, have recently developed BsubNc +
BsubPc hybrid materials and to-date of filing the abstract we have setup another method and we are likely to
achieve this by this summer, then I will present its outcome. I will also likely outline our approach to accelerate
the development of BsubNcs + BsubPcs + hybrids whereby their molecular design can be first justified through
a computational model. Next, I will present recent outcomes that enables the BsubPc and BsubNc formation via
having lower embodied energy and therefore can have more sustainability for any upcoming studies, their
application, etc, and can also apply to phthalocyanines (Pcs).
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Functionalization of the carbaporphyrin core influences its framework and spectroscopic properties, as the
planarity is no longer possible. There is no more room for regular coordination, as there is an additional steric
hindrance [1]. Yet, forced proximity of the substituent may result in new chemistry induced by a metal-ion
insertion and occurring in the coordination core as well as at the porphyrinoid periphery [2,3].

Here, we present cobalt-induced inner carbon arylation in a series of carbaporphyrinoids [4,5]. The reaction
results in a paramagnetic complex (and a diamagnetic one for N-confused porphyrin) that undergoes facile
demetallation to give the respective functionalized ligand.

The phenyl substituent confined in the coordination core, while anchored to the inner carbon atom, alters the
coordination properties. It also induces a series of transformations within the macrocycles when exposed to
palladium(II) or rhodium(IIl) ions. Especially susceptible is azuliporphyrin, which gets oxidized, reduced or
contracted to accommodate the incoming metal ion. Structures are characterized with HRMS, NMR and SC-XRD.
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Recent progress in sensing and imaging with functional dyes based on (metallo)porphyrins and aza-BODIPY's will
be highlighted. Simultaneous imaging of oxygen and temperature is realized with quinone-extended porphyrin
complexes [1, 2]. These dyes feature dual emission (phosphorescence and thermally-activated delayed fluorescence)
which ratio is temperature-dependent whereas the luminescence decay time is affected primary by oxygen
concentration. This rare behavior enables dual sensing and imaging by measuring the luminescence decay time and
luminescence ratio.

Capitalizing on the spectral properties of the benzoporphyrin complexes (absorption in the red and emission in the
NIR part of the spectrum) we demonstrate their utility for oxygen imaging in a wide range of biological probes.
Dye-doped nanoparticles are utilized for in vivo imaging of oxygen dynamics in corals utilizing decay-time based
read-out [3]. In order to enable broader adoption of such materials we introduce a new imaging set-up based on a
compact and affordable gate-able CMOS camera that utilizes multiple exposure in one frame capability [4]. For
microscopy applications we present a ratiometric 2-wavelength system based on combination of a NIR-emitting
Pt(IT) benzoporphyrin and a red-emitting aza-BODIPY dye simultaneously excited with red light. The nanoparticle-
based system is utilized for imaging of oxygen distribution in multicellular spheroids revealing inverse oxygen
gradients [5] whereas a planar foil is shown to be excellently suited for simultaneous real-time imaging of oxygen
gradients and microbial community special organization in confined environments. The community consists of two
bacterial strains representing distinct phenotypes—elongated and rounded cell shapes—engineered to express
mScarlet-1 and GFP, respectively, which can be imaged simultaneously with red-NIR emitting O2 sensors.

A new fluorescent aza-BODIPY dye modified with an aniline-based receptor shows “off-on” response to pH in the
acidic range due to inhibition of photoinduced electron transfer upon protonation of the receptor. Immobilization of
this indicator into a hydrogel matrix protected by a silicone membrane gives a highly sensitive and robust ammonia
sensor which proved suitable for monitoring this analyte, that is highly toxic for fish, in natural waters.

Finally, we demonstrate utility of an aza-BODIPY dye as a NIR emitter for visualizing the internalization and
biological impact of nanoplastics in live intestinal organoids by Fluorescence Lifetime Imaging Microscopy [6].
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Metalloporphyrins are distinguished by their extended m-conjugated macrocycles and redox-active metal centers,
which can reversibly access multiple oxidation states and play central roles in biological energy conversion
processes such as photosynthesis and respiration. Beyond their molecular properties, several studies have
demonstrated that covalent conjugation between metalloporphyrin units induces cooperative effects that markedly
enhance catalytic performance. In particular, superior catalytic activities have been correlated with the ability of
conjugated porphyrin assemblies to accumulate and delocalize multiple charges, thereby enabling demanding
multi-electron reaction pathways. Within this context, fused porphyrin tapes—Ilinear arrays of porphyrin units
covalently fused through their meso and [ positions—represent an appealing architecture, as they form rigid,
highly m-conjugated, and electrically conductive systems [1]. Nevertheless, despite the vast structural diversity
accessible within porphyrin chemistry, the application of fused porphyrin tapes remained largely unexplored.
Oxidative chemical vapor deposition (0CVD) has recently emerged as an effective strategy for the direct
fabrication of fused porphyrin tapes as thin films [2]. In this vapor-phase process, oxidative dehydrogenative C—C
coupling and in situ doping occur concurrently upon co-delivery of the monomer and oxidant to the substrate
surface [3]. Using this approach, metalloporphyrins featuring unsubstituted meso positions can be successfully
converted into extended fused porphyrin tapes. A key advantage of oCVD lies in its ability to deposit uniform,
thickness-controlled films on a wide range of substrates, making it particularly attractive for electrocatalytic
applications. Notably, the polymerization process is largely insensitive to the nature of peripheral substituents [4]
or the identity of the central metal ion [5], offering substantial flexibility for tuning electrocatalytic functionality.
In this study, we demonstrate the potential of fused porphyrin tape thin films as highly active electrocatalysts for
the hydrogen evolution reaction (HER) [6], nitrate reduction reaction (NO3RR), oxygen reduction reaction (ORR),
and oxygen evolution reaction (OER) [7]. Combined experimental and computational studies reveal that both the
metal center and the porphyrin substitution pattern significantly influence catalytic performance. Overall, this
work establishes a versatile platform for the rational design and seamless integration of metalloporphyrin-derived
electrocatalysts into advanced energy conversion systems.
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Molecular materials with tailored optical properties represent valuable platforms for advanced sensing
applications. In particular, chemoresponsive systems are essential for the selective and sensitive detection of small
analytes, with important implications for environmental monitoring, medical diagnostics, and industrial quality
control. A key challenge in this field is the development of reversible signaling mechanisms—especially optical
ones—that enable continuous and real-time detection. Porphycenes (H2Po), tetrapyrrole macrocycles
constitutional isomers of porphyrins,[1] are chemically and thermally stable 18n electron conjugated
chromophores that can serve as versatile scaffolds due to their rich peripheral functionalization possibilities (R!
and R? in Fig. 1), which can be engineered for specific applications. In this study, three porphycenes (Fig. 1) were
investigated: the parent compound 1, and two tetra-alkyl-substituted derivatives bearing four n-propyl groups
either at the f positions of the pyrrole rings (2) or at the meso positions (3). f-alkyl substitution (2) should not
significantly impact the electronic densities of the molecular core, whereas meso functionalization (3) tend to
distorts the core from almost planar towards more strongly rectangular structure compared to that present in 1 and
2. The acidochromic behaviour of the three porphycenes was investigated both in solution and in the solid state,
[2] including three-dimensional neat films and polymer-dispersed matrices. Optical absorption and
photoluminescence measurements reveal distinct spectral signatures associated with the protonated and
unprotonated forms of the porphycenes, as well as differences in their stability and reversibility, highlighting the
potential of porphycene-based thin films as optically reversible chemosensing platforms.

Intensity, (a..)

e)

Figure 1: a) chemical structures of the studied porphycenes; b) compararisons of the optical absorptivities of 1,2,3
in DCM solutions; ¢, d) changes in optical absorptions of 2 and 3 upon addition of 2 equiv. of H'; ¢) changes in
optcal absorptions of a 20nm thin film of 3 when exposed to HCI vapours.

1. E. Vogel, M. Kécher, 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
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Tailoring Electronic Properties in m-Extended Porphyrin-
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Since its inception nearly two decades ago, on-surface synthesis (OSS) has matured into a powerful technique for
constructing m-extended nanostructures on surfaces—structures that are often unattainable through conventional
solution-phase routes.[1] Among the building blocks used for the fabrication of such nanoarchitectures,
porphyrins (Pors) are of particular interest due to their planar structure with an aromatic core of 18 m-electrons,
remarkable thermal stability, tunable redox properties, and intense optical features.[2] Herein, we present our
endeavor towards the on-surface fabrication, and structural and electronic characterization of Por-based systems
such as Por-graphene nanoribbon hybrids (Figure 1a),[3a,c] phenalenyl (Figure 1b)[3b,e] and [3]triangulene-fused
(Figure 1d)[3h,i] n-extended Por monomers, Por nanotapes (NTs) (Figure 1c),[3d,g] and Por-based metalo-
organic 1D nanochains (Figure 1e),[3f] many of such structures showing an open-shell character.

Figure 1

e) .

AupmfN=C 6 C SNl A o
[‘ QAP }

REFERENCES

1. S. Clair, D. G. de Oteyza, Chem. Rev. 2019, 119, 4717-4776.

2. K. M. Kadish, K. M. Smith, R. Guilard, The Porphyrin Handbook, Vol. 1-10, Academic Press, Burlington,
2000.

3. a) L. M. Mateo et al., Angew. Chem. Int. Ed. 2020, 59, 1334-1339; b) Q. Sun et al., J. Am. Chem. Soc. 2020,
142, 18109-18117; ¢) L. M. Mateo et al. Chem. Sci. 2021, 12, 247-252; d) Q. Sun et al. Angew. Chem. Int. Ed.
2021, 60, 16208-16214; e) Q. Sun et al. Adv. Sci. 2022, 9, 2105906 (1-9); f) M. Tenorio et al. Angew. Chem.
Int. Ed. 2025, 64, ¢202420572(1-9); g) R. Robles et al., Angew. Chem. Int. Ed. 2025, 64, ¢15342(1-7); h) M.
Martinez Garcia et al., Submitted manuscript; i) Work in progress.

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 33

Ambipolar porphyrinoid-based gas sensors: Inversion of
polarity through external stimuli
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In the present work, we successfully synthesised a series of phthalocyanine complexes with varying the
number and nature of halogen (Fo, Fs, Fis and Clg) and metal centre (Co, VO, Zn and Cu). We fabricated bilayer
heterojunction sensors with LuPc2 as a common top layer on these molecules as sublayers, and investigated their
sensing properties towards both oxidizing and reducing gaseous species (NH3, NO2 and Os3). The resulting
heterojunction devices exhibit p-type, n-type or ambipolar (both p- and n-type) behaviours, depending on an external
trigger (Fig. 1a). We will see, from examples, that light, temperature, humidity and applied potential can be able to
switch the polarity of majority charge carriers, leading to a positive or negative response to a given gas (Fig. 1b).

Fig. 1: a) Schematic view of triggers (voltage, light, humidity and temperature) capable of changing polarity from n-type to p-
type and b) current variation of a heterojunction towards NHz under successive exposure/recovery cycles.
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Developing COz as a building block to produce a range of products is of high current interest. A primary
challenge in the activation and conversion of COz to useful products is suppressing the competing hydrogen
evolution reaction. For catalysts functioning in water, a desired solvent and proton source, selectively reducing
COgz is particularly challenging. Developing this chemistry in a photochemical system presents additional barriers
to achieving selectivity because reactions of photosensitizers also impact system product distribution.

Here, we report the use of a cobalt-substituted cytochrome ¢ fragment (CoMP11-Ac) as well as a synthetic
cytochrome ¢ mimic (CoMC6*a, “mimochrome”) for the electrochemical and photochemical reduction of CO:z to
CO, achieving selectivity for CO production exceeding 90% in optimized electrochemical conditions, and
exceeding 50% in photochemical conditions. In electrocatalytic systems, we demonstrate that selectivity depends
on applied potential and the pKa of the proton source (in water, protonated buffer species). We propose that
avoiding formation of a formal Co(I) species by avoiding highly cathodic potentials and the use of relatively basic
proton donors favors CO over Hz production [1,2]. Furthermore, we find that the relatively enclosed active site of
CoMC6*a relative the solvent-exposed active site of CoMP11-Ac impacts proton delivery kinetics and reaction
selectivity. These concepts have also been shown to apply to photochemical systems for CO» reduction, with the
proton donor acidity, photosensitizer reduction potential and catalyst Co(II/I) potentials dictating system activity
and selectivity. This study demonstrates the complex interplay between proton donor pKa, the potential of
electrons supplied to the catalyst, and the catalyst active-site structure in determining CO> reduction activity and
selectivity for these structurally related biocatalysts.
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Main Group Corroles
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The vast majority of metal corroles are complexes of transition metals. For those, the redox behaviour and
chemical reactivity of the axial ligands play a decisive role, and typical topics include the stabilisation of
particularly high oxidation states and the non-innocent behaviour of the corrole ligand.

In contrast, the numerically significantly inferior main-group corroles mostly represent electronically innocent,
diamagnetic species without unpaired electrons. In this field, topics from photochemistry and photophysics are
therefore particularly relevant, and structural properties are more important than electronic characteristics.

In this lecture, our investigations into the syntheses, chemical behaviour and photophysical investigations of main
group corroles[1,2] will be presented, using various current examples.
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Converting porphyrins into exotic porphyrinoids

Christian Bruckner
Department of Chemistry, University of Connecticut, Storrs, CT 06269-3060, USA.

The step-wise conversion of one, two, or three pyrrolic building blocks in well-known porphyrins, such as meso-
tetraaryl- (TPP and TFPP) and B-octaalkyl-porphyrins (OEP), to non-pyrrolic building blocks has shown to be a
versatile approach toward the formation of exotic porphyrinoids. While some still possessed porphyrin-like
electronic properties and structures, some showed much altered electronic and chemical properties [1].
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We will provide an overview of some well-known and unpublished systems with focus on what electronic or
chemical properties distinguishes them as exotic [2]. Examples of exotic physical properties include unusually
shifted optical spectra and modulations of their aromaticity [3]. We will present recent data on the identification
of the pyrrole-modified porphyrinoid fragments found under ESI+ mass spectrometry conditions [4]. Exotic
chemical properties include their intervonversions or chirality imposed onto them by means of their unusual
conformations [5] and their ring-opening reactions involving the cleavage of a pyrrolic building block [6].
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Heme-Dependent CO Sensing Transcription Factors: CooA
and RcoM
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Two known heme-dependent transcription factors, CooA and RcoM, regulate inducible carbon monoxide
metabolism pathways in anaerobic and aerobic microorganisms, respectively. In these bacteria and archea, CO is
a source of energy and carbon, and the enzymes that oxidize CO use complex metallocofactors that depend on
accessory proteins for assembly and proper function. The high energetic cost of these processes necessitates that
gene expression occurs only when CO concentrations and redox conditions are appropriate.[1]

CooA is a cAMP receptor protein / fumarate and nitrate reductase superfamily protein. Allosteric activation of
CooA in response to CO binding has been described in terms of discrete structural changes, without consideration
of a potential role for protein dynamics in DNA binding. We used site-directed spin-label electron paramagnetic
resonance spectroscopy (SDSL-EPR) to probe slow timescale (us-ms) conformational dynamics of CooA with the
redox-stable MAL-6 nitroxide spin label, and IR spectroscopy to probe the environment at the CO-bound heme.
Cysteine substitution variants were created to selectively label CooA in key functional regions, the heme-binding
domain, the 4/5-loop, the hinge region, and the DNA binding domain. The EPR spectra of labeled CooA variants
were compared across three functional states: Fe(III) “locked off”, Fe(I[)-CO “on”, and Fe(II)-CO bound to DNA.
We observed changes in the multicomponent EPR spectra, most notably in the hinge region and DNA binding
domain, broadening the description of the CooA allosteric mechanism to include protein dynamics in DNA
binding. DNA-dependent changes in IR vibrational frequency and band broadening suggest that DNA binding
alters the environment of the heme-bound CO.[2]

RcoM is a single-component transcription factor with a PAS-type sensory domain connected via a long,
unstructured linker to a LytTR-type DNA binding domain. Absent structural data for RcoM in any functional
state, it remains unclear how carbon monoxide binding at heme leads to DNA binding. We report low-resolution
solution structural models of the RcoM dimer and of the RcoM:DNA complex, which consists of two RcoM
dimers and a 62 bp promoter DNA sequence, made using size-exclusion chromatography coupled small-angle X-
ray scattering. A protein structure prediction model, refined with experimental data, shows dimerization occurring
through the PAS domains, with non-interacting LytTR domains. We show that RcoM does not change oligomeric
state in response to effector-binding; instead, our data implies that two RcoM dimers independently bind the
triplet direct repeat promoter sequence. This work offers a first step in the structural characterization of a unique
transcription factor, widening our understanding of DNA binding mechanisms among LytTR-proteins.[3]
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Porphyrins, with their exceptional light-harvesting capability and tunable electronic properties, have been used as
semiconductors in bulk-heterojunction organic solar cells. Push-pull systems based on porphyrins are designed
with architectures such as donor—acceptor (D—A), acceptor—donor—acceptor (A—D—A), and donor—acceptor—donor
(D-A-D) configurations. These designs enable broad absorption profiles extending into the near-infrared region
and facilitate favourable energy level alignment for efficient exciton dissociation. [1]

Over the last few years, advances from our research group have highlighted the versatility of porphyrins in
constructing advanced active phases for OSCs and underscored their potential in achieving high-efficiency,
solution-processable photovoltaic devices, delivering power conversion efficiencies (PCEs) exceeding 13% in
binary blends[2] and up to 16% in ternary devices.[3] Recently, we have explored the use of non-conventional
asymmetric m-conjugated systems incorporating aromatic and non-aromatic scaffolds for their development in
organic electronics. [4]

Here we present our latest work, aimed at further advancing the performance of porphyrin-based organic
electronics. To gain deeper insight into the effect of molecular symmetry, we have designed novel porphyrin-

based semiconductors featuring a unique architecture.
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Benzo-fused analogues of aza-DPMs and aza-BODIPYs have a different electronic configuration compared to
normal (aza) DPMs/BODIPY s but share their interesting properties and versatility [1, 2]. Here, we summarise and
extend the synthesis strategies for this family of aza-DPMs, aza-BODIPYs, and trimer systems. The complexation
chemistry of these ligands is diverse and intriguing. In many cases, this leads to stable complexes, whereas in
other cases, the outcomes include higher-order analogues (dimerization of dimers) and even macrocyclization.
Linear systems, such as pentamers, can be assembled through sequential, controlled syntheses.

NS M
/ N HN \ - =
Ar Ar

N M
’\1 ~
HN
/ NR

Ar

Di-

\_/ Penta-

REFERENCES

1. A. Diaz-Moscoso, E. Emond, D. L. Hughes, G. J. Tizzard, S. J. Coles and A. N. Cammidge “Synthesis of a
class of core-modified Aza-BODIY derivatives” J. Org. Chem. 79, 8932-8936, 2014. DOI 10.1021/j0501863t.

2. B. N. Alanazi, A. O. Alsahli, S. Remiro-Buenamanana, A. Diaz-Moscoso, F. H. Alkorbi, N. A. Alsaiari, C.
Marrett-Munro, I. Chambrier, D. L. Hughes, G. J. Tizzard, S. J. Coles and A. N. Cammidge “A Family of
Symmetrical and Unsymmetrical Aza-Dipyrromethenes and Aza-BODIPY's with Through-Bond and Face-To-
Face n-Interaction between Termini” . Chem. Eur. J. 31, €202501862, 2025.

Copyright © 2026 Society of Porphyrins & Phthalocyanines Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org



NELA:(0)

40

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org

Fourteenth International Conference on Porphyrins and Phthalocyanines

Synthesis of Planar and Curved m-Extended Anthracenyl
Porphyrins by On-Surface Cyclodehydrogenation

Stéphane Campidelli?, Joffrey Pijeat?, Karl-Heinz Ernst®, Milo§ Baljozovic®

aUniversité Paris-Saclay, CEA, CNRS, NIMBE, LICSEN, 91191 Gif-sur-Yvette, France.
SMolecular Surface Science Group, Empa, 8600 Diibendorf, Switzerland.

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 2007 that noble metal surfaces were used as catalytic surface to perform reactions on the porphyrin.[2]
Since then, examples of open-shell porphyrin derivatives[3] and conjugated oligomers.[4] were reported.

Herein, we report an in vacuo temperature controlled cyclodehydrogenation of bis- and tetra-anthracenyl Zn(II)
porphyrins on a gold(111) surface.[5] By gradually increasing the temperature, sequential dehydrogenation leads
to the formation of fused anthracenyl porphyrin products. Notably, at high molecular coverage, the formation of
bowl-shaped porphyrins occurs. These findings open the door to a variety of m-extended anthracenyl-containing
porphyrin products via cyclodehydrogenation and transmetalation, offering significant potential in the fields of
molecular (photo/electro)catalysis, (opto)electronics, and spintronics (Figure 1).

Figure 1. Schematic representation of the “on-surface” synthesis of n-extended anthracenyl porphyrin derivatives.
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This study reports about a series of perfluorinated Zn(I[) porphyrins designed as sensitizers for
photoelectrosynthetic cells, [1-4] with a focus on promoting the oxidation of benzyl alcohol (BzOH) mediated by
the 2,2,6,6-tetramethyl-1-piperidine N-oxyl (TEMPO) organocatalyst. Three dyes, CLICK-3, CLICK-4, and
BETA-4, are meticulously designed to explore the impact of substituents and their positions on the perfluorinated
porphyrin ring in terms of redox potentials and energy level alignment when coupled with SnO2/TiO2-based
photoanodes and TEMPO mediator. A comprehensive analysis utilizing spectroscopy, electrochemistry,
photophysics, and computational techniques of the dyes in solution and sensitized thin films unveils an enhanced
charge-separation character in the 4D—n—1A type BETA-4. Incorporating four dimethylamino donor groups at the
periphery of the porphyrin ring and a BTD-accepting linker at the B-pyrrolic position equips the structure with a
more efficient donor—acceptor system. This enhancement ensures improved light-harvesting capacity, resulting in
a doubled incident photon-to-current conversion efficiency (IPCE% =30%) in the presence of Lil compared to
meso-substituted dyes CLICK-3 and CLICK-4. Sensitizing SnO»/TiO> thin films with BETA-4 successfully
promotes the photooxidation of benzyl alcohol (BzOH) in the presence of the rapid TEMPO [5] radical catalyst,
yielding photocurrents of approximately 125 pA/cm? in an optimized TBPy/LiClIO4+/ACN electrolyte. Notably,
when lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) replaces TBPy as the base for TEMPO-catalyzed
BzOH oxidation, a remarkable photocurrent of around 800 pA/cm?2 is achieved, marking one of the highest values
reported for this photoelectrochemical reaction to date. This study underscores that the proper functionalization of
perfluorinated zinc porphyrins positions these dyes as ideal candidates for sensitizing SnO2/TiO2 in the
photodriven oxidation of BzOH. It also highlights the crucial role of carefully tuning electrolyte composition
based on the electronic properties of molecular sensitizers.
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Solar-Driven Photocatalysis for Hydrogen Production and
Carbon Dioxide Conversion

Georgios Charalambidis?, Fabrice Odobel®, Athanassios G. Coutsolelos®¢
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The persistent global dependence on fossil fuels has led to severe environmental challenges, largely driven by the
rapid rise in greenhouse gas emissions. Developing cost-competitive, low-carbon technologies based on
renewable energy is therefore essential. Among all renewable sources, solar energy holds the highest potential for
large-scale sustainable deployment. Hydrogen, a zero-emission energy carrier, represents an attractive alternative
to carbon-based fuels, particularly when produced photocatalytically from water. Likewise, the photocatalytic
conversion of CO: into value-added chemical fuels offers a promising route to both mitigate emissions and
generate useful products. Inspired by natural photosynthesis, a wide range of artificial photocatalytic systems
based on porphyrinoids have been designed and evaluated over the last years.[1]

In this presentation, I will discuss our recent progress in the development of photocatalytic systems for hydrogen
evolution and CO> reduction that employ porphyrin derivatives as chromophores or as molecular catalysts. I will
highlight our advances in heterogeneous photocatalysis, including the use of self-assembled supramolecular
porphyrinoid nanostructures[2] and dye-sensitized photocatalytic systems (DSPs).[3] Finally, I will address our
efforts to improve the overall sustainability of these processes by replacing conventional sacrificial electron
donors with productive oxidation reactions, specifically the photocatalytic oxidation of alcohol derivatives.[4]
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Advanced Porphyrin Nanoparticles for Cancer Theranostics

Juan Chen?, Gang Zheng®
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Photodynamic therapy (PDT) utilizes light-activated photosensitizers to generate cytotoxic reactive
oxygen species for localized tumor ablation. To improve treatment selectivity and reduce off-target
effects, we pioneered a concept of activatable photosensitizers, in which photodynamic activity remains
quenched until activated by disease-specific interactions [1]. Building on this concept, we developed
porphysomes—Iliposome-like nanostructures self-assembled from porphyrin-lipid conjugates—that
circulate in a photophysically quenched state and recover fluorescence and PDT activity upon cellular
uptake and nanostructure disassembly. Porphysomes enable multimodal imaging and therapeutic
applications, including photoacoustic imaging, photothermal therapy, positron emission tomography
(PET), fluorescence imaging and PDT, and are now progressing toward clinical translation. To further
improve translational potential and improved PDT efficacy, we developed PEG-free, ultrasmall
porphyrin lipoprotein—like particles (PLP) that mimic the structure and function of high-density
lipoproteins (HDL). These theranostic nanostructures integrate PET, fluorescence imaging, and
activatable PDT within a single HDL-like platform and exhibit favorable pharmacokinetics without
PEGylation. Rapid intracellular trafficking and dissociation of PLP within tumors restore porphyrin
fluorescence and photodynamic activity, enabling low-background imaging and efficient PDT [2]. To
address the unique challenges of glioblastoma (GBM), including blood—brain barrier penetration and
heterogeneous intratumoral delivery, PLP was further engineered with a single apolipoprotein E—
mimetic peptide [3]. This design promotes stable HDL-like assembly while enabling multivalent
engagement of LDLR, LRP-1, and SR-BI, resulting in enhanced porphyrin delivery and improved PDT
efficacy in GBM models. Finally, to overcome hypoxia-associated limitations of PDT, we developed a
perfluorocarbon nanoemulsion incorporating a porphyrin—lipid conjugate, which enhances oxygen
availability and achieves potent PDT responses in lung cancer models. Collectively, these advanced
porphyrin-based nanoplatforms provide a versatile and clinically translatable framework for multimodal
cancer imaging and therapy in challenging disease settings.
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Red-shifted chlorophylls and their containing organisms:
Current status

Min Chen
School of Life and Environmental Sciences, The University of Sydney, Australia. E-mail: min.chen@sydney.edu.au

Chlorophyll d and chlorophyll fare red-shifted chlorophylls, because their Q absorption bands are significantly red-
shifted compared to chlorophyll a. The discovery of chlorophyll fin 2010 [1] and the subsequent characterization
of chlorophyll f~containing cyanobacteria [2, 3] have led to new research directions, opened new avenues, and
challenged the physical limits of oxygenic photosynthesis [4-6]. In my presentation, I will report on the chemistry
and function of red-shifted chlorophylls and introduce the potential application of such profound consequences on
their red-shifted electronic absorption spectra in photosynthesis and beyond [7-10], including the unique adaptations
that have allowed the proliferation of chlorophyll d- and chlorophyll f~containing organisms in diverse ecological
niches around the world.
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Porphyrinoid Nanomedicines for Advanced Theranostics
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Porphyrinoids such as BODIPY and texaphyrin are powerful photochemical agents for photodynamic therapy
(PDT), as well as radio- and fluorescence-based imaging, making them potential candidates for diagnosis and
therapy (“theranostics”). However, their clinical translation is often limited by poor bioavailability and the lack of
intrinsic targeting capabilities. Lipid-based nanoparticles offer an effective strategy to address these limitations in
cancer nanomedicine. In this presentation, we describe a “one-for-all” liposomal formulation strategy that
integrates novel organic chromophores (aza-BODIPY and texaphyrin) to enable multimodal imaging and
theranostic properties. First, we describe the development of BODIPYsomes, formed from aza-BODIPY lipids,
which exhibit nanoconfinement-induced optical properties enabling high-contrast, dual-modality tumour imaging
[1]. Second, we present the development of metallonanotexaphyrins, texaphyrin-based nanoparticles that chelate
both “hot” and “cold” trivalent metals to generate PSMA-!'!!In/Lu-nanotexaphyrins for tumour targeting,
SPECT/CT, and PDT [2], as well as myoglobin-loaded !”’Lu/Gd-nanotexaphyrins for radiotherapy, SPECT/CT,
and MRI. These examples demonstrate image-guided therapy with real-time tracking. Finally, we discuss
emerging opportunities and remaining challenges associated with the radiolabelling of 2°!' Tl-based
nanotexaphyrins, and highlights the need for continued investigation into porphyrinoid chemistry for biological
and clinical applications.
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Regioselective reduction of N-confused porphyrin:
N-Confused Chlorin iron nitrosyl complex

Wei-Min Ching*?, Cheng-Chau Chiu*?, Chen-Hsiung Hung®
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®Department of Chemistry, National Sun Yat-sen University, Kaohsiung 804201, Taiwan
¢Institute of Chemistry, Academia Sinica, Taipei 115, Taiwan

Treating the reductant with [Fe(CTPPCH2)NO] [1-2] leads to the formation of an unexpected N-confused chlorin
iron nitrosyl complex, [Fe(CTPPCH>-Chlorin)NO], rather than the NC-phlorin [3] or other reduced iron nitrosyl
complexes. The UV-vis spectrum shows a Soret band at 364 nm, distinct from the 460 nm band of
[Fe(CTPPCH2)NO]. Although the crystal structures of [Fe(CTPPCH:>-Chlorin)NO] and [Fe(CTPPCH2)NO] are
similar, the 'H-NMR spectrum indicates an incomplete pi-conjugate system characteristic of N-confused
porphyrin. This is notably different from the starting complex, [Fe(CTPPCH:>)NO]. The IR and '"N-NMR spectra
also suggest a significant NO radical character in [Fe(CTPPCH:-Chlorin)NO], closely resembling
[Fe(CTPPCH:)NO] and [Fe(HCTPPCH:)NO]". To identify the N-confused chlorin structure and the location of
the extra proton, methods such as deuterium substitution of four benzene groups, deuterium substitution of the
methylene group in [Fe(CTPPCH:)NO], complete 2D NMR analysis, reaction with NaBD4, and DFT calculation
are employed. The analysis indicates that the reduction of [Fe(CTPPCH2)NO] occurs through a regioselective
reduction of N-confused porphyrin, resulting in the formation of [Fe(CTPPCH>-Chlorin)NO].

NaBH,

[E— .
THF/MeCN
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Exploring the Chemistry of 1,7-Naphthiporphyrin
Derivatives through a Molecular Engineering Approach

Dong-Gyu Cho

Department of Chemistry and Chemical Engineering, Inha University, Incheon 22212, Republic of Korea

Since the discovery of 1,7-naphthiporphyrin (1),! we have systematically modified its core structure.” Truncation
of the naphthalene unit and the use of regioisomeric forms of 1,7-naphthalene enabled the synthesis of
allyliporphyrin (2) and 1,2- (2,3- or 3,4-) naphthiporphyrins (3, 4, and 5), respectively. These unique structures
were deliberately designed to address important scientific questions, such as whether electron-withdrawing or
electron-donating groups on benzene rings or large aromatic macrocycles can reduce their intrinsic aromaticity,’
and whether Clar’s sextet model can be reconciled with resonance theory.* These issues are discussed in detail.

Ar Ar  Ar Ar  Ar Ar Ar Ar  Ar Ar
1 2 O 3 O a "™ % 5"

X =ED or
Figure 1. 1,7-naphthiporphyrin and their derivatives
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Enabling Dual C-H Chlorination and H,0, Generation with
CF;:-containing Phosphorus Corroles
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The efficient photocatalytic chlorination of aromatics was achieved using a
P—corrole derivative. In particular, dual catalysis was observed in both
chlorination and H20» formation. We have found that reproducibility and
stability of these experiments holds over multiple cycles, highlighting its
practical utility. The corrole photocatalyst in question is the highly oxidizing
penta—beta-CFs  substituted  2,3,8,17,18—pentatrifluoromethyl—(5,10,15-
tris(pentafluorophenyl) corrole phosphorus (V) difluoride). P-(CF3)5 showed
efficacy in the chlorination of phenol and related natural compounds.
Simultaneous photocatalytic chlorination of phenol or toluene and H2O:
formation was achieved, with the latter achieving a notable rate of > 7
mM/g/h under ambient conditions. Notably, the oxidation of toluene predominantly yields benzaldehyde over
benzyl chloride. The H20> formation can be tuned by adjusting the water/acetonitrile ratio as well as via acid
concentration. Comprehensive experimental and theoretical (DFT) investigations were conducted to elucidate the
underlying mechanisms of both chlorination and oxidation. This dual-function corrole demonstrates the potential
of non—precious main group systems as viable stable photocatalysts. The catalytic process not only enhances
reaction efficiency but also underscores the potential of corrole—based catalysts in advancing sustainable and
green chemical methodologies. This presentation will also include sufficient background about synthesis,
structure, and related earlier reported bromination studies.
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Porphyrine-based conjugated polyHIPEs for photocatalytic
degradation of organic pollutants
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Conjugated polyHIPEs are lightweight, highly porous organic materials synthesized via the polymerization of
high internal phase emulsions (HIPEs), typically using metal-catalyzed cross-coupling reactions.[1-2] Their
remarkable properties arise from their unique hierarchically interconnected 3D architecture, composed of
micrometer-sized macropores, submicrometer windows, and frequently meso- and micropores within the polymer
walls. [3] Beyond their structural advantages, their extended m-conjugated framework imparts semiconducting
behavior, strong absorption in the visible region, and tunable band gaps — making them particularly attractive for
photocatalytic applications. [3]

In this work, we report the synthesis of porphyrin-based conjugated polyHIPEs prepared via Suzuki cross-
coupling. Porphyrin building act as photosensitizers within the network, while thermocleavable groups were
strategically introduced as spacers inside the microporous framework to enable post-synthetic modulation of the
internal surface chemistry. Their ability to generate singlet oxygen were exploited as reusable photocatalysts for
degradation of pollutants such as rhodamine B.
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Caged Metallocorrole Complexes : getting closure to
metalloenzymes’ functionalities.
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We develop metalloprotein-inspired metal complexes entrapped in chiral artificial cages enabling

advanced catalysts (eg CHa4 oxidation), and receptors.[1] These caged metal complexes have been studied as
catalysts for Oz reduction reactions, and oxidations of C-H bonds by high-valent metal-O2 intermediates.[2]
In this context, metallocorroles have recently emerged as a promising class of redox-active catalysts displaying
distinct reactivity and selectivity compared to the time-honored porphyrin catalysts.[3] However, unlike widely
studied porphyrin-based cages, no example of a metallocorrole cage has been reported so far, presumably due to
difficult preparation.

Herein, we introduce a new design of heme-like cages based on corroles, the desymmetrized analogue of
metalloporphyrins. Theses unprecedented metallocorrole cages aims at developing i) advanced receptors allowing
binding of electroactive fullerenes guests in a guest-adaptive, stimuli-responsive and low-symmetry cavity, [4]
and i) confined redox-active Co(IIl) and Cu(Ill) corrole catalysts. The designed strategy being generalizable
across the formation of various corrole cages, it provides basis for development of a new class of low-symmetrical
heme-like receptors and opens valuable perspectives in the field of catalysis in confined space.

Discussion on i) the synthetical keys allowing to unlock the preparation of the first metallocorrole cage, ii) how
the conformationaly adaptive mettalocorrole cage could reversibly bind fullerenes in a chiral, stimuli-responsive
and low-symmetry cavity, and iii) how the cage could be used to reach selective functionalization of electroactive
fullerene guests, will be the core of this communication, which aims at establishing a key precedent of one
artificial caged complex regrouping several key features of metalloproteins.
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Self-modulation and Self-protection Mechanisms in
Molecular Catalysis of Electrochemical Reactions
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Molecular catalysis of electrochemical reactions is a rapidly evolving field, with significant emphasis on small
molecule activation and the electrification of chemical transformations. Gaining mechanistic insight is crucial for
the rational design of more efficient catalysts and processes. In this context, we will present recent advances in the
mechanistic analysis of molecular electrochemical catalysis.

First, we will demonstrate how a transition metal complex can undergo self-modulation due to the generation of a
strongly coordinating ligand. This concept will be introduced and exemplified by the catalytic reduction of N->O to
N: by iron porphyrins [1] as well as COz reduction by a cobalt macrocyclic ligand. [2]

Second, we will explore the role of O in the molecular catalysis of CO: reduction, where achieving O- tolerance
remains a key challenge for practical applications. We will reveal a self-protection mechanism that emerges when
suitable transition metal complexes are employed as catalysts, illustrated by the CO»-to-CO conversion catalyzed
by iron porphyrins. [3]
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The pigments of life: A continuous source of inspiration for
new materials and applications
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Natural photosynthetic processes have increasingly inspired the fabrication of nanostructured molecular materials
with advanced light-harvesting and electron-transfer properties. [1-6] In this context, supramolecular chemistry
allows diverse and disparate molecular building blocks to be amalgamated into highly ordered architectures.
These mimic the key functions of the photosynthetic reaction center: light harvesting, charge separation, charge
transport, energy transfer, and catalysis. [7,8] Porphyrinoids, the basic building block of chlorophylls, have
emerged as an exceptional class of light harvesters and electron donors in such supramolecular electron donor-
acceptor hybrids [9-12]. A variety of applications, from solar cells to hydrogen production to medicine, were
reported.
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Exploiting porphyrins to induce antiparallel to paraliel
transition of RNA G-quadruplex

Alessandro D’Urso?,

AUniversity of Catania, Chemical Science Department, Viale A. Doria 6, 95125 Catania, Italy. adurso@unict.it

The human genome is a complex mosaic of sequences with different functionality, among which telomeric repeat
containing RNA (TERRA), a guanine-rich sequence, holds a unique place due to its pivotal role in maintaining
genomic integrity.[1] Telomeric RNA can adopt a four-stranded G-quadruplex (G4) conformation where the 2’
hydroxyl group in ribose sugars enhances RNA G4 stability by promoting more intramolecular interactions within
the structure. Specifically, these hydroxyl groups impose significant conformational constraints, effectively
hindering the G4 from adopting a syn-conformation, which is necessary for an antiparallel topology.[2] However,
recent studies [3,4] have revealed the formation of an intramolecular antiparallel G4 formed by human telomere
RNA, demonstrating that RNA G4s have the capacity to exhibit polymorphism, assuming configurations distinct
from the parallel arrangement. In this context, designing specific ligands capable to interact with these G4
structures is helpful for studying their conformations and inhibiting telomerase enzyme activity as a potential
anticancer therapy.

Porphyrins are hetero-aromatic macrocycles present remarkable electronic properties which bring to attractive
spectroscopic features. The non-covalent interactions of water-soluble achiral porphyrins with biomolecules have
been exploited to detect and/or stabilize different conformation adopted by DNA.[5] In this study, non-chiral
porphyrins were utilized to exploit their dual capabilities: interacting with G-quadruplex structures and
functioning as chiroptical probes using spectroscopic techniques, such as circular dichroism.[6] This allowed for
the design of selective probes capable of distinguishing between antiparallel and parallel RNA G-quadruplexes, as
well as modulating their thermodynamic stability.
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Structure—Property Modulation in Porphyrinoids: A
Molecular Roadmap from Anticancer Photodynamic
Therapy to Antimicrobial Photodynamic Inactivation

Janusz M. Dabrowski?

AFaculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakow, Poland

The development of light-responsive molecular systems offers exciting opportunities to address two major global
challenges: drug-resistant infections and cancer. Photodynamic therapy (PDT), which relies on photosensitizer
activation by light to generate reactive oxygen species (ROS), is a versatile, minimally invasive, and precisely
controllable therapeutic approach applicable to both oncology [1-2] and microbiology [3].

Porphyrinoid-based photosensitizers constitute a modular molecular platform whose properties can be
rationally tuned through metal ion coordination, peripheral substitution, n-system reduction, controlled asymmetry,
and nanoscale formulation. Coordination with Zn(II), Pd(Il), or Pt(II) allows modulation of intersystem crossing
rates and singlet oxygen yields, while fluorination, sulfonamide or cationic substituents enhance solubility, cell
uptake, and microbial affinity. Macrocycle reduction to bacteriochlorins extends absorption into the NIR region,
enabling deep-tissue activation. Introducing molecular asymmetry and supramolecular conjugation with amino
acids, antibodies, or nanoparticles further enhances selectivity, biocompatibility, and theranostic potential [4-5].

Comprehensive photophysical studies, including transient absorption spectroscopy and time-resolved
singlet oxygen phosphorescence, established structure—activity relationships: long-lived triplet states and oxidation
potentials correlated with balanced ROS generation and photostability. Biological validation in 2D and 3D cellular
models as well as in vivo experiments confirmed distinct structure-dependent outcomes: compact, cationic
porphyrins [3] as well as Zn(II) and Pd(I) complexes [4] exhibited superior antimicrobial activity, while
amphiphilic bacteriochlorins were highly effective in NIR-driven, tumor-selective PDT [5].

These results provide a unified design framework linking electronic structure and redox properties with
biological function. Effective PSs for aPDT require high photostability, efficient cellular uptake, and favorable
redox profiles, whereas successful cancer PDT depends on optimized triplet lifetime, type I/II ROS balance, and
stability under hypoxia. Rational structural modulation across porphyrinoid families thus enables tailoring of the
same molecular scaffold for antimicrobial or oncological applications, bridging fundamental photochemistry with
translational medicine.

We thank National Science Centre (NCN) for grants 2024/55/B/NZ7/03169 and 2020/37/B/NZ7/04157.
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Confined by Porphyrins: Molecular Cages with Exceptional
Cooperative Host—Guest Interactions
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“ Molecular Systems and Materials Group, Organic Chemistry Department, Science Faculty, Autonomous
University of Madrid, Spain
b Institute for Advanced Research in Chemical Sciences (IAdChem), Autonomous University of Madrid, Spain.

In Nature, there is an omnipresent family of molecules (porphyrinoids) involved in most (photo)chemical events
that transform solar energy into chemical energy, by consuming and regenerating O, H O, CO,, H, in a closed
cycle.[1] Porphyrins are n-conjugated macrocycles responsible for executing many of the essential life processes,
such as oxygen transport/storage (hemoglobin and myoglobin), electron transfer (cytochrome b5), enzymatic
oxidation/oxygenation (cytochromes P450, peroxidases), and converting sunlight in photosynthetic systems
(chlorophylls).

Moreover, porphyrin reactivity and symmetry enable their functionalization in different positions, providing high
versatility in self-assembly processes. Accordingly, numerous examples of porphyrin-based organic molecular
cages have been reported, demonstrating their exceptional ability to host various molecules and their interesting
(photo)catalytic properties.[2-3]

Here, we report the formation of two distinct porphyrin-based molecular cages constructed by linking two
porphyrins via four spacers using either dynamic imine bonds or hydrogen-bonding interactions (Figure 1).
These architectures provide confined, adaptable cavities, enabling in-depth study of their host—guest properties.
The cages exhibit the ability to accommodate a broad range of ligands, showing in most cases a pronounced
cooperative chelate effect arising from mutual host—guest conformational adaptation, reaching record effective
molarity values above 10° M (Figure 1). Furthermore, the host’s relatively high rigidity enables the selective
encapsulation of guest molecules of varying sizes.[4]

Figure 1. Schematic representation of molecular cage self-assembly and host-guest complex formation.
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Chiral Self-Sorting in Subphthalocyanine-Based
Metallosupramolecular Cages

Gema de la Torre?®, Ainhoa Salazar?, David Sanchez-Fernandez?, Patricia Calvo?
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The design of metallo-organic cages that mimic enzymatic cavities has emerged as a powerful strategy for
promoting and controlling chemical transformations [1]. Metallosupramolecular subphthalocyanine-based cages
(SubPc2Pds), constructed from a Cs-symmetric SubPc functionalized with three pyridyl donor ligands and Pd(II)-
diamine complexes, have shown to function as catalytic molecular containers capable of accelerating addition
reactions overfullerenes [2]. In particular, a water-soluble SubPc.Pds cage performs as a hydrophobic nanoreactor
for Diels—Alder cycloadditions with encapsulated Ceo and C7o [3,4]. This nanocontainer overcomes limitations such
as product inhibition, enabling catalysis in aqueous media. All these results have been achieved with heterochiral
SubPc2Pds cages, wich are a result of the predominant self-discrimination process of the racemic mixture of M and
P ennationer present in the Cs-symmetric tris-functionalized SubPcs as a consequence of their bowl-shape structure
and configurational stability.

In this presentation, we describe the results on tuning the chiral self-assembly of these systems. The interplay
between different Pd(II) salts, diamine ligands, and counterions governs the narcissistic (homochiral) versus social
(heterochiral) sorting processes, leading to assemblies with distinct chiral configurations. Moreover, interconversion
of these chiral architectures via anion exchange have been examined, revealing new avenues for dynamic control
over cage chirality, and chiral recognition abilities of certain guests.

Self-discrimination Self-recognition

C— I
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On-surface Synthesis of Porphyrin-Based MONs: a Model
System for Catalysis and Artificial Spin Lattices

Abner de Siervo?
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Over the past decade, significant advances have been achieved in the on-surface synthesis of atomically precise
one-dimensional (1D) and two-dimensional (2D) metal-organic networks (MONSs) using selected molecular
precursors as modular building blocks in a “molecular LEGO” approach. This strategy exploits substrate
properties, precursor molecular geometry and functional groups, as well as diffusion behavior and thermal
activation energies, to steer hierarchical reactions and the formation of novel nanostructures [1]. Porphyrins and
phthalocyanines, owing to their well-defined geometry and rich electronic properties, have emerged as
particularly promising building blocks. Their chemical versatility enables the design of functionalized derivatives
that enhance on-surface reactions and polymerization processes. When their molecular periphery is terminated
with cyano, pyridyl, or halogen groups, deposited or substrate-derived adatoms can be trapped to form metal—
organic coordination nodes. This leads to MONs with linear, square, rectangular, hexagonal, or kagome lattices,
with geometries dictated by the molecular structure and substrate registry. Such architectures serve as important
model systems for gaining deeper insight into the physical and chemical mechanisms underlying host-guest
chemistry, photocatalysis, and two-dimensional artificial spin lattices, among other phenomena. In this seminar, [
will present recent examples of MON formation using two types of free-base porphyrins: 5,10,15,20-tetrakis(4-
bromophenyl)porphyrin (H-TBrPP) [2] and 5,10,15,20-tetra(4-pyridyl)porphyrin (H.TPyP), adsorbed on Ag(100)
surfaces [3]. For H.-TBrPP on Ag(100), we demonstrate the formation of both 1D and 2D MON:Ss, characterized by
distinct molecular conformations—an inverted geometry in the 1D chain case and a saddle-shape conformation in
the 2D network [2]. In contrast, H.-TPyP on Ag(100) yields 2D MONSs as well as extended, ordered spin lattices
when Fe adatoms are introduced during on-surface synthesis. These different structures can be selectively realized
by controlling the annealing protocol and the sequence of Fe deposition [3,4]. These studies combine scanning
tunneling microscopy (STM) and X-ray photoelectron spectroscopy (XPS) experiments, supported by density
functional theory (DFT) calculations.
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J-dimers of Tetrapyrazinoporphyrazines
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Namiki, Tsukuba, Ibaraki 305-0044, Japan

Tetrapyrazinoporphyrazines (TPyzPzs) are planar macrocyclic compounds with spectacular photophysical
properties due to their large aromatic system. TPyzPzs bearing dialkylamino substitution on the periphery can
form supramolecular assemblies called J-dimers in non-coordinating solvents, due to the interaction of the
peripheral amine of compound one with the central metal cation of the second compound (left figure).[1]
Formation of J-dimer influences photophysical properties of TPyzPzs (spectra, production of singlet oxygen and
fluorescence) (right figure). For the dissolution of aggregates, ligands with higher binding ability to the central
metal cation than the coordination moiety are necessary|[2]

In the first part of this study, symmetrical TPyzPzs with different bulkiness of peripheral dialkylamine
substitution were synthesized. These compounds were studied from an aggregation perspective. Results led us to
the synthesis of unsymmetrical TPyzPz derivatives composed of 3 bulky precursors and 1 small one. The final
step was switching from non-fluorescent oktakis(dialkylamino) TPyzPzs to alkylsulfanyl to compare the influence
of electron effects of peripheral substitution on the stability of J-dimers.
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Radiation-activated photodynamic therapy
for rectal cancer treatment
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Rectal cancer accounts for approximately 30% of colorectal cancers, which is the 2nd most deadly cancer in
Australia [1]. A significant proportion of Stage III rectal cancer patients undergo chemo-radiotherapy to downsize
the primary tumour and lymph node metastasis before surgery [2]. Unfortunately, the side effect of this standard
of care treatment is progressive late morbidity due to high doses in long-course radiotherapy and toxicity of
chemotherapeutic drugs used in chemo-radiotherapy [3]. To improve the quality of life of rectal cancer patients, it
is important to find a new and safe treatment method. Here, we brought a new treatment method, radiation-
activated photodynamic therapy (RA-PDT), by combining existing clinical techniques used in cancer treatment
and delivering via bespoke nanocarriers. In this strategy, verteporfin (VP), a clinically approved photosensitizer,
was directly activated by radiation via a lipid-polymer hybrid nanoplatform. The activated VP generates highly
toxic reactive oxygen species, killing the cancer cells. With X-PDT, the tumour growth suppression was observed
in an orthotopic mouse model bearing rectal cancer. Such tumour control is consistent with decreased cell
viability, increased necrotic tumour tissue, and reduced Ki-67 protein expression observed in the mouse group
treated with RA-PDT, compared with other treatment conditions. Our study establishes an effective strategy to
treat rectal cancer in a more clinically relevant model, which offers prospects for clinical translation of this
technology for deep-seated cancers.
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Defining heme pocket factors that drive ligand selectivity in
the carbon monoxide sensor protein PxRcoM-1

Matthew R. Dent?, Nisa R. Mahmood?, Mustafa K. Alithawi?, Jayani Nissanka®

*Department of Chemistry, Wayne State University, Detroit, MI, USA

Carbon monoxide (CO) is both a lethal environmental toxin and a biologically active signaling molecule with
emerging therapeutic potential.! Generated by nearly all organisms on Earth as an enzymatic by-product of heme
breakdown, CO influences cellular processes including inflammation, cell proliferation, and apoptosis.>* CO binds
tightly to ferrous heme iron, and this metal-ligand binding has largely shaped our understanding of CO as a poison
and signal. While this coordination chemistry is well understood, specific protein targets that mediate CO-dependent
signal transduction remain elusive. A key knowledge gap is the lack of unifying principles that identify a heme
pocket as selective for CO over other biological gases like oxygen, nitric oxide, and hydrogen sulfide. To bridge
this gap, we have quantified ligand binding parameters in the microbial CO-sensing transcription factor PxRcoM-1
(regulator of CO metabolism 1 from the soil aerobe Paraburkholderia xenovorans). PxRcoM-1 is a CO-dependent,
single-component transcriptional activator of the cox operon, which encodes an oxygen-tolerant, Cu,Mo-dependent
CO dehydrogenase.> Remarkably, RcoM utilizes a heme cofactor to sense trace atmospheric levels of CO (~100
ppb) in an aerobic background, suggesting extreme preference for CO binding over Oz. Consistent with this
functional role, we found that PxRcoM-1 exhibits high CO affinity (K4,co = 16 nM) but no quantifiable binding to
0:2. We hypothesized that unique CO selectivity of RcoM is driven by the structure of the distal heme pocket, which
contains highly conserved bulky hydrophobic and aromatic amino acid residues that may restrict diatomic ligands
to bind in a linear fashion. To test this hypothesis, we have generated RcoM variants bearing alterations to conserved
distal pocket residues that change steric bulk, hydrophobicity, and presence of charged groups and H-bond donors.
We observe significant changes in CO and Oz binding affinities, heme redox properties, and ligand-dependent DNA
binding of distal pocket variants, and the functional implications of these changes will be discussed.
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Design and evaluation of the antimicrobial activity of new
corroles and porphyrins functionalized with carboxylic or
phosphonic acids
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Antibiotics are commonly used to treat, prevent, or control bacterial infections. However, microorganisms have
developed several resistance mechanisms to standard treatments. Bacterial resistance has therefore increased
considerably in recent years, particularly in hospital settings, rendering some therapies ineffective. Regarding
antifungal compounds, resistance to azoles is a major obstacle to clinical success. To mitigate this emerging
public health problem, it is necessary to develop new antimicrobial techniques that are non-invasive, non-toxic,
and more effective and rapid than current antimicrobial molecules. We recently demonstrated that corroles and
porphyrins functionalized with two carboxylic acid groups exhibit very promising antimicrobial activity, with or
without PDI (photodynamic inactivation) [1-2]. We will present our progress, including the replacement of
carboxylic acid groups with phosphonic acid groups. We will also explore the integration of these new
photosensitizers into metal-organic structures (MOFs). We aim to obtain new products with enhanced
antimicrobial activity.
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Unusual B-Bromination of the meso-Free 2,7,12,17-Tetra-
tert-butylporphyrin. Thiopyridinyl Functionalization of the

bis-B-Brominated porphyrin for the synthesis of Ceso-N
Fused Porphyrins
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Porphyrins are versatile z-conjugated macrocycles which have found among others, applications in catalysis, '

sensing,? photovoltaics,> and photodynamic therapy.® Chemical modifications at the S-pyrrolic positions are of
particular interest, as they strongly influence the structural and electronic properties of the porphyrin core. In this
work, we report the synthesis of a new series of f-brominated 2,7,12,17-tetra-tert-butylporphyrins and their
zinc(Il) complexes, using N-bromosuccinimide as the brominating agent. By controlling the reaction conditions,
mono-, di-, tri- and tetra-brominated derivatives were isolated in moderate to excellent yields (Scheme 1, left).
The compounds were fully characterized by NMR spectroscopy, mass spectrometry, UV-Vis absorption
spectroscopy, and for some of them, by X-ray diffraction analysis. Then, the bis-brominated porphyrin M-1-Br:
was functionalized with two thiopyridinyl moieties to afford Zn(Il) S-pyridin-2-ylthio-porphyrin M-1-Spyr:
(Scheme 1, middle). Electrochemical oxidation of M-1-Spyr: led to intramolecular C-N bond formation, giving
mono- (M-1-Spyrz*) and bis-fused (M-1-Spyr2**) macrocycles. These fused derivatives exhibit important change
in their electronic properties due to enhanced conjugation.

Oxidation
N \ Ze

H’

M-1

R
M-1-Bry (x = 1-4)

M-1-SPyr,
M =2H or Zn R=HorBr;M=2HorZn

Scheme 1: f-bromination of M-1 and Cueso-N oxidative fusion of M-1-SPyrx.
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and selective detection of volatile compounds
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Porphyrinoids are distinguished by their capability to exploit rich molecular motifs for binding airborne
compounds [1]. The structure of porphyrinoids comprises two primary components: peripheral substituents and a
central metal ion, each contributing to the molecule’s overall selectivity. Additionally, modifications of the
macrocyclic skeleton give rise to porphyrin analogues with distinct properties [2].

Despite their extensive aromatic systems, solid aggregates of porphyrinoids are typically nonconductive.
Therefore, convenient methods for preparing resistive sensors involve coupling porphyrinoids with organic or
inorganic semiconductors. Among the available combinations, we have explored hybrids of porphyrinoids and
wide-bandgap semiconductors, capitalizing on the possibility of combining sensitivity to both light and chemicals
for the development of self-powered devices [3].

An alternative approach considers blends of conductive polymers and porphyrins. Recently, we developed an
array composed of different blends of porphyrins and poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
(PEDOT:PSS), a p-type conductive polymer widely used in organic electronics and chemical sensing.

Doping PEDOT:PSS with metal ions has been shown to enhance the sensitivity of gas sensors, particularly toward
electron-donor molecules. On this basis, we investigated the sensitivity of porphyrin—PEDOT:PSS blends and
observed a strong response to ammonia. Residual sensitivity to other volatile organic compounds (VOCs) enables
the identification of species present at higher concentrations. This property was exploited to develop a disposable
sensor array on a flexible substrate embedded in facemasks for breath analysis. The sensors were successfully
applied to the diagnosis and prognosis of chronic kidney disease [4].

The simplicity of fabrication, combined with recent advances in additive manufacturing technologies, enables the
scalable production of low-cost, high-performance sensor platforms. These features position porphyrin-based
hybrid devices as promising candidates for next-generation wearable and disposable sensing systems, with
significant potential for real-time chemical monitoring and non-invasive medical diagnostics.
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Protein-Mediated Export of Coproporphyrin lll and its Role
in Maintaining Heme Homeostasis in Mycobacteria
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Many Gram-positive bacteria, including the nontuberculous mycobacteria, secrete coproporphyrin III (copro) for
various outcomes. However, unlike in the classical protoporphyrin-dependent pathway, copro is not an off-
pathway waste product but a heme biosynthesis intermediate.[1] In our attempt to understand how copro secretion
may alter heme homeostasis in these organisms, we have found that intracellular heme levels are effectively
decoupled from copro flux, as the addition of porphyrin precursors does not alter internal heme levels.[2] We have
also found that the addition of the extracellular porphyrin-binding protein albumin increases porphyrin export and
that Msm secretes proteins that copurify with copro [2]. Collectively, our results indicate that porphyrin export is
a protein-mediated, regulated process rather than a metabolic leak, possibly serving a biological role in the
mycobacterial life cycle.
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Dicyanocobinamide conjugates of Exendin-4 confers
glucoregulation without weight-loss or nausea in
tumour-bearing rats
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Recently, the term “corrination” was coined to describe
the conjugate modification of a peptide, protein, small
molecule, or radionuclide with a corrin ring-containing
molecule [1]. By exploiting the innate chemicophysical
properties of corrin ring-containing compounds,
corrination has been explored for drug development
and targeted/localized delivery of probes and
therapeutics. Peptide-based drugs possess several
limitations that restrict their clinical application,
including negative side effects often due to drug
distribution. Despite being a common medication for
the treatment of Type 2 Diabetes (T2D), activation of
the GLP-1 receptor (GLP-1R) in the brain by peptide-
based GLP-1R agonists results in weight loss and
gastrointestinal (GI) side effects, such as nausea and
emesis [2-3]. These side effects are a significant reason
for the discontinuation of this medication among
patients with T2DM, and due to the resulting weight
loss, certain subpopulations with comorbidities where
nutritional status is critical, such as those with cancer,
cannot use GLP-1R analogs. Therefore, there is a
clinical need for effective GLP-1-based analogs that circumvent weight-loss and GI side effects in cancer patients
with co-morbid T2DM. Herein, we show that a corrinated GLP-1R agonist confers glucoregulation without
weight loss and is devoid of nausea in tumour-bearing rats.

REFERENCES

1. Corrin Ring Modification in Peptide Drug Development—a Brief History of “Corrination”. N Cham, RP Doyle.
ChemMedChem 20 (10), €202500129, 2025.

2. Glucagon-like peptide-1 in diabetes care: Can glycaemic control be achieved without nausea and vomiting?. T
Borner, IC Tinsley, RP Doyle, MR Hayes, BC De Jonghe. British Journal of Pharmacology 179 (4), 542-556,
2022.

3. Synthesis, optimization, and biological evaluation of corrinated conjugates of the GLP-1R agonist exendin-4.
IC Tinsley, T Borner, MKL Swanson, OG Chepurny, SA Doebley, V Kamat, RP Doyle. Journal of Medicinal
Chemistry 64 (6), 3479-3492, 2021.

Copyright © 2026 Society of Porphyrins & Phthalocyanines Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org



NELA:(0)

66

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org

Fourteenth International Conference on Porphyrins and Phthalocyanines

Hetero-Annelated Porphyrazines and Subporphyrazines:
Promising Photosensitizers and Luminophores
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A series of m-extended porphyrazines and boron subporphyrazines with absorption in the high transparency region
of biological tissues (600-800 nm) were obtained. Pyrido[1,2-a]benzimidazole, carbazole, and quinoxaline
heterocycles were chosen for the annulation of the tripyrrolic and tetrapyrrolic cores for the following reasons: (1)
Pyrido[1,2-a]benzimidazoles can be quaternized to give water-soluble porphyrazines; (2) Various functional
groups can be attached to the carbazole nitrogen atom; and (3) The electron-deficient quinoxaline heterocycle can
enhance the oxidative stability of the macrocycle.

Novel pyrido[1,2-a]benzimidazole-fused tetrapyrrolic photosensitizers with an intense near-infrared absorption
(711-747 nm) were prepared. Water-soluble quaternized forms of target photosensitizers demonstrated low
cytotoxicity in the dark and submicromolar photodynamic activity against A549, WI38, HCT116, MCF7, A431
and HeLa cell lines. Their photodynamic index value is approximately 2 times higher than that of chlorin €6, a
well-known component of photosensitizers approved for photodynamic therapy, such as Photolon, Photoditazine.
Carbazole-fused porphyrazines and their solubilized forms exhibiting photocytotoxicity (up to ICso = 0.33 uM)
were obtained. Synthetic approaches to carbazole-fused boron subporphyrazines were developed and it was
shown that they are both effective photosensitizers (®a=0.42) and bright fluorophores (®~=0.24).

New classes of quinoxaline-fused boron subporphyrazines and the stability of their solutions in various organic
solvents were demonstrated. By-products of electrophilic chlorination of quinoxaline fragments formed during
template synthesis were isolated. Conditions for completely suppressing the chlorination process were found. We
also studied the influence of the solvent type on the spectral properties and stability of the new compounds and
compared these data with similar experiments with the described subphthalocyanines and subporphyrazines [1].

The work was supported by Russian Science Foundation, grant number 23-73-10076.
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A Widespread System for Anaerobically Removing Iron
from Heme
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Biological heme degradation under aerobic conditions, in which O: is used to oxidatively cleave the conjugated
porphyrin ring, is well understood. However, heme is catabolized by microbiota for its iron under anaerobic
conditions, including inside the gastrointestinal tract (GI), anoxic wounds, compost heaps, and bioreactors. We
describe a broadly conserved mechanism for removing iron from heme, leaving behind protoporphyrin IX. The
HmusS enzyme acts as a de-chelatase in conjunction with other proteins that may serve to deliver heme or retrieve
the porphyrin. This reaction may play a critical role in the digestion of heme by abundant Bacteroidetes species in
the GI tract microbiome, and in the generation of porphyrins by pathogenic strains in anoxic wounds.
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Phthalocyanines with improved properties for
photodynamic applications
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Photodynamic applications rely on photosensitizers with high triplet quantum yields. Other specific properties are
desired depending on the targeted application. Photodynamic therapy can be improved by better generation of
singlet oxygen and other reactive oxygen species, often promoted by heavy atoms, and by specific tumor
accumulation, both of which can be improved by drug delivery systems. On the other hand, azobenzene triplet
photoswitching needs systems shielded from oxygen.
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Our recent work in these areas will be presented [1-6].
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Coordinative self-assembly of 1r-electron
magnetic porphyrins

David Ecija
IMDEA Nanociencia, Madrid, Spain.

n-Electron magnetic compounds on surfaces have emerged as a powerful platform for probing spin interactions at
the atomic scale. In particular, on-surface synthesis has become a powerful method for fabricating open-shell,
carbon-based materials whose magnetic interactions, mediated by covalent bonding, have been systematically
explored in recent years [1]. On the other hand, coordination chemistry on surfaces has been shown to promote
long-range ordering by forming metal-organic frameworks. However, understanding its potential to mediate spin
exchange interactions in carbon-based open-shell systems remains in its early stages.

In this work, we contribute to this field by synthesizing m-extended 3d-metal porphyrins functionalized with
carbonitrile groups [2]. Our scanning probe microscopy studies show that depositing the precursor on a Au(111)
surface under varying conditions leads to the formation of one-dimensional coordinative structures—either wires
or nanotapes—composed of m-extended porphyrin units. Using STM tip manipulation, we selectively remove
passivating hydrogen atoms from the molecules, thereby exposing their open-shell characteristics. We then study
their interactions within the coordinative nanoarchitectures and with the 3D metals in the porphyrin cores. These
features are analyzed through Scanning Tunneling Spectroscopy (STS) in combination with DFT and CASCI
simulations. Overall, our study highlights the combined power of on-surface covalent synthesis and coordination
chemistry in constructing unprecedented open-shell, low-dimensional coordination polymers, while preserving the
magnetic individuality of the constituent monomers.
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The windmill, the dragon and the frog: isomerically pure a-
aryl-substituted phthalocyanines, their spectral features
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A unique set of positional isomers of non-aggregating phthalocyanines has been isolated and described, and their
complexes with Co(Il), Pd(Il) and other metals were prepared. [1] The positional isomers (Cs denoted
“windmill”, C “frog” and Cs “dragon™) differ substantially in their NMR, optical, and electrochemical
properties, which makes them an excellent testbed for probing the computational chemistry tools and optimization
of the computational modelling. Due to their non-aggregating nature even as Co(II) complexes, the synthesized
molecules also make an excellent system for paramagnetic NMR studies, allowing for precise mapping of the
proton relaxation times and H/C chemical shifts depending on the proximity to the paramagnetic Co(Il). We
achieved a nearly complete description of chemical shifts and longitudinal relaxations at distances 4 to 12 A from
the paramagnetic cobalt atom in the centre of the macrocore.

We managed to enhance the yield of sterically constrained frog and dragon isomers by a metal-templated
tetramerization of phthalonitrile with further demetallation into phthalocyanine freebases. This allowed for a
selective optimized synthesis of Pd derivatives of all three isomers and their comparative studies for a
photodynamic action. Even though all three molecules demonstrated a high yield of the singlet oxygen, their
ability for a light-triggered drug release from the liposomal carriers was significantly different. The frog and
dragon isomers were most efficient for in the photodynamic cargo release, because of their enhanced ability to
incorporate into the lipid bilayers.

The non-aggregating nature of a-(dizerfbutylphenyl)-substituted phthalocyanines also allows them to preserve their
spectral properties in a solid state, even in smeared unordered films. When crystallised, especially the windmill
isomer forms MOF-like molecular crystals with nanocavities within, which might be useful for various catalytic
reactions.
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Design and Application of Aerogel-based Catalysts for the
Oxygen Reduction Reaction in Fuel Cells

Lior Elbaz
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Among the key physical and chemical properties required from catalysts and catalysts’ supports for fuel cell and
water electrolyzers are high surface area and electronic conductivity. These have been limiting factors in the
design of advanced materials for energy production and storage. In the past decade we have been focusing my
research on designing advanced 3D materials’ frameworks based on aerogels.

During these years, we developed three main categories of aerogel-based materials for fuel cells and water
electrolyzers: inorganic covalent frameworks, metal oxides, and ceramics. These have been used for catalyzing
the oxygen reduction reaction in fuel cells, the oxygen evolution and hydrogen evolution reactions in water
electrolyzers and hydrogen pumps, and as corrosion-resistant catalysts’ supports in fuel cells. In this talk I will
share our journey in the development of inorganic covalent aerogels, based on porphyrins, phthalocyanines and
corroles, from the design criteria, synthesis and application of some of the state of the art catalysts for oxygen
reduction in fuel cells.
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Synthesis of CO.-Based Polymers Using Bifunctional
Porphyrin Catalysts

Tadashi Ema

Okayama University

Synthesis of cyclic carbonates or polycarbonates from epoxides or oxetanes and CO: is important from the
viewpoint of green chemistry. The catalysts play a key role in the promotion of these reactions, and we have
developed bifunctional metalloporphyrin catalysts capable of catalyzing these reactions efficiently.[1] In this
presentation, we will focus on the copolymerization of epoxides or oxetanes and CO: for the synthesis of
polycarbonates [2,3] and the terpolymerization of epoxides, CO2, and the third monomers (Scheme 1).[4,5] The
latter is useful for not only the creation of new COz-based polymers but also the tuning of the physical and
chemical properties of the resulting polymers.[6]

C02 (2 MPa)
catalyst 1d
o
CHO

1a: R = O(CH,)3N*BusBr, X = Br
1b: R = O(CH,)4N*BugBr-, X = Br
1c: R = O(CH,)sN*BugBr-, X = Br
PCHC 1d: R = O(CH,)gN*BusBr-, X = Br
1e: R = O(CH,)4N*BusCI-, X = Cl
0 002 (2 MPa) 1f: R = O(CH,)4N*Busl~, X =1
(o) catalyst 1d 1g: R = O(CH,)4N*BuzAcO™, X = OAc
oxetane PTMC
R
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Scheme 1. Synthesis of various COz-based polymers using bifunctional porphyrin catalysts.
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Designing Porphyrin Derivatives for Antimicrobial PDT
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Porphyrins are tunable tetrapyrrolic compounds whose photophysical and biological properties can be controlled
through molecular design. Peripheral functionalisation, charge distribution, and w-system extension strongly
influence light absorption, singlet oxygen generation, and interactions with biological systems.

This presentation will focus on porphyrins developed for health-related applications, specifically antimicrobial
PDT, linking structural modifications to photophysical characterisation and antimicrobial performance to identify
the features governing light-induced microbial inactivation. '
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porphyrinoidphotosensitizers for active skin wound healing, Carbohydrate Polymers, 2023, 313, 120894.
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Stereoselective carbene transfer reactions with
pyridotriazoles catalyzed by engineered hemoproteins

Rudi Fasan,® Satyajit Roy,? Yining Wang,? Mary Siriboe,? Alistair Sterling,?
Yong Zhang,®

® Department of Chemistry and Biochemistry, The University of Texas at Dallas, Richardson, TX 75080, United
States.
b Department of Chemistry and Chemical Biology, Stevens Institute of Technology, Hoboken, NJ 07030, United
States

Transition metal-catalyzed carbene transfer reactions are powerful strategies for the construction of new carbon-
carbon and carbon-heteroatom bonds. Recent progress by our group and others have demonstrated that heme-
containing proteins and enzymes, including (myo)globins, cytochromes P450, cytochrome ¢, and
dehaloperoxidase, can be repurposed as versatile biological catalysts for mediating carbene transfer reactions that
do not occur in nature.[1-4] Despite this progress, the scope of these transformations has been largely restricted to
diazo compounds as carbene precursor reagents, limiting the range of compounds that can be synthesized through
this strategy. Here, we report the development and investigation of engineered hemoprotein-based catalysts for
stereoselective carbene transfer reactions with pyridotriazoles, an attractive yet underexplored class of carbene
donor reagents. These methodologies provide access to new classes of enantioenriched pyridine-containing
cyclopropanes and a-pyridyl sulfides of high value for medicinal chemistry and other applications. Mechanistic
studies provide insights into the mechanism of these novel transformations, revealing an intriguing ability of these
systems to exhibit multi-state reactivity in carbene transfer chemistry.
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Remote Photosensitzation with SubPc/BOIMPY-Pyridone
Dyads

Rudiger Faust, Anika Petersen 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

We are currently investigating photophysical dyads composed of a photosensitizer
and covalently attached singlet-oxygen catch-and-release units. To this end we
have synthesized pyridinone-modified SubPc and BOIMPYs derivatives, relying
on the reversible endoperoxiode formation of pyridinone with singlet-oxygen. We
have rigorously characterized their photophysical behaviour of the sensitizers’
pyridinone forms and the thermochemistry of the corresponding endo forms.
Furthermore, we have synthetically varied the number and position of the
pyridinone units with respect to the photosensitizing cores.

The biological activity of the SubPc-pyridinone dyad was explored in HeLa cell
assays and significant phototoxicity was observed for both forms. .

This research will be extended to supramolecular binding motives to provide for

the dynamic and reversible attachment of the singlet-oxygen carrier unit. Progress
of this ongoing research will be reported.
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Symmetry-Breaking Charge Separation Processes in
Phthalocyanine-Based Systems

Fernando Fernandez-Lazaro,? Jorge Follana-Berna,® Nathalie Zink-Lorre,?
Angela Sastre-Santos,? Andrew W. Dawson,® Francis D’Souza®

2 Area de Quimica Orgdnica, Instituto de Bioingenieria, Universidad Miguel Herndndez, Elche 03202 (Alicante),
Spain. E-mail: fdofdez@umbh.es
® Department of Chemistry, University of North Texas, Denton, Texas 76203-5017, USA.

Among all the possible structures that can be built by covalently linking simpler molecules, the specific pairing of
identical chromophores is gaining attention due to the possibility to generate photoinduced symmetry-breaking
charge separation (SB-CS) processes [1]. In such systems, the excited state of the dimer is effectively broken by
molecular vibrations or fluctuations in the surrounding dielectric medium, thus generating a charge-separated state
where the initially identical chromophores now posess opposite electrical charges.

One of the chromophores that have been commonly used in the symmetry-breaking processes are phthalocyanines
(Pcs) due to their photostability and far-red light absorption [2].

In this communication, we will present the synthesis of novel systems for SB-CS, like the Pc-based one depicted
in Figure 1, where the azo moiety allows to control the distance between the Pc subunits. The effect of the inter-
Pc distance in the SB-CS process will be disclosed

Figure 1. ZnPc-azo-ZnPc triad for symmetry-breaking charge transfer studies.
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Switchable Formation of Triplet States in BODIPY via
Charge Transfer: Toward Next-Generation Photosensitizers

Mikhail A. Filatov®

8Technological University Dublin, City Campus, Grangegorman, Dublin, DO7ADY7, Ireland

Triplet photosensitizers are indispensable for diverse photochemical applications. Traditionally, their design has
relied on the introduction of heavy atoms, such as transition metals or halogens, into organic dyes to enhance
spin—orbit coupling and facilitate intersystem crossing (ISC). While effective, this approach introduces several
drawbacks, including high cost, toxicity, and reduced triplet excited-state lifetimes. An alternative mechanism that
avoids the need for heavy-atom insertion is spin—orbit charge transfer intersystem crossing (SOCT-ISC), where
photoinduced electron transfer within a donor—acceptor system generates a charge-transfer (CT) state that can
recombine into the triplet manifold. Because the energy and lifetime of the CT state are highly sensitive to
environmental parameters such as solvent polarity and viscosity, the balance between fluorescence and ISC can be
modulated by the surrounding medium, enabling external control over excited-state dynamics.

BODIPY donor—acceptor dyads provide a highly adaptable platform for SOCT-ISC due to their tunable redox
potentials and excited-state energies, which can be precisely adjusted through substitution of the pyrrolic core.
Heavy-atom-free BODIPY sensitizers combine low toxicity, long triplet lifetimes, and structural modularity.[1] In
these systems, the excited-state behaviour can be switched reversibly between fluorescence emission and triplet-
state generation. We define this behaviour as switchable ISC (sISC), where the competition between radiative and
non-radiative decay pathways is governed by local environmental factors. This feature enables the rational design
of sensitizers with a desired ratio between fluorescence and singlet oxygen generation, useful for bioimaging,
sensing, and photodynamic therapy applications.[2]

New BODIPY sensitizers have also been shown to enhance triplet—triplet annihilation upconversion (TTA-UC)
efficiency due to their long triplet lifetimes (up to several hundred microseconds). Moreover, the switchability of
ISC in these dyes allows them to function both as sensitizers and emitters, expanding the scope of upconversion
systems.[3] Most recently, we optimized their performance in the photopolymerization of acrylate monomers,
developing new BODIPY donor—acceptor sensitizers that outperformed conventional heavy-atom-containing
sensitizers in photopolymerizable materials. These systems enabled holographic recording of diffractive structures
and fabrication of optical devices for light management.[5] This presentation will highlight recent advances in the
design and application of BODIPY dyes exhibiting SOCT-ISC, emphasizing their switchable photophysical
properties and multifunctionality across biomedical and optical material fields.
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Anchor-Driven Assembly

Amar H. Flood

Indiana University

Molecular recognition provides an essential understanding of non-covalent interactions between molecules and
provides a basis for self-assembly. They can be used in the stabilization of reactive species, particularly when the
key recognition involves guests of high value. Porphyrins are exemplary of these recognition targets as they serve
important roles across chemistry, biology, and material science. For instance, proteins are the hosts that co-
assemble with porphyrins to enable the transport of oxygen. The recognition of porphyrins in synthetic systems
has historically relied on ligands that coordinate to the metal center with more recent encapsulation inside
molecular cages. Here, we describe the discovery of a new mode of porphyrin binding in which the axial ligand
serves as a recognition anchor. The anchor was found to be complementary to the anion-binding cavity of using
cyanostar macrocycles despite the overall net charge being neutral. This synthetic host bears 10 CH hydrogen
bond donors focused into the cavity to bind the anchor (A) group on the porphyrin. Recognition is mediated by
the steric and electronic availability of the lone pairs on the axial ligand, and benefits from pi stacking between
macrocycles. This new mode of assembly with porphyrins, its functions, and its extensions will be described.
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Computationally Assisted Design of Heme Binding Self-
Assembled Peptide Materials

H. Christopher Fry, Jesse Prelesnik, Henry Chan

Center for Nanoscale Material, Argonne National Laboratory

Anaerobic bacteria like Geobacter sulfurreducens utilize long aspect ratio heme binding protein fibers to carry out
long range electron transfer as part of their respiratory process. These fibers can be harvested and utilized as
biomolecular electronic materials because they were discovered to be electronically conductive. Inspired by this
phenomenon and material application, we aim to develop a library of heme binding self-assembled peptide
materials to establish design criteria. Through empirical design of amphiphilic peptides, success has been found.
Examples of these achievements like long aspect ratio nanofibers and bilayer assemblies that contain heme will be
shared in detail. It is of great note, however, that the design strategies are heavily biased towards researcher
intuition. To expand the understanding of heme binding self-assembled peptides, the combination of
experimentation, molecular dynamic simulation, and machine learning strategies offers a unique opportunity to
explore the vast sequence space of peptide design (often referred to as the 20" problem where 20 represents the
canonical amino acids and n represents the number of amino acids in the peptide sequence). In this presentation,
successes and limitations and future directions of the computation/experimentation collaboration will be
discussed.
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From porphyrin to functional imide 1r-systems for organic
electronics

Norihito Fukui?®

@ Department of Molecular and Macromolecular Chemistry, Graduate School of Engineering, Nagoya University,
Aichi, Japan

During my Ph.D. studies at Kyoto University under the supervision of Prof. Osuka, I synthesized non-planar
fused porphyrin oligomers, named as porphyrin arch-tapes.[1] The key to achieving curvature in these structures
was the conceptual insertion of atoms between porphyrin units, which induced structural distortion.

I began my academic career in 2018 and subsequently launched a new project applying this element-insertion
strategy to perylene bisimide (PBI), a versatile component in materials science. PBI is particularly promising as
an n-type semiconductor. However, its low solubility in common organic solvents necessitates vacuum deposition
for film fabrication, despite the growing demand for printable electronics. To address this challenge, I developed a
sulfur-insertion strategy to design soluble PBI precursors.[2] The resulting sulfur-inserted PBIs exhibited high
solubility due to their non-planar structures. Upon heating, these molecules underwent sulfur-extrusion reactions,
quantitatively yielding PBI. This enabled the fabrication of n-type semiconductor films via solution processing,
using spin-coating followed by thermal treatment.

In the course of this research, I also synthesized several imide-substituted nitrogen-containing n-systems.|[3]
These molecules demonstrated exceptionally high electron affinity, attributed to the dual incorporation of imide
groups and imine-type nitrogen atoms, making them effective n-type semiconductors. Notably, acridino[2,1,9,8-
klmnalacridine bisimide exhibited a brickwork-type packing alignment in its crystal structure. Photoconductivity
measurements suggested that its intrinsic electron mobility follows a band-transport model. Accordingly, a single-
crystal organic field-effect transistor (OFET) device based on this compound achieved an electron mobility of
0.90 cm? V' sl
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Electronic and magnetic interactions between
N-confused porphyrin dimers

Hiroyuki Furuta®®

“Center for Supramolecular Chemistry and Catalysis, Department of Chemistry, College of Sciences, Shanghai
University, Shanghai 200444, P. R. China

bDepartment of Applied Chemistry, Graduate School of Engineering, Kyushu University, Fukuoka 819-0395,
Japan. (E-mail: furuta.hiroyuki. 165@m.kyushu-u.ac.jp)

The aromaticity of the planar porphyrinoids is usually controlled by the number of electrons in the n-conjugated
circuits and is readily altered by modulating the m-circuits upon oxidation, reduction, ring-fusion, ring expansion,
core-modification, etc. In the N-confused porphyrin case, the m-conjugation pathways can be modulated by NH
tautomerism (NCP-3H and NCP-2H).[1] The circuits can be controlled by metalation (e.g., NCP-M(II) and
NCP-M(1)). The a-position of the confused pyrrole ring could serve as a turnout point of the m-conjugation
pathways, and the outward-pointing N atom serves as the hydrogen bonding and metal coordination site.[2] In this
presentation, the peculiar role of the N-confused pyrrole ring for electron and magnetic interactions between two
porphyrin rings will be discussed using several dimeric N-confused porphyrin systems.[3]
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Development of Near-Infrared Light-Responsive
Phthalocyanine-Based Photocatalysts

Taniyuki Furuyama?®

AGraduate School of Engineering, University of Hyogo, 2167 Shosha, Himeji, 671-2280, Japan
(furuyama@eng.u-hyogo.ac.jp)

Light energy is an attractive alternative to conventional thermal energy for driving molecular
transformations. Although visible-light-mediated reactions have been widely investigated, they often face
challenges such as limited penetration depth and uncontrolled activation when using visible-light-absorbing
substrates. By contrast, the use of red-to-near-infrared (NIR) light offers high transparency and enables selective
reactions under shielded conditions. Phthalocyanine (Pc) derivatives are ideal platforms for these applications
because their optical and redox properties can be precisely tuned by modifying the central element and peripheral
substituents.[1]

In this presentation, we describe our recent progress in the development of Pc-based photocatalysts for
low-energy light utilization. By introducing a metal into the central core of Pc, an excited triplet state is efficiently
generated via the heavy-atom effect. We developed a Pc ruthenium complex-catalyzed trifluoromethylation
reaction using 634 nm-red light. Although the chlorotrifluoromethylation of simple alkenes with CF3SO2Cl
proceeded in high yields,[2] styrene derivatives initially produced complex mixtures. After optimizing the
reaction conditions, successful bifunctionalization of styrene derivatives was achieved using the Umemoto reagent
as the CF3 source in the presence of various nucleophiles.[3] Mechanistic studies confirmed that these reactions
proceed via an electron-transfer pathway. Furthermore, we focused on the energy-transfer reaction with oxygen to
enable the use of longer wavelengths. Using a Pc zinc complex catalyst, an 810 nm-NIR light-driven cross-
dehydrogenative coupling reaction of tetrahydroisoquinolines with nucleophiles was realized.[4] Furthermore, we
expanded this system to the direct modification of m-skeletons by generating aryl radicals from arylhydrazine
derivatives, enabling the introduction of phosphorus, sulfur, and boron functional groups into aromatic rings under
NIR-light irradiation.[5]

These results demonstrate the significant utility of NIR light, allowing for transformations in shielded
environments or on substrates that absorb visible light. Our findings indicate that Pc derivatives are effective for
the design of catalysts for wavelength-selective molecular transformations using low-energy light.
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Porphyrin-based Nanostructures characterized by means
of computational simulations

Aurelio Gallardo?

IMDEA Nanociencia, C/ Faraday 9, Campus de Cantoblanco, Madrid, 28049

On-surface chemistry is a rapidly growing field that enables the synthesis of molecular structures that are not accessible
via traditional wet chemistry. In this context, high-resolution scanning probe microscopy techniques can provide
unprecedented spatial resolution, enabling precise identification of individual reaction products. Nevertheless, a deep
understanding of the reaction mechanism under the substrate-imposed conditions remains unknown.

In this context, various computational strategies are available to characterize the optimal reaction pathways of
chemical processes occurring on the surfaces of solids. For example, the nudged elastic band (NEB) is one of the
most popular approaches, as are various transition state theory methods beyond it. These approaches have
demonstrated their capability to characterize the potential energy landscape of the reaction pathways [1-2]. Another
approach that attracts the interest of the on-surface synthesis community is the application of molecular dynamics
(MD) methods in the canonical ensemble, using QM/MM (quantum mechanics/molecular mechanics) for
interatomic forces [3-5]. This approach, which combines Density functional theory (DFT) and empirical force fields
to describe interaction forces, enables the simulation of very large systems at very low computational cost while
still accounting for the crucial quantum-mechanical interactions. Also, such temperature-dependent simulations
include the effect of entropy, vibrational modes, concerted motion, etc.

I will present experimental and computational results from different projects in which we use these computational
approaches to better understand the group’s experiments on the on-surface synthesis of porphyrinoid-based one-
and two-dimensional nanostructures. For example, the synthesis of hemiporphyrinoid-based nanostructures via
[3+3] cycloatomatization and the Co-metalation of their chemical pocket, showing a low coordination with the
captured ion. [1] Another example is our recently submitted study on the expansion of the chemical pocket of
porphyrin macrocycles into 20-n free-based, highly antiaromatic expanded porphyrinoids, opening new possibilities
for tuning their electronic properties. We characterized these systems using a combination of computational and
experimental SPM (Scanning Probe Microscopy) techniques, DFT simulations of their electronic structure, and
DFT-based characterization of the expansion reaction mechanism.

These examples, together with our most recent results in the tailoring of molecular nanostructures, will illustrate the
power of our computational approaches to help us understand the chemistry and physics behind the On-surface
reaction mechanism.
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Carbene Transfer Reactions in Aqueous Environment
Promoted by Heterogenized Iron Porphyrins

Emma Gallo?, Matteo Cavalleri?, Lucia Invernizzi?2 and Caterina Damiano?

2Department of Chemistry, Universita degli Studi di Milano, Milan, Italy

Given the widespread use of metal porphyrin complexes in promoting carbene transfer reactions, [1] the
development of heterogenized catalysts represents an important step toward greener and more environmentally
friendly synthetic processes.

Herein, we present a methodology based on the use of heterogencous catalysts that, when coupled with the
generation of highly reactive carbene species in aqueous media, shows remarkable applicability to the synthesis of
a wide class of substituted cyclopropanes.

The in-water diazotization/carbene generation/cyclopropanation protocol, previously reported by Morandi,
Koenigs, and others, [2] was efficiently promoted by Fe(OMe)protoporphyrin IX catalyst supported either by
covalent linkages onto Merrifield® Resin, or by ionic bonds onto Colour Catcher® material. The latter is a
cellulose-based material commonly used in everyday life to capture dyes in laundry water and exhibits an
excellent ability to strongly bind both free and metal porphyrins. The resulting material is fully biodegradable,
exhibits strong performance in sensing and catalysis [3] and displays high thermal and chemical stability. Both
heterogenized catalysts exhibited good activity in promoting the cyclopropanation of substituted alkenes, and their
robustness allowed them to be recycled
several times without significant loss of
efficiency.

While the highest yields were obtained by
using aminoacetonitrile hydrochloride as
the carbene precursor, trifluoroethylamine
hydrochloride led to the formation of the
corresponding cyclopropanes with
superior diastereoselectivities.
Optimization of the reaction conditions
run in the presence of both Merrifield®
Resin and Colour Catcher®-based
catalytic materials revealed that catalytic
performance was maximized in acetate
buffer at pH 4.75.
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Designing Photoactivity: Modulating Antimicrobial
Photodynamic Effects through Polymer—Photosensitizer
Interactions
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Photoactive polymer-based materials are emerging as versatile platforms for antimicrobial applications, offering
light-controlled activity and tunable physicochemical properties. In this contribution, we present a comparative
materials-chemistry perspective on polymer-supported photosensitizer systems, focusing on how polymer
architecture and microenvironment govern photophysical behavior and functional performance. Using zinc
phthalocyanines as model photosensitizers, we investigate both nanostructured polymer carriers and solid polymer
matrices to elucidate general structure—function relationships relevant to photodynamic activity [1-3].

Schematic of a photosensitizer-loaded membrane and polymeric micelles generating reactive oxygen species
under light to inactivate microorganisms.

Across different polymer platforms, the hydrophilic-hydrophobic balance, aggregation state of the
photosensitizer, and local microenvironment are identified as key parameters controlling excited-state lifetimes
and reactive oxygen species (ROS) generation under visible-light irradiation. Fluorescence lifetime
measurements, including fluorescence lifetime imaging microscopy (FLIM), reveal pronounced spatial and
temporal heterogeneities in excited-state dynamics, highlighting the presence of functionally distinct photoactive
domains within heterogeneous polymer systems.
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Self-Assembled Polar Multifunctional Materials
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“Institute for Molecular Systems Engineering and Advanced Materials, Heidelberg.

Recent advances in self-assembly and supramolecular chemistry enable precise bottom-up control over the
structure and function of organic and polymeric materials, leading to dynamic, highly ordered nanostructures with
unconventional and technologically relevant properties. Within this framework, we have designed and synthesized
a new class of disc-shaped organic semiconductors [1] featuring dipolar side groups and a strong propensity to
self-organize into columnar mesophases. These architectures simultaneously support ferroelectric coupling and
quasi-one-dimensional charge transport As a result, ferroelectric polarization becomes strongly coupled to bulk
electrical conductivity, leading to switchable and rectifying current—voltage characteristics. This behavior is
particularly promising for the development of low-cost, non-volatile, rewritable memory devices (Figure 1). [2].

Conductivity modulation

Dipole switching
Figure 1. A cartoon of the coupling between ferroelectric polarization and conductivity

Building on this design strategy, we are currently exploring the fabrication of next-generation macro- and
nanostructured organic photovoltaic devices (OPVs). These systems rely on self-assembled donor—acceptor
conjugates that combine permanent dipole moments with efficient light-harvesting capabilities, opening new
avenues for multifunctional organic optoelectronic materials [3].
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Biological models for photoactivable nanoparticles and
photosensitizers study

Magali Gary-Bobo?

@ IBMM, Univ Montpellier, CNRS, ENSCM, Montpellier, France

Currently, the development of in vitro and in vivo models according to the 3Rs (reduction, replacement,
refinement) is of great importance. Indeed, research activities need these robust and easy-to-use techniques to
demonstrate the imaging and therapeutic potential of innovative nanoparticles and photosensitizers. Among
several effective organic or inorganic nanoparticles, we are focusing on tunable nanoparticles offering several
advantages in terms of drug or genetic material loading capabilities, photoactivatable properties for imaging or
photodynamic therapy, and personalization for targeting. In our team, the biological effects of nanoparticles and
photosensitizers are studied first on human cancer cell lines in culture and then on zebrafish embryos. The
robustness of these models enables us to provide rapid and reliable proof-of-concept for biocompatible and
therapeutic tools.
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Predicting NIR Phosphorescent Emission and
Singlet Oxygen Sensitization by
5d Metalloporphyrins and Metallocorroles

Abhik Ghosh?

Department of Chemistry, UiT — The Arctic University of Norway, 9037 Tromsa, Norway

Platinum porphyrins have long been known for their strong NIR phosphorescence, singlet oxygen sensitization,
and photodynamic activity. In recent years, middle and late 5d transition metal corroles (involving Re, Os, Ir, Pt,
and Au) have also been found to exhibit some or all of these attributes.! The phosphorescence quantum yields of
5d metallocorroles are generally lower, hovering around 1% and considerably lower for Ir corroles; several 5d
metalloporphyrins also exhibit similarly low quantum yields or do not emit all. Similarly, while many 5d
metallocorroles sensitize singlet oxygen formation, others do not.? Herein, we will present experimental
measurements and DFT/TDDFT calculations on a wide range of 5d metalloporphyrins and metallocorroles in an
effort to understand their divergent photophysical behavior.
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Reactivity of High-Valent Iron Porphyrinoid Complexes

David P. Goldberg

Johns Hopkins University, Department of Chemistry, Baltimore, Maryland

High-valent iron porphyrinoid compounds are implicated in many synthetic catalytic and enzymatic reactions.
Ring-contracted porphyrinoid complexes, such as iron corrolazines and corroles, offer valuable platforms for
examining metal-ligand cooperativity and accessing unusual intermediates that are often challenging or
impossible to characterize in a direct manner with conventional porphyrin scaffolds. This talk will focus on the
synthesis and characterization of formally high-valent iron corrolazine and corrole complexes, either one or two
electrons oxidized above the stable ferric oxidation state. Mossbauer, EPR, and UV-vis spectroscopic analyses are
used to examine whether the oxidations are metal- or ligand-centered. The incorporation of oxo/hydroxo axial
ligands will be described, and compared to non-oxo axial donors such as chloride. The reactivity of these species,
such as in PCET reactions, will also be discussed.
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Investigating Watson-Crick Hydrogen-bonding using
BODIPY Dye Probes

David Gonzalez-Rodriguez,®® Marina Gonzalez-Sanchez,? Jorge Rodrigez-Duran?

@ Departamento de Quimica Organica, Facultad de Ciencias, Universidad Autonoma de Madrid, 28049 Madrid,
Spain

b Institute for Advanced Research in Chemical Sciences (IAdChem), Universidad Autéonoma de Madrid, 28049
Madrid Spain

A versatile strategy is described here to prepare cyclic systems whose size, shape, composition and function can
be rationally predesigned and controlled at the nanoscale using concepts and tools of supramolecular chemistry.
Cyclic tetramers[1] are formed from 4 monomeric m-conjugated subunits by Watson-Crick hydrogen-bonding
interactions between nucleobase directors. A proper monomer preorganization affords high chelate cooperativities
and thus high cyclization yields in solution[2,3] and onto surfaces.[4] Importantly, the use of BODIPY dys probes
allowed us to demonstrate that only systems displaying sufficiently strong chelate cooperativity can achieve
quantitative narcissistic self-sorting fidelities, either by dictating the distribution of cyclic species in complex
mixtures or by ruling the competition between the intra- and intermolecular versions of a noncovalent interaction.
A combination of 1D and 2D NMR, CD, and fluorescence spectroscopy with donor-acceptor FRET pairs, in
diverse solvents and concentration ranges, clearly confirms the dominant role that chelate cooperativity can have
in relatively complex mixtures.
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Isoamyloxy-substituted phthalocyanine complexes:
synthesis, solubilization and photodynamic activity in vitro

Elena A. Gorbunova?, Alina S. Agranat?, Tatiana V. Dubinina?

2 Lomonosov Moscow State University, Department of Chemistry, 119991 Moscow, Russian Federation

New photosensitizers based on isoamyloxy-substituted phthalocyanine complexes of Zn(II), Mg(Il) and Lu(III)
that exhibit photodynamic activity in vitro were described. Synthetic strategies were developed for commercially
unavailable starting material 4,5-bis(isoamyloxy)phthalonitrile. A more efficient approach was found to involve
alkylation of the OH groups of pyrocatechol with isoamyl bromide, electrophilic bromination and cyanation.
Phthalocyanine zinc, magnesium and lutetium complexes were prepared by the metal template effect to facilitate
the cyclization. Using the XANES method, coordination of the central ion by four nitrogen atoms was
demonstrated for isoamyloxy-substituted zinc phthalocyanine.

The introduction of isoamyloxy groups leads to an increase in the fluorescence quantum yield of the
corresponding magnesium complex compared to unsubstituted and aryloxy-substituted phthalocyanines described
in the literature. Complexes of isoamyloxy-substituted phthalocyanines have demonstrated the ability to generate
active oxygen metabolites: singlet oxygen and superoxide anion-radical. Successful encapsulation of hydrophobic
phthalocyanines in B-cyclodextrin allowed obtaining water-soluble forms of the complex with a molar ratio of
phthalocyanine to B-cyclodextrin of 1:1. The zinc complex showed the highest singlet oxygen quantum yield
among the target complexes and, as a consequence, the best photodynamic effect in vitro (ICso up to 2.16 uM),
comparable to that of chlorin 6, an approved photodynamic therapy (PDT) photosensitizer.

We are grateful to the Russian Science Foundation No. 24-73-00062 for main support of this research.
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Self-Assembling of Cationic Phthalocyanines: from Type Il
to Type | Photodynamic Therapy

Yulia G. Gorbunova®*®, Dmitry A. Bunin?, Alexander G. Martynov?,
Aslan Yu. Tsivadze®®

AFrumkin Institute of Physical Chemistry and Electrochemistry Russian Academy of Sciences, Moscow, Russia
*Kurnakov Institute of General and Inorganic Chemistry Russian Academy of Sciences, Moscow, Russia

Phthalocyanines are known to exhibit high photodynamic activity which strongly depends on their
aggregation status in biological media [1]. In our work we study how self-assembling of cationic phthalocyanines
affects their photobiological properties. With this aim, we elaborated novel and convenient approach for the
synthesis of cationic phthalocyanines via reductive amination of 4-formylphenoxy-substituted phthalonitriles
which afforded a library of water-soluble complexes with varying numbers and positions of cationic 4-(N,N-
methyldiethylammoniummethyl)phenoxy substituents [2, 3]. We found that the substitution patterns allow to
control the aggregation of complexes in aqueous media which allowed us to compare the photochemical and
photobiological properties of purely monomeric and strongly aggregated photosensitizers.

Using a combination of chemical scavengers, we show that monomeric phthalocyanines predominantly
generate singlet oxygen (Type II PDT), while their self-assembling switches their activity to Type I with
generation of radical reactive oxygen species [4]. The Type I PDT is less dependent on oxygen concentration in
the photosensitizer's microenvironment and proves to be more effective under conditions of tumor hypoxia,
however disruption of Pc-based nanoparticles upon interaction with biomolecules [3] can reduce the therapeutic
benefits of aggregation. We have shown that this limitation can be overcome by employing low-symmetry
amphiphilic phthalocyanines as building blocks for nanoparticles, which show improved stability in physiological
media and demonstrate Type I PDT pathway under simulated hypoxic conditions. Additionally, these
nanoparticles acquire photothermal activity which broadens the scope of their therapeutic modalities.
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Functionalized and Non-functionalized
Fluorophthalocyanines: Electronic and Symmetry Effects
on Reactivity and Surface Anchoring

Marius Pelmus, Alexander Y. Fadeev, and Sergiu M. Gorun
Department of Chemistry and Biochemistry, Seton Hall University, South Orange, NJ 07079, USA

Amino functionalization of electron-deficient phthalocyanines results in reduced reactivity, which is restored by
blocking the N lone-pair exocyclic conjugation. While macrocycle functionalization may result in covalent
anchoring on solid-state supports, the unfunctionalized perfluorinated materials can still be absorbed, a process
favoured by intermolecular dipolar interactions that are a function of the phthalocyanine’s symmetry and dictate
their edge-on or face-on absorption configurations.
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Turning Repulsion into Reactivity: A Dynamic Carboxylate
Relay in Iron Porphyrin CO2 Reduction

Philipp Gotico?, Adrien Smith®, Regis Guillot®, Stéphane Le Gac, Winfried Leibl?,
Ally Aukauloo®, Bernard Boitrel®, Marie Sircoglou®, Zakaria Halime®

Anstitut de Biologie Intégrative de la Cellule, CEA, 91191 Gif sur Yvette, France
®Institut de Chimie Moléculaire et des Matériaux d'Orsay, Université Paris Saclay, 91405 Orsay, France
°Institut des Sciences Chimiques de Rennes, Université Rennes 1, 35042 Rennes, France

Catalyst design increasingly draws inspiration from metalloenzymes, where precisely organized ligand
environments around metal centers enable efficient capture and transformation of small molecules such as COo.
While the primary coordination sphere governs redox properties, the secondary coordination sphere has emerged
as a powerful lever for enhancing catalytic rates at low overpotentials through proton relays, hydrogen bonding,
and electrostatic effects.[1] In COz electroreduction, cationic secondary-sphere functionalities often promote
reactivity, whereas anionic groups, such as sulfonates or carboxylates, are typically detrimental due to
electrostatic repulsion of anionic metal—carboxylate intermediates.[2—4] Here, we report an exception: a precisely
positioned “hanging” carboxylate embedded within an artificial distal pocket of an iron porphyrin catalyst using a
rigid, preorganized strap.[5] Electrochemical, kinetic, and computational studies show that this carboxylate, in
synergy with a trapped water molecule, enhances turnover frequencies by four orders of magnitude relative to a
perfluorinated iron porphyrin at comparable low overpotential. This dramatic effect arises from proton-coupled
electron transfer that induces transient protonation and dynamic repositioning of the carboxylate from the primary
to the secondary coordination sphere, where it likely functions as a proton relay during CO: activation.

Scheme 1. Exploring unique reactivity of hanging carboxylates strapped in iron porphyrins.
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On-Surface Chemistry of Porphyrins, Corroles, and
Phthalocyanines

J. Michael Gottfried?®

AUniversity of Marburg, Department of Chemistry, Hans-Meerwein-Strasse 4, 35043 Marburg, Germany

Porphyrins, phthalocyanines, and corroles are versatile building blocks for surface functionalization due to their
distinct (opto)electronic properties and reactivity. They readily form ordered monolayers that undergo metalation
or transmetalation, ligand coordination, or intermolecular coupling. Here, the following aspects of the on-surface
chemistry of porphyrins and related compounds will the presented: (1) Porphyrin monolayers and multilayers react
with alkali metals, forming the corresponding dimetallic complexes with bipyramidal geometry. Formation of
Li>TPP proceeds via LiHTPP, which is stable can be isolated by sublimation [1]. Cs2TPP is also thermally very
stable and even desorbs intact from Ag(111) between 600 K and 750 K, allowing for its identification by mass
spectrometry. Corroles form stable lithium complexes with up to four lithium atoms. In the open-shell Lis corrole
complex, three lithium ions coordinate between neighboring nitrogens on one face of the macrocycle while the
fourth lithium binds all four nitrogens on the opposite face. This geometry gives rise to a singly occupied molecular
orbital formed by the overlapping 2s orbitals of the three cofacial lithium ions, collectively sharing one electron. (2)
Transmetalation reactions of PbTPP on Cu(111) and Au(111) surfaces result in the formation of the corresponding
Cu and Au complexes. The metal exchange is direct on the copper surface, while on the gold surface, the
unmetalated 2HTPP occurs as an intermediate [2]. (3) Phthalocyanines, naphthalocyanines and their expanded
homologs can be prepared by template-directed on-surface synthesis from suitable dinitrile-based precursors. These
precursors also provide access to linear open-chain counterparts of phthalocyanines [3]. Structure, electronic
properties and reactivities will be discussed based on extensive experimental and theoretical results. (4) Transition-
metal porphyrin complexes on metallic substrates can form bivalent superstructures with quasi-periodic variation
of the oxidation state of the metal center. This effect depends on the reactivity and structure of the substrate, as well
as on coverage, and is related to adsorption sites. These studies showcase the rich on-surface chemistry of porphyrins
and related macrocycles and highlight new opportunities for functional molecular architectures at interfaces.
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Self-Assembling Cyclic Peptides: Fibers and Nanosheets

Juan R. Granja, Alfonso Bayén-Fernandez, Alba Torrén-Celada, Marcos Vilela-
Picos, Martin Vazquez-Rodriguez

aCentro Singular de Investigacion en Quimica Bioldxica e Materiais Moleculares (CIQUS) and Departamento de Quimica
Organica. Universidade de Santiago de Compostela. Rua de Jenaro de la Fuente, s/n, 15705, Santiago de Compostela, Spain.

Hierarchical self-assembly is a stepwise supramolecular process that forms complex structures from simple and
small molecules. Cyclic peptides are conformational restricted peptides that, thanks to their easy synthesism and
complex and environment-dependent structure, are very valuable building blocks. In addition, they are also
biocompatible and more stable than linear derivatives. In this regard, a-D,L-cyclic peptides are synthetic peptides
that tend to adopt a planar conformation, predisposing them to stack and form hollow cylindrical structures.[1]
The planarity of these CPs makes the linear supramolecular polymeric growth mainly driven by the backbone-
backbone interations. Furthermore, this conformation darranges all the amino acid side chains so that they are
oriented ouward radilly from the central cylinder. Therefore the side-chain-to-side-chain interactions provide a
way for further growth, forming other type of structures as fibers, hydrogels, and 2D and 3D materials.[2] In this
communication we will evaluate the approaches for developing different types of hierarchical suporamolecular
organizations for precise control.[3]
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P450 Compound I: Is it really a blowtorch?

Michael T. Green

Department of Chemistry, University of California, Irvine
Department of Molecular Biology and Biochemistry, University of California, Irvine

Much of our current understanding of metal-oxo—mediated C—H bond activation is rooted in ground-state
thermodynamics, often manifested as linear free-energy relationships (LFERs). Within this framework, metal-oxo
reactivity toward C—H bonds is governed by D(O—H), the strength of the O—H bond formed during hydrogen-atom
abstraction. It has become clear, however, that not all systems display LFER behavior, motivating consideration
of additional factors such as oxo spin density, metal-oxo basicity, and access to low-lying excited states.
Cytochrome P450 is widely regarded as a biological “blowtorch™: its active intermediate, P450 compound I, is
capable of cleaving unactivated C—H bonds with rate constants on the order of 10’ M~' s'. Given this, remarkably
little is known about the thermodynamic driving force for C—H bond cleavage by P450s or the factors that affect
this reactivity. In particular, the O—H bond strength of compound II, which directly reflects P450’s contribution to
the driving force for hydrogen-atom abstraction, has not been experimentally determined. Here, we report our
efforts to determine this quantity.
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Plant virus-corrole hybrids as bio-inspired
antiviral nanomaterials
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Haziq Naseer Khan,” Tomas Moravec,® Nguyet-Thanh Ha Duong®
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The development of orthopoxvirus countermeasures is by now a top priority for health agencies, as new strains
are emerging and spreading rapidly within the population. This is particularly true of the MPXV, which was
responsible for the 2025 Mpox outbreak, that infected over 38,000 people [1]. We synthesized fluorocorrole
derivatives, functionalized with reactive groups, and encapsulated them in Tobacco mosaic virus (TMV). The
resulting nanoconjugates have a high loading capacity and demonstrate enhanced in vitro antiviral activity against
the vaccinia virus compared to uncapsulated corroles. The present study establishes plant virus-corrole hybrids as
a new class of bio-inspired antiviral nanomaterials for the first time [2]. Significantly enhanced antiviral activity
against the vaccinia virus, a model for MPXV, was achieved by successfully encapsulating fluorocorrole
derivatives within the robust and biocompatible TMV capsid. Thus, these results emphasize the versatility of
TMV as a high-capacity, tunable delivery platform. Interestingly, the corrole-TMV assemblies described in this
study could lead to the further development of stable, targeted antiviral nanotherapeutics.

Figure 1

This work was supported by the ANRS Project COLORS (Contrat d’Initiation N°ANRS0652 - ECTZ292887).
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Minimally Substituted Corroles for Testing Structural and
Electronic Effects on Fundamental Properties and
Electrocatalysis

Zeev Gross
Schulich Faculty of Chemistry, Technion — Israel Institute of Technology, Haifa 32,000, Israel

Almost 50 years of focus on octaalkylated corrole were replaced by 25 years of
intense research on the much more accessible triarylcorroles,[1] followed by most
recent advances in the synthesis of derivatives that have either no (i.e., the parent
corrole) or only C1 substituents.[2-4] Armed by corroles that differ so much in  CeFs
terms of electron-withdrawing capability (e.g., CFs > C¢Fs >> H) and size (e.g.,

CeFs >> CF3; >> H) paves the way for research that focuses on both fundamental

and practical aspects. This presumption is actively been tested by exploring quite
different aspects that include the following examples: a) the effect of axial ligands
coordinated to the cobalt(III) complexes of the parent corrole on 'H NMR spectra CF,
and if or how this relates to aromaticity; new insights into what determines the
planarity of the corrole macrocycle and the relative orientation of ligands in 6-
coordinate metal complexes; and differences in efficacy, selectivity and even
reaction mechanism when used as electrocatalysts under both homogeneous and
heterogenous (metallocorrole-modified electrodes) conditions.[5-8]
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Synthesis and Photophysical Analysis of BODIPY-DPM
Conjugates
Nitika Grover

Department of Chemistry, BITS Pilani Pilani Campus, Rajasthan -333031, India
Email: nitika.grover@pilani.bits-pilani.ac.in

Organic dyes with tunable electronic and optical properties are becoming an important tool in modern
biomedicine, imaging, and phototherapies. Among these, boron dipyrromethenes (BODIPYs) gained special
attention due to their modular design, strong absorption, and low toxicity, making them excellent photosensitizers
(PSs) for photodynamic therapy (PDT).[1] Traditional triplet harvesting via heavy atoms enhances intersystem
crossing (ISC) but compromises biocompatibility and stability. Consequently, recent efforts emphasize heavy-
atom-free molecular designs that achieve efficient ISC through structural engineering, such as BODIPY—
anthracene and benzothiophene-fused systems with enhanced spin—orbital coupling and strong ROS
generation.[2,3] Parallel studies on dipyrrin and dipyrromethane (DPM) derivatives, including prodigiosin
analogues, reveal potent anticancer and antimicrobial properties, underscoring the biomedical potential of pyrrole-
based scaffolds. Inspired by these advances, we envisioned merging BODIPY with dipyrrin/DPM frameworks to
create multifunctional, heavy-atom-free systems integrating imaging, anticancer, and antimicrobial capabilities.
We selected 5-tolyl-1,3,7,9-tetramethyl BODIPY as a model substrate. Reaction with pyrrole-2-carboxaldehyde
under microwave irradiation yielded the mono- and di-substituted derivatives depending on aldehyde
stoichiometry. Extending this, condensation of BODIPY with various DPMs furnished mono- and cyclic
BODIPY-DPM conjugates in good yields. Further, we tested the 'O2 generation capabilities of synthesized
compounds. These results demonstrate a versatile strategy for constructing BODIPY-DPM hybrids, uniting
efficient triplet harvesting with potential biomedical functionality in next-generation photosensitizers.
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Novel r-expanded corroles

Daniel T. Gryko?, Beata Koszarna,® Lukasz Kielesinski?®

Anstitute of Organic Chemistry, Polish Academy of Sciences, Warsaw, Poland

In 1998, it would have been impossible to imagine that only 25 years later the chemistry of corroles would expand
to create an independent field of study. The synthesis of meso-substituted corroles evolved quickly during the first
seven years after Paolesse’s and Gross’s discovery [1,2,3]. Although 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.

Traditionally m-expansion of given chromophore is realized via fusion with another aromatic unit. Given however
that in some cases an electronic communication via biaryl linkage is very strong, bridging corrole with other
heterocycles represents an alternative strategy. Herein we will present a few approaches leading to meso-
substituted corroles linked with e.g. 1,4-dihydropyrrolo[3,2-b]pyrrole and dipyrrolonaphthyridinedione. The
photophysical properties of the resulting trans-AxB-corroles are intriguing. We discovered that the 10-(3-
formylphenyl)corrole can be used in the synthesis of 1,4-dihydropyrrolo[3,2-b]pyrrole bearing two corrole
macrocycles. The multicomponent reaction heavily depends in this case on position of the formyl group. We also
found that in spite of large dihedral angle the presence of various m-systems at positions 5 and 10 of corrole core
leads to substantial changes in the photophysical properties.

CHO
O p-toluidine,

biacetyl, p-TsOH,
AcOH, toluene,
2h,50°C,

H 0,
CeFs air, 36%
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Photochemical reactions in aqueous micellar environment

Dorota Gryko?

Anstitute of Organic Chemistry Polish Academy of Sciences, Kasprzaka 44/52, 01p-224 Warsaw, Poland

Bioinspiration is a well-established approach in the field of chemistry. Although in biological systems
reactions take place in water-based confined compartments, organic chemists have for a long time, assumed that
water is not a suitable medium for reactions of lipophilic reactants. Micellar solutions do, however, allow their
incorporation into the confined system, thus fostering their reactions.! Although pioneering contributions have
shown that harnessing aqueous media for organic synthesis may bring various benefits, ranging from reduced
environmental impact, increased reactivity, milder reaction conditions, improved chemo, regio, and
stereoselectivity, to safer reaction conditions, these systems, however, are not widely utilized in synthetic organic
chemistry, even less so for reactions involving radicals.'>*

Along this line, we have demonstrated that visible light-driven reactions can be
conducted in aqueous environments. For example, cobalt-catalyzed radical
addition/1,2- aryl migration,[2] epoxide ring opening,[3] cyclopropanation with
diazo compounds,[4] and CO: cycloadditions[5] afforded the desired products in
S » P high yields and selectivity. A series of NMR measurements and theoretical
studies revealed the location of reaction components in the micellar systems. Our
work expands the chemical space related to both photocatalysis and the aqueous
micellar environment, opening access to a new research area at the intersection
of photocatalysis and biocatalysis fields.
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Exciton Migration in Porphrinic Systems

Dirk M. Guldi®

AFriedrich-Alexander-Universitdit Erlangen-Niirnberg FAU Profile Center Solar Department of Chemistry and
Pharmacy Interdisciplinary Center for Molecular Materials (ICMM) Egerlandstr. 3, 91058 Erlangen

Light-induced intramolecular charge transfer and energy transfer processes on the nanoscale are effectively
modulated through rational molecular design, particularly by architectures incorporating electron and/or energy
donor-acceptor motifs. Of utmost importance is exciton migration, the movement of excitation energy away from
its site of generation. This process is often mediated by interactions between molecular building blocks through
Forster resonance energy transfer. Motivated by the above considerations, we have undertaken a deeper inquiry
into designing anthryl-ethynyl-aniline / anthryl-aniline building blocks coupled to zinc porphyrins at their meso-
positions. Importantly, the ethynyl bridge is known to modulate the triplet energy levels of anthracene, while the
amine group serves as a strong electron donor. In this scenario, several metastable excited states with comparable
energies arise as a result of the nearly orthogonal arrangement of the chromophoric units. Our results demonstrate
exciton migration on the ultra-long timescale due to a dynamic equilibrium between two localized triplet excited
states. The key is the mixing of two localized triplet excited states with a delocalized exciton state, independent of
photoexcitation wavelength and solvents.
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Exploring Photocatalysis with Metal Dipyrrinato Complexes

Iti Gupta*? Kritika Agarwal, Samrita Sharma

“Department of Chemistry, Indian Institute of Technology Gandhinagar, Palaj, Gandhinagar-382355, Gujarat,
India. E-mail: iti@iitgn.ac.in

Visible-light photocatalysis is an environmentally benign method for driving complex chemical transformations,
particularly oxidation processes [1]. The field of photoredox catalysis has been revolutionized by Ru(Il) and
Ir(IlT) organometallic complexes, with the benchmark catalyst fac-Ir (ppy); (ppy = 2-phenylpyridine) widely
adopted in synthetic organic transformations. In general, Ru(Il) and Ir(IIl) polypyridyl complexes and organic
dyes have been used for photocatalyzed organic transformations [2]. The heteroleptic complexes of Pd(II), Re(I),
and Ir(Il) with a dipyrrin ligand have been found to be excellent photocatalysts for the oxidation of organic
molecules [3, 4]. Their attractive photophysical properties and long-lived triplet states boost the production of
reactive oxygen species and singlet oxygen, which is very helpful for oxidation processes.

The work focuses on the synthesis and characterization of a series of heteroleptic Ir(IIl) and Re(I) dipyrrinato
complexes [5]. We will demonstrate a synthetic protocol for the photocatalyst-mediated oxidation of indole
derivatives, sulfoxidation and benzyl amine coupling reaction under blue light and/or sunlight. The results of DFT
calculations will also be discussed to explain the reaction mechanism of selected reactions.
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Applications of small angle scattering to delineate P450-
membrane and redox partner interactions.

John C Hackett, Kamila Stokowa-Sottys, and Francisco Zarate-Perez

Department of Chemistry and Biochemistry, Florida International University, Miami, Florida 33199 U.S.4

Small-angle X-ray and neutron scattering (SAX/NS) are potent tools for elucidating the structures of
biological macromolecules and their complexes. Although resolution is comparatively low compared to
methods such as crystallography, electron microscopy, and NMR, SAX/NS offers the advantage of obtaining
structural information from readily prepared, small samples without molecular size limitations. When
combined with contemporary structure prediction tools and molecular dynamics simulations, SAX/NS
becomes an invaluable instrument for investigating conformational ensembles of flexible molecules and the
architectures of macromolecular complexes. In this presentation, I will describe the applications of SAX/
NS and molecular simulation to pertinent cytochromes P450 and their redox partner interactions. Initially, I
will describe how contrast variation SANS was integrated with a molecular dynamics flexible fitting approach
to delineate the orientation and interactions of cytochrome P450 reductase with lipoprotein nanodiscs.
Subsequently, I will present how SAXS, coupled with size exclusion chromatography, was employed in
conjunction with artificial intelligence-based structural predictions and molecular dynamics simulations to derive
a novel atomistic model of the interaction between CYP17A1 and cytochrome bs. I anticipate that these case
studies will underscore the utility of combining small angle scattering with contemporary computational
methods to advance our comprehension of membrane and redox partner interactions within P450 systems.
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Ultrafast Molecular Spin Coherence for Quantum
Transduction in Complex Environments

Ryan G. Hadt?

2Division of Chemistry and Chemical Engineering, Arthur Amos Noyes Laboratory of Chemical Physics,
California Institute of Technology, Pasadena, California 91125, United States

Molecular electron spins offer a uniquely tunable platform for quantum science, linking quantum coherence to
chemical structure and environment. In this talk, I will describe how ultrafast, all-optical measurements enable
direct observation of molecular spin coherence under ambient conditions. By using light to both prepare and read
out spin states, these approaches reveal how molecular motion, local interactions, and surrounding media
influence quantum coherence in real time. I will highlight how spin coherence can act as a sensitive probe of
molecular dynamics and chemical environments and discuss emerging opportunities for using molecular spins as
quantum tranducers that bridge photons, spins, and complex chemical and biological systems. Together, these
results point toward new strategies for molecular-level quantum sensing and imaging based on ultrafast spin
coherence.
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The Two Faces of Photoimmunotherapy

Tayyaba Hasan

“The Wellman Center for Photomedicine, Massachusetts General Hospital and Harvard Medical School, Boston,
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Technology, Cambridge, MA 02139

Photoimmunotherapy (PIT) can come in many flavors. One in which the immune agent, such as antibodies,
polymers, or peptides, is used to deliver photosensitizers. The major attribute of this form of PIT is that an
immune agent with varying specificity is used primarily as a delivery vehicle, although its inherent
immunogenicity will help induce an immune response. So, this form of PIT has both specific targeting and
immunogenicity. In addition, targeting can be multiple-fold with Bispecific antibodies or serve dual functions,
providing both targeted killing and multimodal imaging capabilities.

The second PIT form, which we call Neoadjuvant PIT or NAPIT, is performed prior to an immune agent, such as
immune checkpoint inhibitors (ICIs). The photodynamic activation primes the tumor tissue, a process we term
photodynamic priming (PDP) that alters the microenvironment. The PDP provides enhanced permeability,
allowing immune cells to enter tumor tissues, which is particularly significant in more stromal cell-dominated
tumors such as Pancreatic ductal adenocarcinoma (PDAC). As immune cells interact with tumor cells, the PDP
also initiates cytokine and other responses that have remote effects on the cellular niche, away from the primary
tumors. This results in decreasing or abrogating metastases.

Both of these forms of photoimmunotherapy are important to explore, and I will discuss results from our
laboratory on both of these faces.
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Single Crystal Field-Effect Transistor of
Tetrabenzoporphyrin with a One-Dimensional Columnar
Packing Motif

Hironobu Hayashi?, Hiroko Yamada

ACenter for Basic Research on Materials, National Institute for Materials Science (NIMS)
bInstitute for Chemical Research (ICR), Kyoto University

Tetrabenzoporphyrins (BPs) possess large, rigid, and planar m-conjugated systems, making them promising
candidates for efficient p-type organic semiconductors due to their potential for strong m—m orbital overlap
facilitating charge transport. However, their poor solubility in common organic solvents has limited solution-
processable device fabrication. To overcome this, the introduction of triisopropylsilyl (TIPS) ethynyl groups
improves solubility and enables solution processing. Here, 5,15-bis(triisopropylsilyl-ethynyl)tetrabenzoporphyrin
(TIPS-H2BP) exhibits sufficient solubility and forms distinct molecular packing motifs, including a one-
dimensionally extended columnar structure favorable for charge transport. In this study, single crystals of TIPS-
H:BP and its zinc and copper metal complexes were grown on octadecyltrichlorosilane-modified Si/SiO2
substrates via slow drop-casting. Structural characterization by single-crystal X-ray diffraction and transmission
electron microscopy revealed that TIPS-H>BP molecules stack in a well-ordered, one-dimensional columnar motif
with a m—r stacking distance of approximately 3.3 A. This contrasts with the triad-like packing observed in the
metal complexes, which lack long-range molecular orientation. Organic field-effect transistors fabricated using
these single crystals demonstrated that TIPS-H2BP achieved a maximum hole mobility of 2.16 cm?® V™! s7!. The
enhanced mobility is attributed to the high crystallinity and favorable molecular orientation enabling efficient
charge transport along the m-stacked columns. Conversely, the metal complexes exhibited significantly lower
mobilities (~0.1 cm? V! s7!) due to their less ordered triad packing, which hinders charge transport.[1]

Figure 1. Packing structures and hole mobilities of TIPS-H2BP and its metal complexes.
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Switchable Systems Incorporating Porphyrins

Valérie Heitz
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CNRS/UMR 7177, Université de Strasbourg, E-mail: v.heitz@unistra.fr

Porphyrins have been widely integrated into covalent and supramolecular systems owing to their remarkable
coordination abilities and their attractive electronic and photophysical properties. The synthesis of receptors
incorporating metalloporphyrins as active elements has led to highly appealing architectures for molecular
recognition and chemical transformation. The introduction of chemical, redox, or photoresponsive units further
enables precise control over the properties of porphyrin-based hosts, including guest uptake, catalysis, and drug
transport.[1] Our group has designed a variety of porphyrin-containing receptors, such as cages and tweezers, that
include triazole[2], or acridinium[3] as responsive units. This presentation will discuss the design, optical
properties, and responsiveness of some representative systems to different stimuli (chemical, electronic, and
photonic). =

Photoactive
Chemical Responsive

Host-Guest properties
Photoactive
Redox active

Fig. Exemple of a tweezer incorporating two stimuli-responsive units.
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Role of the CuB Center in the Formation and Stabilization of
the F-State in Cytochrome ¢ Oxidase from
Paracoccus denitrificans

Petra Hellwig?, Raaif Siddeeque?, Daniel HatlemP®, Hartmut Michel®,
Frédéric Melin?
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® Department of Molecular Membrane Biology, Max Planck Institute of Biophysics, Max-von-Laue-Str. 3, D-
60438 Frankfurt/Main, Germany

The selective four-electron reduction of molecular oxygen to water is a fundamental biological process catalyzed
by terminal oxidases in aerobic organisms. Despite extensive structural information on cytochrome c oxidases,
key aspects of their molecular mechanisms—particularly in bacterial systems—remain unresolved. In this study,
the catalytic cycle of oxygen reduction in Paracoccus cytochrome ¢ oxidase was investigated in the presence of
hydrogen peroxide (H20:) using UV—visible absorption spectroscopy and resonance Raman spectroscopy. Both
native (ATCC) and recombinant enzyme forms were analyzed. Comparative evaluation against existing
mechanistic models revealed strain-dependent variations in the reaction pathway, supporting and extending
previous interpretations.

Special emphasis was placed on the role of the copper B (CuB) center within the binuclear catalytic site.
Spectroscopic data indicate that the intermediate previously assigned as the F-state corresponds to a superoxide-
bound species coordinated to CuB rather than to the heme iron. This reassignment prompted a revised view of
electron transfer and intermediate stabilization during oxygen reduction, highlighting an active role for CuB.
Isotopic labeling experiments using **Cu- and **Cu-enriched enzymes, combined with resonance Raman analysis,
enabled direct identification of copper coordination in this catalytic intermediate. Furthermore, two CuB-deficient
variants (H276K and H276D) were examined to assess the functional significance of this site. Structural and
spectroscopic characterization demonstrated that loss of CuB impairs formation and stabilization of the F-state,
underscoring its critical contribution to efficient oxygen reduction.
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Boron-Doped Porphyrinoids: Combining Lewis Acidity with
Redox-Switchable Aromaticity

Holger Helten*?
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Chemistry & Catalysis with Boron (ICB), Am Hubland, 97074 Wiirzburg, Germany.

The structural motif of porphyrin — ubiquitous in living nature and relevant for various essential biological
processes — has evolved into a highly versatile building block of functional materials. Incorporation of trivalent
boron via its vacant pr orbital in an organic © system can generate unique properties and functions. We combine
both features by doping the macrocyclic framework of porphyrin and related macrocycles with electron-deficient
boron centers. We recently developed tetrathiaporphyrinogen 1 having boron atoms in all four meso-positions [1].
The antiaromaticity in this macrocycle is effectively concealed by the local aromaticity confined in the constituent
thiophene units. Global aromaticity is switched on by facile electrochemical or chemical reduction. The bowl-
shaped radical anion 1~ and the dianion 1>~ exhibit absorption features that are typical of porphyrins, while the
latter shows significantly enhanced low-energy Q-bands. The expanded diboraporphyrinoid 2, on the other hand,
is notably antiaromatic in the neutral state and is transformed into a globally aromatic macrocycle upon reduction
[2]. The 5-bora-21,22-dioxaporphyrin 3 and its main-group and d-block metal complexes 4 and 5 constitute the
first examples of neutral porphyrins with boron in a meso-position that exhibit global aromaticity [3]. These novel
macrocyclic boranes exhibit panchromatic absorption and photoluminescence in the NIR spectral region.
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In vitro and In Cell Conversion of Prostaglandin Hz into A
Bioactive Fatty Acid Catalyzed by Cytochrome P450 Mimics

Tsunehiko Higuchi? , Yuto Tsuzuki?, Yosuke Hisamatsu?, Naoki Umezawa?,
Min Liu®, Kazuko Saeki®, Takehiko Yokomizo®

aGraduate School of Pharmaceutical Sciences, Nagoya City University
*Graduate School of Medical Science, Juntendo University

Prostaglandins (PG) are biosynthesized by isomerizing the common intermediate PGH., which is a cyclic
peroxide, with different enzymes. Two of the enzymes (thromboxane A synthase and PGI> synthase) are known
to be cytochrome P450 type ones. We have developed highly stable, unique SR complexes having a coordination
structure (thiolate-coordinated heme) similar to P450.[1] SR complexes as P450 mimics catalyze a number of
P450-like reactions with high efficiency. Previously, we reported a cyclic peroxide EP1, the head part of
PGH>, was efficiently converted into the isomerized product and split product catalyzed by SR complex.[2] We
have also found that SR complex rapidly isomerized PGH: to form 12-HHT exclusively. Yokomizo
(collaborator) and coworkers found that 12-HHT is an endogenous ligand of receptor BLT2 and has skin wound
healing activity.[3] Therefore, we expected that P450 mimic such as SR enhances production of 12-HHT to lead
skin wound healing by catalyzing PGH2 conversion in cells. We analyzed the change of amount of each
related lipid in cells by administration of 4 kinds of P450 mimics comprehensively. We found administration of

1 uM of SR complex to human cells increased 12-HHT level by 1.5 fold and decreased PGE: level which
arouses pain. The results suggest that SR complex promote wound healing while reducing wound pain.
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Self-assembled Porphyrins for Advanced Applications
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Supramolecular chemistry and self-assembly methods are key to influence aggregative processes, and can be used
to control the emergent properties of self-assembled organic nanomaterials. In this work, we have studied
chromophore compounds with the emphasis partly on pyrazinacenes [1] (N-heteroacenes composed of linearly
fused pyrazine units) but mostly on porphyrin [2] molecules. Different properties are accessed from self-
assembled structures or from solutions of the materials. Self-assembled structures are obtained using Langmuir
and Langmuir-Blodgett techniques, nanoparticle synthesis, and solution-based crystallization. Principles of
amphiphilicity have been applied to generate on-interface structures that can be extracted as multilayered films
and exploited for application in electronic devices. Here, we will describe the sensing [3], photosensitization [4]
(to generate singlet oxygen), and other [5,6] properties of the materials based on molecular structure and state of
aggregation. We also describe printable structures for sensing applications based on interleaved microcrystalline
forms. Molecular structure is emphasized as a key feature including the effects of structural amphiphilicity, ©-n
stacking, and conformational flexibility. Self-assembly and supramolecular techniques stand out as the most
effective methods for obtaining organic nanomaterials having the molecule-level definition of structure important
for many applications including sensing and photosensitization. From this point-of-view, applications based on
supramolecular effects or device incorporation of self-assembled materials will be discussed. In particular, several
new classes of singlet oxygen photosensitizer have been established as well as selective sensing of vapor analytes
using porous self-assembled structures.

Figure. a, Self-assembled porous crystals of beta-substituted porphyrins. b, Two-dimensional porphyrin Kagome.
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Computational Studies on Cytochrome P450: Reactivity in
Drug Metabolism and Bonding Characteristics of Key
Intermediates

Hajime Hirao?®
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In humans, cytochrome P450 enzymes (P450s) are versatile heme-containing biocatalysts that play critical
physiological and pharmacological roles. Physics-based computational approaches are expected to play a key role
in elucidating the catalytic mechanisms of P450s. However, to date, relatively few studies have addressed the
mechanisms involved in drug metabolism, particularly through hybrid quantum mechanics/molecular mechanics
(QM/MM) calculations, highlighting the need for continued investigation. In recent years, our group has actively
taken on this challenge by studying P450-catalyzed transformations of structurally complex drug molecules in the
context of drug metabolism and P450 inhibition. Furthermore, we are exploring the fundamental aspects of P450
catalysis, investigating the bonding characteristics of key intermediates as well as heme—inhibitor complexes
using a range of theoretical approaches, including energy decomposition analysis (EDA) and valence bond (VB)
theory. In this presentation, I will discuss our recent findings in these areas.
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Chemical tools for fluorescence imaging of labile heme in
living cells and tissues
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Heme, a complex of protoporphyrin IX and iron, is an essential cofactor for hemoproteins such as hemoglobin,
cytochrome P450, and catalase. While most heme is tightly bound to proteins and biologically sequestered, a
small fraction exists as "labile heme"—a protein-free or weakly bound ferrous form that plays critical roles in cell
signaling and oxidative stress [1,2]. Despite its physiological and pathological importance, the spatiotemporal
dynamics of intracellular labile heme remain poorly understood. Although various fluorescent probes have been
developed, improvements in sensitivity, selectivity, and usability are still required.

We have developed a series of chemical probes for labile heme based on N-oxide chemistry, utilizing $N$-oxides
as ferrous-selective chemical switches. By optimizing the N-oxide moiety and fluorescent scaffold, we identified
H-FluNox—comprising a difluoropiperidine N-oxide and a rhodol dye—which exhibits superior selectivity and
sensitivity for labile heme. H-FluNox enabled real-time imaging of heme biosynthesis, nitric oxide-induced heme
release, and heme accumulation during ferroptosis [4].

Furthermore, we expanded this N-oxide chemistry to tissue imaging. We found that the reaction between N-oxide
and labile heme generates high-valent iron-oxo species, which can be trapped by electron-rich aromatics to form
reactive electrophiles. This sequential reaction was utilized for a heme-activated biomolecule labeling strategy,
achieving successful fluorescence imaging of heme in the mouse brain [5]. In this presentation, I will discuss the
molecular design, mechanistic insights, and recent progress of our heme-imaging technologies.
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Precursor State of 3D Domain Swapping in the Folding
Process of Cytochrome c

Shun Hirota®®, Cheng Xie?, Takahiro Sakai?, Hongxu Yang?, Tsuyoshi
Mashima®®, Kassandra Boshae®, Bruce Bowler®d, Hideaki Ogata®

Division of Materials Science, Graduate School of Science and Technology, Nara Institute of Science and
Technology (NAIST), 8916-5 Takayama, lkoma, Nara 630-0192, Japan

SMedilux Center, Graduate School of Science and Technology, Nara Institute of Science and Technology (NAIST),
8916-5 Takayama, lkoma, Nara 630-0192, Japan

*Department of Chemistry & Biochemistry, University of Montana, Missoula, MT 59812, United States

dCenter for Biomolecular Structure & Dynamics, University of Montana, Missoula, MT 59812, United States
*Graduate School of Science, University of Hyogo, 3-2-1 Koto, Kamigori-cho, Ako-gun, Hyogo 678-1297, Japan

Proteins fold into specific structures according to their amino acid sequences. However, there are many
proteins that undergo three-dimensional domain swapping (3D-DS), a phenomenon in which a monomeric protein
forms a dimer by exchanging the same domain or secondary structural element between molecules of the same
protein [1]. We have shown that various heme proteins undergo 3D-DS [2]. We have also found that 3D-DS of
heme proteins occurs at the early stage of protein folding, and utilized 3D-DS to construct various heme protein
assemblies, including nanorings, cages, hetero dimers with different active sites, and a ligand-binding reversible
monomer-polymer system [2].

Cytochrome c¢ (cyt c¢) forms 3D-DS oligomers that exchanges the C-terminal a-helix between protomers
[3]. This 3D-DS dimer was obtained by refolding the protein from a guanidium-ion unfolded state, where the N-
and C-terminal regions interacted intermolecularly during folding [4]. In this study, we show that cyt ¢ refolded
from acidic and ethanol denatured states can fold into a same 3D-DS precursor state. The 3D-DS precursor state
of cyt ¢ showed a dimer-trimer equilibrium at high protein concentration (2 mM, heme unit) according to size
exclusion chromatography. By X-ray crystallographic analysis of the 3D-DS precursor state of cyt ¢, we obtained
a new 3D-DS dimer structure that exchanges the region beyond Asn54 between protomers. The dissociation rate
of the cyt ¢ 3D-DS precursor to monomers increased by the addition of apo cyt ¢, but not by the addition of holo
cyt ¢, indicating that the 3D-DS precursor state is flexible. On the other hand, the cyt ¢ dimer obtained by
refolding without heat purification exhibited higher peroxidase activity than heat-purified dimer, indicating
formation of an unstable dimer during folding which exhibits higher peroxidase activity than the 3D-DS precusor
state. These results reveal the involvement of 3D-DS in folding of cyt ¢, showing that the flexible 3D-DS
precursor state can fold into various 3D-DS structures.
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Azahelicenes and triazahelicenes as Emerging Platforms for
Low Band Gap Materials
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Here, we will introduce our useful curved-n units, azahelicenes and triazahelicenes, which should contribute to
the chemistry of porphyrins and phthalocyanines.

n-Conjugated molecules with low band gaps have attracted significant attention in materials science and
photochemistry due to their near-infrared (NIR) absorption and emission properties. While numerous planar
systems have been developed, examples of low-band-gap materials featuring curved m-surfaces remain
challenging. Such architectures offer unique opportunities for chiroptical functionality, charge transport, and
dynamic optical responses."

Our group has established efficient synthetic routes to m-extended aza[5]helicenes (AzaH), enabling gram-scale
preparation and regioselective functionalization.”? Recently, we have achieved the first helicene-based polar
crystals® and revealed pitch-dependent optical properties in oxidized states. In addition, we developed donor—
acceptor—donor (DAD) azahelicene dyads, which exhibit pronounced intramolecular charge-transfer interactions
and panchromatic absorption extending into the NIR region.® This study disclosed that the distortion of the n-
plane caused biased molecular orbitals onto the helicene skeleton, inducing intramolecular charge transfer
interaction even in the absence of an electron-accepting unit. This feature led to independent transitions between
localized and charge-transfer transitions, serving panchromatic absorbing characteristics. Furthermore, we have
synthesized triazahelicenes containing acridine skeletons (AcrH) as promising candidates for low-band-gap
heterohelicenes. AcrH was synthesized via oxidative cyclization of 2-aminoacridine derivatives using Magic
Blue. AcrH displayed luminescence and underwent protonation upon photoirradiation, enabling tunable
photophysical behavior. In this presentation, we will discuss their synthesis, structure—property correlations,
emphasizing their potential as curved m-systems for next-generation optoelectronic and photoresponsive materials.
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Pyrrole-based anion-responsive macrocycles
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Dipyrrolyldiketone BF> complexes (PBs) are representative anion receptors that can form pseudo-mn-electronic
anions through the pyrrole-ring inversion accompanied by hydrogen bonding to anions at two pyrrolic NH sites
and one bridging CH site. To date, anion-binding behavior and ion-pairing assembly of PBs and related molecules,
as precursors of pseudo-n-electronic anions, have been reported [1]. Herein, we report characteristic properties of
PB-based macrocycles. Macrocycles 1a/1b (Figure la top) exhibited higher Cl -binding affinity than the linear
precursors, attributed to preorganized pyrrole-inverted states that are favorable for anion binding [1c]. Single-
crystal X-ray analysis of 1a upon the addition of TBACI revealed the complexation with two CI" at the anion-
binding sites to provide the pseudo-m-electronic anion 1a-2Cl-, which formed a charge-by-charge assembly with
two TBA™ (Figure la bottom left). For macrocycle 1b, scanning tunneling microscopy (STM) measurements on
highly oriented pyrolytic graphite (HOPG) revealed a 2D ordered structure (Figure 1a bottom right). On the other
hand, macrocycle 2, with non-inverted pyrrole rings and crossed m-electronic linkers, was synthesized, showing
the figure-eight shape structure in the X-ray structure (Figure 1b(i) top and (ii)). UV/vis absorption spectral
changes in CH2Cl» revealed the homotropic positive cooperative effect in ClI” binding, arising from coupled
pyrrole inversions of two PB units (Figure 1b(i) bottom and (iii)). Furthermore, stopped-flow measurements in
CH2Cl2 (10 uM of 2 with 0.2 M of TBACI) revealed a remarkably slow anion-binding process, with the
association reaching completion in ~10 s.

REFERENCES

1. (a) Haketa, Y.; Komatsu, K.; Sei, H.; Imoba, H.; Ota, W.; Sato, T.; Murakami, Y.; Tanaka, H.; Yasuda, N.;
Tohnai, N.; Maeda, H. Chem. Sci. 2024, 15, 964. (b) Kugizaki, R.; Haketa, Y.; Kamada, K.; Maeda, H. Chem.
Eur. J. 2024, 30, €¢202401932. (¢) Horita, H.; Okano, H.; Kikkawa, Y.; Haketa, Y.; Maeda, H. Chem. Asian J.
2025, 20, ¢202401461. (d) Toyoshima, R.; Horita, H.; Tsuda, S.; Kobashi, S.; Kobayashi, H.; Kobayashi, Y.;
Maeda, H. Org. Lett. 2025, 27, 7933.

Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 119

Development of low pH-activatable photosensitizers for
photodynamic therapy and diagnosis
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Photodynamic therapy (PDT) is a minimally invasive cancer treatment that induces tumor cell death
through the generation of reactive oxygen species (ROS) upon photoexcitation of photosensitizers accumulated in
tumor tissues. In addition to therapy, photodynamic diagnosis (PDD) can be achieved by exploiting the fluorescence
of the photosensitizers used in PDT. Porphyrinoids have been clinically applied and represent promising
chromophores for PDT and PDD. However, many conventional porphyrinoids inevitably accumulate in normal
tissues, leading to undesired phototoxic side effects and reduced diagnostic accuracy due to background
fluorescence. To overcome these limitations, activatable photosensitizers have attracted considerable attention.
These photosensitizers remain in a photoinactive “OFF” state in normal tissues, thereby suppressing phototoxicity
and background signals. In contrast, they switch to a photoactive “ON” state specifically within tumor tissues,
enabling cancer-selective phototherapy and photodiagnosis [1]. Given that lysosomes exhibit an acidic
microenvironment, the combination of low pH-activatable photosensitizers with lysosome-targeting drug delivery
systems represents a promising strategy for highly cancer-selective PDT and PDD. In this study, we aim to develop
efficient low pH-activatable photosensitizers for improved cancer-selective phototheranostic applications.

Aromatic amines have been introduced into the meso position of porphyrins as pH-responsive quenchers.
A derivative with a diethylaniline exhibited a low fluorescence quantum yield ®r and quantum yield of singlet
oxygen (102) production ®a under neutral conditions due to rapid deactivation from the charge-transfer excited state.
In contrast, under acidic conditions, the quenching ability of the aniline unit was lost upon protonation, resulting in
switching to the ON state with high ®r and ®a. However, this derivative slightly sensitize 'Oz even in neutral
solution and the ON/OFF ratio of ®a was low (11) [2].

To improve the ON/OFF ratio, we developed AI4P which is a porphyrin derivative bearing four
diethylaminoindole (AI) units [3]. In neutral solution, the first excited singlet state of AI4P was strongly quenched
by the Al units, resulting in extremely weak fluorescence. Moreover, 'Oz generation was not detected, and ®a was
estimated to be below 0.002. In contrast, under acidic conditions, ®a increased markedly to 0.42, corresponding to
an ON/OFF ratio exceeding 200. Notably, in acidic solution, a new intense absorption band appeared at 740 nm,
which lies in the near-infrared region favorable for biological tissue penetration. While AI4P showed no absorption
at this wavelength under neutral conditions, strong absorption emerged upon acidification, yielding an ON/OFF
ratio of the molar extinction coefficient exceeding 400.

Because the amount of generated 'Oz is approximately proportional to the product of the molar extinction
coefficient and the quantum yield, the overall ON/OFF ratio of 'Oz production was estimated to exceed 80,000.
These results demonstrate that AI4P is a highly promising low pH-activatable photosensitizer for PDT. Further
development of related porphyrin derivatives will also be discussed.
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Photoimmunotherapy of Peritoneal Metastasis
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Objectives: Fluorescence-guided interventions enhance standard therapies by enabling detection and treatment of
microscopic tumors before lethal recurrence. Advances in photoimmunotherapy (PIT) show promise for
intraoperative treatment of peritoneal metastasis. However, clinical translation remains difficult due to
heterogeneous treatment responses. This study explores how nanotechnology and fluorescence-guided strategies
can further improve PIT for peritoneal metastasis, potentially sensitizing tumors to hyperthermic intraperitoneal
chemotherapy (HIPEC) [1].

Methods: We developed Targeted Photoactivable Multi-Agent Liposomes (TPMAL), a formulation combining
nanoliposomal irinotecan with antibody—photosensitizer conjugates for synergistic PIT and chemotherapy. PIT is
a two-step process: TPMAL administration followed by red light activation to generate reactive oxygen species
(ROS) that kill cancer cells. Using the OVCAR-5 peritoneal metastasis mouse model, we evaluated TPMAL-PIT
safety and efficacy. To optimize treatment, we developed two fluorescence-guided strategies:

(1) Fluorescence-Guided Drug Delivery (FGDD): Due to variable pharmacokinetics, optimal PIT timing varies
across subjects. FGDD identifies peak TPMAL fluorescence in tumors to guide light activation.
(i1) Fluorescence-Guided Light Dosimetry (FGLD): Given intersubject TPMAL variability, FGLD monitors
photosensitizer photobleaching during PIT, enabling real-time light dose adjustments for more consistent
treatment.

Results: In mouse models of peritoneal carcinomatosis, TPMAL enhanced drug delivery to tumor nodules by 14-
fold. The ML7710 clinical laser endoscopy system detected variability in TPMAL uptake and enabled real-time
FGLD in over 50% of treated mice. TPMAL also improved photosensitizer penetration up to 3 mm in tumor
nodules. Combining TPMAL, fluorescence-guided PIT, and irinotecan significantly reduced treatment variability
and improved survival without systemic toxicity.

Conclusions:

This study integrates two innovations:

(i) TPMAL - a targeted, fluorescence-labeled nanoliposome platform for PIT and chemotherapy.

(i1) Fluorescence-guided interventions — for real-time visualization and patient-specific treatment.

Together, these technologies enable personalized light dosing and consistent PIT-chemotherapy outcomes—
critical for treating heterogeneous peritoneal metastasis.
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Probing Charge Transport and Separation Mechanism in
Porous Crystalline Frameworks
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Porous crystalline materials such as metal organic frameworks (MOFs) and covalent organic frameworks
(COFs) represent a novel class of materials for catalysis due to their inherent porous nature, exceptional thermal
and chemical stability, structural flexibility. While many optoelectronic and photocatalytic systems based on these
materials have been developed in the past decade, a significant gap exists in our understanding of the correlation
of photophysical and photochemical properties of MOFs/COFs with their structure, which hinders accurate
prediction and informed design. We aim to address this challenge using an interdisciplinary approach that
combines innovative material design and synthesis, and fundamental mechanistic studies by spectroscopic
techniques. In this talk, I will discuss our recent progress in two projects including 1) understanding the charge
transport mechanisms in 2D conductive MOFs and 2) developiong COFs as light harvesting and charge separation
materials for photocatalytic applications.

2D conductive MOFs, an emerging class of porous solids, have recently attracted great attention due to their
potential applications in energy storage devices, chemiresistive sensing, and quantum information. However, the
fundamental understanding of the factors that control their conductive mechanism remains underexplored. In this
talk, I will discuss a new strategy we used to controllably engineer their photoconductivity and charge transport
(CT) pathway by systematically tuning the ligand size and metal nodes. Through a combination of hybrid
synthesis with spectroscopic studies, we show that extending the ligand from single-benzene core to thirteen-
benzene core can effectively control both intralayer n-d orbital overlap and interlayer n-m stacking interaction.
This not only significantly affects their photo-conductivity but also shifts CT pathway from a through-bond
dominated mechanism in smaller ligands to a through-space dominated mechanism in larger ligands, providing a
versatile design strategy for directional CT. In addition, the photoconductivity is strongly influenced by the metal
nodes, which can effectively alter the band gap and the dispersivity and ultimately photoconductivity.

Charge transfer process is one of the key factors that determine the efficiency of solar-driven CO: reduction
into renewable fuels and valuable chemicals. Most photocatalytic CO2 reduction systems reported require the use
of sacrificial electron donor to participate in the catalytic process due to undesirable charge transfer pathways and
low charge separation efficiency. Working towards economical COz photoreduction necessitates replacement of
sacrificial donors with ones that are abundant and easily accessible like H>O. To address these issues, we have
been developing chemical approaches to control charge transfer pathways in COFs, where the wide availability of
diverse functional building blocks allows the precise tuning of its structure and functional components. We hope
to use this strategy as a crucial tool to make H2O a potentially suitable electron donor which could eventually
make solar-driven CO2 photoreduction economically feasible.
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Metal Complexes of N-Confused Porphyrins and Their
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The development of N-confused porphyrins and their derivatized analogues, together with their metal complexes,
has significantly enriched the chemistry of porphyrinoids. Beyond fundamental coordination chemistry, this class
of macrocycles has found expanding applications in molecular sensing, imaging, medicinal chemistry, and
catalysis.[1-2] In response to urgent global demands for sustainable energy conversion and carbon-neutral
technologies, this lecture will highlight the emerging potential of N-confused porphyrin metal complexes in
electrocatalytic carbon dioxide reduction (eCO-RR) and nitrate reduction (eNOsRR).

The presentation will begin with our recent studies on vanadium N-confused porphyrins,[3] focusing on their
unique electronic structures and catalytic oxygenation reactivity. We will then discuss the electrocatalytic
conversion of CO: to formate mediated by tin(IV) N-confused porphyrin complexes, followed by iron N-confused
porphyrin systems as catalysts for nitrate-to-ammonia conversion operated in gas-diffusion-based flow
electrochemical cells. Collectively, these studies demonstrate that N-confused porphyrin complexes can deliver
effective and selective electrocatalytic activity for both eCO.RR and eNOsRR. The chemistry presented
underscores the promise of N-confused porphyrins as structurally programmable molecular platforms for
sustainable electrocatalytic transformations that convert greenhouse gases and environmental pollutants into
value-added chemical feedstocks.
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The unusual chemistry of pyriporphyrins - from controlled
ring inversion to pyridine ring contraction
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The coordination chemistry of carbaporphyrinoids has become a popular area of research in recent years.
These macrocycles are of great interest due to the formation of complexes in which metals acquire unusual
oxidation states and subsequently exhibit non-trivial reactivity associated with the formation of organometallic
bonds. Despite numerous studies, the coordination chemistry of pyriporphyrins - macrocycles in which one of the
pyrrole rings has been replaced by a pyridine ring - remains poorly understood. However, studies of the reactivity
of pyriporphyrins, regardless of how the six-membered ring is incorporated, demonstrate the fascinating nature of
this chemistry [1-3].

One such example is di-p-pyrirubyrin. During stepwise acid titration, we observed the inversion of one or
two six-membered rings. Consequently, three fundamental conformers are feasible: regular, N-confused, and
doubly N-confused, which provide principal sites preadapted for further protonation [4]. Additionally, di-p-
pyrirubyrin complexes with palladium(II) ions exhibit a response in photoacoustic spectroscopy [5].

Another case is 3-aza-meta-benziporphyrin, in which the pyridine ring contracts to form the pyrrole ring.
By investigating the unusual coordination chemistry of N-confused pyriporphyrin with silver and gold ions, we
observed this process and obtained several complexes that exhibited remarkable reactivity. This includes the
reversible cleavage of C—O bonds and the selective demetallation of the outer metal ion [6].
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Electroabsorption Spectroscopy of BOPHY Derivatives:
Probing Charge Transfer Character in the Excited State
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In organic light-harvesting systems, the most widely employed electron acceptors have been fullerene and its
derivatives. Organic photovoltaics (OPVs) employing novel non-fullerene electron acceptors (NFAs) have shown
improved performance in terms of stability and efficiency compared to OPVs using conventional fullerene
derivatives. Recent studies of a high-performance NFA Y6 have shown that its efficient charge generation in the
donor — acceptor system is linked to charge transfer (CT) excitations within the NFA. As potential NFAs for light-
harvesting systems, BOPHY chromophores have also attracted a great deal of attention because of their tunable
photophysical and redox properties. Here, electroabsorption (EA) spectroscopy of a series of BOPHY derivatives
is reported. EA spectroscopy is a powerful spectroscopic technique to probe the CT character of chromophores
through the quantification of the changes in electric dipole moment and polarizability volume between the excited
and ground states [1-5]. The correlation of the CT character of the excited state with the substitution groups will
be discussed.
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Engineering Porphyrins and Redox Mediators for Enhanced
Dye-Sensitized Solar Cell Performance
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Porphyrin dyes continue to attract significant interest as high-performance photosensitizers for dye-sensitized
solar cells (DSSCs), particularly when paired with cobalt(Il/IIT) complex-based redox shuttles, achieving excellent
light-harvesting and power conversion efficiencies (PCEs). Recently, copper(I/II) complexes have emerged as
next-generation redox shuttles, offering impressive open-circuit voltages (Voc) exceeding 1.0 V. However,
porphyrin-based DSSCs incorporating copper(I/II) shuttles have faced challenges in achieving high PCEs, largely
due to insufficient driving force for efficient dye regeneration. We present FLL1—a newly designed porphyrin dye
featuring a fluorene moiety with reduced electron-donating characteristics—to address this limitation. FL1 was
engineered to enhance the driving force for dye regeneration by copper(I/Il) complexes. Under optimized
conditions, DSSCs utilizing FL1 and the copper(I/Il) complex [Cu(2ZMeOby).]"/[Cu(2MeOby).]>** with
trifluoromethanesulfonimide (TFSI™) counterions achieved a notable PCE of 8.30% and a Voc of 0.890 V. Further
investigation into counterion effects revealed that replacing TFSI™ with hexafluorophosphate (PFs") significantly
improved performance, yielding a PCE of 9.06% and a Voc of 0.900 V, attributed to enhanced diffusion properties.
Moreover, co-sensitization with FLL1 and a complementary dye XY 1B led to a record-breaking PCE of 10.9%,
while maintaining a high Voc of 0.945 V—setting a new benchmark for porphyrin-based DSSCs with copper(I/1I)
redox shuttles. These findings underscore the transformative potential of energy-level engineering in porphyrin
dyes and copper-based redox systems to optimize dye regeneration and drive future advancements in DSSC
technology. In this presentation, I will provide an overview of our design strategies, experimental insights, and the
implications of our findings for next-generation DSSC development.
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Interfacial Passivation Materials for Perovskite Solar Cells
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Perovskite solar cells (PSCs) have rapidly emerged as one of the most promising photovoltaic technologies,
achieving power conversion efficiencies (PCEs) exceeding 26% within just a decade. Although the recent
skyrocketing advances in PSCs approach the conventional inorganic technologies, the ionic nature, as well as
extrinsic factors, endow perovskite crystals with a large number of defects, including undercoordinated ions at
crystal surfaces and at the grain boundaries, which act as non-radiative recombination centers both within
photoactive layers and at electrode contacts, resulting in low Voc, PCE, and degradation of the device. [1]To
circumvent the severe issue, passivating and/or healing these defects on the perovskite surface and grain
boundaries (reducing the non-radiative recombination loss) are among the most promising approaches to
improving the stability and efficiency of both perovskite solar cells. Pcs, planar aromatic macrocycles and p-type
semiconductors, are well known as efficient hole-transporting materials (HTMs). [2] While most studies on Pcs in
PSCs have focused on their role as HTM alternatives to spiro-OMeTAD—achieving impressive efficiency and
stability—their exceptional photophysical properties, charge-transport capabilities, and highly tunable chemical
structures have increasingly encouraged their use as functional additives to control perovskite film crystallization,
reduce defect densities, and enhance charge transport and extraction.[3] In this talk, we will present our recent
findings on Pc—based multifunctional passivators and HTMs for PSCs. We will highlight their dual role as
efficient HTMs and defect-passivating agents, and discuss how functionalized Pc derivatives can be tailored to
address different requirements for achieving high-efficiency and long-term stable PSCs.

This work has been supported by The Scientific and Technological Research Council of Turkey, TUBITAK (Grant
125R005).
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Superacid-Resistant Macrocyclic BODIPYs Inspired by
Boron—Calix[3]pyrrole
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Boron—dipyrromethene (BODIPY) dyes are well-known fluorophores that show bright visible emission with
narrow Stokes shifts. Despite their diverse applications in staining and sensing, BODIPYs have suffered from a
common drawback; they readily release the boron atom under acidic conditions, leading to fluorescence
degradation. In the course of our research on calix[3]pyrrole,[1] we discovered unusual protonation behavior and
a synergistic effect in boron chelation by the tripyrrolic macrocycle, which provided a rational molecular design
for superacid-stable BODIPY dyes.

While calix[3]pyrrole (1) undergoes an acid-catalyzed, strain-induced ring expansion reaction via
irreversible macrocyclic ring cleavage, its boron complex 2 is reversibly protonated at the pyrrole S-position
without undergoing deboronation. When the BODIPY framework was embedded into a calix[3]pyrrole-like
macrocycle bearing one sp*-hybridized meso-carbon bridge, similar protonation behavior was observed for the
macrocyclic BODIPY 3. BODIPY 3 was synthesized in 46% yield by the condensation of boron-tripyrrane
complex in triethyl orthoformate.[2] Upon protonation with trifluoroacetic acid (TFA), the m-conjugationally
isolated pyrrole unit in 3 underwent protonation at the S-position to lead 3H-pyrrole ring, while the BODIPY unit
remained unchanged. Although the fluorescence of 3 was quenched under neutral conditions due to photo-induced
intramolecular electron transfer from the pyrrole moiety to the BODIPY core, its protonated state exhibited
yellowish fluorescence at 549 nm with a quantium yield of 0.81 and a Stokes shift of 371 cm™ in non-diluted
TFA. Interestingly, no deboronation was observed even in absolute superacids such as chlorosulfonic acid and
trifluoromethanesulfonic acid, and intense fluorescence was preserved with quantum yields of up to 0.90 (in
fluorosulfonic acid). The superacid-resistant BODIPY 3 was utilized for staining strongly acidic materials,
including Nafion and sulfonylated organo gels, as a fluorescent acid indicator. BODIPY 3 complements existing
BODIPY analogues by enabling staining and sensing in strongly acidic environments, thereby expanding the
functional scope of the BODIPY dye family.
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N-Confused Bilatriene as a Versatile Scaffold for Metal-1r
Conjugated Porphyrinoids
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Open-chain tetrapyrrolic compounds derived from the porphyrin skeleton, including bilirubin, are known as
bile pigments and represent potential ligand platforms for advanced dye applications. Owing to their flexible,
linear m-conjugated frameworks, these molecules can undergo dynamic conformational and electronic modulation
through metal-ion coordination. This feature endows them with remarkable tunability in their optical responses,
making them promising photoactive materials that exhibit distinctive absorption properties extending into the
second near-infrared (NIR-1I; 1000-1700 nm) region.[1]

Recently, we have synthesized metal-bridged bilatriene complexes (M1 and M1-0) coordinated with
palladium(II) and platinum(II) ions,[2,3] and demonstrated that N-confusion structural modification of the ligand
significantly enhances the interaction between the ligand m orbitals and the metal d orbitals. As a result, this
approach enables the design of highly stable near-infrared dyes possessing exceptionally narrow HOMO-LUMO
gaps. Furthermore, complexation of iridium(I) and rhodium(I) fragments at the outer indole-nitrogen sites of an
N-confused bilatriene produces neutral n-radicaloid species (M—cod1) with delocalized spins and open-shell
doublet ground states.[4] These complexes display broad NIR-II absorption bands extending up to 1500 nm and
exhibit strong photoacoustic and photothermal responses arising from SOMO-SUMO-based transitions.

Together, these studies demonstrate that N-confused bilatriene serves as a versatile molecular scaffold for
constructing both closed-shell metalla-carbaporphyrinoids and open-shell metal-bridged radicaloid systems.

N-confusion
Modification

Metal

Bilatriene N-confused
Bilatriene (1) M1 M1-0 M-cod1
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Cytochrome ¢ oxidase (CcO) is an essential enzyme in mitochondrial and bacterial respiration. It catalyzes the
four-electron reduction of molecular oxygen to water and harnesses the chemical energy to translocate four
protons across biological membranes, thereby establishing the proton gradient required for ATP synthesis. X-ray
crystallographic structure analyses of bovine CcO (bCcO) have been based mainly on the dimeric form of the
enzyme[1,2]. Recent cryogenic-electron microscopy (cryo-EM) structures revealed that CcO exists in its
monomeric form in the respiratory supercomplex|3,4,5]. By treating the enzyme with TritonX-100, we generated
the monomeric form of bCcO in solution and embedded it into nanodiscs for cryo-EM imaging. The nanodisc is
comprised of a membrane scaffold protein (MSP), which encircles a lipid center providing a native-like
environment for bCcO. We obtained a single particle cryo-EM structure of bCcO and resolved it to a overall
resolution of 1.96 A (local resolution of 1.90 A). Here we will compare this single particle monomeric cryo-EM
structure to those of the monomeric and dimeric structures of bCcO obtained by X-ray crystallography and
compare the activity of monomeric bCcO embedded in a nanodisck to those obtained in solution.

REFERENCES

1. Izumi Ishigami et al. Proc Nat Acad Sci (USA) 2019, 116, 3572-3577.
2. Soo Jae Lee et al. Acta Cryst. 2001, D57, 941-947

3. Jinko Gu et al. Nature. 2016, 537, 639-643.

4. James A Letts. et al. Nature. 2016, 537, 644-648.

5. Wan Zheng et al. Nature. 2024, 631(8019), 232-239

Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 131

Direct Observation of the So — T, Transitions in Porphyrin
Complexes, Evidenced by Magnetic Circular Dichroism
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Studies involving molecular excited triplet states have attracted considerable attention in terms of controlling the
spin multiplicity, which is believed to help overcome some limitations for light utilization from the viewpoint of
triplet precursor-based organic light emitting diodes, triplet-triplet annihilation-based energy upconversion, singlet
fission, singlet-triplet absorption-based photochemical reactions, or solar cells, photocatalysts, phosphorescent O
sensors, and singlet oxygen generators. Therefore, over the past decade, it has become increasingly important to
understand excited triplet states due to their potential applications in the design and development of
photofunctional molecules. In this study, we investigated the excited triplet states of porphyrin complexes using
electronic absorption, magnetic circular dichroism (MCD), and emission spectroscopies.

1) In an iridium(Ill) phthalocyanine (IrPc) complex, the introduction of the iridium(IIl) centre, which possesses
strong spin-orbit coupling, induced the appearance of transitions between the singlet ground (So) state and the
lowest excited triplet (T1) state (So <> T1). In addition to two Faraday 4 terms corresponding to the Q- and B-
bands, a third Faraday 4 term was successfully observed for the So— T transition, indicating that the Tix and
Ty states were degenerate in accordance with the expected Dan symmetry of the n-conjugated system of IrPc [1].
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Figure 1. Molecular structure of PtOEP and its excited states.

The novel spectroscopic methodology applied allows resolution of the excited-state properties of a wide variety of
transition-metal complexes.
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Exploring the 4f—1 Coupling in Lanthanide Porphyrinoids:
Insights from Magneto-Optical Spectroscopy
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The study of lanthanide porphyrinoids has been a journey of constant surprises. Since our early work in 2003 on
the 4f electronic structures [1] and single-molecule magnet (SMM) behavior of double-decker complexes [2,3],
these systems have served as a fascinating platform for exploring molecular magnetism. While these initial
findings ignited a vastly extended search within the molecular magnetism community for new lanthanide-based
SMMs and their potential applications in molecular spintronics and quantum computing, our research focus
shifted. We became interested in how the lanthanide center communicates with its organic environment—an
investigation that we have since extended from ground-state single-molecule magnetism of 4f elements to the
photo-induced magnetism of 4f-t multi-angular-momentum systems.

With the hope that the localized 4f electronic system would communicate with the circular n-conjugated system of
porphyrinoids via photo-excitation, we began investigating the Variable-Temperature Variable-Field Magnetic
Circular Dichroism (VT-VH-MCD) of these 4f-m systems. Indeed, the bis(phthalocyaninato)terbium and
dysprosium SMMs were found to exhibit surprisingly intriguing behaviors that do not appear at room
temperature: specifically, large temperature dependence and non-linear magnetic-field dependence of the MCD
profiles of the m-n* bands. They exhibit either an increase or decrease (followed by a reversal) of MCD A-term
intensity upon cooling to cryogenic temperatures, as well as non-linear magnetic-field dependence, including the
reversal of the MCD profile depending on the combination of the metal and the n-* excited state [4,5].

A theoretical model where the total angular momentum of the 4f system (J) and the orbital angular momentum of
the photo-excited n system of the macrocyclic ligand (L) are coupled—which we denote as J-L coupling—well
describes the MCD behavior. This model provides clear insight into the ferromagnetic- or antiferromagnetic-type
alignment of the two angular momenta.

In this talk, I will share our progress in the research of these multi-angular-momentum systems, including single-,
double-, and triple-decker porphyrinoid-lanthanide complexes. While our theoretical model is still evolving and
does not yet explain every experimental detail, it has been a helpful guide in interpreting the phenomena we
observe across a range of phthalocyanine and porphyrin systems. I will conclude by reflecting on the long-term
possibilities of these materials. While the deterministic manipulation of 4f quantum states via light remains a
distant goal—a "dream" for the future—the steps we are taking today to understand the fundamental J-L
mechanism are, | hope, a meaningful part of that larger pursuit toward molecular quantum technologies.
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Conformational Gating Mechanism in Electron Transfer
Reaction from Cytochrome c to Cytochrome ¢ Oxidase

Koichiro Ishimori

Department of Chemistry, Faculty of Science, Hokkaido University

Electron transfer (ET) between cytochrome ¢ (Cyt ¢) and cytochrome ¢ oxidase (CcO) is a key step in cellular
respiration, coupling electron flow to proton pumping across the mitochondrial membrane. Despite extensive
structural and kinetic studies, the precise mechanism governing ET between these proteins remains unresolved,
particularly regarding the role of protein dynamics and complex formation. In this study, we combined
temperature-dependent flow-flash spectroscopy with computational modeling to elucidate the molecular basis of
ET from Cyt ¢ to CcO, revealing a conformational gating mechanism that regulates ET efficiency [1]. We
measured the intracomplex ET rate constant (ker) between Cyt ¢ and CcO using flow-flash spectroscopy, and the
rapid phase of Cyt ¢ oxidation exhibited a rate of approximately 10* s, corresponding to an ET distance of 12.9—
13.9 A as estimated by Marcus theory. This distance is significantly shorter than the ~23 A separation observed in
the canonical enzyme-substrate (ES) complex by docking simulations [2]. The discrepancy indicates that ET does
not occur in the most energetically stable ES complex but rather in a distinct ET-active complex characterized by
a shorter donor—acceptor distance. Importantly, ket is ~80 times faster than the catalytic constant (keat = 10% s),
demonstrating that ET is not the rate-limiting step. Instead, the overall reaction is controlled by a conformational
transition from the ES complex to the ET-active complex, occurring on the millisecond timescale. To identify the
structural basis of the ET-active complex, we performed protein-protein docking and molecular dynamics (MD)
simulations under constraints derived from experimental ET distances. Among candidate models, a model
exhibited the shortest Fe—Cua distance (~17.9 A) and the most favorable ET pathway. Pathways analysis revealed
that this model provides the largest electronic coupling and shortest tunneling route, supporting its role as the ET-
active configuration. Hydrophobic residues surrounding the exposed heme periphery of Cyt ¢, notably Ile81 and
Val83, form a “molecular breakwater” that stabilizes ET-active complexes by excluding water molecules from the
ET interface. Site-directed mutagenesis replacing Ile81 with serine (I81S) increased the ET distance by ~4 A and
reduced electronic coupling tenfold, confirming the critical role of dehydration and hydrophobic contacts in
complex formation. These findings demonstrate that hydrophobic interactions facilitate the reorientation of Cyt ¢
on CcO required for ET-active complex formation. Our results support a model in which Cyt ¢ initially binds CcO
in an ES complex stabilized by hydrophobic and electrostatic interactions. ET does not occur in this state due to
the long Fe—Cua distance (~23 A). Instead, thermal fluctuations drive a conformational transition to an ET-active
complex with a shorter ET distance, enabling rapid ET. This transition, rather than ET itself, constitutes the rate-
limiting step of the overall reaction. The proposed conformational gating mechanism underscores the importance
of protein dynamics in regulating ET efficiency and coupling electron flow to proton pumping. By modulating ET
rates through structural rearrangements, the system achieves optimal energy conversion rather than maximal
electron flux, consistent with physiological requirements for maintaining proton/electron stoichiometry. The
conformational gating mechanism in the Cyt ¢—CcO system highlights a general principle in biological ET:
transient, energetically less stable conformations often mediate functionally critical steps. This dynamic regulation
ensures synchronization between ET and proton pumping, preventing uncoupling that could compromise ATP
synthesis.
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Proton-coupled electron-transfer reduction of
a quadruply-fused porphyrin derivative
possessing imino-nitrogens at the periphery

Tomoya Ishizuka?, Yuma Obata?, Risa Nishida?® Takahiko Kojima?
“Department of Chemistry, Faculty of Pure and Applied Sciences, University of Tsukuba

In recent years, research on the introduction of heteroatoms such as nitrogen at the periphery of aromatic rings has
attracted considerable attention due to interest in the electron-acceptability [1, 2]. We reported the synthesis of a
quadruply-fused porphyrin (QFP), in which aryl groups at the meso-positions and the pyrrole B-positions are
covalently fused, using a Pd catalyst and this ring fusion proceeds regardless of the aryl groups [3]. Herein, four
nitrogen atoms were introduced to the peripheral positions of a Zn" complex of a QFP to obtain a tetraaza-
derivative (1), containing four imino-nitrogens involved in the 30m aromatic circuit (Scheme). Addition of a
strong acid such as triflic acid (TfOH) enables diprotonation of 1 and the diprotonated form of 1 shows a large
positive shift of the first reduction potential. Furthermore, in the presence of excess TfOH, chemical or
electrochemical reduction causes further protonation of the imino-nitrogen atoms of 1, allowing further reduction
of 1 through a proton-coupled electron-transfer mechanism. Based on DFT calculations, we have found that this
phenomenon is caused by a large change in the pKa of the outer imine nitrogens before and after the 1e -reduction.
Consequently, 1 allowed us to observe tetraprotonation and 4¢ -reduction at a relatively positive potential to form
H41°. H41°, obtained by 4e-reduction of 30n-aromatic 1, has been elucidated to exhibit 34m aromaticity, despite
the fact that it is unable to draw an aromatic circuit with alternating single and double bonds. In this presentation,
we will discuss on the aromaticity of H41° in detail based on the '"H NMR spectroscopy, NICS and ACID
calculations.

Scheme. Synthesis of tetraaza-QFP derivative, 1.
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Azananographenes with Heptagonal or Octagonal Rings

Shingo Ito®

“School of Chemistry, Chemical Engineering and Biotechnology, Nanyang Technological University

Our research group has been engaged in the development of novel n-functional molecules featuring
unique structures and innovative properties. To date, we have employed 1,3-dipolar cycloaddition reactions of
polycyclic aromatic azomethine ylides with various dipolarophiles to synthesize a wide range of nitrogen-
embedded polycyclic aromatic molecules, including n-extended azacorannulenes.[1]

More recently, we have focused our efforts on heptagon- and octagon-embedded polycyclic aromatic
molecules, which exhibit even more intriguing properties and potential applications. By applying our 1,3-dipolar
cycloaddition strategy, we have successfully synthesized nitrogen-embedded polycyclic aromatic molecules fused
with seven-membered rings[2—4] and eight-membered rings[5] (shown below). In this lecture, the synthesis,
structures, properties, and potential applications of these molecules will be discussed in detail.
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De novo heme catalysts: a-helical coiled-coils with
unprecedented heme&Trp redox cofactors for bioinspired
catalysis featuring [Fe(IV)=0 Por**] and [Fe(IV)=0 Trp°]
catalytic intermediates.

Anabella Ivancich?, Angela S. Gehrckens?, Joseph Phillips®,
lago De Assis Modenez®, Stéphane Grimaldi?, Guillaume Gerbaud?,
Stéphane Canaan?, Barbara Schoepp-Cothenet?, Piotr Mak?, Anna F. Peacock®,
Vincent L. Pecoraro®.

2 Research Unit UMR 7281, CNRS & Aix-Marseille University, Marseille. FRANCE.
b School of Chemistry, University of Birmingham. Edgbaston, United Kingdom (UK).
b Department of Chemistry. University of Michigan, Ann Arbor. USA.

b Department of Chemistry, Saint Louis University, St. Louis, Missouri, USA.

In metalloproteins, transition metals are responsible for the redox reactions inherent to their catalytic function,
which can be enhanced by concerted metal-radical chemistry. Heme-containing proteins are versatile catalysts
performing disproportionation of H2O: (catalases[1]), oxidation and haloperoxidation of organic substrates
(monofunctional heme peroxidases[2], bi-functional catalase-peroxidases[1]) to oxygenation reactions (cyt P450
monooxygenases and NO synthases[2]). Such versatility relies on their heme axial ligands (Tyr, His, or Cys) and
2" coordination spheres. The [Fe(IV)=0 Por®'] catalytic intermediate shows concerted reactivity with specific
Trp/Tyr sites. The [Fe(IV)=O Trp°®] and/or [Fe(IV)=O Tyr®] species identified in mono and bi-functional
peroxidases/KatGs and catalases allow accomplishing alternative reactions such as anti-tuberculosis prodrug
activation in KatGs [3a, b], biomass bioconversion by lignin peroxidases [3c], oxidation of surface-binding
substrates via long-range intramolecular electron transfer by cyt ¢ peroxidase [3d] and lactoperoxidase [3e], and
formate oxidation by H. pylori catalase [3f]. By exploiting de novo metalloprotein design, we have obtained a
synthetic protein with a heme cofactor that can coordinate to either His or Cys, depending on pH, mimicking
peroxidases or P450s, respectively, all in a single artificial metalloprotein [4a, b]. Modifying the proximal and
distal sides of the His or Cys-coordinated heme allows us to address questions in natural P450 enzymes, as well as
introducing tailored sites to stabilize a Trp® formed subsequently to the [FeIV=0 Por**] intermediate, mimicking
the protein-based radical chemistry of natural enzymes.
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Silicon(lV) porphyrazines and corrolazines

Svetlana lvanova, Ekaterina Rychikhina, Pavel Stuzhin

Research Institute of Macroheterocycles, Ivanovo State University of Chemistry and Technology, 153000 Ivanovo,
Russian Federation, svseriva@gmail.com

In the last decade, there has been increased interest in the study of silicon(IV) phthalocyanine (L2SiPc)
derivatives. Their solubility and ability to bind biomolecules can be tuned by varying the axial ligands L at the
central silicon atom, while modification of the phthalocyanine macrocycle by substitution in benzene rings allows
for changes in spectral and redox properties [1]. Contraction of the macrocycle leading to tetrabenzocorrolazines
(LSiTBCzs), which are phthalocyanine analogues lacking one of the meso nitrogen atoms, can even enhance some
potentially useful photochemical and photophysical properties [2].

In this work, silicon complexes with B-octaaryl substituted porphyrazines (L2SiPz) and corrolazines (LSiCz) [3]
and their derivatives with annulated pyrazine (Pyz) fragments are prepared (Figure 1). A comparative evaluation
of the complexation and template cyclotetramerization methods for the preparation of Si(IV) porphyrazines is
carried out. During the synthesis of (HO)2SiPzPhs, in addition to the target compound, an unusual complex with a
tetraazachlorin-type macrocycle is formed, the structure of which was resolved by X-ray diffraction (Figure 2,
axial ligands are not shown) [4]. The formation of the corresponding corrolazine structure occurs in boiling
pyridine under the action of trichlorosilane on H2PzPyzs or tri-alkyl/aryl-chlorosilane on appropriate silicon
porphyrazine in the presence of Mg. The influence of axial substitution at the Si(IV) atom, as well as contraction
of the macrocyclic ligand and benzo- and pyrazine-annulation on the spectral, photochemical, electrochemical and
acid-base properties of the obtained silicon complexes is discussed.

(L),SiPz (L)sicz Ny
L = OH, OSiAlks, F {

Figure 1. Figure 2.
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Secondary-Sphere-Controlled Metalloporphyrins for
Activation of Small Molecules of Energy, Environmental,
and Biological Relevance

lvana lvanovic-Burmazovic?

2Department Chemie, Ludwig-Maximilians-Universitit Miinchen, Butenandtstr. 5-13, 81377 Miinchen, Germany

In this contribution, we present a comprehensive study on the modulation of catalytic reactivity of highly charged
metalloporphyrins through systematic engineering of their secondary coordination sphere.

We have synthesized and fully characterized a modular library of more than twenty novel metalloporphyrins
(predominantly iron, manganese, and cobalt), in which the number and spatial arrangement of crown ethers and
positively charged functional groups were precisely varied. This rare-carth-free design strategy affords a highly
adaptable family of catalytically active complexes capable of (i) photo- and electrocatalytic CO: reduction,
extending selectively to methane formation, (ii) efficient catalytic removal of H.S, and (iii) superoxide
dismutation. Notably, superoxide conversion proceeds both via the classical pathway yielding O. and H20: and
through an unusual dismutation route producing harmless water and molecular oxygen.

Beyond their catalytic performance, these metalloporphyrins serve as versatile molecular tools to disentangle the
effects of secondary-sphere charge and non-redox-active metal cations (Li*, Na*, K*, Cs*, Ca?") on reactivity. We
demonstrate how electrostatic interactions influence reactions with anionic substrates through ion aggregation and
local concentration effects, stabilization of anionic intermediates or transition states, and modulation of
metalloporphyrin redox potentials. These combined effects provide direct control over redox-catalytic properties.

Overall, this contribution highlights secondary-sphere engineering as a powerful strategy to tune metalloporphyrin
reactivity and selectivity, offering new insights and opportunities for sustainable catalysis at the interface of
energy conversion, environmental remediation, and biological redox chemistry..
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Metal-Sulfur Cluster Catalysts for the Direct Conversion of
CO: into CH4

Hitoshi I1zu?, Yuto Matsuoka?, Kodai Yamamoto?, W. M. C. Sameera®,
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Anstitute for Chemical Research, Kyoto University
®Department of Space, Earth and Environment, Chalmers University of Technology

In nature, metal-sulfur clusters function as enzymatic active sites and catalyze the transformation of inert small
molecules such as N2 and CO> [1,2]. We have previously focused on the catalytic functions of such biological
clusters and discovered that the synthetic cubane-type metal-sulfur cluster [Cp*3Mo3S4FeCl] (1; Cp* = CsMes,
Figure A) promotes the silylation of N2 [3]. In this cluster, the strongly bound Cp* ligands on the Mo centers
confine the reactive site to the Fe center, while combination with a cubane-type inorganic framework provides
high structural stability. In the present study, we sought to exploit the stability of cluster 1 and apply it to CO2
reduction reactions mediated by metal-sulfur clusters, as previously reported [4]. As a result, cluster 1 exhibited
an exceptionally high catalytic turnover number (TON) for the direct reduction of CO2 to CHs and displayed
reactivity distinct from that of conventional homogeneous catalysts.

Under an atmosphere of CO: (1 atm), treatment of cluster 1 with chemical reductant (5000 equiv) and H>O as a
proton source afforded CHa4 in 230 + 18 equivalents relative to the cluster, corresponding to a reductant efficiency
of 37% (Figure B). The formation of H> was also observed, with a yield of 1396 + 48 equivalents and a reductant
efficiency of 56%. Because the reaction was presumed to terminate due to consumption of the reductant, the
amount of reductant was increased. Under these conditions, the TON for CHs formation reached a maximum
value of 127000 + 5000, representing the highest value reported to date among homogeneous catalysts. Notably,
formation of CO, a common product in CO: reduction, was strongly suppressed and remained below 0.3% based
on reductant efficiency.

To gain insight into the nature of the catalytically active species, the initial rate of CHs formation was plotted as
a function of cluster concentration. A linear relationship was observed (Figure C), suggesting that cluster 1
operates as a molecular catalyst for
the conversion of CO2 to CHa. In
this presentation, we further discuss
the mechanism of CHs formation
and the origin of the unique
reactivity of cluster 1, based on
stoichiometric reactions and
intermediate-trapping experiments.
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Functional applications of triazole-bearing
porphyrin derivatives

Woo-Dong Jang

Yonsei University. 50 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea

Porphyrins are a class of aromatic macrocycles composed of four pyrrole subunits connected via methine bridges.
Owing to their extended m-conjugation, porphyrins exhibit distinct photophysical and electrochemical properties.
The four nitrogen atoms in the porphyrin core can chelate various metal ions, allowing fine-tuning of their
physical and chemical properties through metal coordination. In addition, the highly symmetric architecture of
porphyrins makes them attractive building blocks for the construction of functional supramolecular architectures.

Inspired by the diverse roles of porphyrins and chlorophylls in biological systems, including oxygen transport,
enzymatic catalysis, and light harvesting, we have recently designed a series of porphyrin-based bio-inspired
functional materials. In particular, we have focused on triazole-functionalized porphyrins, in which triazole units
are introduced as versatile recognition and coordination motifs. The triazole moiety provides directional
hydrogen-bonding capabilities and additional metal-binding sites, thereby enabling cooperative interactions with
guest species.

Using these triazole-decorated porphyrin scaffolds, we have developed several types of receptor molecules that
selectively bind anionic and cationic species. By combining metalloporphyrin cores with triazole-based hydrogen-
bonding motifs or secondary coordination sites, we achieved enhanced sensitivity and selectivity in chemosensing
applications. These systems serve as biomimetic models that emulate key features of natural porphyrin-based
active sites. The detailed design principles and functional properties of our triazole-containing porphyrin receptors
will be presented in this symposium.
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Augmenting DNA Nanotechnology using
Synthetic Macrocycles

Janarthanan Jayawickramarajah®*, Soumen Pradhan?, Aunindya Jyoti?,

“ Department of Chemistry, Southern Methodist University, Dallas, USA

The development of controllable molecular and nano-machines that operate in aqueous and biological
environments is an important endeavor, with potential practical applications in biosensing, theranostics, and
computing. Regarding well-controlled systems and assemblies that work in water, DNA nanotechnology has been
leading due to the programmability of DNA structures governed by simple base-pairing rules. In this talk, we
explain how strategic covalent attachment of various macrocycles, such as porphyrins, cyclodextrins, and
cucurbiturils, to DNA can improve DNA nanotechnology by creating novel systems with potential photonic,
therapeutic, and diagnostic applications. This talk also explores new directions in developing mechanically
interlocked (bio) polymers.
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Metal Complexes of Modified Corroles as Novel Electronic
Materials
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Renewed interest in metalloporphyrins as new generation electronic materials is gaining traction recently due to
their multifunctional nature.[1] While metallocorroles inherit many of the advantages of metalloporphyrins, they
retain their unique electronic structure, thereby exhibiting distinct optoelectronic and redox properties. In this
regard, suitable functionalization of corroles can be explored to bind metal ions in a manner similar to that of
porphyrins, but preserving their own electronic characteristics. This strategy would result in a molecular platform
that behaves like porphyrins for metal binding while simultaneously maintaining the (electronic) structure of
corroles. Towards this end, core-modified corroles have been interesting examples in which the metal ions are
present in their dicationic form[2,3]. In this regard, our group has recently developed a few interesting examples
of metal complexes of core-modified corroles. In this lecture, their optical properties, redox characteristics, and
magnetic properties will be discussed in detail.
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Electrosynthesis of Verdoheme and Biliverdin Derivatives
Following Enzymatic Pathways

Jianbing “Jimmy” Jiang

University of Cincinnati, USA

Artificial syntheses of biologically active molecules have been fruitful in many bioinspired catalysis applications.
Specifically, verdoheme and biliverdin, bearing polypyrrole frameworks, have inspired catalyst designs to address
energy and environmental challenges. Despite remarkable progress in benchtop synthesis of verdoheme and
biliverdin derivatives, all reported syntheses, starting from metalloporphyrins or inaccessible biliverdin
precursors, require multiple steps to achieve the final desired products. Additionally, such synthetic procedures
use multiple reactants/redox agents and involve multistep purification/extraction processes that often lower the
yield. However, in a single step using atmospheric oxygen, heme oxygenases selectively generate verdoheme or
biliverdin from heme. Motivated by such enzymatic pathways, we report a single-step electrosynthesis of
verdoheme or biliverdin derivatives from their corresponding meso-aryl-substituted metalloporphyrin
precursors.['l Our electrosynthetic methods have produced a copper-coordinating verdoheme analog in >80%
yield at an applied potential of 0.65 V vs ferrocene/ferrocenium in air-exposed acetonitrile solution with a suitable
electrolyte. These electrosynthetic routes reached a maximum product yield within 8 h of electrolysis at room
temperature. The major products of verdoheme and biliverdin derivatives were isolated, purified, and
characterized using electrospray mass spectrometry, absorption spectroscopy, cyclic voltammetry, and nuclear
magnetic resonance spectroscopy techniques. Furthermore, X-ray crystallographic data were collected for select
cobalt (Co)- and Cu-chelating verdoheme and metal-free biliverdin products. Electrosynthesis routes for the
selective modification at the macrocycle ring in a single step are not known yet, and therefore, we believe that this
report would advance the scopes of electrosynthesis strategies.

On the last line of the abstract text, please keep this space (below) before going on to REFERENCES
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Angstrom-Scale Insights into On-Surface Porphyrin
Chemistry via Tip-Enhanced Raman Spectroscopy

Nan Jiang®®

*Department of Chemistry, University of lllinois Chicago, Chicago, IL 60607, USA
*Department of Physics, University of Illinois Chicago, Chicago, IL 60607, USA

Our research investigates how local environments influence single-molecule and nanostructure properties on
surfaces with Angstrom-scale resolution. Tip-Enhanced Raman Spectroscopy (TERS) combines the spatial
resolution of Scanning Tunneling Microscopy (STM) with the chemical sensitivity of Raman spectroscopy.
By utilizing a plasmonically active scanning probe, the Raman signal at the tip-sample junction is greatly
enhanced, enabling single-molecule probing. This method, further aided by the benefits of ultrahigh vacuum,
is uniquely capable of controlling localized plasmons via an atomistic approach. We are able to obtain (i)
single-molecule chemical identification;[1] (ii) quantum characterization of adsorbate-substrate interactions at the
single chemical bond level; [2-5] (iii) atomic-scale insights into the reactivity on surfaces; [6, 7] By investigating
single porphyrin molecules, superstructures, and the adsorption orientations obtained from the vibrational modes,
we extract novel surface information at an unprecedented spatial (< 1 nm) and energy (< 10 wavenumber)
resolution. Another application of localized surface plasmons is to achieve site-selective chemical reactions at
sub-molecular scale. We recently selectively and precisely activated multiple chemically equivalent reactive sites
one by one within the structure of a single porphyrin molecule by scanning probe microscopy tip-controlled
plasmonic resonance.[8] Our method can interrogate the mechanisms of forming and breaking chemical bonds
at the Angstrém scale in various local environments, which is critical in designing new atom- and energy-
efficient materials and molecular assemblies with tailored physical and chemical properties. Overall, our work
provides unprecedented Angstrdm-scale insights into the chemical behavior, reactivity, and plasmon-
mediated transformations of porphyrin molecules on surfaces, revealing fundamental structure—function
relationships at the single-molecule level.
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Catalytic activation of CO; via photonic and molecular de-
sign

Jieun Jung?®

“ Department of Material and Life Science, Graduate School of Science, Nagoya University

The catalytic activation of carbon dioxide (CO:) remains a central challenge in molecular catalysis, as it re-
quires precise control over multi-electron and multi-proton transfer processes. Molecular catalysts offer well-
defined platforms to elucidate reaction pathways and establish design principles for efficient CO2 conversion. For
effective utilization of solar energy, particularly within the visible-light region, catalytic systems to harvest long-
er-wavelength light are highly desirable. Our group has been developing robust tetradentate PNNP-type metal
complexes' such as (PNNP)Ir and (PNNP)Ru for photocatalytic CO: reduction. These ligands consist of a bipyri-
dine backbone and two organophosphorus groups, which allow tuning of electronic and steric properties through
ligand modification. However, these complexes typically exhibit weak absorption in the visible-light region, limit-
ing their activity to short-wavelength irradiation. Herein, we report a (PNNP)Os complex as a panchromatic, self-
photosensitized catalyst for CO2 reduction, capable of utilizing a broad range of visible light. The Os complex
displays strong absorption across the visible region and promotes photocatalytic CO:2 reduction (Figure 1).

Upon photoirradiation (4 > 400 nm) of a CO»z-saturated mixture of DMA/H>O/TEOA containing the photocata-
lyst, (PNNP)Os (1) and a sacrificial elec- 1
tron donor, 1,3-dimethyl-2-phenyl-2,3- BIH
dihydro-1H-benzo[d]imidazole ~ (BIH), OO ALOTEOR (1o, viviamD) . 0+ He0aH +He

selective formation of carbon monoxide
(CO) as the main product was observed

without the need for an additional photo- @ 6o0of ® 500 | ' ¢
sensitizer. Product yields increased with _ 200 | $
prolonged irradiation, reaching a total 'g 4000 —e ¢

turnover number (TON) of 625 over 144 7 ; e R

h. Notably, photocatalytic reduction of ﬁ 2000 - ‘\‘:"\ 200¢

CO; also proceeded under monochro- 100 ¢ . = "
matic lights such as blue- (1o = 405 nm), e 0 R
green- (Ao = 525 nm), or red- (4o = 630 400 Waf,oe(iengt?,(j hm 70 % Time, h 1%

nm) light, affording TONco values of
187, 86, and 47, respectively in 48 h. It is
noteworthy that replacing the metal cen-
ter in the PNNP ligand from Ir to its
neighboring element Os shifted the pri-
mary product from HCOzH to CO.
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hv (12> 400 nm), room temperature

Figure 1. (a) UV-vis absorption spectrum of 1 (red), (PNNP)Ru
(green), and (PNNP)Ir (blue) complexes in a deaerated DMA solu-
tion. (b) Time course plots of products [CO (red), HCO:H (blue), and
Hz (black)] produced in the photocatalytic reduction of COz in a CO:-
saturated mixture of DMA/H2O/TEOA (19:1:4, v/v/v) containing a
catalytic amount of 1 (20 uM) and BIH (0.1 M) at 298 K under pho-

toirradiation.

1. (a) Kamada, K. ; Jung, J.; Wakabayashi, T.; Sekizawa, K.; Sato, S.; Morikawa, T.; Fukuzumi, S.; Saito, S. J.
Am. Chem. Soc. 2020, 142, 10261. (b) Kamada, K.; Jung, J.; Kametani, Y.; Wakabayashi, T.; Shiota, Y.; Yos-
hizawa, K.; Bae, S. H.; Muraki, M.; Naruto, M.; Sekizawa, K.; Sato, S.; Morikawa, T.; Saito, S. Chem. Com-
mun. 2022, 58, 9218. (c) Kamada, K.; Okuwa, H.; Wakabayashi, T.; Sekizawa, K.; Sato, S.; Morikawa, T.;
Jung, J.; Saito, S. Synlett 2022, 33, 1137.

Copyright © 2026 Society of Porphyrins & Phthalocyanines

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org



NELA:(0)

146 Fourteenth International Conference on Porphyrins and Phthalocyanines

A surface scientist’s view into the key mechanisms of
porphyrins and phthalocyanines and their chemical,
electronic and spin-tronic action in a broad range
of applications

J . Girovsky', M. Baljozovic', S. Nowakowska?, J. Nowakowski', A. Wackerlin?,
S.F. Mousavi?, C. Wickerlin', A. Ahsan?, J. Dreiser', J. Lobo Checa' -2, M. Stohr?,
L. H. Gade3, S. Decurtins*, S-X. Liu?, P. M. Oppeneer’, K. Tarafder’, N. Ballav®,

and T. A. Jung'?

"' Paul Scherrer Institute, Switzerland.: * University of Basel, Switzerland; 3 Heidelberg University,
Germany; * University of Bern, Switzerland; > Uppsala University, Sweden; ° Indian Institute of Science
Education and Research, India

In our work, we investigate porphyrin-based on-surface architectures which

exhibit extraordinary properties, e.g. electronic, magnetic and quantum properties

originating from the reduced dimensionality and the atomically precise self-

assembled architectures. Both unconventional H-bonding [1] and direct site-

specific interaction [2] of the porphyrin’s central metal with the substrate direct

the assemblies. We look at the coordination chemistry and magneto-chemistry

down to the scale of individual molecules by combining scanning probe

microscopy/spectroscopy, photoelectron and photo-absorption spectroscopy and

density functional theory. Complex electronic [3] and magnetic [4] phases arise

from the 2D periodic lattice interacting with substrate electronic states.

Furthermore, sub-lattices in 2D ‘checkerboard’ architectures of magnetic

molecules on magnetic substrates can be selectively switched by chemical ligation [5]. Notably, we observed the
first example of 2D ferrimagnetic long-range order and remanence for such a 2D architecture on non-magnetic
Au(111) [4]. Uniquely, specifically engineered on-surface architectures contribute to our understanding of
fundamental interactions in host-guest systems and enable the operation of quantum states with partial
delocalization across the supramolecular on-surface architecture [5]. In our quest to improve these systems and
develop new ones, we are unraveling more and more of the on-surface chemistry [6] required to engineer low-
dimensional materials with unprecedented properties by controlling their architecture. In particular, this involves
on-surface supramolecular, - coordination and — magneto-chemistry.
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Fusing porphyrins to PAHs

Norbert Jux?, Christoph Oleszak®

2 Friedrich-Alexander-Universitdit Erlangen-Niirnberg, Department of Chemistry & Pharmacy and
Interdisciplinary Center for Molecular Materials. Erlangen, Germany.

Fusing porphyrins to various polycyclic aromatic hydrocarbons is an excellent strategy to expand the n-system of
the porphyrin and add functionality.[1-2] Thus, new chromophores are obtained which possess, among other
interesting qualities, red-shifted UV/vis absorptions.

We present our approach to m-extended fused porphyrins via Scholl oxidation of meso-positioned aryl groups to
the core.[3, 4]
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Heme-M (M = Cu or non-heme Fe) Modeling: Synthetic
Constructs and Oz or NO Reactivity

Kenneth D. Karlin?

2Dept. Chemistry, Johns Hopkins University, Baltimore USA

Heme/copper oxidases (HCO’s) such as cytochrome ¢ oxidase (CcO) facilitates the 4¢ /4H" reduction reductive
cleavage of dioxygen to water, coupling this chemistry with mitochondrial membrane proton translocation; the
proton gradient thus produced drives the synthesis of ATP, our cellular mobile energy currency [1]. Nitric Oxide
Reductases (NOR’s) are structurally related heme/non-heme iron enzymes, effecting the 2¢/2H" reduction of
2NO to N2O (+ H20); these are related in evolution to HCO’s [2]. It has been recently revealed that there exist
NOD’s (Nitric Oxide Dismutases; NOD’s; 2NO — Nz + O2) which account for anaerobic organism (i.e., bacteria,
archaea) generation of “dark oxygen”; these NOD enzymes are related to gNOR’s (NOR’s with a quinol electron
source/carrier), but they possess a somewhat altered heme/non-heme iron active site [3-4]. Our research aims to
contribute to a fundamental understanding of O2 and/or NO reactivity at such heme/Cu and/or heme/non-heme
iron (heme/Feg) centers via the examination of synthetically derived chemical model systems [1]. The Oz or NO
reduction-protonation steps do not exhibit the same behavior as in pure aqueous media, because O2/NO
reduced/protonated derivatives are metal-ion bound. In this lecture, we will emphasize the description of relevant
chemistry of O and NO with heme-copper assemblies. Synthetically designed and constructed reduced
(heme)Fe"-Cu'(ligand) ensembles are described; their reactions with O give variable high-spin (iron) peroxo-
bridged Fe-(m-0,?")-Cu'(ligand) complexes. Conversion to low-spin analogues occurs by addition of a heme
axial-ligand (B) giving (B)Fe™-(m-02?)-Cu'(ligand) peroxo species The nature of the Cu- and Fe- peroxo-
ligation of dictates the structural/physical properties and subsequent reactivity of these assemblies; our
investigations employing varying proton and electron sources reveals that either metal-O bond cleavage leads to
release of hydrogen peroxide, or biomimetic O—O reductive cleavage reactions take place [5]. Time permitting,
aspects of the biochemistry of NOR’s and NOD’s will be described and model systems for NOR biomimetic
reactivity may be presented.
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Tuning Photophysical Properties of Metalloporphyrins via
Electronic Control: Experimental & Computational Insights

Malkanthi K. Karunananda*2, Madhusha Manna Peruma?, Rishi Ranjan?,
Dariusz M. Niedzwiedzki®

“Department of Chemistry, Saint Louis University, St. Louis, MO, 63103, United States.
bDepartment of Biology, Washington University in St. Louis, St. Louis, MO, 63130, United States.

Abstract. Photosensitizers that absorb photon energy and after excitation, participate in transfer of energy or
electrons, are highly in demand due to their versatile applications in organic synthesis, light-emitting devices,
solar fuel cells, artificial photosynthesis, and photodynamic therapies . Metalloporphyrins have emerged as
a prominent class of photosensitizers due to their stability, tunability and enhanced photophysical properties. Here,
a comprehensive experimental and computational study is presented where the electronics of a series of zinc
dipyrrins were tuned to modulate their photophysical properties. The electronic excited state parameters of the
complexes were investigated with time-resolved spectrosocpies as time-correlated-single-photon-counting
and ultra-fast transient absorption. Fluorescence quantum yields were also obtained experimentally. Time-
dependent density functional theory (TD-DFT) and natural bond order (NBO) calculations were performed to
map out the natural transition orbitals (NTO) and molecular orbitals (MO) involved in the electronic transitions to
analyze and understand the photophysical trends emerged from the experimental data. Insights gained from this
study inform the development of novel photocatalytic synthetic methodologies and photodynamic therapies which
will also be discussed.

Copyright © 2026 Society of Porphyrins & Phthalocyanines Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org



NELA:(0)

150

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org

Fourteenth International Conference on Porphyrins and Phthalocyanines

Overcoming drug delivery challenges in antimicrobial
photodynamic therapy

Giulia Kassab?, Juan Chen?, Gang Zheng?®®

“Princess Margaret Cancer Center, University Health Network, Toronto, ON, Canada;
bDepartment of Medical Biophysics, University of Toronto, Toronto, ON, Canada

Antimicrobial photodynamic therapy (aPDT) is a promising approach to treating infections that combines a
photosensitizer, light at a specific wavelength, and molecular oxygen, producing reactive oxygen species that lead
to cell death. Unlike traditional antibiotic therapy, aPDT does not target a specific structure or molecule, thereby
preventing the development of resistance. However, as it is not target-specific, selectivity in aPDT is achieved by
localized delivery of light and the photosensitizer, and by using targeting agents. For the treatment of pneumonia,
localized, pain-free respiratory delivery of PSs can be achieved via nebulization [1]. However, light absorption in
the visible range limits effective tissue penetration. Another challenge for effective lung aPDT is that many PSs
interact with endogenous lung surfactant (LS), reducing their availability to the bacterial target and leading to a loss
of activity [2]. Therefore, the development of aPDT agents that can overcome the barrier of interaction with the LS
would be essential for a successful aPDT treatment of pneumonia. Wound infections pose very different challenges.
On one hand, they are often treated with topical, localized treatments due to their superficial nature. This enables
the use of PSs activated by shorter wavelengths, which have limited applications in cancer research. However,
chronic wound infections are often caused by multi-species biofilms, which are much more difficult to treat. In
these infections, slow-growing, persistent biofilms induce chronic inflammation and oxidative damage, while also
hindering the immune response [3]. Thus, effective aPDT treatments must penetrate the extracellular matrix of
biofilms and completely eradicate a broad spectrum of infectious agents while preserving host tissue. Understanding
how to circumvent these limitations has led to significant improvement of aPDT agents [4-5]. This presentation will
show the recent advancements made in the aPDT of pneumonia and wound infections, including the rational design
of photosensitizers, targeting agents, and nanodelivery systems; their impact on biological activity and selectivity
against several bacterial and fungal pathogens; and how their different characteristics translate into different in vitro
and in vivo disease models.
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On-Surface Syntheses of Extended Porphyrins via
Cyclodehydrogenation and Homocoupling of
Trifluoromethyl groups

Shigeki Kawai®®
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On-surface chemical reactions have become a very powerful technique for synthesizing nanostructures by linking

small molecules in a bottom-up approach. Porphyrin is one of the most attractive molecules due to its unique
electronic and magnetic properties, which can be tuned by introducing a variety of metal cores or extending its
structure. These properties also make porphyrin a highly attractive precursor molecule for on-surface reactions.

We present the on-surface synthesis of multi-block co-oligomers from trifluoromethyl (CF3) substituted porphyrin
metal complexes. Oligomerization on Au(111) is demonstrated using a combination of bond-resolved scanning
probe microscopy and density functional theory (DFT) calculations. Given that most reactants are simultaneously
activated at certain temperatures, a controlled sequential reaction has remained challenging. =~ We found that even
after the first oligomerization of a single monomer unit, the oligomer's termini retain the CF3; group, which can be
used as a reactant for further coupling in a sequential manner. Consequently, copper, cobalt, and palladium
complexes of bisanthracene-fused porphyrin oligomers were linked with each other in a designed order.

We also present the on-surface synthesis of phenalenyl-expanded Au porphyrin via cyclodehydrogenation,
investigated using a combination of non-contact atomic force microscopy, scanning tunnelling microscopy,
scanning tunnelling spectroscopy, and theoretical calculations. After annealing, we found two different products.
Although the structures are nearly identical, the charge state significantly affected to the spin states. We found that
the role of molecule-substate interactions and the resulting charge transfer in the gold complex tune the spin and
electronic properties of the extended porphyrins.
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Photodynamic Therapy Using Chlorin e6-Bearing Pullulan
Nanogel as Nano-Based Photosensitizer
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With high tumor specificity, low invasiveness, high cure rate, and excellent in situ workability, photodynamic
therapy (PDT) is one of the most elegant therapeutic modalities for cancer treatment. PDT is achieved through
oxidative stress induced by reactive oxygen species (ROS) generated by photosensitizers upon light irradiation at
an optimal wavelength. Porphyrins, chlorins, and phthalocyanines have been widely explored as photosensitizers
due to their excellent photo-triggered activatability in the visible-to-near-infrared region, arising from their intense
absorption bands, including the Soret band and Q bands. In particular, their Q-band absorption in the red-to-near-
infrared region enables deeper tissue penetration of excitation light, making these chromophores highly suitable
for PDT. Although they have excellent potential for PDT in cancer, the use of their derivatives in clinical settings
remains challenging due to limitations in delivery, including poor water solubility and poor tumor selectivity.
Therefore, the development of delivery platforms is desirable for the use of PDT as a cancer treatment.

To address these issues, we have developed water-solubilization techniques using supramolecular chemistry
strategies, such as host-guest interactions' and self-assembly.?? In this study, we will report the approach based on
self-assembly using amphiphilic polysaccharides, in which chlorin €6, a clinically used photosensitizer, was
introduced. The self-assembly approach can improve not only the stability of chlorin e6 in aqueous media but also
its delivery to tumor tissue, mainly via the EPR effect. Owing to their high water content (>99%), self-assembled
nanogels facilitate efficient energy transfer to dissolved oxygen, thereby enhancing the generation of reactive
oxygen species. We demonstrated their potential as photosensitizers for PDT. The nanogel exhibited an antitumor
effect 780-fold higher than that of the clinically available photosensitizer Photofrin. Moreover, Che6P nanogels
demonstrated an excellent ability to generate singlet oxygen even in three-dimensional (3D) spheroids, which
serve as more complex tumor models. In addition, our system efficiently induced tumor regression comparable to
that achieved by Photofrin, without causing harmful side effects. We believe that supramolecular chemistry-based
approaches, such as ours, offer unique features with strong potential for application in cancer therapy.
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Interplay between 1r-Electronic Circuits and
Molecular Aromaticity in Fully Conjugated Asymmetric
Multicyclic Macrocycles

Dongho Kim*
Department of Chemistry, Yonsei University, Seoul 03722, Korea

Aromaticity is a central concept in m-conjugated organic molecules, and fully n-conjugated symmetric multicyclic
macrocycles have therefore attracted significant attention. In contrast, asymmetric multicyclic systems composed
of hetero-sub-macrocycles remain largely unexplored, owing tpotentialheir synthetic advantages, owing tsynthetico
potential challenges. Herein, we describe the synthesis of a series of fully n-conjugated asymmetric multicyclic
octaphyrins incorporating bithiophene or benzithiophene subunits, and we examine their redox- and protonation-
induced electronic and spin-state modulations associated with aromaticity switching. The neutral species are
nonaromatic, but two-electron oxidation induces global aromaticity along the outermost 34-m-electron circuit.
Remarkably, protonation generates triplet diradicaloids stabilized by Baird aromaticity. Comprehensive electronic
and conformational analyses reveal that these multifaceted changes in aromaticity and spin character originate from
cooperative and competing m-electronic interactions between the constituent sub-macrocycles. These findings
highlight fundamental design principles for modulating electronic and spin properties in fully conjugated
multicyclic macrocycles through controlled interplay of multiple n-electronic circuits.
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Construction of Artificial Hemoprotein Assemblies by
Rational Design of Porphyrin Oligomers

Sukyeong Kim?, Yuichiro Aiba?, Hiroshi Sugimoto®, Osami Shoji?

“Graduate School of Science, Nagoya University, Aichi, Japan
PRIKEN SPring-8 Center Harima Institute, Hyogo, Japan

Hemoproteins are among the most versatile metalloproteins and have also been employed as structural building
units for artificial protein assemblies. To introduce additional functionalities into hemoproteins for constructing
such assemblies, heme substitution with synthetic cofactors is frequently employed [1]. However, the scope of the
incorporated synthetic complexes is generally restricted to heme-like molecules, because the heme-binding sites
of most hemoproteins are highly optimized for the native heme cofactor.

In contrast, heme acquisition system protein A (HasA), secreted by Gram-negative bacteria, possesses a unique
heme-binding site that is highly exposed to solvent. We have found that HasA can capture a variety of rigid metal
complexes, including synthetic metalloporphyrins [2,3]. Additionally, we recently succeeded in forming a metal
ion-driven HasA dimer by incorporating a porphyrin derivative bearing an additional metal coordination site into
HasA [4]. These findings highlight the unique versatility of HasA and enable the construction of well-defined
protein assemblies using rationally designed porphyrin oligomers as a structural framework.

In this work, we constructed rigid HasA dimers as an initial step toward well-defined artificial HasA assemblies.
Heme substitution with rationally designed rigid porphyrin dimers afforded structurally defined HasA dimers,
demonstrating that the porphyrin-linker geometry can precisely control HasA assembly. We further demonstrated
that this strategy can be extended to porphyrin trimer frameworks, enabling the formation of HasA trimers that
exhibit new functional properties.
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Calixpyrrole-Based lon-Pair Receptors for the Extraction
of Lithium and Sodium Salts

Sung Kuk Kim

Gyeongsang National University, Jinju-si, Korea

The selective extraction of lithium and sodium halide salts, whether from solid materials or aqueous solutions, is
especially difficult because of their high lattice energies and strong hydration. In this presentation, I will discuss our
efforts to tackle this challenge by creating ion-pair receptors that can specifically extract lithium and sodium salts.
Our strategy involves designing receptors that combine lithium- or sodium-specific cation-binding units with
macrocyclic pyrrolic anion-binding motifs, such as calixpyrroles. Unlike typical receptors that only bind cations or
anions, these ion-pair receptors can simultaneously bind both ions. This cooperative binding increases binding
strength and enhances selectivity for the desired salts. I will show our findings on the complexation and extraction
of lithium and sodium chlorides from both solid and aqueous environments. Additionally, I will explore how solvent
effects and the presence of spectator ions impact ion-pair binding and extraction performance.
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Mechanistic Insight into Photogenerated Spin Polarization
of Single and Exchange Coupled Spin Systems

Martin L. Kirk?, Art van der Est®, David A. Shultz°®

aDepartment of Chemistry and Chemical Biology, The University of New Mexico, Albuquerque, New Mexico
87131-0001

°Brock University, St. Catharines, Ontario, Canada

“Department of Chemistry, North Carolina State University, Raleigh, North Carolina 27695-8204

Abstract: Radical elaborated chromophoric Pt Donor-Acceptor and Donor-Bridge-Acceptor ligand-to-ligand
charge transfer complexes have been used to control spin-dependent ground and excited state processes that
include magnetooptical activity,[1] and ground state electron spin polarization (ESP) [3-5] with quantum
information science applications.[6] Although this structural motif has been very successful in generating ground
state ESP, the mechanism of ESP generation is still not fully understood.[7] In these radical-elaborated
chromophores, photoexcitation with visible light produces an initial exchange-coupled, multi-spin, open-shell
excited state that rapidly decays to the ground state via a combination of enhanced intersystem crossing (ISC),
exchange-mediated intersystem crossing.[4] Here, we will discuss the role of charge-separated anisotropic
exchange to generate zero-field splitting [8] in the chromophore, and how this plays a fundamental role in
generating ground state ESP of the pendent radical(s) when the chromophore-radical exchange interaction is large.
We will also discuss interesting spin relaxation processes in the ground state of biradical-elaborated
chromophores that occur prior to thermalization, which we hypothesize to derive from vibronic spin-orbit
coupling between the exchange coupled singlet and triplet states.
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Synthesis and Biological Application of Artificial
Hemoglobin/Myoglobin

Hiroaki Kitagishi

Faculty of Science and Engineering, Department of Molecular Chemistry and Biochemistry, Doshisha University

Hemoglobin and myoglobin are well-known as oxygen-binding proteins in biological systems. Heme cofactors
are surrounded by a protein matrix in these proteins, in which the isolation of heme in proteins is essential to
achieve reversible oxygen binding in biological systems. To mimic the function of hemoglobin and myoglobin, a
water-soluble synthetic porphyrin iron complex (FeTPPS) is encapsulated by per-O-methylated b-cyclodextrin
(CD) dimer. The 1:1 supramolecular complex of FeTPPS with the CD dimer, named hemoCD, is a water-soluble
synthetic hemoglobin and myoglobin model that can reversibly bind molecular oxygen (Oz) in aqueous solution as
well as in biological media (in cell cultures and in vivo). Recent studies in our laboratory revealed that hemoCD
can bind not only Oz but also CO, NO, HCH, and H:S in a reversible manner depending on its iron oxidation state
(II/11D). Interestingly, the binding tendency of hemoCD is quite similar to that of native hemoglobin and
myoglobin. As for application, our hemoCD is superior for use as a chemical antidote against CO, HCN, and H>S
because of its higher binding affinity than native hemes and its rapid urinary clearance from the animal body. The
synthesis and application of hemoCD will be overviewed.

NO GO HS

0 1X l HCN CD dimer
N P L fpdimer
ferrous heme ferric heme w
<«— strong (K>108 M)
<—— moderate (K~ 1046 M) hemoCD-P
- weak or no interaction

Fig 1. The gas binding tendency to heme (ferric/ferrous) and the structure of hemoCD-P as the first synthetic,
water-soluble, and biologically-applicable hemoglobin/myoglobin model.
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Hybrid materials based on metal phthalocyanines and
carbon nanotubes: synthesis and sensor properties
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Halogenated phthalocyanine-based materials have shown great potential for use in a variety of applications,
including organic field-effect transistors, sensors, and biologically related applications [1]. The development of new
materials based on MPcHalx remains a key research focus, as it allows for further improvement of the performance
characteristics and expansion of the application areas of these materials. Carbon nanotubes (CNTs) serve as
excellent platforms for hybrid sensor design due to their large specific surface area and high electrical conductivity
[2]. To tailor their sensing performance, CNTs are often functionalized with a variety of compounds, including
metal nanoparticles, conjugated polymers, and polyaromatic molecules. Among the latter, metal phthalocyanines
(MPc) are of particular interest due to their robust chemical stability, tunable electronic structure, and strong affinity
for various gaseous analytes [3].

In this study, we synthesized hybrid materials by both covalently and non-covalently functionalizing both pristine
SWCNTs as well as functionalized SWCNTs (SWCNT-COOH, SWCNT-NH2) with halogenated metal
phthalocyanines MPcHalx (x = 0, 4, 8; Hal = F, Cl) derivatives. For comparison, analogous hybrids with
unsubstituted MPc were also prepared. The resulting materials were characterized using Fourier-transform infrared
(FTIR) and Raman spectroscopy, scanning electron microscopy (SEM) for morphological analysis, and inductively
coupled plasma atomic emission spectroscopy (ICP-AES) to quantify the phthalocyanine loading on the nanotube
surfaces. Their chemiresistive responses to low concentrations of ammonia and hydrogen sulfide were
systematically evaluated at room temperature. To elucidate the origin of observed differences in sensor
performance, quantum chemical calculations were performed. By correlating experimental sensing data with
theoretical insights into adsorption energetics, this work aims to clarify how phthalocyanine molecular structure and
type of nanotubes influence sensitivity. Such understanding will guide the rational design of next-generation
chemiresistive sensors with enhanced sensitivity, selectivity, and reliability for real-world applications.

This work was supported by the Russian Science Foundation (project No 24-73-10058).
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Dual-porphyrin-sensitized photocatalyst for
efficient charge separation and solar hydrogen production

Atsushi Kobayashi, Satoshi Odagiri

Department of Marine Resources and Energy, Tokyo University of Marine Science and Technology, 4-5-7 Konan
Minato-ku, Tokyo 108-8477, Japan

Photoinduced charge separation is crucial for converting solar energy to electrical and chemical energy. Since
the pioneering work of Gritzel et al. on dye-sensitized solar cells [1], the dye-sensitization technique has been
recognized as one of the most effective strategies for harnessing a broad spectral range of solar light in
photoelectrochemical devices; this is primarily due to the wide tunability of the light-absorption properties of
photosensitizing dyes. We have recently reported on a photoredox cascade catalyst (PRCC) system effective for
both hydrogen production and the oxidative synthesis and conversion of organic substrates, and revealed that the
key feature enabling its high photocatalytic activity lies in the redox cascade structure formed by two different tris-
bipyridyl Ru(Il) photosensitizers [2]. To construct the PRCC system based on a nobel-metal-free dye, our recent
attention has focused on the redox cascade formation by metalloporphyrin dyes, because the potential of porphyrin-
type molecules is demonstrated by their role in natural photosynthesis, where they serve as light-harvesting
pigments and electron carriers [3].

In this work, to collaboratively utilize the rapid electron
injection at the dye—semiconductor interface and the
intermolecular redox reactions between two porphyrin dyes,
we synthesized two dual-porphyrin-sensitized Pt-loaded
TiO2 nanoparticle photocatalysts (ZnP-Zr-SnP@Pt-TiO2
(DPSP) and SnP-Zr-ZnP@Pt-TiO2 (DPSP-r)) by reversing
the loading order of two metalloporphyrin-photosensitizing
dyes (SmP and ZnP = 5,10,15,20-tetrakis(p-carboxy
phenyl)-porphyrinato-M; M = Sn'VClz, Zn™). In a 500 mM
L-ascorbic acid (AA) sacrificial electron donor aqueous
solution, the DDSP evolved approximately 10-time larger
amount of Hz and higher turnover number per one porphyrin
dye (89.1 umol, TON = 7314) for 6 h of irradiation of blue
light than that of DDSP-r (9.1 umol, TON = 724, see Figure
1), indicating the importance of the loading order of the
metalloporphyrin dye for efficient photoinduced charge ) )
separation. The barely emissive nature of the DPSP and Figure 1. Photocatalytic H> production by DPSP or
DPSP-r and the redox potentials of ZnP and SnP DPSP-r in 500 mM AA aqueous solution under
suggested that the redox cascade structure of the dual- blue light irradiation.
metalloporphyrin ZnP-Zr-SnP layer plays a key role in
photoinduced charge separation for photocatalytic H2 production. The deital will be discussed.
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Near Infrared Photoimmunotherapy of Cancer

Hisataka Kobayashi 2°

* Molecular Imaging Branch, National Cancer Institute, NIH, Bethesda, MD
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Surgery, radiation, and chemotherapy have been the mainstays of cancer treatment since the advent of modern
medicine. Although recent immunotherapies—such as immune-activating cytokines, immune checkpoint
inhibitors, engineered T cells, and suppressor-cell depletion—have shown promise, they do not directly destroy
cancer cells and rely solely on immune activation; consequently, their efficacy is limited to a subset of patients.
To date, no single cancer therapy has successfully achieved both direct cancer cell destruction and simultaneous
activation of host anti-tumor immunity. Here, we describe a novel approach using a hydrophilic silicon-
phthalocyanine—based photoabsorbing dye, IRDye700DX (IR700), covalently conjugated to monoclonal
antibodies (mADbs) that target cancer-specific cell-surface antigens. Upon exposure to near-infrared (NIR) light,
these antibody—photoabsorber conjugates (APCs) enable visualization of tumors with low, non-therapeutic NIR
light and induce highly selective cancer cell death with therapeutic NIR light—a process termed near-infrared
photoimmunotherapy (NIR-PIT).[1,2] When APCs bind to target cancer cells, cytotoxicity is induced within one
minute of NIR light exposure, resulting in rapid necrotic and immunogenic cell death. No phototoxicity is
observed in adjacent receptor-negative cells in vitro. In vivo, more than 90% cancer cell death has been
demonstrated by bioluminescence imaging and '*F-FDG PET following NIR irradiation. With optimized
treatment regimens, over 80% of mice achieved tumor-free survival in immunocompetent models, particularly
when NIR-PIT was combined with immune-activating strategies such as immune checkpoint inhibitors or
immune-suppressive cell-targeted NIR-PIT. IR700 fluorescence also enables image-guided light delivery and
post-treatment monitoring, with fluorescence loss indicating adequate therapeutic light exposure.
Mechanistically, mAb-IR700-based NIR-PIT is effective only when the conjugate is bound to the cell membrane
and induces cytotoxicity via a photo-induced ligand-release reaction, distinct from the reactive oxygen species—
dependent mechanisms of conventional photodynamic therapy. Clinically, an FDA-designated fast-track global
phase 3 trial is currently ongoing across the US, EU, and Asia. In Japan, the first EGFR-targeted NIR-PIT drug
(cetuximab-IR700; Akalux™) and a dedicated NIR light-emitting device (BioBlade™) were approved in
September 2020 for recurrent head and neck cancer. Since then, more than 1,100 treatments have been performed
in over 700 patients across 180 hospitals. As of summer 2023, pooled clinical data showed an overall response
rate of 63.5% and a disease control rate of 84.5%, with outcomes continuing to improve as experience
accumulates. [3] In parallel, we have developed next-generation photoabsorbers, the IR702HKT series, designed
to further enhance therapeutic efficacy over IR700. In conclusion, mAb-IR700-based NIR-PIT enables highly
selective cancer treatment with minimal damage to normal tissues while simultaneously activating robust anti-
tumor immunity. This dual mechanism has translated into high complete response rates in clinical practice,
establishing NIR-PIT as a transformative cancer therapy now being realized in oncology clinics in Japan.
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Characteristics of Mononuclear High-Spin Ferric
Phthalocyanines: Comparison with Ferric Porphyrins
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Iron phthalocyanine (Pc) with eight or four carboxyl groups possesses functions not found in conventional iron
porphyrin (P), such as deodorizing and antibacterial properties [1]. Moreover, it is known that its activity is higher
when Pc exists as a non-aggregated monomer, such as when it is incorporated into polymers or adsorbed onto
fibers [2]. However, these compounds are only soluble in water and tend to aggregate even in aqueous solutions,
making it difficult to obtain their properties as individual monomers. Therefore, we decided to esterify them to
create a non-aggregating state that is soluble in organic solvents and to investigate their characteristics [3]. These
compounds exhibited spectra characteristic of ferric high-spin states in absorption and MCD spectra, and
particularly in ESR when dissolved in solvent [4]. However, when aggregated as solid powders, the Mdssbauer
spectrum showed signals from both ferric high-spin and ferrous intermediate-spin states. Based on the fact that
polymer-supported Pc yields only ferric high-spin signals in ESR [3, 4] and exhibits high catalytic activity [2], it
was determined that the ferric high-spin species possesses the high deodorizing and antibacterial functions.
Porphyrin (P), tetrabenzoporphyrin (TBP), and Pc are known to exhibit gradual changes in properties due to
structural alterations [5]. For ferric high-spin species, it is known that the degree of axial ligand dissociation
increases from P to TBP [6]. Thus, while it was expected that this dissociation would increase further for Pc, the
fact that axial ligands could not be detected in ferric high-spin Pc prevented verification. On the other hand,
analysis of NMR data revealed that for ferric P species, the higher the axial ligand dissociation, the larger the
complexation constant value with the base [7]. Therefore, since the complexation constant K between the ferric
high-spin Pc species and bases was expected to be very large, we tested its value using various bases. The values
were in the order of 10° to 108, suggesting that even if an axial ligand were present, the ferric high-spin Pc would
exhibit extremely high dissociation. To further investigate why axial ligands could not be detected in the ferric
high-spin Pc species, we calculated the effective nuclear charge of iron and compared it with those of P and TBP.
The values obtained were 2.883, 2.881, and 1.964 for P, TBP, and octacarboxylated Pc, respectively. Since the
1.964 value is less than 2, it was judged reasonable that axial ligands would not attach or be detected.

REFERENCES

[1] (a) Shirai, H.; Maruyama, A.; Takano, J.; Kobayashi, K.; Hojo, N. Makromol. Chem. 1980;181: 565. (b)

Shirai, H.; Maruyama, A.; Kobayashi, K.; Hojo, N.Makromol. Chem. 1980; 181: 575.

[2] (a) Shirai, H.; Maruyama, A.; Kobayashi, K.; Hojo, N. J. Polym. Sci. Polym. Lett. Ed. 1979; 17: 661. (b)
Shirai, H.; Higaki, S.; Hanabusa, K.; Hojo, N. J. Polym. Sci. Polym. Lett. Ed. 1983; 21: 157. (c) Shirai, H.;
Higaki, S.; Hanabusa, K.; Kondo, Y.; Hojo, N. J. Polym. Sci. Polym. Chem. Ed. 1984; 22: 1309.

[3] (a) Kobayashi, N.; Koshiyama, M.; Funayama, K.; Osa, T.; Shirai, H.; Hanabusa, K.. J. Chem. Soc, Chem.
Commun. 1983; 913. (b) Okada, Y.; Kobayashi, N. J. Inorg. Biochem. 2025; 262: 112737.

[4] Kobayashi, N.; Shirai, H.; Hojo, N. J. Chem. Soc., Dalton Trans.1984; 2107.

[5] Mack, J.; Stillman, M.J. in “The Porphyrin Handbook” eds. Kadish, K. M.; Smith, K. M.; Guilard, R.
Academic Press, New York, 2003; 16: 43.

[6] Kobayashi, N.; Koshiyama, M.; Osa, T. Inorg. Chem. 1985; 24: 2502.

[7] Walker, F.A.; Lo, M.W.; Ree, M.T. J. Am. Chem. Soc. 1976; 98: 5552.

Copyright © 2026 Society of Porphyrins & Phthalocyanines Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org



NELA:(0)

162

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org

Fourteenth International Conference on Porphyrins and Phthalocyanines

Biocompatible Polymer-Conjugated Hemoglobins: Artificial
O Carriers as Red Blood Cell Substitutes
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Blood transfusion products are entirely dependent on donations from volunteers. Recently, declining birthrates
and aging populations have led to a global decrease in donor availability, posing a critical challenge to healthcare
systems. The COVID-19 pandemic in 2020 further exacerbated this issue by causing severe blood shortages that
disrupted routine medical services. Consequently, there is an urgent global need to develop artificial blood
products, particularly red blood cell (RBC) substitutes. Over the past several decades, numerous hemoglobin
(Hb)-based O> carriers (HBOCs) have been developed and evaluated. Among these, polyethylene glycol (PEG)-
conjugated Hbs (PEG-Hbs) have been extensively studied as promising artificial Oz carriers. However, several
researchers have reported the formation of anti-PEG antibodies, which have been detected in approximately 43%
of healthy individuals [1].

As an alternative to PEG, poly(2-ethyl-2-oxazoline) (POx) have attracted considerable attention due to its
properties, such as nonionicity, chain flexibility, and high solubility, comparable to those of PEG, while offering
superior immunological stealth capability [2]. In this study, we characterized POx-conjugated Hbs (POx-Hbs)
from both physicochemical and physiological perspectives, evaluating its potential as a next-generation artificial
2 carrier. POx-Hb was synthesized by coupling surface lysine residues on Hb with a sulfhydryl-terminated POx
derivative [3]. The resulting POx-Hb solution exhibited lower colloid osmotic pressure than its PEG-Hb
counterpart. The O> affinity of POx-Hb, as indicated by its Pso value (the Oz partial pressure at which Hb is 50%
saturated), was measured at 9 Torr. Furthermore, POx-Hb", synthesized under an N> atmosphere, displayed
reduced O affinity (Pso = 57 Torr) [4]. By blending POx-Hb with POx-Hb", the Pso of the final formulation could
be finely tuned to meet specific physiological requirements.

The POx-Hb formulation demonstrated excellent hemocompatibility, showing no adverse effects on platelet,
granulocyte, or monocyte function. In vivo pharmacokinetic studies in rats revealed that POx-Hb had a circulation
half-life 14 times longer than that of unmodified Hb. Therapeutic efficacy was confirmed in a rat model of 50%
hemorrhagic shock, where infusion of the POx-Hb solution resulted in significant improvements in circulatory
parameters [3]. Serum biochemical analyses and histopathological examinations indicated no signs of acute
toxicity or organ-specific abnormalities. These results highlight POx-Hb as a highly promising RBC substitute
with strong potential for application as a therapeutic Oz carrier in transfusion medicine. The similar biocompatible
polymer-conjugated Hb formulation will also be presented.
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Magnetic and optical properties of anionic
metallomacrocycles

Konarev D.V.,*@ Faraonov M.A.,2 Romanenko N.R.,? Nazarov D.l.,2 Otsuka A.P
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Metallomacrocycles are widely used for the preparation of functional organic materials. They can contain
paramagnetic metal ions and radical anion macrocycles. As a result, magnetic assemblies based on them can show
magnetic transitions associated with metal-to-macrocycle charge transfer or transitions to a high-spin state.
Different metal fragments, including paramagnetic ones, can coordinate to tin(II) or indium(III) macrocycles
having diamagnetic (2-), (4-) and paramagnetic (3-) states [1]. Reduction of tetraphenylporphyrins (TPP) and
hemihexaphyrazines (Hhp) yields {Crypt(Cs")}{Ni(TPP?>))}~ and {Crypt(Cs")}2{Ni'uNi!O(Hhp>)}* with
paramagnetic nickel(I) (S = 1/2). The increase in magnetic moment is observed in both compounds due to electron
transfer or the transition of Hhp>~ to the triplet excited state. On the contrary, magnetic exchange between
paramagnetic Cu'30 (S =1/2) and Hhp*®~ (S=1/2) spicies is observed in {Crypt(Cs")}2{Cu'30(Hhp*®)}?".
{Crypt(K*)}2{C0"Co"20(Hhp**")}>~ contains paramagnetic Co" ion and Hhp**~. The increase in magnetic moment
is attributed to electron transfer from Co'! to Hhp**~ followed by the formation of {(Co'Co™0)*"(Hhp>-)}* [2]. Di-
and tri-nuclear assemblies of metallomacrocycles can also show promising magnetic properties. Depending on
charge transfer from a bridged ligand to a metal ion (Fe or Mn'"), the {(MTPP)(thioindigo)} assemblies can
show strong antiferromagnetic coupling of spins, transfer to a high-spin (S = 5) state with a parallel arrangement
of three spins, or the M-thioindigo coupling can be suppressed by the decrease in the angle between the thioindigo
and the porphyrin plane [3]. Tri-nuclear complexes are also obtained when low-spin {Mn'(CN)2Pc}?™ (S = 1/2)
bridge mediates magnetic coupling between high-spin Mn'(acac): (S = 5/2) or CpsGd™ (S = 7/2) in
{Crypt(K*)}2{Mn"'(CN)2Pc[Mn'!(acac): (or Cp3Gd™)]2}. In the first case, a high-spin assembly with S = 9/2 spin
state is obtained. Manganese(Il) tetraphenylporphyrin also forms di- and tri-nuclear assemblies. Diamagnetic

violanthrone*” dianion and low-spin {Mn'(triazole):Pc}* (S = 1/2) dianions as bridges provide weak
antiferromagnetic coupling of spins or transfer a compound to a high (S = 9/2) spin state [4]. External
coordination of two paramagnetic metal centers (M= Co, Fef, Dy™) to iron(Il)

octaethyltetrapyrazinoporphyrazine yields tri-nuclear (TBA")2{Fe"l» (OEtTPrzPz>")[Mlx)]2} assemblies with
antiferromagnetic coupling of spins. This work was supported by the Russian Science Foundation (Ne 24-13-
00060).
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Molecular Assembly for Small Molecule Conversions

Mio Kondo?
@ Department of Chemistry, School of Science, Institute of Science Tokyo

Development of catalysts for small-molecule conversion reactions has drawn tremendous attention recently as one
of solutions to energy and environmental problems. In particular, the catalysts that can produce sustainable fuels
and chemicals from abundant sources are highly desirable. In nature, small molecular conversions are efficiently
promoted by catalytic systems in which a catalytic center and surrounding reaction field such as charge
transporting sites and accumulation sites for substrates are synergistically integrated. Therefore, the construction
of reaction field suitable for the catalysis is expected to be essential to drive small molecule conversion efficiently
in artificial catalytic systems. In this study, we aimed to construct novel catalytic systems for small molecule
conversion by controlling reaction fields surrounding catalytic centers via molecular assembly.

First, we have succeeded in the development of efficient catalytic system for water oxidation. Water oxidation is
a key reaction in natural and artificial photosynthesis. In nature, the reaction is efficiently catalyzed by a metal-
complex-based catalyst surrounded by hole-transporting amino acid residues. However, in artificial systems, there
is no example of the water oxidation system which has a catalytic center surrounded by hole transporters. Here,
we present a facile strategy to integrate catalytic centers and hole transporters into one system. Electrochemical
polymerization of a metal-complex-based precursor afforded the polymer-based material (Poly-1). Poly-1 exhibits
excellent hole-transporting ability and catalyzes water oxidation with high performance. It was also revealed that
the catalytic activity was almost suppressed in the absence of the hole-transporting moieties!. We also confirmed
the versatility of our strategy for constructing efficient catalytic systems for water oxidation’. The study provides
a novel strategy for constructing efficient molecule-based systems for water oxidation.

Second, we have succeeded in developing catalytic systems for

CO: reduction. The development of catalysts for CO> reduction is
of great significance for constructing a sustainable energy cycle.
Here, we report that the control over reaction fields affords efficient
catalytic systems for CO: reduction. In this study, we have
controlled the reaction fields by using the concept of framework
catalyst. The introduction of the concept of framework catalyst
provided a novel catalyst which possesses (a) catalytic center, (b)
capturing sites for CO2, and (¢) accumulation sites for COz, as a
result, CO2 reduction reaction selectively promoted even in
aqueous solutions®>. We also revealed that the framework catalyst
can function as highly efficient catalyst for photochemical CO:
reduction®.
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Construction of Highly Efficient Molecular Catalytic
Systems for CO, Reduction by Controlling Reaction Fields

Kento Kosugi®

aSchool of Science, Institute of Science Tokyo

The development of artificial molecular catalysts for CO: reduction is important to solve energy and
environmental problems. So far, we have developed highly efficient catalysts for that purpose based on the effects
of the reaction field.[1-5] Here, we report the simple procedures that dramatically enhance electrochemical CO:
reduction activity by metal porphyrin complexes focusing on the effect of the reaction medium.[1,2]

We began by reinvestigating CO2 reduction by a
commercially available catalyst, iron(III) tetraphenylporphyrin L ,
chloride (FeTPP-CI), in DMF. DMF is a conventional solvent
for iron porphyrin systems, as it can dissolve both the complex
and COz at high concentration. FeTPP-CI indeed exhibited a
large irreversible current under COz, corresponding to the
electrocatalytic reduction of CO: (Figure 1, red line).

Current/pA

. . : . — DMF
Unexpectedly, the intensity of the irreversible -current DMF/MeCN (7:3)
increased when acetonitrile (MeCN) was added (Figure 1, 400 pA - - - DMF/MeCN (5:5) |
dashed lines). Furthermore, FeTPP-ClOq, a perchlorate salt of - - - DMF/MeCN (3:7)

FeTPP that is well soluble in various solvent, exhibited the I — MeCN
largest irreversible current in pure MeCN (Figure 1, blue line). —
To quantify the -catalytic product, controlled potential
electrolysis experiment of FeTPP-ClO4 was then performed
in MeCN with TFE under COz at —2.35 V vs. Fc¢/Fc'. The total
amount of charge passed over a period of 60 min was 75.9 C,
and CO was formed with a Faradaic efficiency of 97.3%.
Subsequently, turnover frequency (TOF) for CO production was evaluated. Surprisingly, TOF reached 7.30x10°
s™!, which is the highest among those of current best-in-class molecular catalysts. These results clearly
demonstrate that the electrocatalytic activity of FeTPP for COz reduction is significantly enhanced in MeCN.

The effect of reaction medium on the catalytic activity was also observed for other metal porphyrin
complex.[2] In MeCN, a copper porphyrin complex bearing strong electron-withdrawing substituents, copper(Il)
tetrakis(pentafluorophenyl)porphyrin, exhibited a TOF of 1.46x10° s at an overpotential of 0.85 V. The details of
the reaction medium on the catalytic mechanisms will be discussed in the presentation.

26 22 -18 -14 -10 -06 -02 02
Potential/V vs. Fc/Fc*
Figure 1. Cyclic voltammograms of FeTPP
in TBAP/solvent under CO, with 1.0 M TFE
(scan rate: 100 mV s™).
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Far-red light-harvesting Chl a/b binding protein complex
allows uphill energy transfer for photosynthesis in an
Antarctic alga
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Prasiola crispa, an aerial green alga, forms layered colonies under the severe terrestrial conditions of Antarctica.
Since only far-red light is available at a lower layer of the colony, P. crispa has evolved a molecular system for
photosystem II (PSII) excitation using far-red light with uphill energy transfer [1]. Recently, we identified a light-
harvesting chlorophyll (Chl)-binding protein complex in P. crispa (Pc-frLHC) that excites PSII with far-red light
and revealed that it has a ring-shaped structure with undecameric 11-fold symmetry at 3.13A resolution [2]. Each
LHC-like subunit has four transmembrane helices and binds 11 Chls and two carotenoids (loroxanthin and
violaxanthin). Combining spectroscopic analyses with a quantum mechanical/molecular mechanical approach, we
identified the far-red—absorbing Chl(s) (far-red Chls). The Chl 603-609 dimer exhibits the strongest excitonic
coupling. This dimer also exhibits the largest excitation-induced permanent dipole moment along the axis
connecting the two Chls, reflecting the most pronounced charge-transfer character [3].

Transient absorption anisotropy resolved a characteristic hopping time between the far-red Chl trimers of ~11.5 ps.
Spectral dynamics and anisotropy further revealed the existence of a higher-lying excitonic state near ~670 nm
within the far-red Chls. Thermal access to this level enables repeated cycling that facilitates the uphill transfer
toward Chl despite a sizable energy gap of ~580 cm™'[4]. These findings clarify how Pc-frLHC exploits the excitonic
coupling and the ring-mediated transport to harvest far-red light energy for PSII excitation.
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Photocatalytic formation of hydrogen (Hz) and hydrogen
peroxide (H202) catalyzed by nonplanar porphyrins

Hiroaki Kotani, Takahiko Kojima
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Development of light-induced production of hydrogen (H2) evolution and hydrogen peroxide (H202) is
indispensable for constructing a sustainable society on the basis of the effective utilization of solar energy because
H» and H20> are able to be converted to electrical energy using fuel-cell technology. For achieving the goal, we
have focused on saddle-diprotonated dodecaphenylporphyrin (HsDPP?*) derivatives as a near-infrared (NIR)-
light-responsive photosensitizer and as a selective O»-reduction catalyst.[1] Here, we report NIR light-driven Ha
evolution catalyzed by a combination of a diprotonated saddle-distorted porphyrin as a photosensitizer and
platinum nanoparticles as H2-evolving catalysts.[2,3] Under the optimized conditions, a turnover number of NIR
light-driven Hz evolution reached 1600 at 1 h with the 80% yield of H2 based on a sacrificial electron donor. The
quantum yield of H> evolution at 750 nm was determined to be 36%, which is the highest value among
photocatalytic Hz-evolution systems based on NIR irradiation reported so far (Figure 1).[3] The Hz-evolution
mechanism was elucidated on the basis of femto-second and nano-second laser flash photolysis.

On the other hand, we designed an organic-inorganic hybrid photocatalyst for the production of H>O2 by using
water as an electron source. The hybrid photocatalyst was prepared by immobilizing a HsDPP?" derivative as an
Oqz-reduction catalyst on the surface of TiO», which was employed for a water-oxidation catalyst. When the
H4DPP?"-TiO> hybrid photocatalyst dispersed in pure water was irradiated at 365 nm using an LED lamp under
air, formation of H>O2 was confirmed by iodometry of the supernatant. The amount of H>O> was determined to be
0.3 mM under photoirradiation for 60 seconds and the external quantum yield at 365 nm reached to 28%, which is
the highest value among semiconductor photocatalysts reported so far for H2O> production.[4]

Figure 1. Schematic illustration of NIR-light-driven H: evolution catalyzed by HsDPP?"(X"): [3]
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B12 - from Vitamin to Antivitamin B12
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Institute of Organic Chemistry, University of Innsbruck, Innsbruck, Austria bernhard. kraeutler@uibk.ac.at

The natural vitamin Bi2 derivatives are fascinatingly complex cobalt corrins [1] The preeminent use of cobalt in
the Bi2-cofactors [1-3] has stimulated the quest for understanding the specific biological selection of cobalt,
inducing a fundamental interest in finding ways of replacing cobalt by other transition metals. [4-8] The
seemingly attractive direct substitution of cobalt by rhodium is a chemically inaccessible path from the natural
cobalt-corrins to their rhodium analogues. Thus, successful synthetic roads to rhodium analogues of the natural
cobalt-corrinoids start with metal-free corrinoids, [1,4,6] most rationally with crystalline metal-free
hydrogenobyric acid.[9]

The so far studied Rh-corrins are remarkably isostructural to their natural Co-corrin analogues,[5,10-12] but lack
their biologically crucial fine-tuned reactivity. [5,6,8-12] In consequence, the rthodium analogues of the Bi2-
cofactors have features of very effective antivitamins Bi2,[8,12,13] as well as of inhibitors of specific Bi2-enzymes,
of Bix-dependent photoregulation of gene expression and of growth of Bi2-dependent microorganisms. They are
particularly promising candidates for chemical and structural biological, [13] and biomedical [12,14] applications.
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Comparing FeNs motifs with either pyridinic or pyrrolic
coordination for the activation of oxygen
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FeNs macrocycles immobilized on carbon are applicable to various electrocatalytic reactions. They also serve as
model systems for so-called iron-nitrogen-carbon (FeNC) catalysts, where it is believed that the catalysis-relevant
moieties also comprise square-planar Na coordination but embedded into a graphene layer rather than molecular
surroundings as in the case of the macrocycles. It is suggested that in these graphene sheets, the coordinating
nitrogen atoms are either of pyridinic or pyrrolic nature. However, FeNC catalysts are highly amorphous and
composed of several structural motifs that may even differ among preparation approaches. As such, the relationship
between several aspects and oxygen reduction reaction (ORR) catalysis remains unclear. However, their high
potential for application in proton exchange membrane and alkaline fuel cells motivates a more fundamental
understanding.[1]

Based on this, in this work, we compare the cyclic voltammetry and oxygen reduction reaction catalysis of iron
phthalocyanine vs. iron bipyridine, both immobilized on carbon. The performance is evaluated under different iron
utilization levels to identify the optimal conditions. Mdssbauer measurements are performed to identify hyperfine
interaction parameters, which are then compared across different types of FeNC materials.[2]

It is shown that the redox behaviour changes significantly with iron coordination and that this affects the material's
activity and selectivity.
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Expanding the porphyrinoid toolbox: recent progress in the
carbene transfer catalyzed with tetrapyrrolic complexes
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Carbene transfer reactions represent a powerful and atom-economical tool for the construction of various C—X
bonds. In particular, porphyrin complexes have emerged as highly efficient catalysts for carbene insertion into X—
H (X =N, S, Si, C) bonds and for diastereo- and enantioselective cyclopropanation. Despite the structural
diversity of tetrapyrrolic compounds, the implementation of other porphyrinoid complexes in carbene transfer
reactions has remained sporadic and scarce, although we have already shown that phthalocyanine complexes
reveal superior activity in cyclopropanation and insertion of carbene to N-H bond [1-3].

Herein we report our recent results of comparative investigation of Cu(II), Co(Il), Mn(III), Fe(IIT) and Ru(II)
phthalocyanines and tetrabenzoporphyrins complexes as catalysts for carbene transfer from ethyl diazoacetate to
different substrates (e.g., styrene, aniline, triethylsilane, xanthene, phenylallyl sulfide). The highest activity was
observed for the ruthenium and iron complexes. The selectivity and activity of the catalyst for carbene insertion
into N-H bonds are influenced by both the metal center and the ligand structure. These results demonstrate that
selective routes to secondary and tertiary amines can be achieved not only by modifying substituents on a
macrocyclic framework but also by employing novel, previously unexplored tetrapyrrolic scaffolds.

Overall, these findings encourage further catalyst development to broaden their applicability to other reaction
types and to attain high selectivity in more demanding transformations.
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First principles theory of phthalocyanines and corroles:
From molecules to crystals
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2 Department of Molecular Chemistry and Materials Science, Weizmann Institute of Science,
Rehovoth 7610001, Israel

The unique electronic and optical properties of phthalocyanines and corroles continue to be of much interest for a
variety of applications. However, predicting these properties from first principles using density functional theory
has often proven challenging. For molecules, severe self-interaction errors can arise due to localized metal-related
orbitals. For crystals, one needs to address dispersive interactions, the description of multiple polymorphs, and the
solid-state renormalization of energy levels due to dielectric screening. Here, I will present recent progress on
these issues, as well as selected applications to important issues in contemporary experimental research of
phthalocyanines and corroles.
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Enhanced proton pumping of cytochrome c oxidase in the
presence of Higd1A

Minoru Kubo?

AGraduate School of Science, University of Hyogo

Cytochrome ¢ oxidase (CcO), the terminal enzyme of the mitochondrial respiratory chain, catalyzes the four-
electron reduction of molecular dioxygen (O2) to water using electrons supplied by cytochrome c. This redox
reaction is tightly coupled to proton translocation across the mitochondrial inner membrane, generating the
electrochemical proton gradient that drives ATP synthesis. In mammalian mitochondria, the efficiency and
regulation of this energy-conversion process are modulated at multiple levels, including changes in cellular
conditions, interactions with regulatory proteins, and alterations in subunit composition. In particular, hypoxic
conditions induce a range of adaptive responses that modulate mitochondrial respiration, such as isoform
switching of CcO subunits and the expression of hypoxia-responsive regulatory factors. Higd1 A is a hypoxia-
inducible membrane protein that has been implicated in the regulation of mitochondrial respiration and cellular
energy homeostasis. Previous studies have reported that the presence of Higd1A correlates with enhanced CcO
activity under hypoxic stress, suggesting a role in maintaining ATP production when oxygen availability is
limited [1,2]. However, the specific functional consequences of Higd1 A on individual steps of the CcO reaction,
namely oxygen reduction and proton pumping, have remained unclear. In this study, we spectroscopically
examined the influence of Higd1 A on distinct functional aspects of CcO using a reconstituted liposome system.
Purified mitochondrial CcO was incorporated into lipid vesicles in the presence or absence of Higd1A, allowing
functional comparisons to be performed under in vitro conditions. The Oz consumption and proton pumping rates
of CcO were quantified separately using the reconstituted samples. Oxygen reduction was monitored by visible
absorption spectroscopy employing hemoglobin as an O indicator, whereas proton translocation was evaluated
using phenol red as a pH-sensitive probe. These measurements revealed that the presence of HigdlA led to a
pronounced acceleration of the proton pumping rate without a proportional increase in the rate of O> consumption.
This implies an increase in the apparent H'/e" coupling efficiency, defined as the probability of proton
translocation per electron transferred through CcO. In other words, Higd1 A selectively enhances the proton-
pumping efficiency of CcO rather than a simple acceleration of catalytic turnover. This finding provides a
functional framework for understanding how hypoxia-induced regulatory factors can fine-tune mitochondrial
respiration and is complementary to existing models of respiratory adaptation involving CcO isoform composition
and supercomplex organization.
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m-Expanded BODIPYs for Applications in Photocatalysis
and Photodetection

Yuji Kubo?P
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The current demand for a feasible platform in energy conversion and optoelectronics has motivated us to develop
n-expanded BODIPY's, which offer outstanding photophysical properties in the long-wavelength region. To this
end, the fusion of aromatic rings at the [a]/[b] positions of the BODIPY core is an effective strategy to induce a
longer-wavelength shift of the absorption band. Furthermore, adjustable photophysical properties and high
photostability enable the application of ring-fused BODIPYSs in light-harvesting materials. This lecture consists of
two parts: the former focuses on advances in n-extended BODIPYs applicable to photocatalysis in green energy
conversion [1]. Our interest in panchromatic sunlight energy harvesting, being one of the ultimate goals of an
efficient photosensitizer, motivated us to investigate a benzo[a]-fused BODIPY and phenothiazine-based
D-D’—n—A system (1) (Figure 1) [2]. The photophysical property leads to panchromatic absorption up to 780 nm
when deposited on a Pt/hierarchical porous TiO2 (HPT500). The resultant system, Pt/HTP500/1, exhibited
excellent H2 production in the presence of ascorbic acid when irradiated with A > 400 nm light using a Xe lamp at
an intensity of 100 mW c¢cm™2. A high turnover number of 11,100 and a turnover frequency of 1,110 h™' were
achieved for H> production after 10 h of irradiation. On the other hand, fusing the aromatic ring at the »-bond of
the pyrrole unit is an efficient strategy to narrow the band gap owing to the stabilization of the LUMO energy
level. Asymmetric BODIPY (2) composed of benzofuran[3,2-b]pyrrole and pyrromethene units was prepared for
photocatalytic hydrogen production. [3] For the second topic, ring-fused BODIPYs have been applied to NIR
photodetectors, which are useful in night vision, bioimaging, biometric authentication, etc. Considering the criteria
that involve (1) absorption band with a high molar extinction coefficien and narrow full width at half maximum in
the NIR region, (2) high carrier mobility, and (3) high photo and thermal stability, we prepared dibenzofuran[a]-
fused BODIPYS with benzo[1,3,2]oxazaborinine unit (3) [4], which having an intense absorption band with a Amax
value of 812 nm (¢ = 1.3 x 10> M! cm™), as rationalized by time-dependent density functional theory (TD-
DFT)/DFT calculations. Using a resistance-heating-type vacuum-deposition method, the rigid m-conjugated
structure of 3 enabled its application as an NIR photodetector in a single-component device (indium tin
oxide/3/Al). Current—voltage (J-V) measurements under photoirradiation at 870 nm (120 pW cm™) produced a
photocurrent of 6.05 x 107 A
cm™ at a bias potential of 0.1 V.
The obtained insight will
facilitate the rational design of
future NIR dyes tailored for
specific applications.

Figure 1. Chemical structures of dyes 1-3.
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Porphyrinoids as functional molecules for application in
gas sensors
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Surface functionalization is a promising approach to promote the specific interactions at the solid-gas interfaces.
This strategy is being increasingly adopted to address the challenge of limited selectivity in gas sensors. Metal
porphyrinoids (phthalocyanines and porphyrins) have been widely used in gas sensors in conjunction with
different transducing modes, such as resistive, acoustic, optical, plasmonic and electrochemical. Such diverse use
of porphyrinoids has been possible because of their multifunctional properties, like semiconducting nature,
electrochemical activity, electronic interaction and enriched photophysics. Use of these macrocycles as a
functional coating either on the gas sensor electrodes or on the sensing layer is although less explored. In this
endeavor, the aim of my collaborative research activities is to develop functional coating of metal
phathalocyanine and porphyrins on range of conducting surfaces and explore their application in conductometric
gas sensors. In one typical approach, I am using diazonium electroreduction method to covalently graft porphyrins
on gas sensors electrodes, such as ITO or gold and over the metal oxide sensing layer, such as tin oxide (SnOz). In
this method, the amino derivative of porphyrin is at first reacted by sodium nitrite in an oxygen free and acidic
environment to produce the corresponding diazonium derivative (Fig. la). The application of a negative
electrochemical potential produces a reactive porphyrin free radical at the electrode-solution interface, which is
finally grafted on the surface. I am characterizing such grafting process by coupled characterization, such as
electrochemical quartz chemical microbalance (EQCM), which monitors the mass deposition on the surface
during the electrochemical grafting in terms of fundamental oscillating frequency shift of quartz (Fig. 1b). The
EQCM measurements provide a direct proof of surface grafting and its quantification. Further investigation of
electrografting mechanism and use of these modified surfaces in gas sensors are scopes of our ongoing works.

Figure 1: Schematic of electrografting of porphyrin by diazonium electroreduction (a). the variation of
voltammograms and frequency shifts in the EQCM measurement associated to porphyrin electrografting (b).
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Efficient Synthesis of Heterocycle-Fused Porphyrins with
Enhanced NIR Absorption and Singlet Oxygen Generation

Dalip Kumar

Department of Chemistry, Birla Institute of Technology and Science, Pilani, Pilani Campus. Pilani-333031,
Rajasthan, India ; E-mail: dalipk@pilani.bits-pilani.ac.in

Porphyrins have gained significant interest in material and biomedicine research fields due to their special
electronic and redox properties. Structural modification of porphyrin core enables z-conjugation over the
macrocycle which causes a significant improvement in photophysical properties such as red-shifted absorption
and efficient emission spectra towards the near IR region [1-2]. The z-extended porphyrins and loss of symmetry
causes splitting in their energy levels in the z-z * levels, which reduces the band gap and results in the shifting and
broadening of the Soret band, along with increase in the intensity of Q band. Particularly, heteroatom structural
variation of porphyrin core has become an important milestone in porphyrin chemistry due to diversity in
available heterocycles, and the presence of heteroatoms can act as an electron-donor/acceptor unit or provide an
external coordination site for forming metal complexes. Further, integration of heteroaromatic systems into the
porphyrin core increases co-planarity by incorporating the heteroatom into the extended z-system [2-3].
Therefore, in recent years, peripheral N-heterocycle-annulation of porphyrins (meso-f), (8 ) and f-meso-f) have
been reported [4-5]. With immense usefulness of nitrogen-embedded 7 -extended porphyrins and our continued
efforts to identify porphyrin-based novel photosensitizers [6-8] recently we have developed a facile and efficient
protocol to access structurally diverse N-heterocycle-fused (meso-f, -B) and appended porphyrins in good yields.
Some of the prepared heterocycle-fused porphyrins exhibit red-shifted absorption, enhanced singlet oxygen
generation, and respond to protonation and de-protonation processes to produce a switchable pH-sensitive near-IR
chromophore. The developed synthetic protocol and photophysical studies of the prepared heterocycle porphyrins
will be shared in the conference presentation.
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Carbenaporphyrinoid Complexes of Coinage Metals and
Zinc
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Institut fiir Anorganische Chemie, University of Tiibingen, Auf der Morgenstelle 16, 72076 Tiibingen, Germany

The donor atoms in porphyrins can be modified by either replacing the pyrrol moieties with suitable
heterocycles[1] or by formally rotating them under the formation of N-confused porphyrins.[2] The latter can be
regarded as containing carbene donor atoms.[2c]

We have replaced two of the pyrrol moieties by triazolinylidenes, so-called mesoionic carbenes, in order to
enhance the electron donor properties further. The resulting porphyrinoid ligand CTP would formally be an
antiaromatic 20 electron m-system, but instead, we have shown that the individual aromatic character of the
heterocycles is kept. The geometry of CTP complexes is surprisingly similar to the respective porphyrin
complexes, while electronic differences are pronounced, which consequently affects their reactivity.[3]

To take advantage of the stronger ligand field of the CTP ligand, we will present the synthesis and the properties
of coinage metal-CTP complexes in the formal oxidation state +III. In the case of Cu-CTP complexes, the
paramagnetic Cu'(CTP) complex can also be isolated. With Zn>'-precursors an unexpected rich coordination

chemistry was found and investigated including dinuclear complexes as well as the mononuclear complex
[Zn(CTP)].

t-Bu t-Bu

t-Bu t-Bu
[M(CTP)]BF4 [M(CTP)]
(M = Cu, Ag, Au) (M = Cu, Zn)
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Photothermal therapy with Nano-dICG and the role of
immune response at murine melanoma model

Cristina Kurachi?, Leticia P Martinelli2, Layla Pires®, Gang ZhengP, Brian Wilson®

aUniversity of Sao Paulo, Sao Carlos, Sao Paulo, Brazil
SUniversity Health Network, Toronto, Ontario, Canada

Melanoma, even with the advances in immunotherapy, still presents high morbidity and mortality rates due to its
aggressive behavior and poor response to available treatment modalities [1]. Photodynamic therapy (PDT) and
photothermal therapy (PTT) are potential treatment options in Oncology, but with limited volumetric response due
to the light penetration within biological tissues [2]. Solid highly pigmented tumors, as melanomas, are relevant
challenges for any photonic technique. Nano-dICG is a nanoemulsion presenting a highly stable and potent
photothermal agent based on the dimeric form of indocyanine green [3]. The efficiency of the PTT using nano-
dICG for the treatment of cutaneous melanoma was evaluated in a murine model. B16F10-Luc2 cells were
intradermally injected and tumors treated when reached 2-3 mm of thichkness. Intratumoral and intravenous
administration of nano-dICG, distinct irradiance and fluence levels at 808 nm irradiation, at immunocompromised
and immunocompetent animals were investigated. Photoacoustic/fluorescence imaging was used to determine best
drug-light intervals for the intravenous photosensitizer administration. Bioluminescence imaging,
immunohistochemistry analysis (H&E, S100, Ki67) and survival curves were analyzed as treatment response.
Rechallenge assay injecting melanoma cells through the tail vein was performed in animals showing complete
tumor eradication at 30 days after PTT. As most relevant result, tumor eradication at 30 days after PTT, and no
development of melanomas after rechallenge assay in all animals (n=12) was achieved at 1-hour and 6-hour DLI
groups of the immunocompetent animals. In the immunocompromised animals, the best treatment protocol
resulted in 67% of disease-free Kaplan Meier curve at 30" day. Partial tumor response was achieved at the groups
that received laser irradiation without nano-dICG administration, due to the high concentration of melanin, but
tumor regrowth and shorter survival were observed. In conclusion, our results showed strong evidence that nano-
dICG-PTT mediated activation of the immune system resulting in eradication of cutaneous melanoma up to 3 mm
of thickness and adaptative immune response at 30 day after primary tumor treatment. The activation of the
immune response by PTT may represent an important feature to overcome the lack of therapeutic response in
highly pigmented tumors.
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Mechanistic Role of the Excited Triplet State of Zn(ll)
Porphyrin in Photocatalytic Carbon Dioxide Reduction
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Zinc(Il) porphyrins have long been studied as synthetic models of chlorophyll and bacteriochlorophyll in natural
photosynthesis, and their strong visible-light absorption has led to extensive investigations focusing primarily on
the reactivity of their excited singlet states. In particular, singlet-singlet energy transfer and the singlet-driven
photoinduced electron transfer have been widely explored as key processes in artificial photosynthetic systems. In
contrast, intersystem crossing from the excited singlet state to the excited triplet state of porphyrin has often been
regarded as an undesirable process in photosynthetic model systems, because excited triplet states are inefficient
for long-range energy transfer and may act as energy traps or quenching sites.

However, this perspective is fundamentally different in photocatalytic reactions that rely on diffusion-controlled
intermolecular electron transfer. In such systems, electron transfer requires molecular encounters by diffusion,
which occur on much longer timescales than intramolecular processes, and therefore demand long-lived excited
states to maintain productive reactivity. Accordingly, the excited singlet state and the charge-separated state
formed by the singlet-driven intramolecular photoinduced electron transfer are intrinsically short-lived and
unsuitable for diffusion-controlled intermolecular electron transfer, whereas the excited triplet state is long-lived
and ideally suited for photocatalytic redox processes.

Here, the present work demonstrates that the excited triplet state of Zn(Il) porphyrin plays a decisive and
constructive role in photocatalytic COz reduction.[1,2] The Zn(II) porphyrin and the Re(diimine)(CO); complex,
which serves as a COz reduction catalyst, were directly linked in a geometry in which the porphyrin plane and the
diimine ligand are arranged perpendicular to each other (Figure). This structural arrangement enhances
intersystem crossing of the porphyrin via the heavy-atom effect of the Re center, thereby selectively populating
the triplet state of the porphyrin. The resulting long-lived excited triplet state efficiently accepts an electron from
1,3-dimethyl-2-phenyl-2,3-dihydro-1H-benzo[d]imidazole (BIH) used as an electron donor, and subsequently
transfers the electron to the Re catalyst. The electron transfer mediated through the excited triplet state of Zn(II)
porphyrin is evidenced by quenching the Re-induced room-temperature phosphorescence of the porphyrin by
BIH,[1] as well as by transient absorption and

time-resolved infrared spectroscopy.[3] In this

presentation, in addition to these phenomena,

the photophysical properties and catalytic

activities of a series of photocatalytic systems

in which the linkage positions between the

Zn(1l) porphyrin and the Re(diimine)(CO)3

complex are systematically varied will also be

introduced.
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Syntheses of Expanded Porphyrins from o-Diarylbenzenes
and 3,4-Diarylmaleimides
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The creation of expanded porphyrins is of significant importance to the field of porphyrin chemistry, and
as such, should be given due consideration in any investigation of this area. In the field of expanded porphyrins,
our research group has made contributions to the synthesis of this class of compounds. Our studies have led to the
development of a novel synthesis method for expanded porphyrins, which consists of a linker consisting of two
carbon atoms connecting pyrrole units. Porphyrin(2.1.2.1) is classified as a member of the porphyrin family,
characterized by a structural configuration comprising two dipyrrin units and two o-phenylene bridges.
Porphyrin(2.1.2.1) can be synthesized through an acid-catalyzed condensation of o-di(pyrrol-2-yl)benzene and
aryl aldehydes[1]. Porphyrin(2.1.2.1) forms deeply saddle-shaped molecular structures. This distinctive non-
planar configuration finds application in the construction of porphyrin nanobelts from 1,2,4,5-tetra(pyrrol-2-
yl)benzene and aryl aldehydes[2]. Furthermore, we have synthesized p-phenylene linked porphyrin(2.1.2.1)
nanorings via acid-catalyzed condensations of o-di(pyrrol-2-yl)benzene and terephthalaldehyde (Scheme 1). In
addition, porphyrin(2.1.2.1) is employed as a metal ligand in a manner analogous to general porphyrins for
synthesizing various metal complexes. o-Di(pyrrol-2-yl)benzene and its derivatives also possess the potential to
function as intermediates in the creation of expanded porphyrins and related compounds. Di(pyrrol-2-
yl)phthalimide was utilized as a starting material to yield calix[4]pyrrole and calix[6]pyrrole during a
condensation reaction with acetone. Calix[n]bispyrrolyphthalimides selectively recognize fluoride anions,
resulting in clear color changes that can be observed by the naked eye. This is due to the pyrrole and phthalimide
groups acting as donor and acceptor, respectively. Conversely, 3,4-di(pyrrol-2-yl)maleimide exhibited divergent
reactivity. Despite an unsuccessful attempt to isolate porphyrin(2.1.2.1) under the standard conditions of the
condensation reaction, oxidized compounds were successfully isolated. In this presentation, the recent progress
made in synthesizing expanded porphyrins from o-di(pyrol-2-yl)benzene and 3,4-di(pyrol-2-yl)maleimide
derivatives will be discussed.

i) BF3*OEt,
i) DDQ
NH CH,Cl,
! Y
Scheme 1 Synthesis of porphyrin(2.1.2.1) nanorings
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Bowl-to-bowl inversion in Subphthalocyanines
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Bowl-shaped aromatics have emerged as powerful scaffolds in the field of n-conjugated materials due to their
disruptive, topology-driven properties. A hallmark of these systems is the bowl-to-bowl (B¢B) inversion—a
fluxional process that interconverts the concave and convex faces, compromising the configurational stability of
enantiopure derivatives.[1] This is especially critical for designing chiral materials, where even minimal
enantiomeric erosion can severely impact performance. In boron subphthalocyanines (SubPcs)—arguably the
most versatile bowl-shaped aromatics in materials science—this inversion is typically locked by the tetrahedral
boron center. [2] However, axial ligand removal renders BtB inversion conceptually accessible.

Herein we show that the BtB inversion of SubPcs can be indeed experimentally observed using enantiopure
derivatives as stereochemical probes.[3] By combining both on-surface and solution-phase chemistry with
theoretical calculations, we elucidate the conditions under which this process occurs, as well as the underlying
mechanisms involved. Moreover, the electronic, chemical and steric aspects governing this process are analyzed,
and practical guidelines to preserve the enantiopurity of SubPcs are provided.

Figure 1. (a) BtB inversion of representative bowl-shaped aromatics. (b) Illustration of the B¢B inversion of the
SubPc borocation upon removal of the axial ligand. The energy barriers indicated in each case were calculated by
DFT at the B97D3/6-31G** level of theory. Hydrogen atoms have been omitted for clarity from the ball-and-
sticks models.
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NMR Detection of Enantiomeric Excess Using Symmetric
Porphyrins as Prochiral Solvating Agents (pro-CSAs)
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Research Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science (NIMS),
Tsukuba, Japan (Labuta.Jan@nims.go.jp)

More than half of the drugs currently in use are chiral compounds, and in recent years nearly 90% of newly
approved chiral drugs have been launched as single enantiomers rather than racemic mixtures. While enantiomers
share the same chemical composition, they often display different pharmacological, toxicological, and metabolic
properties. Variations in enantiomeric composition can critically influence efficacy, safety, and dosage
requirements. Thus, precise control and monitoring of chirality are cornerstones of modern pharmaceutical
development and clinical application.

There are three standard protocols for measuring enantiomeric excess (ee) using nuclear magnetic resonance
(NMR) spectroscopy. However, these are always based on the formation of diastereomers in solution. We have
developed an NMR sensing method utilizing prochiral porphyrin derivatives (an example is shown in Fig.1a) as
detectors of analytes’ enantiomeric excess (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 Ad of the
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-Znz coordination complex (prochiral detector) with 2-
phenoxylpropionic acid (analyte) [7]. The mechanism, stoichiometric effects, drawbacks, and potential
applications of the pro-CSA sensing method will be discussed.

Fig. 1. (a) Structure of pro-
chiral porphyrin derivative
DiBzOxP. (b) Schematic
illustration of the sensing
mechanism. (c) NMR spectra
of porphyrin B-H reporting
group in the presence of
various ee of ibuprofen (1)
analyte. (d) Fundamental linear
relationship between induced
chemical shift non-equivalency
Ad and ee as obtained from (c).
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Biosynthesis of the Cobalamin Lower Base

Andrew Lawrence?

aSchool of Biological Sciences, University of Southampton, Southampton, SO17 1BJ, United Kingdom.

Cobalamin (vitamin Bi2) is a structurally complex metallocofactor whose biological function is strongly
influenced by the identity of its lower axial ligand. While the aerobic route to the canonical lower base
5,6-dimethylbenzimidazole (DMB) has been well described; the anaerobic pathway has remained comparatively
enigmatic despite its widespread distribution among bacteria and archaea. This presentation will focus on recent
advances in elucidating the anaerobic biosynthesis of the cobalamin lower base.

I will describe the identification and structural characterization of previously unrecognized pathway intermediates
that define a distinct, oxygen-independent route to DMB formation. Central to this pathway are two cobalamin-
associated radical S-adenosyl-L-methionine (rfSAM) enzymes, whose functions and substrate specificities we have
now characterized biochemically and mechanistically. Together, these findings provide a revised framework for
anaerobic lower base biosynthesis and clarify how radical SAM chemistry has been adapted to construct one of
the most distinctive features of cobalamin.

More broadly, this work highlights how variation in lower ligand biosynthesis contributes to cobamide diversity,
metabolic specialization, and ecological adaptation in anaerobic microorganisms

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 183

Radical SAM enzymes in heme and heme d; biosynthesis

Gunhild Layer, Anika Guther and Sam Washington

University of Freiburg, Institute of Pharmaceutical Sciences, Pharmaceutical Biology

Heme and heme d1 are both naturally occurring, iron-containing tetrapyrroles. While heme fulfils a variety of
different functions in almost all living organisms, heme d: is restricted to some denitrifying bacteria. Structurally,
heme belongs to the metalloporphyrins, while heme d1 is a metalated isobacteriochlorin. Besides the differences in
their macrocycle core structures, heme and heme di also display individual patterns of tetrapyrrole side chains.
Despite these structural differences, the biosynthetic pathways to heme and heme di share some common steps and
intermediates [1]. In archaea and sulfate-reducing bacteria, heme is synthesized by the siroheme-dependent (SHC)
pathway via the intermediates siroheme, 12,18-didecarboxy-siroheme (DDSH), and iron-coproporphyrin III (Fe-
Copro) [2]. Heme d is also derived from siroheme via DDSH, 3,8-dideoxo-dihydroheme di1 (DDDH), and dihydro-
heme di [2, 3]. Therefore, the last common intermediate of the SHC pathway to heme and the biosynthesis route to
heme di is DDSH.

Interestingly, the conversion of DDSH to either Fe-Copro during heme biosynthesis or DDDH during heme d\
biosynthesis is catalyzed by two related enzymes, AhbC and NirJ, respectively. Both proteins belong to the family
of radical S-adenosyl-L-methionine (SAM) enzymes and share about 17 % amino acid sequence identity [3]. As
both enzymes accept the same substrate but convert it into different products, it is intriguing to investigate how
AhbC and NirJ achieve reaction specificity. For this purpose, the purified, recombinant enzymes are employed in
enzyme activity assays showing the conversion of DDSH to Fe-Copro by AhbC and to DDDH by Nirl in vitro.
Based on computational structural models of NirJ and AhbC, enzyme variants carrying amino acid exchanges within
the putative active sites are generated and tested for enzymatic activity. Based on these biochemical experiments in
combination with structure predictions, the reaction specificity of AhbC and NirJ will be discussed.
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Stabilization and Characterization of a Heme-HNO Adduct in
a Model Complex for Cytochrome P450nor

Nicolai Lehnert,® Daniel G. Castella,? Elizabeth C. Manickas®

AUniversity of Michigan, Department of Chemistry and Department of Biophysics, Ann Arbor, MI 48109-1055,
USA (email: lehnertn@umich.edu)

Denitrification is a microbial pathway in the nitrogen cycle that uses nitrate and nitrite as the terminal
electron acceptors in respiration. Denitrifying bacteria and fungi efficiently detoxify the toxic metabolite
nitric oxide (NO) of this process through reduction to nitrous oxide (N-O) using nitric oxide reductase
(NOR) enzymes. In fungi, for example Fusarium oxysporum, NO is reduced by a Cytochrome P450 type
enzyme, called Cyt. P450nor.[1] This enzyme contains a heme b center coordinated to a proximal
cysteinate ligand in the active site. In the proposed mechanism of Cyt. P450nor, the ferric heme binds
NO first to form a ferric heme-nitrosyl complex, which is subsequently reduced by NAD(P)H to generate
the key intermediate of the reaction, called Intermediate /. This species either corresponds to the Fe(II)-
NHO adduct, or the corresponding, protonated species of Fe-NHOH type with unknown electronic
structure. Intermediate / then reacts with the second equivalent of NO to form N,O.

In order to obtain further insight into the nature of Intermediate /, we used a bulky bis-picketfence
porphyrin, H»[3,5-Me-BAFP], to generate the heme-HNO model complex [Fe(3,5-Me-
BAFP)(MI)(NHO)] and study its electronic structure, and importantly, reactivity with NO. This complex
can be cleanly generated at -30 °C by reaction of [Fe(3,5-Me-BAFP)(MI)(NO)](OTY) with 1 equiv of
[TBA](BH4). Under these conditions, the heme-HNO complex has a lifetime of about 1 hour, which
allowed for a detailed spectroscopic characterization of this species.[2] The reactivity of the HNO
complex with NO gas was assessed by quantitative gas headspace IR spectroscopy, and it was determined
that this complex can in fact mediate N>O formation by addition of NO gas. These results demonstrate
that heme-HNO complexes are competent intermediates in Cyt P450nor.

To further our understanding of Intermediate /, we sought to increase the stability of our model
complex by incorporating hydrogen bonding groups into the second coordination sphere (SCS). We
synthesized a new asymmetric derivative of our scaffold, H»[(3-NH»)(3,5-Me);BAFP] and generated the
corresponding Is-{FeNO}° complex, [Fe((3-NH.)(3,5-Me);BAFP)(NO)](OTf). Notably, this complex
seems to bind one of the distal amine groups of the porphyrin scaffold to the sixth co-ordination site of
the iron center. Treatment of this complex with a hydride donor then allows for the generation of [Fe((3-
NH.)(3,5-Me);BAFP)(NHO)], and the subsequent characterization of this complex with 'H-NMR, UV-
vis, and IR spectroscopy to evaluate its geometric and electronic structure. DFT calculations are further
used to assess the effect of the SCS groups on the stability of heme-HNO adducts.
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Rigid expanded porphyrinoids: design, synthesis, and
properties study

Chuanhu Lei?

ACenter for Supramolecular Chemistry and Catalysis, Department of Chemistry, College of Science, Shanghai
University, Shanghai, 200444, China

The continuous advancement of supramolecular chemistry is being driven by the design and synthesis of novel
macrocyclic molecules. As a crucial category of macrocycles, expanded porphyrinoids not only play significant
roles in fundamental research, such as aromaticity studies, coordination chemistry, and organic radicals, but also
show promising potential in practical applications. For example, they are widely utilized as near-infrared
absorbing dyes and photosensitizers to enhance the therapeutic effects of X-ray irradiation on tumors. Despite
substantial progress in expanded porphyrinoid chemistry in recent years, their synthesis yield still tends to be low,
and separation remains relatively challenging. Furthermore, the functionality of classic expanded porphyrinoids,
composed of more than four pyrrole units, is relatively limited, necessitating further enrichment and expansion for
diverse applications.

Based on this, we have proposed the concept of "balancing rigidity and flexibility" in molecular design. The aim
is to enhance the rigidity of expanded porphyrinoids by incorporating rigid precursors. This approach resolves the
challenge of generating numerous isomers due to structural flexibility during cyclization. Moreover, the
introduction of conformational rigidity may unveil novel functionalities not found in traditional expanded
porphyrinoids. In this presentation, we will discuss the successful construction of a series of expanded
porphyrinoids guided by this strategy. In particular, we will highlight their outstanding properties, including
chiroptical and distinctive photophysical properties that arise from their relatively stable conformations.[1-5]
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Silicon Phthalocyanines: From Air Stable N-Type To Record
Breaking P-Type Performance In OTFTs

Benoit H. Lessard?®

2Department of Chemical and Biological Engineering, University of Ottawa, 161 Louis Pasteur, Ottawa, Ontario
KIN 6N5, Canada.

bSchool of Electrical Engineering and Computer Science, University of Ottawa, 800 King Edward Ave. Ottawa,
Ontario KIN 6N5, Canada.

Silicon phthalocyanines (SiPcs) are a distinctive and underexplored class of
phthalocyanines in which axial ligation at the silicon center provides
unusual control over both molecular and solid-state properties. In contrast
to metal-centered phthalocyanines, axial substitution in SiPcs enables
systematic tuning of solubility, intermolecular interactions, and thin-film
organization without substantially altering the macrocycle’s electronic
structure or optical absorption. This decoupling of molecular packing from
frontier orbital energies makes SiPcs a powerful platform for establishing
clear structure—property relationships.

Organic thin-film transistors (OTFTs) based on SiPcs demonstrate
that axial group chemistry directly governs key device parameters. For
example, increasing the electron-withdrawing character of the axial
substituents systematically reduces threshold voltages over nearly an order
of magnitude while maintaining electron mobilities exceeding 0.5 cm? V! s7!, among the highest reported for
phthalocyanines[1]. More recently, siloxane-based functionalization strategies have enabled SiPcs that exhibit
unipolar p-type transport with hole mobilities greater than 1 cm? V™! s7'[2,3]. Together, these results show how
targeted chemical modifications at the silicon center translate directly into quantifiable and tunable electronic
responses.

To systematically link molecular structure, processing conditions, and device behavior, we employ high-
throughput fabrication and characterization approaches that enable rapid exploration of the multidimensional
parameter space associated with organic semiconductors. Using automated, on-chip fabrication of OTFTs, we
map the influence of deposition parameters such as solvent evaporation rate, print speed, and substrate
temperature across multiple SiPc derivatives, establishing clear correlations between processing conditions, thin-
film morphology, molecular packing, and charge transport [4]. Extending this high-throughput philosophy to
operational stability, we apply cyclic bias-stress testing protocols that enable statistically meaningful evaluation of
environmental and operational effects over extended time scales [5].

Taken together, these results position silicon phthalocyanines as a chemically tractable platform where
deliberate molecular design enables control over solid-state organization, processing behavior, and electronic
function, providing a clear framework for linking synthesis to device-relevant properties.
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Tuning Photosensitizer Performance: Spectroscopic
Insights into m-THPC Interactions with Proteins, Micelles,
and Graphene-Based Nanomaterials

Anna Lewandowska-Andralojc?, Aleksander Kolman?, Blazej Scheibe®
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bNanoBioMedical Centre, Adam Mickiewicz University, Wszechnicy Piastowskiej 3, 61-614 Poznan, Poland

Meta-tetra(hydroxyphenyl)chlorin (m-THPC) is a highly efficient photosensitizer for photodynamic therapy
(PDT), yet its strong aggregation in aqueous media severely limits singlet oxygen generation and therapeutic
efficacy. This lecture presents spectroscopic insights into how the aggregation and excited-state deactivation
pathways of m-THPC and related chlorins can be controlled through interactions with biological and
nanostructured carriers. We demonstrate that complexation with bovine serum albumin (BSA) effectively
suppresses aggregation, restores monomeric photophysics, and significantly enhances singlet oxygen quantum
yield [1]. We then extend this concept to hybrid nanocarrier systems based on Pluronic P123 micelles and
graphene oxide (GO) or reduced graphene oxide (RGO) (Fig. 1). Micellar encapsulation preserves the monomeric
state of m-THPC, improves dispersibility in PBS, and enables efficient singlet oxygen production. In contrast,
incorporation of GO induces strong fluorescence quenching and suppresses triplet-state formation via ultrafast
photoinduced electron transfer, leading to reduced PDT activity but simultaneously introducing efficient
photothermal conversion under near-infrared irradiation. By fine-tuning GO content, partial retention of
photodynamic activity can be achieved alongside a robust photothermal response, enabling dual-mode PDT/PTT
functionality within a single nanoplatform [2-3].

Fig. 1. Illustration of the ternary m-THPC/Pluronic P123/GO hybrid system for combined PDT/PTT therapy.
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Early transition-metal and f-block phthalocyanines: From
colour tuning to catalysis

Daniel B. Leznoff?

@ Department of Chemistry, Simon Fraser University, Burnaby, Canada

Metallophthalocyanines (PcM) are highly industrially important, intensely coloured macrocyclic metal complexes
that have a wide range of applications and are experiencing a 21st century Renaissance. Although there are PcM
complexes reported for most metals in the periodic table, in practice most research has focused on late-transition
metals. On the other hand, there are far fewer 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 d°) 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 synthesis, properties and structural characterization of new PcM materials with M =
zirconium, niobium, molybdenum, manganese and f-elements will be described. 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 and rare structurally characterized examples of these ring-reduced
complexes with early transition-metals will be shown. Examples of applications of these new materials will be
presented, including PcMn- and PcY-based systems in colour tuning, a mixed-sandwich PcU(COT) system for
probing f-electron bonding, and PcZr-based materials as lactide polymerization catalysts.

Na(THF)PcZr(OiPr); ate complex Organometallic PcU(COT)
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Porphyrin dyes for fabrication of highly efficient DSSCs:
A concerted companion strategy

Chengjie Li?, Conglin Liu?, Yuquan Hu?, Yinglong Li?, Jiazhi Zou?, Jiaxin Luo?,
Xueyan Wang?, Yuqing Wang?, Zhemin Li?, Yingying Chen?, Qingjun Lu?,
Kaiwen Zeng?, Yongshu Xie?

“Key Laboratory for Advanced Materials, School of Chemistry and Molecular Engineering, East China University
of Science & Technology, Shanghai 200237, China.

The use of solar energy is essential for reducing fossil fuel consumption and CO: emissions.[1] Among third-
generation solar cells, dye-sensitized solar cells feature easy fabrication, low cost, reasonable power conversion
efficiency, and colorful aesthetics, attracting considerable attention.[2] In DSSCs, the dyes play crucial roles by
absorbing photons and pumping excited electrons into TiO2. Till now, various dyes have been developed. As
analogs of chlorophylls, porphyrins have been systematically optimized to develop high-performance dyes.[2]
However, artificial porphyrin dyes feature weak absorption around 550 nm and in the near-infrared (NIR) region.
To address this problem, intermolecular co-sensitization has achieved remarkable success by combining a
porphyrin dye with one or more complementary-absorption dyes. For this strategy, time-consuming optimization
of the bathing parameters (e.g., dye concentrations and sequential/cocktail/pre-adsorbing bathing methods) is
necessary to achieve remarkable PCEs. As a complementary approach for intermolecular cosensitization, we have
developed an intramolecular cosensation method to construct “concerted companion (CC)” dyes by covalently
linking a porphyrin sub-dye with a spectral complementary organic dye.[3] Optimization of the linkage length,
alkyl chain around the porphyrin framework, and the donor parts has been carried out to achieve the highest PCE
up to 12.6%, based on the iodine electrolyte, under sunlight and 34.5% under dim light without using any co-
adsorbent.[4-9]
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Figure 1. The common structure of CC-dyes and the optimization in different moieties.
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Synthesis and properties of novel confused expanded
porphyrinoids

Qizhao Li, Yongshu Xie
Key Lab for Advanced Materials, East China University of Science & Technology, Shanghai, China

Porphyrin analogs (i.e., porphyrinoids) have attracted considerable attention due to their distinctive
physicochemical properties that can be utilized for applications in various areas such as catalysis, photoacoustic
dyes, nonlinear optical materials and photodynamic therapy[1]. In this regard, we have developed a series of novel
confused expanded porphyrinoids via the “Confusion” approach involving the inclusion of a-p-linked pyrrole
units into expanded porphyrins[2]. Thus, we have developed novel antiaromatic expanded porphyrins by
oxidation of linear oligopyrrole with one terminal confused pyrrole unit[3]. The presence of reactive confused
pyrrolic units endows these antiaromatic molecules with distinct chemical reactivities, enabling their readily
transformation into novel aromatic and/or chiral macrocycles by further oxidation, reduction, coordination,
acidification, etc[4-5]. Owing to the presence of the protruding N-confused pyrrole unit, some confused expanded
porphyrins can undergo facile oxidative coupling dimerization, and the structures and properties of these
molecules are further modulated and extended[6-9]. The resultant expanded porphyrin dimers show great
potential for applications in small-molecule recognition, photodynamic therapy and photothermal therapy,
highlighting the power of the confusion approach for developing novel macrocycles with unprecedented structures
and functions.
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Bacteriochlorins and Porphyrin-Bacteriochlorin Dimers for
Solar Cell Applications

Ching-Yao Lin, Hung-Ming Chang, Shao-Wei Hong, Ren-Bao Wu, Ming-Sin Liu,
Chien-Lin Li, Sheng-Ting Wu, Hua-An Liu

Department of Applied Chemistry, National Chi Nan University, No. 302 University Road, Puli, Nantou Hsien
54561, Taiwan, R.O.C. Fax: +886-49-2917956; Tel: +886-49-2910960 ext. 4152; E-mail: cyl@ncnu.edu.tw

Bacteriochlorins are vital to photosynthesis in bacteria. Nature occurring bacteriochlorins are, however, unstable
without the protection of amino acids. For any applications, air-stable bacteriochlorins are, therefore, very
important [1-3]. We herein report several air-stable, meso-substituted bacteriochlorins (denoted as the LS dyes). In
addition to the monomeric bacteriochlorin dyes, we also investigated two porphyrin-bacteriochlorin dyes, denoted
the LTD dyes. For fundamental properties, UV-visible absorption, fluorescent emission, electrochemistry, and
DFT calculations are studied. For dye-sensitized solar cell applications, the photovoltaic performance of the LS-
and LTD-cells is measured under one-sun irradiation.
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Some results concerning tetrapyrrole synthesis methods

Duy T. M. Chung and Jonathan S. Lindsey

Department of Chemistry, North Carolina State University, Raleigh, NC 27695 USA

New methods hold the promise of new vistas.

We recently completed the synthesis of bacteriochlorophyll a beginning with small molecules.
Bacteriochlorophyll a contains the bacteriochlorin chromophore in the phorbin skeleton, 4 fixed sterecocenters in
the macrocycle, an epimerizable stereocenter embedded in the isocyclic ring, two stereocenters and an allylic
alcohol in the phytyl unit, and is facially stereotopic as well.

Bacteriochlorophyll captivates us because (1) it is the key pigment of anoxygenic photosynthesis, and (2) it is
among the most architecturally complex of photosynthetic tetrapyrroles. Points 1 and 2 comprise a conundrum if
not a koan — how is it that the most complex pigment underpins the simplest photosynthetic system?

We are currently exploring the extension of the synthetic methodology
developed for bacteriochlorophyll a to access a larger number of
photosynthetic tetrapyrroles. The latter include the macrocycles, of
which there are 15-20 of significance across photosynthetic systems,
and the open-chain systems, namely the phyllobilins, of which there are
>70 known to date. Native structures are obvious targets for proof of
methodology; analogues are of interest for specific studies.

The presentation will survey the rationale for studying these neglected
macrocycles [1] and some recent results from our lab in these regards.

This research is supported in part by the NSF (CHE-2348052).
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Porphycene and Corrphycene: Useful Objects for
Intramolecular Hydrogen Bond Transfer Studies

Arkadiusz Listkowski,>® Weronika Bodek,* Magdalena Piechocka,”
Aleksandra Krogulska,® Michat Kijak,? and Jacek Waluk?®

nstitute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland
SFaculty of Mathematics and Natural Sciences, College of Science, Cardinal Stefan Wyszynski University,
Dewajtis 5, 01-815 Warsaw, Poland

Porphycene, reported by Vogel in 1986, is known as a first example of a porphyrin isomer. Owing to unique
spectroscopic and photophysical properties, in addition to numerous potential applications typical of
photoluminescent materials,’! this compound is readily used in basic research, becoming, for example, an
excellent model for studying the mechanism of intramolecular hydrogen transfer.’] These possibilities also
encouraged attempts to obtain further representatives of the porphyrinoid family. In 1994 the synthesis of N-
confused porphyrin.™! as well as corrphycene!® were described. The latter compound, having all nitrogen atoms
pointing towards the interior of the gap created by the pyrrole rings can serve as a model for similar studies as
reported for porphycene. It is worth noting that corrphycene, unlike porphycene, belongs to the group of soft
chromophores, in which the dependence of spectroscopic properties, such as electronic absorption or magnetic
circular dichroism (MCD), on substituents is high.[? The geometry of two hydrogen bonds present in both of this
molecules can be easily modified by appropriate pattern of peripheral substituents, and asymmetric substitution
leads to systems with non-equivalent hydrogen bonds, which can be observed and characterised by various
spectroscopic methods. During the presentation, new methods of porphycene and corrphycene desymmetrization
and its influence on the spectroscopic and photophysical properties of these compounds will be discussed.
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Quantum Dynamics of Hydrogen Transfer in Porphycene:
From Gas Phase to Adsorption on Metal Surfaces

Yair Litman?

*Max Planck Institute for Polymer Research, Mainz, Germany

Hydrogen transfer in molecular systems challenges our understanding of chemical reactivity, especially when
nuclear quantum effects (NQEs) such as tunneling and zero-point motion play a dominant role. Porphycene, a
prototypical system with strong intramolecular hydrogen bonds and complex double-hydrogen-transfer (DHT)
dynamics, offers a rich playground for exploring these effects across different environments and observables. In
this talk, I will present a unified perspective on hydrogen dynamics in porphycene, going from the gas phase to its
adsorption on metal surfaces.

Using state-of-the-art path-integral methods combined with first-principles electronic structure theory and
machine learning approaches, we studied the hydrogen-transfer mechanisms, tunneling rates, and vibrational
spectroscopy of porphycene [1,2,3]. Our findings consistently show that strong anharmonic coupling between
low- and high-frequency modes leads to a complex quantum behavior. In the gas phase, this manifests as a strong
temperature dependence of the hydrogen tunneling rates and unconventional features in the vibrational spectra.
Upon adsorption on metallic surfaces, coupling to surface-induced fluctuations dramatically reshapes the
tunneling landscape, enhancing reaction rates even in the deep-tunneling regime. Together, these results provide a
comprehensive picture of hydrogen dynamics in complex molecular systems and highlight the decisive role of
NQESs, anharmonicity, and multidimensional vibrational mode coupling.
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Synthesis of Neo-triphyrin(0.1.1)

Runchang Liu?, David Dolphin®

*ATA Law Corporation (Canada)
SUniversity of British Columbia

In 2011, Furuta and co-workers reported the identification of a nitrogen-carbon-linked tetraporphyrinoid
structure, termed norrole,! which was synthesized through a multistep procedure. Around the same time, Lash
and his colleagues reported a porphyrin isomer, known as neo-confused porphyrin, by employing an N-meso-C
connected dipyrrolemethane as the key building block.>? Meanwhile the synthesis of the presently reported N-C-
linked neo-triphyrin was also independently achieved in our laboratory in 2011.

We report here the first synthesis and structural characterization of Neo-triphyrin(0.1.1), the smallest N-C bond
linked porphyrinoid macrocycle. The 12z tripyrrolic system, obtained via a one-pot condensation and DDQ
oxidation, features two N-confused pyrroles connected through direct N—C linkages. X-ray diffraction confirmed
a planar tripyrrolic structure stabilized by intramolecular C=0---w and hydrogen-bonding interactions. This work
establishes a new design principle for N—C bond cyclization in porphyrinoid chemistry.

As the smallest N-confused porphyrinoid macrocycle reported to date, neo-triphyrin(0.1.1), featuring a 127
antiaromatic system, was fully characterized. Its molecular structure was unambiguously established by single-
crystal X-ray diffraction. The macrocycle exhibits distinctive structural features arising from its N-confused
framework. Its antiaromatic character is further supported by nucleus-independent chemical shift (NICS)
calculations performed using Gaussian. Importantly, the directing synthetic strategy employed herein provides a
rational and potentially generalizable platform for controlling pyrrole inversion and stabilizing N-confused
topologies, thereby enabling the targeted discovery and isolation of previously inaccessible NCP-type
macrocycles.
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Efficient Synthesis of CO2-Polyols by Polymeric Aluminum
Porphyrin Catalysts

Shunjie Liu?°, Xianhong Wang?®
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Carbon dioxide-based polymer polyols (CO2-polyol) are emerging as promising polyurethane precursors due to
their economic and environmental advantages. However, the sustainable development of this field is hindered by
the limited availability of efficient catalytic systems, primarily because most current catalysts exhibit poor proton
tolerance. In this report, we propose a strategy to construct polymeric catalysts by incorporating active centers
into a single polymer chain.[1,2] Unlike conventional single-site catalysts, which lose activity under dilute
conditions, the resulting polymeric aluminum porphyrin catalysts—featuring multiple aluminum porphyrin
complexes anchored on the side chains—demonstrate excellent polyols selectivity (>99%) and high
polymerization rate (turnover number > 50,000). Furthermore, this approach enables the production of colorless
CO2z-polyol with an ultralow molecular weight (<500 g/mol), thanks to the enhanced proton tolerance.
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Development of Novel Photosensitizers for Inducing
Immunogenic Cell Death in Photodynamic Therapy

Pui-Chi Lo, Feijie Xu, Yuanfeng Zhang, Kwan T. Chow, Meijun Wang

Department of Biomedical Sciences, City University of Hong Kong, Tat Chee Avenue, Kowloon,
Hong Kong, China

Photodynamic therapy (PDT) is an innovative treatment modality that harnesses the power of light-activated
photosensitizers to selectively target and destroy cancer cells. This approach involves administering a
photosensitizing agent that preferentially accumulates in tumor tissue. Upon exposure to specific wavelengths of
light, the photosensitizer is activated, generating reactive oxygen species (ROS). These ROS induce cellular
damage, resulting in non-immunogenic or immunogenic cell death pathways. The immunogenic nature of cell
death induced by PDT is more favorable as it can stimulate systemic anti-tumor immune responses, thereby
enhancing overall therapeutic efficacy [1]. Despite its potential, PDT's effectiveness can be limited by factors such
as the hypoxic tumor microenvironment and antioxidant defenses. Therefore, the development of novel
photosensitizers capable of overcoming these challenges and inducing immunogenic cell death is critical. This
study focuses on the design and synthesis of photosensitizers that target disease-related proteins, such as
glutathione peroxidase 4 (GPX4) and cyclooxygenase-2 (COX-2), to trigger immunogenic cell death via
ferroptosis and pyroptosis, thereby enhancing photoimmunotherapy [2-3]. We found that photosensitization of
GPX4 by PDT could induce lipid peroxidation and oxidative stress, triggering ferroptosis, while PDT-induced
COX-2 suppression could reduce prostaglandin E2 synthesis, converting the immunosuppressive
microenvironment into an immunostimulatory one. These hypotheses are validated through a series of in vitro
experiments using various cell lines and in vivo mouse xenografts.

[This work was supported by the Research Grants Council of the Hong Kong Special Administrative Region (Ref.
No. CityU 11307623)].
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Designing biosynthetic models of heme-copper enzymes to
understand oxidase and sulfite reductase catalysis

Yi Lu,* Yiwei Liu, Aaron P. Ledray, and Barshali Ghosh
Department of Chemistry, The University of Texas at Austin

Heme-copper oxidases (HCOs) are terminal oxidases that catalyze the oxygen reduction reaction (ORR),
providing energy for ATP synthesis that sustains most biological processes. While a His-Tyr crosslink is proposed
to be essential for HCO’s oxidase activity, its formation mechanism and the specific functional roles remained
elusive since its discovery over 30 years ago. A major barrier is the inability to isolate HCO prior to the crosslink
formation, which precludes direct comparisons with its crosslinked form. To address this issue, we designed a
biosynthetic model of HCO using sperm whale myoglobin (swMb), which exhibited ORR activity comparable to
that of native HCO. We discovered a novel His-His crosslink and a Tyr-His crosslink in the model of F33Y-
CusMbD, together with the characterization, formation mechanism and resulting impact on ORR activity [1]. A
mechanistic study also revealed a compound II ferryl species and the Tyr33 radical, which together lead to
crosslink formation. Notably, upon formation of the His29-His43 crosslink, F33Y-CuBMb displayed nearly
tripled four-electron ORR activity at pH 7.0 and partially retained up to pH 9.5, whereas the pre-crosslinked
F33Y-CusMb became inactivated above pH 8.0. Based on these results, we propose a self-processing mechanism
for crosslink formation, including Tyr-His and His-His. Through the discovery of the enzymatically
unprecedented His-His crosslink in a biosynthetic model, this study contributes to understanding the formation
mechanism of active site crosslinks in natural oxidoreductases and presents a facile but unexplored approach to
fine-tuning enzymatic activity. Building upon these findings, we have further improved the models to allow a His-
Tyr cross-link like in native HCOs.

Interestingly, both HCO and sulfite reductase type A (SiR-A) rely on a copper center next to heme to perform
their biological reactions, but a question remains as to why the Cus center in HCO promotes ORR that is essential
for generating a proton motive force to synthesize ATP in aerobic life, while the Cusir in SiR-A is efficient at
sulfite reduction reaction (SRR) to sulfide to generate a proton motive force in anaerobic bacteria. To answer this
question, we designed either a Cus or a Cusik within a single protein scaffold, soybean ascorbate peroxidase
(APX), to mimic those in HCO and SiR-A, respectively [2]. By eliminating confounding factors from different
native scaffolds, our approach isolates the intrinsic roles of copper coordination environments in dictating
catalytic specificity. This unique strategy offers unprecedented clarity on how these centers govern oxygen and
sulfite reduction. Our results show that, while both Cus and Cusir can catalyze ORR, only CuSiR can perform
SRR. This difference in the cross reactivity indicates that it may be easier to perform ORR that requires 4e and
4H" than SRR that requires 6e and 7H". Interestingly, while introducing a Tyr in CusAPX increased ORR
activity, a surprising finding is that the same variant also increased SRR, resulting in the total activity that is even
higher than that of CusirAPX. These findings underscore the role of the Cu-ligating residues shaping enzyme
specificity for oxygen versus sulfite reduction and highlight how nature has evolved distinct heme-Cu motifs in
conjunction with redox-active residues to meet the demands of aerobic and anaerobic lives.
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Phthalocyanine-based Edible Electronics

Alessandro Luzio, Mario Caironi

Center for Nano Science and Technology (CNST), Istituto Italiano di Tecnologia (IIT), Via Raffaele Rubattino 81,
20134, Milano, Italy

Edible Electronics aims to develop fully edible electronic systems for applications ranging from gastrointestinal
monitoring to food-quality assessment and transient biointerfaces [1]. A key challenge is identifying safe
semiconductors that enable active, low-power electronic components to safely transit the gastrointestinal tract. In
response to this need, this talk presents an overview of phthalocyanine-based edible electronics, highlighting the
key concepts, materials, and device strategies underpinning this approach.

This work is grounded in the validation of phthalocyanine pigments as safe and effective semiconductor
ingredients. These pigments are among the most widely used commercial colorants due to their chemical stability,
high tinting strength, and low toxicity. Beyond their semiconducting properties, their routine use as colorants and
whitening additives in commercial toothpastes provides direct evidence of their safety for ingestion in quantities
far exceeding those required in our devices 2]. The talk then illustrates how microstructural control and solution-
based processing routes yield high-performance electrical films through fabrication methods suitable for fully
edible system integration, and how these approaches enable the upcycling of colorant-grade phthalocyanines into
functional semiconductor materials [3]. Building on this framework, fully edible phthalocyanine-based active
components are finally presented, including logic gates, platforms for chemical and physiological monitoring, in
situ signal generation, and neuromorphic devices.

These results position phthalocyanine-based electronics as a versatile foundation for future edible sensing, logic,
neuromorphic, and bio-interfacing technologies.
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Design and Application of Porous Porphyrin-Derivative
Frameworks

Shenqggian Ma

Department of Chemistry. University of North Texas. USA.

Over the past two decades, rapid growth has been observed in the fields of metal-organic frameworks (MOFs) and
covalent organic frameworks (COFs), which feature tunable, designable, and functionalizable nanospace. The
utilization of new types of organic ligands for the construction of MOFs/COFs has long been sought after, as
evidenced by the success in porphyrin-based MOFs/COFs. Beyond porphyrins, we show that their derivatives,
corroles and rosarins, can be employed as new building blocks to construct porous framework materials with
interesting properties in catalysis and electronics.
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Charged Zinc Phthalocyanines
— are they suitable for PDT, VTP, PCI or PDI?
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2 Department of Biochemical Sciences, ® Department of Biological and Medical Sciences, ¢ Department of
Pharmaceutical Chemistry and Pharmaceutical Analysis, Faculty of Pharmacy in Hradec Kralove, Charles
University, Czech Republic; machamil@faf.cuni.cz

Phthalocyanines (Pcs) are well-known and highly effective photosensitizers (PSs) that have proven suitable for a
wide range of biomedical applications — photodynamic therapy (PDT), vascular-targeted PDT (VTP),
photochemical internalization (PCI), photodynamic inactivation of microorganisms (PDI), and more. Structural
modifications of the Pc core yield a myriad of compounds with distinct properties (e.g., variations in symmetry,
central metal ions or substituents). While the unsubstituted Pc core is a planar and highly lipophilic structure
prone to aggregation and therefore poorly suited for aqueous environments, appropriate structural modifications
can effectively overcome this poor solubility in water-based media. On the other hand, are the highly hydrophilic
non-aggregating Pc-based PSs the best candidates in all biomedical applications?

Cell-based assays (on 2D models) showed clear relationships between charge (cationic vs. anionic), symmetricity
(symmetrical hydrophilic vs. unsymmetrical amphiphilic), and photodynamic activity [1]. These trends were, to
some extent, confirmed on 3D models and an in vivo mouse tumor model (PDT and VTP): symmetrical cationic
derivatives were more potent than unsymmetrical derivatives (both anionic and cationic), while symmetrical
anionic ones exhibited the lowest activity. Unsymmetrical PSs are particularly effective in PCI, and out our
derivatives demonstrate the same advantage, successfully mediating intracellular delivery of model cargo uch as
saporin or gelonin.

Abovementioned treatment modalities are usually used against cancer. But what about directing PDT effect
against microorganisms (MOs) through PDI? In our study we focused on pathogens represented by the acronym
ESKAPE: gram-positive bacteria (methicillin resistant Staphylococcus aureus (MRSA), Enterococcus faecium)
and gram-negative bacteria (Pseudomonas aeruginosa, Klebsiella pneumoniae, Acinetobacter baumannii,
Enterobacter cloaceae). All MOs were incubated with PSs for 30 min, washed and subsequently irradiated with
Xe lamp (A > 570 nm, 15 min, 11.2 J/cm?). Growth curves were measured for 24 h using Bioscreen C. As a
reference PSs, we used methylene blue, new methylene blue, toulidine blue O, and rose bengal. In addition,
cytotoxicity toward normal human cells was evaluated using fibroblasts (MRC-5), endothelial cells (HUVECs)
and keratinocytes (HaCaT). Human skin permeation was assessed using Franz diffusion cells, and localization
within human skin was examined using confocal microscopy. The amphiphilic cationic derivative exhibited
superior antimicrobial activity, achieving an MBC of 100 nM and inducing 3-log reduction at 5 nM (MRSA),
whereas the hydrophilic anionic Pc failed to reach a 3-log reduction even at highest dose evaluated (200 pM).

Acknowledgments: Supported by Ministry of Health of the Czech Republic, grant nr. NW24J-05-00016.
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Meso-group Functionalization and Nanoparticle
Conjugation of Porphyrinoid Singlet Oxygen
Photosensitizer Dyes for Biomedical Applications

John Mack, Rodah Soy, Gugu Kubheka, Nthabeleng Molupe, Godfred Sebiawu,
Mahlatse Ledwaba, Temlandvo Magwaza, Kaisano Tauyakhale, Vicky Laure
Kembou, Pertunia Macigane, Zine Gwaji, Liyema Makeleni, Shakhola Sekeleme,
Nolwazi Zitha, Tebello Nyokong

Tebello Nyokong Institute for Nanotechnology Innovation, Rhodes University, Makhanda 6140, South Africa

Over the last seven years, considerable progress has been made with a rational structural modification approach
[1,2] guided by an application of Michl’s perimeter model to prepare porphyrin analogues with significantly red-
shifted and intensified Q bands that are suitable for use as photosensitizer dyes in photodynamic therapy (PDT)
and/or photodynamic antimicrobial chemotherapy (PACT) [2,3]. When corroles, chlorins and N-confused
porphyrins are formed by introducing a pyrrole-pyrrole bond, a reduced peripheral pyrrole bond and a confused
pyrrole nitrogen atom, respectively, there is a significant red shift of the lowest energy Q band into the therapeutic
window (620—850 nm) relative to the parent metal porphyrin and singlet oxygen quantum yields can be enhanced
through coordination of a heavy central atom [2]. Significant absorption in the 700—800 nm region and relatively
high singlet oxygen quantum yields can also be achieved through the halogenation of n-extended BODIPY's [4]
and azaBODIPY dyes [5]. The introduction of thienyl or methylthiophenyl rings as meso-substituents to
tetraarylporphyrins [6] and triarylcorroles [3,7] or as proximal or distal substituents to 1,3,5,7-
tetraarylazaBODIPY dyes [5,8] facilitates the preparation of gold and silver nanoparticle conjugates and
significantly enhances the PDT and/or PACT activities of the dyes. Significantly lower ICso values have been
obtained for the gold and silver nanoparticle conjugates during in vitro photocytotoxicity studies against breast
cancer cells relative to the parent photosensitizer dyes, and high log reduction values have been observed against
both planktonic and biofilm cells of Gram-(+) S. aureus and Gram-(—) E. coli bacterial strains. Peripheral
substitution of peripheral aryl rings has also been used to enhance the cell and mitochondria-targeting properties
of the photosensitizer dyes [9] and to enhance their utility for photoelectrochemical sensing applications [10].
Further progress made in studies that are currently underway in this regard, and also on the PDT and PACT
activities of the gold and silver nanoparticle conjugates of other porphyrin analogues, will be described.
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Porphyrin-based ion-pairing assembly

Hiromitsu Maeda
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Charged m-electronic systems with appropriate

geometries and peripheral substituents provide

assemblies through the interactions between charged

building subunits, resulting in fascinating electronic

properties [1]. Structures and properties of the

assemblies can be controlled by the combined

positively and negatively charged species in the

assemblies [2,3]. m-Electronic ion pairs, including

those of porphyrin-based cations and anions, have

exhibited characteristic assembly modes via m—'n

interactions that are mainly ascribable to electrostatic

and dispersion forces. The porphyrin anions with

porphyrin—Au complexes as m-electronic cations

provided various ion pairs in the form of n-stacked ion

pairs (7=sips), whereas the “activated” porphyrin ion

pair according to the meso-aryl substituents produced the n-stacked radical pair (7-srp) via the electron transfer in
the ground state [2b]. Further design and modifications of charged porphyrins have been examined for the
assemblies and electronic properties that are derived from ion pairing [2c—e]. As an example, the ion pair of an
amphiphilic porphyrin Au™ complex bearing hydrophilic TEG-substituted aryl groups with a n-electronic anion
formed charge-by-charge-based thermotropic and lyotropic liquid crystals and single-stranded polymer structure
via amphiphilic ‘n—'n interactions [2c]. The positions and numbers of hydrophilic aryl groups control the assembly
modes as seen in lamello-columnar (Lamcot) phases via amphiphilic ‘n—'n interactions for the charge-by-charge
columns and lateral hydrophobic effects at the unsubstituted sites [2e]. Furthermore, the ion pairs of
benzoporphyrin Au™ complex, with an extended charged n-system, formed charge-segregated assemblies as two
pseudo-polymorphs of single-crystal and less-crystalline (LeC) states based on the stacking of the cations [2d].
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Porphyrinoid-based materials offer a unique combination of extended n-conjugation, redox activity, and structural
modularity, making them highly attractive for the design of functional organic conductors and sensing polymers
[1]. In this work, we investigate electropolymerized porphyrinoid systems derived from structurally distinct
macrocycles, namely axially functionalized silicon phthalocyanines and peripherally substituted copper corroles,
as active materials for chemical sensing applications .

Novel para-, meta-, and ortho-bis(aminophenoxy) silicon phthalocyanines were selected as model systems to
explore axial polymerization pathways enabled by the silicon center, which allows polymer growth without direct
involvement of the phthalocyanine n-system. This structural feature promotes the formation of polymeric
networks in which the phthalocyanine cores act as electronically active, spatially separated recognition units. In
contrast, a 5,10,15-tris(4-aminophenyl)copper corrole was employed to achieve peripheral polymerization,
generating conductive films in which the macrocyclic framework directly participates in charge transport while
preserving accessibility to the metal center. Electropolymerization was carried out using cyclic voltammetry and
chronoamperometry, providing complementary control over film growth, thickness, and morphology. The
resulting films were integrated onto piezoelectric quartz microbalances (QMBs) and interdigitated electrodes
(IDEs), where analyte adsorption induces either measurable frequency shifts or changes in film conductivity.

The sensing response of the porphyrinoid polymer films was evaluated toward gases, volatile organic compounds,
and humidity. While individual materials exhibit broad and partially overlapping sensitivities, their responses
strongly depend on both molecular structure, morphology, polymerization method, and transduction mechanism.
Overall, this study demonstrates how the interplay between porphyrinoid molecular design, polymerization
strategy, and transduction mechanism can be harnessed to engineer tunable sensing materials. Electropolymerized
silicon phthalocyanines and corroles emerge as a versatile and underexplored class of conductive polymers, well-
suited for integration into multi-parameter sensing and electronic-nose architectures.
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Metallocorroles as High-Performance Photoredox Catalysts
for Decarboxylative Fluorination
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The expansion of photoredox catalysis into fields such as biology and materials science requires robust
chromophores that operate efficiently under diverse conditions. Metallocorroles have recently emerged as powerful
triplet photosensitizers and electrocatalysts owing to their tunability of redox potentials and optical excitation
energies.[1-3] Here we demonstrate the photoredox activity of a broad family of corrole complexes in
decarboxylative fluorination reactions. Phosphorus and antimony corrole complexes exhibit exceptionally long
triplet lifetimes, which correlate strongly with their superior catalytic performance relative to Ru(bpy)s**, enabling
~100-fold higher turnover frequencies with lower catalyst loadings. Mechanistic studies, including isolation of a
highly reactive intermediate, clarify the catalytic cycle. Furthermore, these complexes efficiently promote the
decarboxylative fluorination of common drug-related contaminants under mild yellow-light irradiation. These
results position metallocorroles as promising and tunable platforms for next-generation photoredox transformations.

CesFs
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Blue LED (410 nm)
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Peptide- and DNA-based heme protein models —
spectroscopic insight

Piotr J. Mak®
aSaint Louis University, Department of Chemistry, Saint Louis, MO 63103, USA

Iron(IIT) protoporphyrin IX (heme b) is a key cofactor involved in metabolic, catabolic, and cellular sensing
processes. In natural heme proteins, the surrounding protein scaffold modulates the intrinsic reactivity of the heme
group, enabling specific functions—such as peroxidase, oxygenase, or peroxygenase activity—while suppressing
others. Although native heme proteins are highly effective catalysts, they are prone to degradation and sensitive to
environmental conditions, limiting their stability and utility in industrial or therapeutic contexts.

Artificial metalloenzymes, including de novo heme-binding proteins, offer a controlled platform for probing the
primary and secondary coordination spheres that govern heme reactivity. Such systems can be systematically
engineered to achieve catalytic profiles that match or exceed those of natural proteins. We report spectroscopic
studies of artificial heme-containing scaffolds capable of exhibiting both peroxidase-like activity and oxygenase
reactivity.[1,2] Resonance Raman spectroscopy enables precise monitoring of pH dependent changes in heme
ligation, revealing a shift between imidazole and thiolate bound states and providing insight into proximal ligand
preferences.

Similarly, certain heme bound guanine quadruplexes (heme G4) display enhanced peroxidase activity and hold
promise as DNA-based biocatalysts.[3,4] Despite extensive investigation, the mode of heme coordination in these
DNA scaffolds remained speculative. Our spectroscopic data provide clear evidence that the guanine oxygen atom
serves as an axial ligand, supported by the identification of an isotopically sensitive v(Fe—Og) stretching mode at
563 cm™! in ferric heme G4 complexes.[5] These findings offer structural insights into the mechanisms driving the
elevated peroxidase activity of heme G4 systems and inform the design of improved nucleic-acid-based
biocatalysts.
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Rational Design of Light-Induced Disruptive Porphysomes
for Improved Photodynamic Therapy Applications
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Porphyrins derivatives are naturally occurring macrocyclic molecules known for their efficiency in PDT
applications when they are in their monomeric form.['l However, the hydrophobic nature of porphyrins leads to
their aggregation in biological environments thus reducing their efficiency and complicating administration. To
overcome these drawbacks, several strategies have been tested either in preclinical studies or in clinical
applications. This includes the usage of co-solvents (e.g. ethylene glycol, propylene glycol), the incorporation into
liposome bilayers (Visudyne ®, Foslip and Fospeg) or even the complexation with polymers (Photolon®). While
these strategies enhance solubility and delivery, they often fail to support high concentrations of porphyrin
derivatives, which limits the potency, and therapeutic extent of PDT.

Herein, we present the design of smart supramolecular assemblies of “porphysomes”?3! capable of undergoing
active dissociation and releasing porphyrin moieties upon illumination, thereby enabling tunable photothermal
properties with enhanced photodynamic efficiency. The new porphysomes are composed of smart phospholipid-
porphyrin (PL-Por) conjugates that exhibit one or two ROS-responsive linkers separating the polar head group
from the porphyrin moiety. Among the designed molecules, the monosubstituted conjugates with one porphyrin
moiety showed the best performance in terms of stability, photothermal and photodynamic efficiencies in vitro.
Moreover, these assemblies were found to achieve complete tumor ablation in 80% of PC3 prostate subcutaneous
tumor-bearing mice, compared to 0% using conventional porphysomes. Besides cancer therapy, we demonstrated
the efficiency of the new porphysomes in eradicating Gram + and Gram - bacteria as well as against their biofilm,
with an improvement up to 10 folds in their antibacterial efficiency. Consequently, our strategy enabled the
development of a versatile platform for delivering high payload of hydrophobic photosensitizers for enhanced
photodynamic applications.
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Melanoma is the most dangerous form of skin cancer, with a high mortality rate if not detected early; it is
characterised by a hypoxic tumour microenvironment that, through mechanisms not yet fully elucidated, allows
rapid proliferation and migration of tumor cells, as well as resistance to various therapies [1]. The challenge of
using photodynamic therapy (PDT) for the treatment of melanoma is twofold: hypoxia represents the primary
obstacle, accompanied by the presence of melanin, which, due to its optical properties and antioxidant activity,
protects tumor cells [2].

In our previous in vitro studies of AB3 tripyridinium porphyrin derivatives with three N-methylated pyridyl groups
(= B), the amphiphilic porphyrins with the longest (13, 15, and 17 C-atoms long) alkyl chains (amide-conjugated
at the phenyl substituent = A) showed the highest uptake into melanoma cells and consequently the greatest PDT
effect [3]. Therefore, we prepared analogous porphyrin derivatives with long chains, but with N-oxide groups
instead of N-methyl groups, with the aim of investigating them as potential hypoxia-activated prodrugs (HAPs).
All tested N-methylated pyridinium porphyrins showed significantly lower ICso values after illumination on non-
pigmented melanoma cells (A375) compared to pigmented melanoma cells (MeWo), and high selectivity for
A375 cells relative to dermal fibroblasts (HDF), and they were also much less active in conditions of chemically
induced hypoxia. On the other hand, porphyrins with N-oxide groups showed very similar PDT efficacy across all
cell lines, and they were also found to be less sensitive to 'hypoxic' conditions induced by CoClz [4].

Since CoClz induces ‘hypoxia’ by stabilizing hypoxia-inducible factor lo (HIF-1a), we are also studying the
(photo)cytotoxicity of tripyridyl porphyrin derivatives with N-methyl or N-oxide moieties under conditions of
reduced oxygen concentration using a hypoxia incubator chamber. Furthermore, using the B16F10 melanoma cell
line with different melanin production (in different media), we are investigating the influence of this pigment on
the PDT efficacy of our porphyrins. The (photo)physicochemical properties of these two groups of porphyrins,
their uptake and localisation in cells, as well as the PDT effect on melanoma cells with different pigmentation,
will be compared under conditions of normoxia and variously induced hypoxia, and discussed.

Funding/Acknowledgements: This work was supported by the Croatian Science Foundation under the project IP-
2022-10-7000.
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Photodynamic therapy (PDT) is a clinically established, minimally invasive cancer treatment whose efficacy
critically depends on photosensitizer distribution, light delivery, and, most importantly, the availability and
dynamics of oxygen within the tumor microenvironment. However, the lack of robust, real-time dosimetry
tools has limited the ability to personalize PDT and adapt treatment on the fly. Photoacoustic imaging (PAI),
which combines optical contrast with ultrasound resolution and depth penetration, offers a unique
opportunity to address this unmet need by enabling quantitative, spatially resolved monitoring of molecular
agents and tumor physiology during therapy.

In this talk, we highlight how PAI can be leveraged as a powerful platform for personalized PDT dosimetry
by integrating insights across molecular contrast mechanisms, oxygen dynamics, and advanced signal
processing. First, we demonstrate that clinically relevant fluorophores and photosensitizers, such as
IRDye800 conjugated to targeting antibodies, can serve as effective PA contrast agents. Importantly, PA
signal exhibits distinct temporal dynamics compared to fluorescence, driven by aggregation state and
intracellular processing, providing mechanistic insight into molecular binding, internalization, and
degradation—parameters directly relevant to PDT timing. Second, we show that ultrasound-guided PAI
enables real-time, spatially resolved monitoring of blood oxygen saturation (StO2) during PDT, revealing
heterogeneous oxygen consumption, fluence-rate—dependent hypoxia, and regions of reoxygenation that
correlate with vascular function and long-term treatment response. Third, we discuss strategies to overcome
practical limitations in molecular PA imaging, including photobleaching, using generative deep learning
approaches that enable high-SNR, single-pulse imaging suitable for real-time clinical workflows. Finally, we
present theranostic oxygen-carrying nanodroplets that synergistically enhance PDT efficacy while allowing
direct PA monitoring of oxygen delivery and treatment response.

Collectively, these advances position photoacoustic imaging as a comprehensive, real-time dosimetry tool
capable of informing PDT dose design, optimizing treatment timing, and enabling truly patient-specific
photodynamic therapy.
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Imaging and Control of Microbial Metabolism by Targeting
Extracellular Electron Transfer via Cytochrome Nanowires
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Every living cell must eliminate the surplus electrons produced by its metabolic processes. Most organisms
achieve this by transferring electrons to soluble oxygen-like electron acceptors, which act as electron sinks.
However, microbes that live in areas with limited or no oxygen, such as those in the deep ocean, soil, or the
human body, have evolved strategies to export electrons to extracellular acceptors, including minerals or other
bacteria. Geobacter uses hair-like conductive filaments called “nanowires” to export electrons [1-2]. Nanowires
are fundamental to global environmental processes such as mineral and nutrient cycling, and have applications for
bioremediation of toxic chemicals, bioenergy from waste and methane, and bioelectronics [3].

Geobacter nanowires have fascinated the scientific community since their discovery in 2002. Until recently,
nanowires were considered heme-free proteins of Type IV pili (T4P). However, my lab showed that T4P is
structurally inconsistent with electron transfer [4]. We further demonstrated that Geobacter produces additional
filaments comprising polymers of outer membrane cytochrome (Omc) Z and S subunits, which can transfer
electrons through a closely stacked (~5 A) heme array [3, 5]. My lab showed that T4P functions as a piston to
secrete cytochrome nanowires onto the bacterial surface. My team is exploring the structure, assembly, and
electron transfer mechanism of nanowires, and evaluating their role in bacterial respiration and communication.

I will present our efforts to identify the mechanism underlying the highest electronic conductivity ever reported in
proteins (>100 S/cm) [10]. Transient absorption spectroscopy and quantum dynamics simulations reveal ultrafast
(<200 fs) electron transfer between nanowire hemes upon photoexcitation, enhancing carrier density and mobility.

By combining experimental and computational studies, our team is addressing three key questions:

e  How do microbes kickstart metabolism [7] to build & use OmcS [6] & OmcZ [7] nanowires?

e How are electrons transferred from the bacterial cytoplasm to surface-displayed nanowires [8]?

e How to tune nanowire conductivity using light [9], pressure [10], temperature [11], electromagnetic fields
[10], humidity [12], non-natural ‘click’ chemistry [13] & coherence [14] to control microbial behavior?
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The fast-growing global population and contamination of water resources by human activities pose challenges to
achieving clean, microbe-free water for drinking and domestic use. In most rural areas, water is stored in buckets
or tanks, which can lead to biofilms. A biofilm comprises microorganisms in which cells stick to each other on a
surface [1]. These adherent cells become embedded within a slimy extracellular matrix. Acquiring pure water free
of contaminants (pollutants) and pathogens is a matter of concern, which calls for new, effective, and low-cost
water disinfection techniques.

Antimicrobial photodynamic inactivation (aPDI) represents a potential alternative for inactivating microbial cells
and has already been shown to be effective in vitro against bacteria, fungi, viruses, and protozoa [2]. There are
various photosensitizers that have been developed for aPDI; the focus lies on porphyrinoids conjugated to
nanostructured materials. Nanostructured materials have demonstrated desirable antimicrobial properties through
various mechanisms, including inhibition of enzyme activity and photocatalytic production of reactive oxygen
species to destroy the microorganisms [3]. This is due to the nanostructured materials having antimicrobial
properties through their ability to carry photosensitizers. They provide multiple activation streams, including light
and magnetic fields. Therefore, this will enhance the antimicrobial activity of the nanoconjugates
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The Chemistry Of Newly Emerging Contracted 14 1 Meso-
Tetraaryl Triphyrin(2.1.1)s

M. Ravikanth?

2Department of Chemistry, Indian Institute of Technology, Powai, Mumbai 400076, India
E-mail: ravikanth(@chem.iith.ac.in

Triphyrin(2.1.1)s are emerging contracted congeners of porphyrins containing three pyrrole rings connected via
four meso carbons in 147 electron conjugation [1]. We developed facile route for the synthesis of meso-tetraaryl
triphyrin(2.1.1)s and carried out different types of reactions to explore their reactivity. The chemistry of these
new contracted 14 triphyrin(2.1.1)s will be discussed in my presentation.
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A High Valent Mn(V)-Nitrido Species within a De Novo
Designed Protein

Samuel I. Mann?, Jithin Thomas?, Sudha Yadav®, Paul H. Oyala®, Veronica Carta?,
David P. Goldberg®
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High-valent metal-oxo species are ubiquitous oxidants in chemical and biological systems, however their metal-
nitrido analogues remain far less explored, particularly in a biological context, due to challenge associated with
instability and bimolecular N-N coupling. Here, we report the first example of a high-valent metal-nitrido species
within a de novo designed protein scaffold. A Mn(V)-nitrido complex derived from an abiological diphenyl
porphyin was generated and confined within a designed helical bundle protein, where the protein environment
suppresses bimolecular decay. Spectroscopic characterization, including electron paramagnetic resonance (EPR),
resonance Raman(rR), and circular dichroism (CD) confirms the formation of a low-spin Mn(V)=N species that is
stable for weeks at room temperature and shows no effect from the axial histidine (His) ligand. We hypothesize
that monochloramine (NH2Cl), generated using NH4OH/NaOCl, is the active species responsible for formation of
a reactive intermediate en-route to the nitrido and show that we can intercept this reactive intermediate for the first
enantioselective aziridination by a de novo protein. Importantly, this work establishes de novo protein design as a
platform for accessing metal-nitrido chemistry that has no known biological precedent.
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A fire toxic gases injectable antidote composed
of synthetic porphyrins

Qiyue Mao? Hiroaki Kitagishi®
2Faculty of Science and Engineering, Department of Molecular Chemistry and Biochemistry, Doshisha University

During fires, 2 highly toxic components of smoke, carbon monoxide (CO) and hydrogen cyanide (HCN), are
produced simultaneously, and more than 50% of fire-related deaths can be attributed to their inhalation. CO binds
to ferrous heme, and HCN binds to ferric heme, which is one of the key mechanisms by which CO and HCN
perform their toxicological mechanisms. Because of their differing detoxification mechanisms, there is currently
no method to detoxify them simultaneously. In our group, a supramolecular complex named hemoCD-P (Fig. 1A)
has been used for several years to investigate the physiology of endogenous CO.[1] HemoCD is the first aqueous
synthetic hemoglobin (Hb) model complex that is supposed to show similar gas binding ability to Hb. We also
reported another hemoCD type, hemoCD-I (Fig. 1A), which can capture cyanide in vivo. [1] On this basis, we
developed an injectable antidote that can remove CO and HCN simultaneously from the body by mixing the two
different hemoCD analogues (hemoCD-Twins).[2] hemoCD-Twins exhibits rapid, simultaneous CO and HCN
detoxification, with good safety and excellent storage stability. In this presentation, the strategy of using
hemoCD-Twins as an injectable antidote for fire-toxic gas poisoning will be presented.

Fig 1. (A) Structures of hemoCD-P and hemoCD-I. (B) The strategy of using hemoCD-Twins as an injectable
antidote for fire toxic gases poisoning.
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Unconventional Pnictogen—Nitrogen Species as Building
Blocks for Molecular Materials
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Molecular main-group species with unconventional bonding motifs offer powerful opportunities for the bottom-up
design of functional molecular and low-dimensional materials. In this contribution, we present controlled
synthetic access to reactive pnictogen—nitrogen species and nitrogen allotropes that serve as fundamental
molecular building blocks. We demonstrate the formation of an o-benzoquinone—PN complex generated by UV
irradiation (A = 254 nm) of (o-phenyldioxyl)phosphinoazide under cryogenic conditions. Subsequent green-light
irradiation (A = 523 nm) induces reversible recombination to (o-phenyldioxyl)-A*-phosphinonitrile, representing
the first experimentally verified interaction of phosphorus mononitride (PN) with an organic n-system.! Extending
this strategy to heavier congeners, we report the selective generation and spectroscopic characterization of arsenic
mononitride (As=N), a long-clusive molecular precursor to arsenic—nitrogen materials with emerging
semiconducting relevance (Figure 1A).2

We further describe the on-surface synthesis of cyclotriphosphazene (PsNs), an inorganic aromatic analogue of
benzene, achieved by voltage-pulse-induced dechlorination of PsNs:Cls on Cu(111) at 5.2 K, with real-space
imaging confirming its planar Dsh symmetry (Figure 1B).? Finally, we report the synthesis of neutral hexanitrogen
(Ne), a long-sought nitrogen allotrope, obtained via gas-phase halogenation of silver azide and stabilized by
cryogenic isolation, exhibiting unexpected kinetic stability.* Together, these results establish pnictogen—nitrogen
molecules as versatile platforms for molecular materials with unconventional electronic structures (Figure 1C).
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Figure 1. Reaction sequences employed in the studies.
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Excited charge separation in silicon(lV) phthalocyanine with
axially bound Cgo via azobenzene spacers

Luis Martin-Gomis?, Andrew W. D,awsonb, Victor Sobrino-Bastan?,
Francis D’Souza® and Angela Sastre-Santos?

@ Area de Quimica Organica, Instituto de Bioingenieria, Universidad Miguel Hernandez, Avda Universidad S/N,
03202, Elche, Spain.
b Department of Chemistry, University of North Texas, 1155 Union Circle, # 305070, Denton, Texas 76203-5017, USA

Artificial photosynthesis fundamentally involves designing molecular architectures capable of converting light energy
into chemical or electrical potential, a process that necessitates highly efficient donor-acceptor systems 1].
Phthalocyanines (Pcs), specifically the versatile silicon(IV) phthalocyanine (SiPc), owing to its hexacoordination
capability, function as robust electron donors [2], while Ceo fullerenes are recognized as potent electron acceptors [3].
However, a critical challenge for the practical implementation of these systems, such as in organic photovoltaics,
remains the achievement of charge-separated (CS) states with lifetimes exceeding the nanosecond regime.

This communication presents a novel donor-acceptor triad, Ceo-azo-SiPc-azo-Ceo (Figure 1) 4], incorporating two
Ceo units axially bound to the SiPc core via azobenzene (azo) spacers, components known for their ability to
dynamically modulate electronic properties and intermolecular distance. The nanosecond transient absorption
analysis established that the SiPc*"-Ceo™ charge-separated state exhibits long lifetimes, exceeding those measured
for previous non-azo analogues, suggesting its potential for further photocatalytic and optoelectronic applications.

Fast Forward

Cso-azo-SiPc-azo-Cso Slow Reverse
ET

Figure 1. Chemical structure of Cep-azo-SiPc-azo-Ceo triad.
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New Challenges in Chiral Subphthalocyanines
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“Departamento de Quimica Organica, Universidad Autonoma de Madrid, 28049 Madrid

bInstitute for Advanced Research in Chemical Sciences (IAdChem), Universidad Auténoma de Madrid, 28049
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¢IMDEA Nanociencia, C/Faraday, 9, Cantoblanco, 28049 Madrid, Spain.

Owing to their peculiar curved shape, “bowl” chirality is an inherent property of certain SubPcs when, adequately
functionalized at the peripheral positions, the macrocycle lacks a mirror plane [1]. Moreover, they exhibit high bowl
inversion barriers, which have enabled the separation of small quantities of the M and P enantiomers by chiral
column chromatography [2]. Namely, both enantiomers of chiral Cs-symmetric SubPcs bearing peripheral halogens
(bromine, iodine) atoms have been resolved by semi-preparative chiral HPLC [3] in sufficient amount to study
properties derived from chirality such as spin polarization [4]. However, the intrinsic limitations of the HPLC
technique (low throughput, high cost, and time-consuming multiple runs and method development), together with
specific solubility issues of the SubPc framework, hamper scalability and feasibility, thereby hindering the
exploitation of curved SubPc aromatics as chiral materials. On the other hand, the exploration of alternative
procedures (namely, chiral resolution with chiral auxiliaries or de novo asymmetric synthesis) for the preparation
of enantiopure SubPcs by common organic laboratory techniques remains a pending task. Here, we report the
efficient optical resolution of inherently chiral C3-symmetric SubPcs via axial derivatization with BINOL-based
chiral auxiliaries [5]. In addition, a new way of inducing chirality in SubPc should be the result of fusing chiral
binaphthyl or biphenantryl units to the macrocyclic core [6].
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Mechanistic insights into carbene transfer catalyzed by
transition metal tetrapyrroles: bridging spectroscopy and
theory
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Various macrocyclic ligand-based transition metal complexes are commonly used as catalysts for carbene
transfer, which enables the efficient construction of a diverse range of functionalized molecules, including
valuable biologically active compounds and pharmaceutical intermediates. While porphyrin-based catalysts
dominate this field, other tetrapyrrolic scaffolds remain underexplored, offering a rich design space for novel
catalytic properties and activities [1-4].

To systematically broaden the scope of tetrapyrrolic carbene-transfer catalysts by moving beyond the
porphyrin paradigm we conducted a comprehensive comparative study of the catalytic activity of Mn(III), Fe(III),
Co(Il), Cu(Il), and Ru(Il) complexes supported by a series of distinct macrocyclic ligands including
porphyrazines, benzoporphyrins, and phthalocyanines.

\ 7

X-H =

H\ Carbene comlexes with
X/ MPor, MPz, MTBP, MPc

These complexes were evaluated in model carbene-transfer reactions between diazo compounds and various
substrates (e.g., styrenes, amines, silanes). Our screening revealed a pronounced "ligand-effect," where the
identity of the tetrapyrrolic scaffold dramatically modulates the activity of a given metal ion, underscoring the
critical role of the coordination environment beyond the central metal.

To rationalize these observed differences, we employed a synergistic combination of spectroscopic techniques
and quantum-chemical calculations. This approach allowed us to identify key reactive intermediates and model
potential reaction pathways. In this talk, we will present compelling examples of this combined analysis,
demonstrating how the electronic and geometric structure of the macrocycle dictates catalytic performance and
opens new avenues for catalyst design.

Acknowledgement: this work was supported by Russian Science Foundation, project Ne 25-13-00332
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The structure-function relationship of heme sensor proteins
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A wide range of physiological and pathological processes in many organisms, including humans, are influenced
by the heme molecule. The regulatory role of heme is mediated by a group of proteins known as heme sensor
proteins. It is well established that heme can function either as a signaling molecule itself or as a gas-sensing
cofactor in heme-based gas sensors [1]. Understanding the structure—function relationships of heme sensor
proteins is therefore a particularly important area of research. Clearly, the function of heme sensor proteins is
closely linked to their structure, which is, in turn, modulated by signal sensing. However, this relationship is often
more complex, as many heme sensor proteins—or at least certain domains or regions within them—exhibit
intrinsically disordered conformations. A key challenge is to elucidate the molecular mechanisms underlying their
sensing functions and signal transduction.

Signal transduction in a representative bacterial heme-based oxygen sensor is discussed using the example of the
globin-coupled histidine kinase (AfGcHK) from Anaeromyxobacter sp. strain Fw109-5. In this dimeric sensor
protein, the dimerization interface of the sensing domain plays a crucial role in signal transmission. This
mechanism is compared with signal transduction in a classical human heme sensor, the heme-regulated eukaryotic
initiation factor 2a (elF2a) kinase, also known as the heme-regulated inhibitor (HRI), which undergoes substantial
conformational changes upon heme binding [3].

The family of human heme-sensing proteins has recently expanded with the identification of numerous new
members. Among these, a direct signaling role for heme has been demonstrated in a tumor suppressor p53, a
central regulator of cellular stress responses [4]. pS3 is a transcription factor that preserves genomic integrity and
prevents tumor development. Upon activation, it binds to DNA and regulates a broad network of genes involved
in apoptosis, cell-cycle arrest, DNA repair, senescence, and metabolism. Loss or functional inactivation of p53 is
one of the most common hallmarks of human malignancies. In this study, we aimed to characterize the structural
consequences of the interaction between heme and p53. Using hydrogen—deuterium exchange mass spectrometry
on full-length p53, we found that the DNA-binding domain undergoes the most pronounced conformational
changes upon heme binding. These alterations likely explain the previously reported heme-induced functional
inhibition of p53 [5]. We further extended our analysis to p63, another member of the p53 protein family, and
demonstrated that full-length p63 also directly interacts with heme. Despite the significant structural and
functional similarities between p53 and p63, our results indicate that heme interacts differently with their full-
length forms. Nevertheless, in both proteins, heme binding led to destabilization and aggregation of the isolated
DNA-binding domains, suggesting a shared mechanism of heme-induced misfolding. Together, these findings
establish an important link between heme signaling and the structural regulation of p53 family proteins, with
broader implications for understanding cancer progression and for the development of novel therapeutic strategies
targeting heme—protein interactions. Supported by the Grant Agency of the Czech Republic (grant 177424).
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Development of Molecular Catalysts for Photosynthetic
Reactions
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Photosynthesis is a biochemical process that converts carbon dioxide and water into carbohydrates while
simultaneously storing solar energy as chemical energy in the products. In natural photosynthesis, solar energy is
first converted into electrochemical energy through charge separation, and the resulting electrochemical potentials
drive multi-electron redox reactions of small molecules. Inspired by these processes, our group has been
investigating the development of molecular catalysts for electrochemical and photochemical small-molecule
conversions involving multi-electron transfer. Such studies are expected to contribute to the solution of global
energy and resource challenges. Recent achievements from our group include: (i) development of pentanuclear
metal complexes as active centers for electrochemical or photoochemical small-molecule conversions [1-4], (ii)
investigations of electrochemical or photochemical insertion reactions of small molecules into low-reactivity
organic substrates [5-7], and (iii) the construction of highly efficient catalytic systems based on metal complexes
for molecular conversions [8-11].
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Nanomaterial-porphyrinoid composites as excellent
electrochemical sensors

Philani Mashazi, Tebogo Mpakanyane, Lunathi Ncwane, Tebello Nyokong

Institute for Nanotechnology Institute, Rhodes University, PO Box 94, Makhanda, 6139 South Africa

Nanomaterial-porpyrinoid conjugates and composites are explored for their excellent electrochemical
application for the detection of various compounds on health and environmental importance. In the recent past we
have studied nanomaterials composites with covalent (COMFs) and metal (MOMFs) organic macrocycle
frameworks as electrode modifiers. These were modified onto glassy carbon electrode as for electrochemical
sensing of water pollutants and disease biomarkers.

Here, cobalt(Il)-porphyrin conjugated microporous polymer (CoPor-Tp-CMP) was integrated with
reduced graphene oxide (rGO) and functionalized single-walled carbon nanotubes (fSWCNTs) to create a hybrid
materials (CoPor-Tp-CMP/rGO and CoPor-Tp-CMP/fSWCNTs) electrodes with enhanced electrocatalytic
performance [1]. The CoPor-Tp-CMP provided high surface area and abundant redox-active sites, while
fSWCNTs and rGO contributed excellent conductivity and rapid electron transfer, enabling dimensional tuning
and m—7 stacking interactions. A cobalt(Il)-cobalt(Il) octacarboxy phthalocyanine (Co-CoOCPc-MOFs) based
metal organic macrocycle frameworks (MOMFs) were composited silver nanoparticles (AgNPs) to form Co-
CoOCPc-MOFs/AgNPs electrodes with anti-HER2 aptamer electrodes. The electrodes were used for
ultrasensitive detection of a cancer biomarker, human epidermal growth factor receptor 2 (HER2) [2]. The
prepared materials were studied and characterized using various techniques which confirmed the successful
preparation and integration onto glassy carbon electrode (GCE) surface. The results on these studies shed
information of how the COFs and MOFs of composites pophyrinoid materials are effective as electrode materials
and for sensing applications.
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Construction of stable myoglobin oligomers
by designed 3D domain swapping
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In nature, protein assemblies play important roles in biomolecule production, storage, transfer, etc.
Recently, protein assemblies have been constructed as new functional biomaterials, increasing the importance of
oligomerization methods that can stably form desired protein oligomeric structures. We previously showed that
myoglobin (Mb), which consists of eight a-helices (A—H), dimerizes via 3D domain swapping (3D-DS) wherein
the same structural region is exchanged three-dimensionally between molecules of the same protein.['l The hinge
loop between helices E and F converted to a helical structure and merged with helices E and F to form one
extended a-helix. In this study, we aimed to induce dimerization through 3D-DS by modifying a helix-loop-helix
motif into a single continuous helix at a target site. Specifically, we substituted the GH loop region of Mb with
reported a-helical linkers (Fig. 1). We designed 21 variants of Mb (Mb1-Mb21) and successfully obtained two
dimeric variants, Mb3 and Mb8. X-ray crystallographic analysis revealed that the GH loop region in both variants
form an a-helix, leading to dimerization via 3D-DS. However, both variants showed reduced thermal stability
compared to that of wild-type Mb and existed in equilibrium between monomeric and dimeric forms. To stabilize
the dimeric structure, the surface and the inserted helical linker segments of Mb3 were redesigned with
ProteinMPNN. Six redesigned Mb variants (reMb3A—F) were expressed in E. coli, and five of them were obtained
exclusively as dimers as soluble components. reMb3B, which showed the highest expression level, was analyzed
by X-ray crystallography, revealing a dimeric structure similar to that of Mb3. The melting temperature of
reMb3B was higher than that of Mb3 for more than 20 °C. In addition, we constructed Mb oligomers via
continuous 3D-DS by combining designed 3D-DS at the EF-loop and GH-loop regions.
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Trafficking of Heme as Plastid-Derived Retrograde Signal in
Plant Cells

Mihoko Takenoya?, Takayuki Shimizu®, Tatsuru Masuda?

AGraduate School of Arts and Sciences, The University of Tokyo
Faculty Divisions of Natural Sciences, Nara Women’s University

In plant cells, heme is synthesized in plastids and metabolized to phytochromobilin (P®B) in two enzymatic steps:
heme oxygenase (HO) and POB synthase (HY?2), which is coupled to the functional phytochrome assembly. In
addition, heme is trafficked to various organelles as a cofactor for hemoproteins and as a plastid-derived
retrograde signal in the control of photosynthesis-related nuclear gene (PAANG) expression. We discovered that
the localization of the predominant Arabidopsis HO isoform, HOI1, is altered in plastids or the cytosol due to
transcriptional start site regulation, and heme metabolism occurs not only in plastids but also in the cytosol [1].
The later HY?2 reaction can also be performed in the cytosol by alternative splicing in which the 1st intron
retention produces the cytosolic HY2. By complementing the genomes uncoupled (gun) phenotype, we revealed
that the cytosolic heme degradation was effective in canceling the signaling function of heme for PAANGs
regulation. By introducing regiospecific bacterial HOs, we further demonstrated that a plastid-derived retrograde
mobile heme signal passing through the cytosol is independent of the phytochrome-dependent light signaling [2].

For heme trafficking, ABC transporters are proposed to be involved in the transport of heme out of plastids, which
allows it to pass through the membrane. We identified 4¢4BCG23 in Arabidopsis by comprehensive proteomic
analysis of heme-binding proteins [3]. Since 4t4ABCG23 showed gene redundancy due to forming a gene family,
we produced a quadruplet mutant of atabcgq and analyze it. We also identified the 4¢4BCG23 homolog from
Marchantia polymorpha, which has one copy of the ancestral gene (MpABCG23). AtABCG23 and MpABCG23
were localized in the chloroplast envelope membrane. Transport experiments using proteoliposomes revealed that
both transported the heme analog Zn-protoporphyrin IX in an ATP-dependent manner with high substrate
specificity for heme. Functions of the AtABCG23 family and MpABCG23 will be discussed in the presentation.
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Azaporphyrinoids Bearing meso-N-Substituents: Platforms
for Evaluating Antiaromaticity and Aromaticity

Yoshihiro Matano
Department of Chemistry, Faculty of Science, Niigata University, Japan

The 2e-reduced species of regular porphyrins, 20nt-electron porphyrins, are inherently antiaromatic macrocycles,
and their structure—property relationship has long been a subject of interest for understanding the key factors that
govern their antiaromaticity and optical properties. To avoid the use of extremely air- and moisture-sensitive
porphyrin dianions, several elaborate strategies have been adopted to isolate neutral 20m-electron
porphyrinoids.[1] Our group has reported metal complexes of 5,10,15,20-tetraaryl-5,15-diazaporphyrinoid
(ArsDAP) that are obtained by the metal-templated cyclization of the corresponding metal-bis(dipyrrin)
complexes.[2] Recently, our group has also established a general method for the synthesis of freebases
(ArsDAPH:2 1) and converted 1 to hexacoordinate silicon(IV) and tin(IV) complexes (ArsDAPSiX> 2 and
ArsDAPSnX> 3).[3] In contrast to the isoelectronic 20z-electron TPP-type porphyrinoids, 1, 2 and 3 are extremely
air stable in the solid state. We have also prepared silicon(IV) complexes of 5,10,20-triaryl-5,15-
diazaporphyrinoids (ArsDAPSiX. 4)[4] and 5,10,15,20-tetraaryl-5-monoazaporphyrinoid (ArsaMAPSiX: 5),[5]
which are cationic in the 18m-clectron state. In this presentation, the synthesis, structures, optical and redox
properties, and antiaromatic/aromatic characters of these azaporphyrinoids are reported.

20 Ar 20m Ar
~ N L ~ N L
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Biomaterials based on Porphyrinoid/Cyclodextrin
Assemblies: from Hybrids to Composites with
Photoantimicrobial Action

Giuseppe Nocito?, Giuseppe Mistretta®®, Mariachiara Trapani?, Simona Salerno®,
Roberto Zagami®, Luigi Monsu Scolaro® and Antonino Mazzaglia®

“National Research Council, Institute for Nanostructured Materials (CNR-ISMN), URT of Messina at Department
of Chemical, Biological, Pharmaceutical and Environmental Sciences (ChiBioFarAm), University of Messina,
Viale F. Stagno d’Alcontres 31, 98166 Messina,’Department of Chemical, Biological, Pharmaceutical and
Environmental Sciences, University of Messina, V.le F. Stagno d’Alcontres 31, 98166, Messina, Italy

“National Research Council, Institute on Membrane Technology (CNR-ITM), Via P. Bucci 17/c, 87036 Rende
(CS), Italy

The rapid rise in antimicrobial resistance (AMR) demands innovative and broad-spectrum antimicrobial solutions
capable of inactivating pathogens without favouring resistance development. Within our ongoing research on
photosensitising supramolecular assemblies [1], here we present various novel biomaterials based on cyclodextrin
and porphyrinoids to fight infections. In particular, we discuss assemblies of (Zn(II)- meso Tetra (N-methyl-4-
pyridyl)-21H,23 H-porphyrin Tetratosylate (ZnT4)) with the trade sulfobutylether-B-cyclodextrin (Captisol®) that
were incorporated in a fast-resorbable hydrogel composed of hyaluronic acid grafted with poly-lactic acid (HA-
PLA) named DAC® [2]. Moreover, we present assemblies of ZnT4 with a polymeric sulfobutylether-B-
cyclodextrin and a nanohybrid of meso-tetrakis(N-methylpyridinium-4-yl)porphine (H2T4) with silver
nanoparticles (AgNPs). AgNPs were produced through the reduction of silver nitrate assisted by a cyclodextrin
based polymer bearing citrate functionalities which also acts as stabilizing agent of NPs. Finally, a biodegradable
and microporous composite membrane of chitosan (CHT) and porphyrin was developed as a potential patch for
the treatment of skin diseases. The composite membrane was developed by incorporating in the dispersion of
CHT the Captisol®/H>T4 photosensitizing nanosystem [3]. All of these biomaterials were fully characterized by
spectroscopic and morphological techniques and demonstrated significant photobactericidal activity against a
plethora of bacterial strains, including in some case biofilm. Altogether, in vitro studies elucidated the
photoantimicrobial efficacy of these photosensitizing biomaterials incorporating cyclodextrin/porphyrinoids
assemblies.

Acknowledgement: Novagenit (Trento, Italy) and Ligand (San Diego, USA) to provide DAC® and Captisol®,
respectively. MUR-PNRR project SAMOTHRACE (ECS:00000022). GM is grateful to Programma Regionale
SICILIA FSE+ 2021-2027, Priorita 2, ESO 4.7 (Avviso pubblico n.15/2024) for PhD fellowship.
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CO2 Reduction by Cobalt Phthalocyanine: Comparing
Aqueous-Phase Batch Reactors and Gas-Fed Flow
Electrolyzers

Charles C. L. McCrory2

AUniversity of Michigan, Ann Arbor, MI, 48109, USA

Converting CO:2 in industrial waste streams into value-added products via the electrochemical CO2
reduction reaction (CO2RR) represents a crucial strategy for sustainable manufacturing. Our research has
extensively investigated how polymer encapsulation affects cobalt phthalocyanine (CoPc) to tailor
the catalyst microenvironment, thereby controlling the rate and selectivity for CO2 reduction over the competing
Ha evolution reaction. Specifically, we have shown that encapsulating CoPc within a coordinating
polyvinylpyridine polymer enhances its activity and selectivity for the CO2RR in aqueous phosphate solutions.
This enhancement is due to the polymer’s ability to modify the local coordination environment and
facilitate substrate transport to the catalyst’s active sites. However, like many in the field of catalyst design and
development, our previous work has focused on aqueous-phase batch reactors (e.g., H-cells), where CO> is
supplied from dissolved CO> in aqueous solutions at concentrations below 34 mM. In this presentation, we will
examine how polymer effects on catalytic activity for CO2RR transfer from aqueous-fed batch reactors to more
practical gas-fed flow electrolyzers. We will compare the CO2RR activity of polymer-encapsulated CoPc with
various polymers in both aqueous-fed batch reactors and gas-fed flow electrolyzers and discuss which polymer
properties influence activity and selectivity in each case. We will explore the mechanistic reasons why CO:
reduction to CH3OH by CoPc is feasible in solution-fed batch reactors but remains challenging in single-pass
gas-fed flow electrolyzers. Additionally, we will consider design parameters for gas-fed flow electrolyzers
that can improve the single-pass conversion efficiency of CO2 to CH30H by CoPc. Overall, this presentation
will emphasize the importance of considering practical applications throughout all stages of electrocatalyst
design
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Carbazole-Based Macrocycles and Semiconductors:
From Geometric Diversity to Electronic Devices

Qian Miao®"*¢, Mengna Zhao?, Han Chen?, Xin Xie?, Hushu Ma?

“ Deparment of Chemistry, The Chinese University of Hong Kong, Hong Kong, China

b Shanghai-Hong Kong Joint Laboratory in Chemical Synthesis, The Chinese University of Hong Kong, Hong
Kong, China

¢ State Key Laboratory of Synthetic Chemistry, The Chinese University of Hong Kong, Hong Kong, China

Like pyrrole in porphyrin synthesis, carbazole can serve as a versatile building block for conjugated macrocycles
with distinct geometries. The first part of this presentation will highlight the synthesis and structural
characterization of carbazole-based macrocycles adopting bowl-shaped [1] and Mdbius geometries [2], in contrast
to conventional planar analogues. Carbazole derivatives are also powerful scaffolds for organic semiconductors.
The second part will focus on p-type and n-type semiconductors [1, 3] built from m-conjugated frameworks
incorporating fused carbazole units, with an emphasis on their applications in organic field-effect transistors.

Acknowledgment: This research was supported by the Research Grants Council of Hong Kong (CRF C4001-23G).
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A Subphthalocyanine-Based Platform for Probing Chirality
and Polarity Effects

Daigo Miyajima®

School of Science and Engineering, The Chinese University of Hong Kong, Shenzhen, China

Our recent materials design efforts have focused on chiral bowl-shaped m-conjugated molecules, particularly
subphthalocyanine (SubPc), due to its tunable symmetry, well-defined curvature, and capacity to form well-
ordered, one-dimensional stacked assemblies.!” We recognized that the Cs-symmetric SubPc¢ framework is
uniquely suited to address a fundamental challenge in materials science: how to systematically isolate and study
the effects of crystallographic symmetry—such as polarity and chirality—on physical properties, without
concurrent changes to core molecular electronic structure.

In this work, we demonstrate precise control over one-dimensional assembly symmetry by designing a series of
closely related SubPc derivatives.? Through strategic molecular modification, we successfully obtained multiple
crystal forms that differ predominantly in their global symmetry—including polar vs. nonpolar and enantiopure vs.
racemic alignments—while maintaining nearly identical molecular absorption profiles and frontier orbital
characteristics. All structures feature straight columnar stacks, providing a simplified platform to directly correlate
symmetry with functional properties. Furthermore, we reveal a general design principle linking molecular shape
to preferred packing modes, supported by computational simulations. This family of exceptionally similar yet
symmetry-distinct crystals establishes an ideal model system for quantitatively investigating symmetry-dependent
phenomena such as chirality-induced spin selectivity and bulk photovoltaic effects.
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Probing active sites outersphere influences in heme and
nonheme iron proteins using photolabile exogenous ligand
donors at cryogenic temperatures

Pierre Moénne-Loccoz?

2Department of Chemical Physiology and Biochemistry,School of Medicine, Oregon Health & Science University,
Portland, Oregon 97239, United States

This oral presentation will first review published studies that utilize photolabiled caged nitric oxide (NO)
compounds to produce vibrational characterizations and identifications of transient intermediates in
metalloenzymes. Using a photolabile caged NO compound previously characterized by Fujimori and coworkers
(1), we obtained resonance Raman and FTIR data demonstrating that release of NO at cryogenic temperatures in
presence of oxymyoglobin generates a heme ferric-nitrito complex identical to the one observed using rapid-
freeze-quench (RFQ) approach (2,3). The implication of this work is that access to the ferric-superoxo group by
NO and isomerization of the ferric-peroxynitrite to ferric-nitrito are optimized steps in the globin active site
structure requiring no side chain conformational rearrangements. This conclusion is consistent with the prominent
role this reaction plays in the survival of pathogenic microorganisms in infected mammalian macrophages.
Currently, we use this cryogenic approach to probe structural rearrangements in other hemoproteins and nonheme
iron proteins and observe spectroscopic signatures of iron-nitrosyl species that, in some instances, suggest we can
parse out exogenous ligand binding, endogenous ligand reorganization, and outsphere hydrogen bond partner
recruitment processes. These on-going studies will be the main focus of the talk.
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Expanding the Toolbox for On-Surface Porphyrin
Polymerization via Indenyl Coupling
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Extended m-conjugated frameworks have emerged as key molecular architectures for developing
semiconducting materials in optoelectronic applications. Their electronic structures can be tuned through diverse
molecular design strategies, including peripheral functionalization, modulation of the conjugation topology, and the
incorporation of defects and heteroatoms [1]. Among these approaches, porphyrins (PORs) stand out as verstatile
platforms to obtain n-extended systems, owing to their distinctive photophysical features, exceptional chemical and
thermal stability, and flexible coordination chemistry with various metal centers [2]. Selective - and meso-
functionalization of the tetrapyrrolic core, achieved through both in-solution (ISS) and on-surface synthesis (OSS),
has granted access to a broad family of fully m-conjugated oligo-porphyrins exhibiting diverse molecular
architectures and tunable optoeletronic properties [2-4].

In this work, we have synthesized meso-functionalized PORs incorporating dicyclopentaanthracene
(DCPA) units (an acene derivative featuring two terminal indene moieties). Through a comprehensive approach
combining scanning tunneling microscopy, scanning tunneling spectroscopy, non-contact atomic force microscopy,
and density functional theory calculations, we have revealed that these POR-DCPA precursors undergo one-
dimensional polymerization on Au(111) surfaces via indenyl coupling [5], forming zipper-like chains with efficient
n-electron delocalization (Figure 1). In addition, trimeric structures were identified, showing antiaromatic
properties. Overall, this work paves the way for tailored m-conjugated hybrids for quantum devices and next-
generation organic electronics, offering a successful and unprecedented approach to design porphyrin polymers.

Figure 1. Polymerization of POR-DCPA precursors on Au(111) surface via indenyl coupling.
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New Porphyrin Functionalized with Azabicyclic Amidines
for PDT Applications

Carlos J. P. Monteiro 2, Ana S. Joaquinito?, Luca Menilli®, Federico Frendo®,
Giorgia Miolo °, Maria A. F. Faustino?

“LAQV-REQUIMTE, Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal.
b Department of Pharmaceutical and Pharmacological Sciences, University of Padova, Via F. Marzolo 5, 35131
Padova, Italy.

Photodynamic therapy (PDT) is a clinically established treatment based on the activation of a photosensitizer (PS)
by visible light in the presence of dioxygen, leading to the generation of cytotoxic reactive oxygen species (ROS).
[1,2]. Compared with conventional anticancer therapies, PDT offers several advantages, including minimal
invasiveness, low systemic toxicity, selective cell destruction, good cosmetic outcomes, immune system
stimulation, and high tolerability. Despite these benefits, the clinical impact of PDT remains constrained by the
limited efficiency of available PSs, highlighting the need for more efficient PSs. Our research group has explored
the synthetic versatility of 5,10,15,20-tetrakis(pentafluorophenyl)porphyrin (TPFFP) as a multipurpose scaffold,
enabling efficient and selective derivatization via nucleophilic aromatic substitution to generate libraries of
biologically relevant photoactive compounds [3]. In this communication, we report new TPFFP derivatives
functionalized with azabicyclic amidines, including their structural characterization, photophysical properties, and
photodynamic activity against the MDA-MB-468 cell line.
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Anion-Accelerated Photocatalytic Reduction of
Carbon Dioxide Using Pyrrole-Based Photosensitizers

Tatsuki Morimoto?

@ Department of Applied Chemistry, Graduate School of Engineering, Tokyo University of Technology, 1404-1
Katakura, Hachioji, Tokyo 192-0982, Japan.

Conversion of carbon dioxide (CO:) into valuable organic compounds or fuels using sunlight is attracting
much interest as a fundamental technology for solving serious problems, such as global warming, energy
problems, and so on. Photocatalytic CO: reduction can be such a technology, which enables consumption of CO2
to produce valuable chemicals using solar energy. Many photocatalysts for CO: reduction are compose of metal
complexes containing rare metals, so that alternative rare-metal-free complexes are required.[1] Herein, we will
report new photocatalytic systems adopting photosensitizers comprising pyrrole-based boron complexes, where
photocatalytic performance was improved by addition of anion species.

Among rare-metal-free complexes, dipyrrolyldiketone boron complexes were selected, because they can
absorb visible light around 500 nm, exhibit fluorescence, and also show anion-binding ability.[2] Photocatalytic
CO: reduction was conducted using the boron complex as a photosensitizer in combination with a rhenium
complex Rebpy(CO);Br as a catalyst for CO: reduction (Figure 1). As a result, turnover number of the CO:
reduction to CO was about 400 in 9 hours. Moreover, CO formation rate was found to be accelerarted by addition
of anion species. For instance, the addition of bromide ion increased the reaction rate constant of CO2 reduction
by a factor of ca. 7. According to detailed studies on photophysical and electrochemical properties of the boron
complex in the presence/absence of anion species, we found that anion binding of the boron complex induced
extended excitation lifetime of the excited state and high reducing power of the one-electron reduced boron
complex, which are highly desirable properties as photosensitizers that promote CO:» reduction. Other
photocatalytic systems based on boron complexes with various 1,3-diketone ligands[3] will also be shown.

Rebpy(CO)3Br + PS /hv (500 nm)

C02 0.05mM  0.05mM cO

electron donor
DMA-TEOA (5:1 v/v)
2h

TON = 91 TON =309

Figure 1. Photocatalytic CO:z reduction using a pyrrole-based boron complex as a photosensitizer.
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Modulation of Hydrogen Abstraction Reactivity of
a Compound | Model Complex by Axial Ligand tr-Donation

Yuma Morimoto

School of Science, Institute of Science Tokyo

Heme enzymes responsible for the metabolism of lipophilic substrates in vivo utilize an iron(IV)-oxido porphyrin
n-cation radical species (Compound I) as the active oxidizing agent. It is known that the axial ligand of
Compound I significantly influences its activity in the hydroxylation of alkanes, but the specific properties of the
axial ligand contributing to this effect remain unclear. In this study, we systematically investigated the effects of
various axial ligands on Compound I model complexes. Fe"(TMP)(L) (TMP = 5,10,15,20-tetramesitylporphyrin
dianion) (1) were prepared by adding silver salts (AgL, L~ = NOs~, CFs:COO-, CHCL.COO~, CH.CICOO", CI',
AcO, BzO", F) to the solution of Fe"(TMP)(Cl) (1¢"). Subsequently, 1% (28 pM) was oxidized by ozone to
produce the corresponding Fe!V(O)(TMP*s)(L) (2b),

which was used as an oxidant for the cyclohexane

hydroxylation (25400 mM). The pseudo-first-order rate

constants for the reaction were determined from the time-

dependent changes in the absorption spectra of 2L, and

the second-order rate constants (k) were calculated based

on the substrate concentration dependence. The value of

k varied up to 30-fold depending on the axial ligand. In

addition, Fe™(NO)TMP)(L) (3%) was prepared by

coordinating nitric oxide to 1L. The infrared absorption

spectra of these complexes showed characteristic peaks

attributed to the stretching vibration of NO. The

3CHsCOO complex exhibited the lowest wavenumber

peak (1858 cm™), while the 3CF;COO complex

displayed the highest (1914 cm™). These NO stretching

frequencies (vn~-o) are considered to reflect the -

donating ability of the axial ligand sensitively.

A plot of the logarithm of the second-order rate constant

(In k) versus vno revealed a good linear correlation

(Figure 1), indicating that complexes with more m-  Figure 1. Plot of logalism of k (In k) against
donating axial ligands tend to exhibit higher reactivity. =~ Raman shift of 3 assignable to wn.o (L:
These results suggest that axial ligands with higher n-  (CF3)3CO-, CF3COO-, CH:CICOO~, CI, AcO-,
donating ability enhance the electron density and basicity =~ BzO~, F~) assigned to Fe-O bond stretching
of the oxo ligand, thereby activating the iron-oxo  Vibration (Vre-o).

complex.
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Mechanistic Investigations of Carbon Dioxide Reduction
by Porphynic MOFs

Amanda J. Morris

Virginia Tech, Blacksburg, USA

The presented work provides a comprehensive mechanistic picture of the photoinduced processes governing CO-
reduction in a porphyrinic Zr-based metal-organic framework. By combining spectroscopic experiments with
theoretical analysis, we elucidate how light-driven charge-transfer events enable catalytic formate production in
MOF-545 under visible light irradiation in the presence of triethanolamine. The study reveals that photoexcitation
of the porphyrinic linkers initiates electron transfer processes that ultimately drive CO: activation at the Zrs nodes.
Contrary to commonly proposed models, our results demonstrate that ligand-centered excitation, rather than direct
metal-centered charge transfer, plays the dominant role in initiating reactivity. Time-resolved spectroscopic
measurements show that photooxidation of the sacrificial donor occurs at the linker sites, generating reactive
intermediates that subsequently deliver reducing equivalents to CO- bound at the inorganic node. Complementary
computational analysis supports a mechanism in which hydride transfer from a transient organic radical species to
the Zr-bound CO: intermediate constitutes the key bond-forming step. The collaborative effort establishes a unified
mechanistic framework that connects photophysics, charge transfer, and catalysis in porphyrinic metal-organic
frameworks, highlighting general design principles for promoting multi-electron photochemical transformations in
extended materials.
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Photodynamic efficacy of cationic porphyrin-
triphenylphosphonium conjugates

Nuno M. M. Moura?, Filipe M. P. Morais?, Inés Chaves®, Catia Vieira®, M. Graga P.
M. S. Neves?, Adelaide Almeida®, M. Amparo F. Faustino?

2 LAQV-REQUIMTE, Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal
® CESAM, Department of Biology, University of Aveiro, 3810-193 Aveiro, Portugal

Modern medical practices depend heavily on antimicrobial treatments, which have played a vital role in
increasing global life expectancy.[1] However, the frequent and often unregulated use of antibiotics has led to a
rise in drug-resistant microorganims, creating a serious public health challenge. To address this, researchers are
actively looking for alternative therapies that can decrease our reliance on traditional pharmacological agents.[2]
Among the most promising alternatives, are porphyrins and related tetrapyrrolic macrocycles which have attracted
significant interest due to their versatile (photo)chemical and (photo)physical properties. These compounds are
especially well-suited for antimicrobial photodynamic therapy (aPDT), due to their ability to absorb visible light
and to produce of reactive oxygen species (ROS) responsible by the eradication of pathogens, while exhibiting
high stability, and minimal toxicity in the absence of light.[3,4] Coordination of metal ions within these structures
(metalloporphyrins) often results in higher therapeutic efficiency compared to metal-free counterparts, typically
by improving ROS generation and/or microbial cells interaction.[5]

In this comunication, the effect of phosphonium units, on the photochemical and photophysical properties of three
free-base cationic porphyrin-triphenylphosphonium conjugates and of their corresponding metal complexes is
discussed. Their photodynamic activity against two distinct bacterial models: the Gram-positive, methicillin-
resistant Staphylococcus aureus (MRSA) and the Gram-negative Escherichia coli is also analized, showing how
the triphenylphosphonium units and the metal ions modulates the photodynamic performance.[5,6]

Funding/Acknowledgements: This research work received financial support from the University of Aveiro and
FCT/MCTES to support UID/50006/2023 - Laboratério Associado para a Quimica Verde - Tecnologias ¢
Processos Limpos research unit. NMM Moura gratefully acknowledges FCT for an Assistant Research Position
(2023.06495.CEECIND).
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Remarkable Isomeric Effects on Near-Infrared Absorption
and Aromaticity of a Core-Modified Phthalocyanine
Incorporating Two Phenolic Groups

Atsuya Muranaka®®, Yu Hatakenaka®°, Naoyuki Toriumi®, Hiroyuki Koshino?,
Masanobu Uchiyama?®

*Molecular Structure Characterization Unit, RIKEN CSRS, Wako-shi, Saitama 351-0198, Japan
SGraduate School of Pharmaceutical Sciences, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-
0033, Japan

Near-infrared (NIR) absorbing organic compounds have attracted considerable attention over the years since they
have various potential applications. Among these, porphyrin-related compounds that can switch their NIR
absorption in response to external stimuli are of particular interest not only due to their unique and distinctive
optical properties, but also due to their macrocyclic aromaticity. Our research group has previously developed a
core modified phthalocyanine, tetrahydroxydicarbahemiporphyrazine (1), two-electron oxidation of which leads
to the 18m-electron quinoidal form that has an intense NIR absorption peaked at around 850 nm (Figure 1) [1].
During our reserach on switchable NIR-absorbing porphyrinoids, we became interested in the substituent effects
of the core modified phthalocyanine on the optical and switching properties, as the number of hydroxy groups is
responsible for the NIR-absorption wavelength for related benziphthalocyanines [2]. Herein we report synthesis
and properties of the anti- and syn-isomers of dihydroxydicarbahemiporphyrazine (24u:i, 25y:). Both isomers were
readily oxidized by oxidants, and the resulting two-electron oxidized forms exhibited remarkable isomeric effects.
The oxidized form of 2. exhibited distinct NIR absorption over 900 nm in CHCI3, whereas weak and broad
bands were observed in the 500-1000 nm region for the corresponding syn-isomer. The 'H NMR spectra indicated
that the presence of diatropic ring current effect in the oxidized form of 2uu. No such ring current effect was
observed for the syn-isomer. Density functional theory calculations suggested that a nonaromatic asymmetric
tautomer plays a pivotal role in the optical properties and aromaticity in the two-electron oxidized form of 2.

HOJ@OH /@OH /@OH
N N N N N N
ArO d \ OAr ArS / \ SAr ArS / \ SAr
NH HN NH HN NH HN
ArO \ ) OAr ArS \ ) SAr ArS \ ) SAr
X BN ReY
HO OH HO OH

1 2anti 2syn

Figure 1. Chemical structures of tetrahydroxydicarbahemiporphyrazine (1) and the anti- and syn-isomers of
dihydroxydicarbahemiporphyrazine (2ansi, 2syn). Ar = 2,6-dimethylphenyl.
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Photorelease of Reactive Carbon Species from
Organorhodium Phthalocyanine Complexes

Kei Murata®?<, Yuki Saibe?, Mayu Uchida?, Mizuki Aono?, Ryuji Misawa?,
Yoshiho lkeuchi?, Kazuyuki Ishii®

Anstitute of Industrial Science, The University of Tokyo
SRIKEN Center for Sustainable Resource Science, “RIKEN Pioneering Research Institute

Photodynamic therapy has attracted considerable attention as a minimally invasive cancer treatment based on
tumor-selective cell attack.[1] However, because this therapy relies on the photochemical generation of reactive
oxygen species by photosensitizers, the mechanism of cell death induction is limited, and the therapeutic efficacy
is low in hypoxic regions within tumors, where oxygen concentrations are low. To address these issues, in this
study, we have developed the red light uncaging reactions of the organorhodium phthalocyanine complexes which
generate reactive carbon species such as alkyl radicals and aldehydes (Figure 1).[2] This hybrid system integrating
PDT with photouncaging reactions is expected to enable effective tumor cell treatment under diverse oxygen
environments.[3]

Complexes bearing simple alkyl ligands were found to release alkyl radicals from their axial ligands via
stepwise two-photon excitation using a nanosecond pulsed laser of red light, whereas complexes bearing benzyl or
allyl ligands underwent similar reactions through single-photon excitation of a continuous wave of red light.
These alkyl radicals were readily converted into terminal aldehydes in the presence of oxygen, a process that
proceeded even under hypoxic conditions owing to the involvement of the rhodium center. Based on this principle,
several apoptosis inducers possessing a terminal aldehyde as the active group were successfully released by red
light irradiation. The complexes were introduced into HelLa cells via encapsulation in phospholipid bilayers.
Phototoxicity experiments demonstrated that the complexes exhibit photodynamic effects across a wide range of
oxygen conditions.

The details on the photophysical and photochemical properties of the complexes will be discussed in the
presentation.

Figure 1. Photouncaging reaction of the rhodium phthalocyanine complexes.
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The Chiral Induced Spin Selectivity- Why is it so special?

Ron Naaman

Weizmann Institute, Department of Chemical and Biological Science, Rehovot 76100, Israel

The Chiral Induced Spin Selectivity (CISS) effect was first observed more than 25 years ago. Despite numerous
experimental verifications across chemistry, physics, and biology, many feel that the underlying mechanism
remains poorly understood. This talk will address the question: what makes CISS fundamentally different from
conventional electron transport? and will provide new insights into its mechanism. It will be demonstrated how
chirality necessitates a fresh perspective on electron transfer and present experimental evidence for the key
parameters that enable the CISS effect, challenging our conventional understanding of electronic transport
phenomena

NELA:(0)

Kyoto, Japan - June 28 - July 3, 2026 - www.icpp-spp.org Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 239

Gas-Phase Synthesis of Porphyrin-based Donor-Acceptor
Covalent Organic Framework Thin Films: Electrocatalysts
for OER and ORR

Deepak Bansal, Nicolas D. Boscher and Amr A. Nada*

Luxembourg Institute of Science and Technology, Advanced Plasma and Vapor Deposition Processes, L-4362,
Esch-sur-Alzette, Luxembourg.

Bifunctional electrocatalysts for the oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) are
central to the development of fuel cells and metal—air batteries, yet their performances are often limited by poor
electrical connectivity and poorly defined active sites. These limitations mainly arise from the synthesis strategies
commonly employed, which inherently lead to structural and electronic heterogeneity, resulting in non-uniform
active sites and inefficient charge-transport pathways. Here, we report the simultaneous vapor-phase synthesis and
deposition of porphyrin-based donor-acceptor covalent organic frameworks (COFs) via solid—vapor Schiff-base
condensation.

The resulting porphyrin—based COF thin films are homogeneous, electrically conductive, and feature well-defined
active sites and a favourable band alignment for oxygen electrocatalysis [1]. Electrochemical measurements in
alkaline media demonstrate bifunctional ORR/OER activity, with ORR half-wave potentials approaching 0.35 V
vs. RHE and diffusion-limited current densities on the order of -300 pA-cm?, comparable to state-of-the-art
porphyrin-based COFs reported in the literature [1, 2]. For OER, the vapor-grown thin films reach 700 pA-cm™ at
overpotentials below 400 mV, placing them among the most active non-pyrolyzed porphyrin-based covalent organic
frameworks.

Compared to solution-grown or post-pyrolyzed COFs, the vapor-phase route yields superior charge transport and
interfacial coupling, which directly translate into improved reaction kinetics and reduced bifunctional potential gaps
(AE). These results highlight the unique advantages of gas-phase synthesis for constructing electrocatalyst thin films
based on extended conjugated organic frameworks and establish the vapor-phase route as a promising and scalable
method for the engineering of such films.
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Nitric Oxide Binding to meso-Tetraphenylporphyrin Fe(ll/lll)
Complexes Encapsulated in the Cyclodextrin Nanocavities
in Aqueous Solution

Atsuki Nakagami?®, Masahito KoderaP®, Hiroaki Kitagishi®

“Department of Applied Chemistry, Graduate School of Engineering, The University of Osaka, Japan.
®Dept. of Molecular Chemistry & Biochemistry, Faculty of Science and Engineering, Doshisha University, Japan.

Nitric oxide (NO) strongly binds to heme in soluble guanylate cyclase (sGC), thereby mediating several
biological functions, including vasodilation in the mammalian body. While a large number of studies have been
conducted to elucidate the heme—NO interaction, we investigated it using a unique water-soluble synthetic model,
hemoCD. HemoCD consists of meso-tetraphenylporphinatoiron tetrasulfonate (FeTPPS) that is encapsulated by
per-O-methylated B-cyclodextrin dimers linked by nitrogenous ligands [1]. In this work, UV—vis, resonance
Raman, and EPR spectroscopies revealed the formation of both ferric and ferrous nitrosyl complexes of hemoCD
in water [2]. We used two types of hemoCD, hemoCD-P with a pyridine linker and hemoCD-I with an imidazole
linker, and both hemoCDs show comparable affinities for NO to those of native hemoglobin, as well as for other
small gaseous molecules such as O2, CO, HCN, and H»S. But the different reactivity between hemoCD-P and -I
against reductive nitrosylation was clearly observed because of their structural difference. Due to the reductive
nitrosylation, ferric nitrosyl hemoCD complexes were observed in acidic glycine buffer solution. However, N2 gas
was unexpectedly generated during the experiment [3]. After careful investigation, a N—N bond formation
between NO and glycine on hemoCD was shown by both experimental and theoretical studies. N2> gas was finally
produced from the diazo intermediate by Sn2 reaction with water. Although this reaction proceeds under specific
conditions, we believe these models would offer new possibilities for considering the heme—NO interaction.
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Fig. (a) Ferric and ferrous nitrosyl complexes of hemoCD-I with spectroscopic data. (b) UV—vis spectra of nitrosyl hemoCD-I complexes.
(c) N, gas generation from ferric nitrosyl hemoCD complex with glycine in acidic glycine buffer solution.
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m—Gel electrets toward deformable vibration sensors

Takashi Nakanishi®®

aResearch Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science (NIMS),
Tsukuba, Japan
Division of Soft Matter, Graduate School of Life Science, Hokkaido University, Sapporo, Japan

The development of optoelectronically active soft materials has become increasingly important for applications in
soft (bio)electronics. Room-temperature, solvent-free alkyl-m liquids, obtained by functionalizing m—conjugated
units with bulky, flexible branched alkyl chains, are promising new functional soft materials. The n—conjugated
units responsible for optoelectronic functions are protected by insulating and high-entropy branched alkyl chains,
enabling these functions to be exhibited even in the bulk liquid state at room temperature. Various optically
functional liquids have been developed, including those capable of emitting light [1] and generating singlet
oxygen [2]. Meanwhile, we have successfully developed n—liquid electrets, including porphyrins [3] and Ceo
fullerenes [4] as the functional m—unit, that stably retain charges at the surface and within the interior of alkyl-n
liquids, as well as freely deformable electret devices, particularly for use in vibration sensors. In this presentation,
we discuss the creation of m—gels from an alkyl-pyrene liquid [5] (Fig. 1), their electretization, and the application
of freely deformable, weak-vibration sensors based on n—gel electret devices [6].

Fig. 1. Alkyl-pyrene liquid and gel electrets and their vibration sensor’s outputs.
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Catalytic Activity of a Dinuclear Iron Complex Bearing a
Doubly N-Confused Hexaphyrin toward Photocatalytic CO-
Reduction and Water Oxidation

Takashi Nakazono?

2Research Center for Artificial Photosynthesis (ReCAP), Osaka Metropolitan University, 3-3-138 Sugimoto,
Sumiyoshi, Osaka 558-8585, Japan

Artificial photosynthesis, which integrates CO: reduction and water oxidation driven by solar energy, is a
promising strategy for addressing global warming and fossil fuel depletion. Redox-active macrocyclic ligands
offer a versatile platform for multielectron accumulation in molecular catalysis. Herein, we report a dinuclear iron
complex with a doubly N-confused hexaphyrin (Fe.DNCH; Figure 1) as an efficient molecular catalyst for
photochemical CO: reduction. Under visible-light irradiation in an acetonitrile/water mixed solvent using
[Ru(dmb)s]** (dmb; 4,4'-Dimethyl-2,2"-bipyridyl) as a photosensitizer and 1,3-dimethyl-2-aryl-2,3-dihydro-1H-
benzo[d]imidazole (BIH) as a sacrificial reductant, FexDNCH selectively catalyzed the two-electron reduction of
CO: to CO with high efficiency. A maximum turnover number of 400 and a CO selectivity of 99% were
achieved.!

Electrochemical and spectroelectrochemical studies revealed multiple reversible redox processes, indicating
that the DNCH ligand serves as a redox-active center capable of multielectron storage. The five-electron-reduced
species was identified as the catalytically active form for CO: reduction, highlighting the cooperative action of the
dinuclear iron centers and the n-conjugated DNCH ligand.

Notably, Fe2DNCH also exhibited exceptionally high activity for photocatalytic water oxidation in the
presence of [Ru(bpy)s:]** and peroxydisulfate as a sacrificial oxidant. The dinuclear iron complex achieved a
turnover frequency of 8.7 s™' and a turnover number of 2,730, significantly outperforming the heterobimetallic
FeZn analogue. These results demonstrate that FeaDNCH functions as a bifunctional molecular catalyst capable of
promoting both photochemical CO: reduction and water oxidation.

Figure 1. Molecular Staracture of Fe2DNCH
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N,N-dimethylcorroles: functionalizations and applications

Sara Nardis 2, Alessia Fata,? Francesco Pizzoli,? Greta Imbesi,? Greta Petrella,?
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Scientifica, 00133 Rome, Italy
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The chemistry of N-alkylated corroles [1-4] remains largely unexplored, despite its significant potential as a
powerful strategy for fine-tuning the structural, electronic, and optical properties of this class of porphyrinoids. In
this contribution, we present a systematic investigation of the B-formylation of N(21),N(22)-dimethyl-5,10,15-
tritolylcorrole, highlighting how a careful modulation of the functionalization sequence allows selective access to
different regioisomeric products. Remarkably, the resulting p-formyl-N(21),N(22)-dimethyl-5,10,15-
tritolylcorrole exhibits an unprecedented reactivity toward acetone under basic conditions, leading to the efficient
formation of a conjugated vinyl ketone derivative in good yields [5]. The newly obtained corrole derivatives
display distinctive and tunable optical features, underscoring their potential relevance for future applications in
areas such as sensing or advanced functional materials.
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Triply-Fused Porphyrin-Nanographene Conjugates with NIR
Absorption and Related Nanographenes with Zigzag Edges
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Large polycyclic aromatic hydrocarbons (PAHs) have been extensively studied as nanographenes, demonstrating
intriguing  structure-dependent  optoelectronics, photophysical, and magnetic properties. Especially,
nanographenes with zigzag edges exhibit promising optical properties, e.g., red-shifted and strong fluorescence
and stimulated emission. We have previously demonstrated that zigzag-edged nanographenes can be triply fused
to a porphyrin, affording planar Ni(Il) porphyrin-nanographene conjugates with one or two fused nanographenes,
showing near infrared (NIR) absorption up to 1000 and 1400 nm, respectively [1]. Interestingly, Ni(Il) porphyrin
fused with one nanographene displayed NIR emission at 970 nm with a vibronic peak at 1103 nm, along with
stimulated emission at corresponding wavelengths [2]. Moreover, the porphyrin fused with two nanographenes
could serve as phototherenostic agents in the NIR-II (1000—1700 nm) window, enabling phoacoustic imaging
(PAI)-guided photothermal therapy (PTT) of cancer under 1064-nm laser irradiation [3]. We have also been
exploring unprecedented nanographenes with unique structures and properties, featuring zigzag edges where
porphyrin can potentially be triply fused. In particular, we have synthesizsed a series of nanographenes having
zigzag and fjord edges, resulting in structures with planar core and helical nonplanar peripheries. For example,
dibenzo[a,m]dinaphtho[3,2,1-¢f:1',2',3'-hi]coronene (DBDNC) with one fjord edge demonstrated emission
maximum at 643 nm with vibronic signals at 698 and 772 nm and photoluminescence quantum yield (PLQY) of
53% [4]. After encapsulation with amphiphilic polymers into water-dispersible nanoparticles, DBDNC could be
applied as NIR-emmisive neuronal tracer with high photostability and biocompatibility for studying the axonal
transport in neurons [5]. We have also achieved more extended nanographenes with two fjord edges,
demonstrating NIR emission in the range of 800—1000 nm as well as NIR chiroptical resopnses up to 850 nm [6].
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Elucidation of the Electronic Structure of Modified
Porphyrins and Their Analogues Using Experimental and
Theoretical Methods

Victor N. Nemykin

Department of Chemistry, University of Tennessee — Knoxville, Knoxville, TN USA vnemykin@utk.edu

The electronic structure of the core-modified porphyrins (i.e., chlorin-, isobacteriochlorin-, and bacteriochlorin-
type as well as corrololes and N-confused porphyrins) will be discussed via a prism of the experimental (i.e., UV-
Vis-NIR and Magnetic Circular Dichroism, MCD) and theoretical (Density Functional Theory, DFT, and Time-
Dependent DFT, TDDFT) methods. General trends of the AHOMO and ALUMO (AHOMO is the energy
difference between the Gouterman’s “as.”- and “az.”-type MOs, and ALUMO is the energy difference between
the Gouterman’s “eg(x)”’- and “eg(1)”’-type MOs) in modified porphyrins will be discussed.
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Carrying Photosensitizers and Antisense Oligonucleotides
with a G-Quadruplex Platform for Synergistic Photodynamic
and Antisense Therapy

Ka-Hin Chan, Dick Yan Tam, and Dennis K. P. Ng*

Department of Chemistry, The Chinese University of Hong Kong, Shatin, N.T., Hong Kong, China

Combination therapy has been proven as an effective strategy for cancer treatment [1]. To this end, we have
developed a series of self-assembled nucleic acid-based complexes for synergistic photodynamic and antisense
therapy [2]. They contain a nucleolin-targeting G-quadruplex platform, a partially hybridized antisense
oligonucleotide (ASO) that can inhibit the anti-apoptotic protein B cell lymphoma-xL (Bcl-xL) protein or the
signal transducer and activator of transcription 3 (STAT3) protein, as well as a zinc(Il) phthalocyanine (ZnPc)-
based photosensitizer held by noncovalent interactions. The complexation of the three components has been
optimized by spectroscopic titration. Through a series of in vitro experiments, we have demonstrated that these
DNA complexes can be internalized selectively to nucleolin-overexpressed cancer cells through receptor-
mediated endocytosis and are localized in the lysosomes. Upon light irradiation, the photosensitization of ZnPc
triggers the formation of reactive oxygen species for cell killing and promotes the lysosomal escape of the ASOs
for antisense therapy. The combined therapeutic effect and downregulation of crucial downstream targets have
been studied systematically. The results will be presented and discussed in this presenation.

This work was supported by a General Rsearch Fund from the Research Grants Council of the Hong Kong Special
Administrative Region, China (ref. no. 14300022).
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Dialing In Reactivity and Selectivity of CO, Reduction
through Second-Sphere Design

Eva M. Nichols?

aUniversity of British Columbia

The activity and selectivity of molecular electrocatalysts are often governed not only by the primary metal
coordination environment, but also by local secondary interactions that control proton and substrate delivery.
Inspired by enzymatic active sites, our group has focused on iron porphyrins as a well-defined model system to
probe how second coordination sphere (SCS) acids influence electrocatalytic CO: reduction. Incorporation of
appropriately positioned acidic SCS groups generally enhances rates for reactions involving proton-coupled
electron transfer, most notably for the two-electron, two-proton reduction of CO: to CO.

We recently reported a family of electronically identical iron tetraphenylporphyrin catalysts bearing amide-based
SCS proton donors of systematically varied acidity.[1] Linear free-energy relationships revealed that CO:
reduction kinetics depend not only on the pK, of the SCS acid, but also on the identity of the bulk proton source.
Building on this precedent, the present talk will focus on how selectivity for CO: reduction versus competing
proton reduction is governed by both the acidity and positioning of the SCS group. We show that optimal SCS
positioning suppresses indiscriminate protonation pathways that lead to hydrogen evolution or porphyrin
decomposition, while promoting productive CO: activation.[2] We report an experimental mechanistic analysis
that highlights specific roles for the acidic SCS group in modulating thermodynamic and kinetic parameters,
ultimately explaining the observed selectivity trends. Collectively, these results demonstrate how rational second
coordination sphere design enables iron porphyrins to achieve high selectivity under conditions that would
otherwise favor unproductive proton reduction, providing general design principles for selective molecular CO:
electrocatalysis.

[1] Teindl, K.; Patrick, B.O.; Nichols, E.M. J. Am. Chem. Soc. 2023, 145, 31, 17176-17186.
[2] Teindl, K.; Reid, J.P.; Nichols, E.M. Chem. Sci., 2025, 16, 1922619234,
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Polymer-photosensitizer conjugates for tumor-targeted
photodynamic therapy

Takahiro Nomoto?

AGraduate School of Arts and Sciences, TheUniversity of Tokyo

Photodynamic therapy (PDT) is a promising, minimally invasive modality for cancer treatment; however, its
clinical efficacy is often compromised by the limited tumor selectivity of photosensitizers. To overcome this
challenge, we have developed functional polymeric nanomedicines designed to actively recognize tumor-specific
markers or respond to the unique tumor microenvironment.

In the early phase of our research, we focused on active targeting of ayPs integrin, which is
overexpressed in tumor-associated neovasculature. We synthesized hydrophilic block copolymers conjugated with
a photosensitizer (IRDye 700DX) and multiple cyclic RGD (cRGD) peptides [1]. Our results demonstrated that
the multivalent display of cRGD peptides significantly enhanced accumulation in tumor blood vessels, leading to
potent antitumor effects upon irradiation.

In parallel, we explored stimuli-responsive strategies by developing a pH-sensitive polymer based on
poly(N-isopropylacrylamide) (PNIPAAm) [2]. By incorporating an acid-labile hydrophilic moiety, we achieved a
sharp, isothermal hydrophilic-to-hydrophobic phase transition in the mildly acidic tumor microenvironment (pH <
6.8). This phase transition promoted cellular interaction and enhanced tumor accumulation compared to
conventional non-responsive polymers.

Recently, our focus has shifted to targeting the L-type amino acid transporter 1 (LAT1/SLC7AS) for
intracellular drug delivery, as LAT]1 is highly upregulated in various cancers to support rapid proliferation [3]. We
first identified that polymers modified with methionine (Met) exhibited superior LAT1-selective uptake and tumor
accumulation compared to cysteine-modified analogs, highlighting the potential of Met as an effective ligand [4].

Furthermore, to optimize such interaction, we investigated the structural impact of spacer length using
tyrosine-modified polymers. We discovered that an appropriately long spacer (e.g., tricthylene glycol) is critical
for the ligand to access the deep substrate-binding pocket of LAT1 (~20 A from the surface), thereby enhancing
targeting efficiency and therapeutic efficacy [5].

This talk will summarize these design strategies ranging from multivalency and environmental
responsiveness to precise structural engineering of ligands for the development of drug delivery systems for PDT.
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Photoimmunotherapy with IRDye700DX Bypasses
Trastuzumab Resistance in HER2-Positive Breast Cancer

Mireia Jorda-Redondo?, Ana Piqueras®, Ana Castillo®, Pedro Luis Fernandez®,
Roger Bresoli-Obach?, Lidia Blay®, Joan Francesc Julian Ibanez®, *, Santi
Nonell®¢

“Institut Quimic de Sarria, Universitat Ramon Llull, Barcelona, Spain.
bHospital Universitari Germans Trias i Pujol, Badalona, Spain
E-mail: santi.nonell@igs.url.edu

Targeted photodynamic therapy (PDT) offers a promising
strategy to overcome resistance mechanisms in HER2-positive
cancers. In this work, a series of photoimmunoconjugates were
engineered by coupling different photosensitisers to
trastuzumab and its biosimilar Herzuma®.[1] Comprehensive
photophysical and photochemical characterization confirmed
that bioconjugation preserves the optical performance of the
photosensitisers while conferring selective recognition of
HER2-overexpressing  tumour  cells.  Notably, these
photoimmunoconjugates  exhibited potent photodynamic
activity not only in HER2-positive models but also in
trastuzumab-resistant cell lines, highlighting their potential to
bypass conventional therapeutic resistance. Building on this
platform, further functionalization with doxorubicin enabled a
dual-action construct capable of light-triggered
chemotherapeutic release. This combined modality underscores
a versatile approach for enhancing the precision and efficacy of
PDT-based cancer treatments and opens new avenues for
addressing drug resistance in HER2-driven malignancies.
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Axial and Peripheral Functionalization of Silicon(IV)
Phthalocyanines

Veronika Novakova, Leon David Rodrigues, Mary Angelia Alfred, Petr Zim¢ik

Faculty of Pharmacy in Hradec Kralove, Charles University, Ak. Heyrovskeho 1203, 500 03 Hradec Kralove,
Czech Republic, veronika.novakova@faf.cuni.cz

Phthalocyanines (Pcs) have fascinated researchers since their discovery in 1907, which is probably due to their close
relationship to naturally occurring porphyrins, available synthesis, and outstanding properties.[1,2] Introduction of
Si(IV) into their center brings great advantage in the form of two axial ligands, which effectively prevent undesired
aggregation, improve solubility and enable the introduction of a moiety responsible for specific functions.[3]

In my lecture, I will present our latest results in the field of synthesis of low-symetry Si(IV)Pcs, which carry a
functional group at their periphery. Thanks to that, they may be simply attached for example to targeting moieties
such as aptamers. Axial ligands on the other hand ensure monomeric character and good photophysical properties.
In the second part of my talk, I will focus on modification of axial positions of Si(IV)Pcs with specific ligands that
control either the photophysical properties or self-assembly of target macrocycles. As an example, I will show
synthesis and study of Si(IV)Pcs carrying a donor for photo-induced electron transfer (PET) attached throug a
cathepsine-cleavable linker. It is assumed that cleavage of the linker activates the inactive Si(IV)Pc suppressed by
the PET process into a photodynamically active form, primarily in cancer cells due to overexpression of cathepsin
in cancer tissues.
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Dissecting the mechanisms of photochemical immunogenic
cell death by verteporfin-lipid using unsupervised
machine learning

Girgis Obaidz2

@ Fellow, Texas Instruments Catalyst Professor, Assistant Professor of Bioengineering, University of Texas at
Dallas, Richardson, Texas, 75080, United States

Verteporfin, an approved photosensitizer, has been formulated by our team and others’ into various lipid-based
formulations and molecular conjugates to improve its safety and efficacy [1-3]. Following light activation,
verteporfin-based preparations can induce photochemical immunogenic cell death (P-ICD) in cancer cells [4-6].
However, little is known about its mechanisms of action, which hampers the development of more potent
verteporfin-based P-ICD agents. To address this critical knowledge gap, we prepared a panel of verteporfin-lipid
nanoparticles (V-LNPs) with discrete attributes (subcellular localization, type of photochemical reactions, degree of
potency, internalization efficiency etc). Using this panel of V-LNPs that provide a spectrum of well-defined
nanoparticle attributes, we investigated their efficiency of P-ICD in multiple pancreatic cancer cell lines. This
gave us a high-dimentional dataset describing relationships between V-LNP attributes and their respective
efficiencies of inducing P-ICD. Using unsupervised machine learning, we deciphered which of the V-LNP
attributes were most strongly associated with P-ICD [7]. Our results, which will be presented at this conference,
provide previously unknown insights into which design features of V-LNPs must be prioritized in order to design
novel P-ICD agents with the greatest probability of inducing durable anti-tumor immune responses.
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Porphyrinoid macrocycles as dyes and catalysts
for solar energy conversion

Fabrice Odobel,?* Diego Defferrari,? Stéphane Diring,?
Paulo Marques-Cordeiro-Junior,” Marc Robert®

“Nantes Université, CNRS, CEISAM, UMRG6230, F-44000 Nantes, France ; E-mail: fabrice.odobel@univ-nantes.fr
bSorbonne Université, CNRS, Institut Parisien de Chimie Moléculaire, F-75005 Paris, France

Porphyrinoids, such as porphyrins and phthalocyanines, rank among the most extensively studied dyes due to their
versatile properties for a wide range of applications, including photovoltaics, catalysis, artificial photosynthesis,
materials science, and medical therapies. Hybrid macrocycles such as triazabenzoporphyrins or
diazabenzoporphyrins are analogues of phthalocyanines, differing by having one or two methylene units instead
of a nitrogen atom in meso positions. They exhibit stability and electronic properties comparable to those of
phthalocyanines, while offering the distinct advantage of functionalization at the meso carbon positions. While
these macrocycles hold promise for the applications stated above, their synthesis poses several challenges,
including low yields, labour-intensive purification, and difficulties in scaling up.! In this presentation, we first
introduce a new methodology that enables the attainment of higher yields and larger quantities of
triazabenzoporphyrins than previously existing protocols. In the second part, the catalytic properties of these
porphyrinoids towards COz activation, as well as porphyrin systems for photocatalysis, will be presented.

CH,OH

Figure. Structure of a cobalt triazabenzoporphyrin CO: reduction catalyst.
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Monte Carlo and Rate-Equation Modeling
of Interstitial Photodynamic Therapy
for Brain and Spinal Tumors

Emiyu Ogawa

Keio University, Faculty of Science and Technology, Department of Electronics and Electrical Engineering

Interstitial photodynamic therapy (iPDT) using porphyrinoid photosensitizers such as talaporfin sodium is a
minimally invasive modality for deep-seated tumors where complete surgical resection is limited by functional
risk [1]. Accurate prediction of the effective treatment volume remains challenging due to the coupled dynamics
of light transport, photosensitizer activation, and oxygen consumption.

In this study, we developed an integrated in silico framework to estimate cytotoxic regions in iPDT for
malignant brain and spinal cord tumors. Tissue optical properties were determined experimentally and/or from
literature and implemented in three-dimensional Monte Carlo simulations to calculate intratissue fluence
distributions [2]. The resulting fluence maps were coupled with a macroscopic singlet oxygen model (MSOM)
based on photochemical rate equations to estimate cumulative singlet oxygen production [3]. A threshold singlet
oxygen dose was introduced to define the predicted cytotoxic volume. Additionally, oxygen depletion dynamics
were incorporated to account for vascular shutdown effects following photochemical reactions. Comparative
simulations revealed that differences in tissue optical properties and applicator configurations significantly
influence predicted treatment volumes. This computational framework enables quantitative pre-treatment planning
of porphyrinoid-based iPDT and provides mechanistic insight into singlet oxygen-mediated cytotoxicity in neural
tissues.
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Highly Water-Soluble and Durable Rotaxane-Type Porphyrin
Dyes Used as Photosensitizers for Photodynamic Therapy

Yuki Ohishi,? Ichikawa Taiki,? Masahiko Inouye?
2 Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama

Photodynamic therapy (PDT) is an effective cancer treatment that utilizes the generation of reactive oxygen
species through light irradiation. Porphyrins are representative photosensitizers, and several of them are already in
clinical use for PDT. However, only a few reports of porphyrin derivatives have been reported to simultaneously
possess water-solubility, membrane-permeability, and photo-durability, all of which are required for high
therapeutic efficacy. In this study, we aimed to apply a rotaxane strategy to porphyrins in PDT (Figure 1).[1] We
designed a rotaxane-type photosensitizer S-Rota, consisting of a porphyrin axis encapsulated within cyclodextrin
(CD). The CD was expected to function as a transparent shell, imparting water solubility and photostability to the
porphyrin axis by protecting it from reactive oxygen species.

Based on an efficient synthetic method for rotaxane-type dyes using cucurbit[6]uril (CB6),[2] we synthesized S~
Rota in a high yield by mixing the axial precursor Axis, DM-#CD, stopper molecules, and CB6 in H.0. fRota
was soluble in aqueous buffers, whereas Axis was insoluble. The sensitizing ability of S-Rota was evaluated by
using a 'Oz scavenger. fRota exhibited high sensitizing ability comparable to tetraphenylporphyrin tetrasulfonic
acid (TPPS), which is known for its high 'O2 generation performance, proving that fReta sufficiently works as a
photosensitizer even though the porphyrin core is encapsulated by the CD shells. A stability test under continuous
photoirradiation demonstrated significantly higher photostability of f~Reta than a reference rotaxane lacking CD
shells. In in vitro assays, FRota showed higher cell membrane-permeability and photocytotoxicity than talaporfin
sodium, a clinically used photosensitizer. These results indicate that the rotaxane-type porphyrin dyes have strong
potential as ideal PDT drugs.

Figure 1. Synthesis and properties of rotaxane-type photosensitizer fRota.
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Serendipitous formation of meso-free corroles via [3+1]
approach and its oxidation to meso-oxoisocorroles

Tetsuo Okujima

Graduate School of Science and Engineering, Ehime University, 790-8577 Japan

Meso-free  corroles are
commonly synthesized via
pyrrole tetramerization or
the ring-closure of
tetrapyrrolic  intermediate
such as biladiene. Other
methods include
condensation of dipyrranes
with  2,2’-bipyrroles or
contraction of thiaphlorins.
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Recently, we reported that the [3+1] porphyrin synthesis unexpectedly afforded meso-free corroles during the
preparative investigation of m-extended porphyrinoids based on the retro Diels—Alder strategy from thermally

convertible precursors.[1]

Acid-mediated [3+1] porphyrin synthesis using diformyltripyrrane 1 and bicyclo[2.2.2]octadiene(BCOD)-fused
pyrroles 2a in CHCIs afforded trace amounts of porphyrin 3a and corrole 4a in 12% yield. Examination of the
reaction conditions revealed that the presence or absence of ethanol in the reaction solvent affected the formation
of corrole and porphyrin, respectively. The [3+2] sapphyrin synthesis resulted in the formation of 5-
pyrrolylcorrole and isosmaragdyrin, along with the originally targeted sapphyrin.

Tanaka et al. experimentally demonstrated the 16m antiaromatic character of 5,15-diaryl-10-oxoisocorrole.[3]
Nardis et al. reported the synthesis of 5- and 10-oxoisocorroles via the oxidation of symrnetrical meso-free [-
octaalkylcorroles.[4] Asymmetric corrole 2b was oxidized n-Bu n-Bu

i , 10-, and 15-oxoisocorroles. The 'H
NMR spectrum of § exhibited inner NH signals and meso- oxidaton_
CH signals at 22.50 and 22.01 ppm, and 5.38 and 4.95 ppm,
respectively, due to a paratropic ring current effect.
Absorption spectra and theoretical calculations supported
the antiaromatic character based on a 16w conjugation

with MnO: to afford 5-, 10

pathway.
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Porphyrin—Gold Nanoaggregates as Multifunctional
Platforms for Photothermal Cancer Therapy
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Terracciano®, G. Piccialli®

aDepartment of Molecular Medicine and Medical Biotechnology, University of Naples Federico 11, 80131 Naples,
Italy

*Department of Pharmacy, University of Naples Federico II, 80131 Naples, Italy

¢ Institute of Applied Sciences and Intelligent Systems “E. Caianiello” (ISASI), National Research Council (CNR),
80131 Naples, Italy

4Department of Chemical Sciences, University of Catania, 95125 Catania, Italy

We present a new class of hybrid gold—porphyrin nanoaggregates engineered through a one-pot chemical reduction
method to maximize photothermal performance for cancer therapy. The nanostructures exploit the synergistic
interplay between the localized surface plasmon resonance of gold and the n-conjugated porphyrin chromophore,'
enabling enhanced absorption in the near-infrared region.

The assembly is driven by electrostatic interactions between AuCls~ and cationic amino-functionalized porphyrins
(C3, C5 linkers), followed by NaBHas reduction in the presence of PEG to ensure colloidal stability and
biocompatibility. The resulting nanoaggregates (>100 nm) exhibit excellent stability in physiological media and
good hemocompatibility.

Comprehensive structural and spectroscopic analyses (‘H NMR, DLS, TEM, EDS, UV—Vis, fluorescence) confirm
the successful formation of the hybrid interface and the strengthening of plasmon—chromophore coupling. This
effect significantly improves photothermal conversion efficiency under NIR irradiation. Moreover, the intrinsic
protonation of the modified porphyrin at physiological pH provides a robust anchoring site for targeting aptamers,>>
expanding the potential for selective cancer cell recognition.

Overall, these results highlight gold—porphyrin nanoaggregates as versatile and promising platforms for targeted
photothermal cancer therapy.
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Al(lll)-based Dinuclear Triple-Stranded Helicates for Diverse
Photofunctions

Toshikazu Ono?®

AGraduate School of Engineering, Kyushu University
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Pyrrole-based n-conjugated frameworks continue to play a central role in the development of functional dyes due
to their structural modularity, tunable electronic properties, and strong coordination ability. Building on this
concept, our group have developed aluminum(IIl) complexes supported by pyrrole-derived ligands as a new
platform for sustainable photofunctional materials. Although aluminum is abundant, inexpensive, and low-
toxicity, the photophysics of Al-based m-systems remain underdeveloped, making them attractive targets for
establishing structure—property relationships. Here, we present a series of Al(IIl)-based dinuclear triple-stranded
helicates constructed from three ligands and two AI(III) ions.[1,2] Systematic modification of the ligands allows
for continuous tuning of the emission color from blue to the near-infrared (NIR) region under UV excitation
(Figure 1). X-ray crystallographic analysis and DFT calculations reveal that the twist angle of the ligands is the
key structural parameter governing the emission energy. In the solid state, mechanical grinding perturbs the
ordered m-stacking motifs of the helicates, inducing a reversible crystalline-to-amorphous transition and resulting
in pronounced mechanochromic shifts in both absorption and emission spectra.[3] Furthermore, the combinations
of electron-donating and electron-withdrawing ligands generate inter-ligand charge-transfer (ILCT) states, which,
assisted by internal heavy-atom effects, promote efficient triplet formation and singlet-oxygen generation.[4]
These properties also enable the application of the helicates as catalysts for singlet-oxygen-mediated reactions.
We will also discuss transient absorption studies that provide deeper insight into the excited-state dynamics of
these pyrrole-based helicates.

Figure 1. Diverse functions exhibited by the Al(IIl)-based triple-stranded helicates used in this study.
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Engineered Hemoprotein Containing Ni Tetradehydrocorrin
as an Artificial Cofactor

Koji Oohora2

ADepartment of Applied Chemistry, Graduate School of Engineering, The University of Osaka,2-1 Yamadaoka,
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In biological systems, a wide variety of metalloproteins have been identified. In particular, hemoproteins exhibit
diverse and unique functions, including electron transfer, gas binding, and catalysis. In hemoproteins, the
physicochemical properties and reactivity of the common cofactor heme are strongly governed by the surrounding
protein matrix, which plays a critical role in regulating heme function [1]. Motivated by this unique feature, our
group has explored and expanded hemoprotein systems by incorporating artificial heme derivatives. For example,
manganese and iron porphyrinoids have been inserted into the apo-form of myoglobin, a simple oxygen-binding
hemoprotein, to create artificial metalloenzymes capable of C—H bond hydroxylation [2] and olefin
cyclopropanation [3], respectively. Similarly, myoglobins reconstituted with cobalt tetradehydrocorrins have been
developed as functional models of methionine synthase [4].

Understanding enzymatic reaction mechanisms provides valuable insights into the molecular design of artificial
biocatalysts for environmentally friendly reactions. In this context, we have recently focused on methyl-coenzyme
M reductase (MCR), a key enzyme responsible for biological methane formation. MCR contains F430, a nickel
tetrapyrrole complex, as its cofactor [5]. Although a Ni(I) species has been proposed as the catalytically active
intermediate, the detailed reaction mechanism remains unclear due to the structural complexity of the enzyme.
Moreover, functional models that explicitly incorporate a protein matrix have not yet been reported. To address
this challenge, the present study describes the preparation and evaluation of protein-based functional models of
MCR through conjugation of nickel complexes with protein matrices.

Nickel tetradehydrocorrin (Ni(TDHC)) and nickel didehydrocorrin (Ni(DDHC)) were employed as model
complexes of F430, while apo-hemoproteins derived from myoglobin (Mb) and cytochrome bse2 (Cyt bse2) were
used as protein matrices. Conjugation of Ni(TDHC) with the apo-form of Mb afforded a reconstituted Mb, which
exhibited catalytic methane formation from methyl iodide. In contrast, Ni(TDHC) alone, in the absence of a
protein matrix, did not promote the reaction, clearly demonstrating the essential role of the protein scaffold.

In parallel, reconstituted Cyt bse2 was prepared by conjugation of Ni(DDHC) with the apo-form of Cyt bse2.
Under photoirradiation in the presence of a photosensitizer, methane formation via cleavage of the C—S bond of a
methionine residue in reconstituted Cyt bss2 was observed.
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Photochemical a-Aminonitrile Synthesis Using Zn-
Phthalocyanines as Near-Infrared Photocatalysts
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While photochemical transformations with sunlight almost exclusively utilize the UV-Vis part of the solar
spectrum, the majority of the photons emitted by the sun have frequencies in the near-infrared region.
Phthalocyanines show structural similarity to the naturally occurring light harvesting porphyrins, chlorins and
mainly bacteriochlorins, and are also known for being efficient and affordable near-infrared light absorbers as
well as triplet sensitizers for the production of singlet oxygen. Although having been neglected for a long time in
preparative organic photochemistry, presumably due to their low solubility and high tendency towards
aggregation, their unique photophysical properties and chemical robustness make phthalocyanines attractive
photocatalysts for the application in near-infrared light-driven synthesis strategies.

We developed a cheap, simple and efficient photocatalytic protocol, which is easily scalable under continuous
flow conditions. Various phthalocyanines were studied as near-infrared photosensitizers in oxidative cyanations of
tertiary amines to generate a-aminonitriles, a synthetically versatile compound class.[1]

NIR 700 800 nm CN
1
R\N/\R2 TMSCN, MeCN _ R )\
: 3 1 o ) R?
R 0, R3
up to 99% yield
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Influence of geometrical factors on ECD spectra of
porphyrin-based supramolecules

l. Osadchuk, V. Borovkov
Tallinn University of Technology, Department of Chemistry and Biotechnology

Electronic circular dichroism (ECD) spectroscopy is a widely used chiroptical method for determining the
absolute configuration of chiral molecules [1-2]. A major limitation of ECD spectroscopy is the requirement for a
chromophore located close to the chiral center; however, many organic molecules do not satisfy this condition. To
overcome this limitation, chirality is often determined using the ECD spectra of complexes formed between the
molecule under study and a porphyrinoid.

ECD spectra are straightforward to measure; however, for compounds containing multiple chromophores and
complex stereochemistry, the interpretation of ECD spectra becomes challenging. Therefore, experimentally
measured ECD spectra are now frequently combined with computational studies. From a computational chemistry
perspective, an important consideration is that ECD spectra are conformation-dependent. Therefore, spectral
simulations are always preceded by a conformational search—a time-consuming, resource-intensive procedure.
Importantly, with increasing molecular size, both computational costs and the risk of overlooking important
molecular conformations increace.

Our goal was to identify molecular fragments that contribute minimally to the ECD spectrum and to simplify the
molecular structure by replacing them with smaller ones (ideally hydrogen atoms). In this context, the effect of the
relative orientation of the molecule with respect to the porphyrin was investigated (Figure 1), as well as the
manner in which conformational changes of the porphyrin and organic molecules are reflected in the spectrum.
Furthermore, the influence of secondary chromophores and porphyrin substituents with electron-donating and
electron-withdrawing properties was systematically studied studied. Calculations were performed using semi-
empirical, DFT, and TD-DFT approaches.

Figure 1. How conformational change can influence ECD spectra of porphyrin-based supramolecule.
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Trial of photodynamic therapy for canine bladder
transitional cell carcinomas
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Background and Objective

Most canine bladder tumors are transitional epithelial carcinomas (TCCs), often treated by surgical resection.
However, if the lesion occurs in the bladder triangle, the urinary tract must be secured, necessitating cystectomy
and urinary tract alteration'. Recently, photodynamic therapy (PDT) has attracted attention as a novel cancer
treatment option. This treatment method destroys tumors by applying laser irradiation to the affected tumor area
after administering a tumor-accumulating photosensitizing agent. In the present study, PDT was performed to
preserve bladder function in 15 canines diagnosed with TCC, and relatively good results were obtained. We also
developed pheophorbide A (Pa)-conjugated HER2-targeted NBs (Pa-NB conjugates) and evaluated the
cytotoxicity induced by PDT using Pa-NB conjugates for TCC cells in vitro.

Materials and Methods

Clinical trial: Fifteen dogs with TCCs were treated with PDT. The photosensitizers used were 5-aminolevulinic
acid hydrochloride (5-ALA), a precursor of the photosensitizer protoporphyrin IX, and PAD-S31, a newly
developed hydrophilic photosensitizer. In vitro study: TCC cells were incubated with a dilution series of Pa, Pa-
bovine serum albumin (BSA) conjugates, and Pa-NBs conjugates for 1 h at 37°C. After incubation, the cells were
irradiated with 670 nm LED light.

Results and Discussion

Clinical trial: The objective response rate to PDT was 82%. In many cases, mild gastrointestinal and cystitis-like
symptoms were observed on the day of treatment or for several days after treatment. In some cases, treatment had
to be discontinued because of hydronephrosis caused by TCC infiltration into the ureter. The median survival time
upon reporting, including the seven animals undergoing treatment, was 286 days (median: 108—1,401 days).
Repeated PDT enables control of TCCs, suggesting that PDT may be a new treatment method for bladder TCCs.
In vitro study: Pa-NB conjugates induced cell death in a concentration-dependent manner in TCC cells expressing
high levels of HER2. Upon laser irradiation, the Pa-NB conjugates selectively induced significant cytotoxicity in
HER2-positive cells.

Conclusions

We plan to evaluate the usefulness of PDT for bladder TCC by increasing the number of cases and continuing to
develop PDT with higher therapeutic effectiveness and fewer side effects. Therefore, Pa-NB conjugates may be a
new, attractive therapeutic modality for the treatment of HER2-positive cancers.
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Stable Antiaromatic Expanded Porphyrins
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Porphyrinoids including porphyrins and expanded porphyrins have been usually synthesized by acid-
catalyzed condensation reactions of pyrroles and oligopyrroles with aldehydes and their equivaents so far. In
recent years, we have explored our original non-condensation synthetic methods that allow for the synthesos of
novel expanded porphyrins. Our methods rely on Pd(Il)-catalyzed Suzuki-Miyaura cross coupling,
SNAr reaction of a,« ’-dibromo-oligopyrrin  with meso-aryl dipyrromethane or tripyrromethane, and
Friedel-Crafts type electrophilic aromatic substitution reaction of meso-aryl dipyrromethane or tripyrromethane
with & ,’-dibromo-oligopyrrin. In this presentation, we will report several representative examples.
Curiously we often obtained antiaromatic expanded porphyrins as the most stable products.
5,10,23-Trimesityl-substituted [24]hexaphyrin(1.1.0.0..1.0) was synthesized by S~Ar reaction of o o ’-
dibromo-5.10-dimesiyltrypyrrane with a tripyrrolic compound. This hexaphyrin shows signals due to the outer
pyrrolic S-protons in the range of 4.76 ~ 3.78 ppm. Its bis-Pd(Il) complex shows a stronger paratropic
ring current by displaying signals due to the outer B-protons in the range of 2.40 ~ 0.70 ppm.['l On
the other hand, 5,10,23-trimesityl-substituted [28]heptaphyrin(1.1.0.0.1.0.0) was synthesized by p-
toluenesulfonic acid catayzed reaction between tetrapyrrolic BF2 complex and «,a’-dibromo-5.10-
dimesiyltrypyrrane. A very strong paratropic ring current was observed for its bis-Pd(Il) complex, which
shows signals due to the outer B-pyrrolic protons in the range of -1.06 ~ -1.90 ppm as a rare case.”) A
mixture of 5,18-dimesityl[20]orangrin and its BF2 complex was obtained by SnAr reaction of 5-mesityl-
a a’-dibromo BODIPY with a tripyrrolic compound.®! The free base orangarin shows signals due to the
outer f -protons in the range of 4.29 ~ 3.82 ppm and its BF> complex (these [20]orangarins are called as
3NH-orangarin since they have three inner pyrrolic NH protons) shows those in the range of 4.82 ~ 3.12
ppm. The BF2 complex was transformed into a cyclooctatetrane(COT)-centered orangarin dimer via selective
S-bromination, Ni(0)-catalyzed reductive coupling, and oxidative fusion reaction with DDQ and Sc(OTf)s.
The COT-centered [20]Jorangarin dimer was further dimerized by oxidation with MnO: to give COT-
centered [20]orangarin tetramer. The COT-centered [20]orangarin dimer and tetramer were mildly oxidized with
MnO: to produce the corresponding dimer and tetramer consisting of 2NH-orangarins, which
display characteristic strong absorption bands around 1000 ~ 1100 nm.
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Cofacial porphyrin dimers represent a promising class of supramolecular architectures for molecular recognition,
catalysis, and sensing applications. We developed a series of zinc porphyrins bearing chelating ligands at the
meso-phenyl positions that undergo cooperative, metal-ion-driven dimerization to yield face-to-face assemblies.
The parent compound, ZnPor(bpy)s, forms a stable dimer through coordination of four Zn?' ions, exhibiting a
distinct S-shaped titration curve that reflects cooperative Zn** binding [1] (Figure 1). UV—vis, NMR, ESI-MS, and
single-crystal X-ray analyses confirmed the tetrahedral Zn(bpy). coordination geometry linking the two porphyrin
units at an interplanar separation of ~5 A. The resulting dimer is remarkably stable, persisting even under dilute or
excess-metal conditions.

To enhance the structural rigidity and metal-binding strength of this system, the bipyridine ligand was replaced
with more rigid 1,10-phenanthroline groups, affording ZnPor(phen)s, which forms even more robust metal-ion-
bridged dimers [2]. The phenanthroline framework enhances cooperative assembly and structural rigidity, as
verified by MCR-ALS analysis, DOSY NMR, and ESI-MS analyses, revealing tetrahedral M(phen). linkages with
interporphyrin distances of 5.7-6.2 A.

To introduce accessible cavities, acetylene- and diacetylene-extended derivatives, ZnPor(Czbpy)s and
ZnPor(Cabpy)s, were also synthesized. These form Zn?*-bridged cofacial dimers with increased interplanar
distances estimated from '"H NMR data to be ~9 A and ~13 A, respectively. The larger ZnPor(Cabpy)s dimer acts
as a host molecule, selectively encapsulating 4,4'-bipyridine with a high association constant on the order of 10°
M, demonstrating size-selective host-guest recognition.

Beyond coordination-driven assembly, dynamic covalent chemistry was also explored as a complementary
route to thermodynamically stable architectures. An imine-forming reaction between a tetraaminoporphyrin and
2,6-diformylpyridine afforded a cage compound capable of encapsulating Ceo within its cavity.

These studies establish a versatile molecular design concept for constructing cavity-defined porphyrin dimers
through either coordination or covalent dynamic bonding. Such supramolecular systems provide versatile
platforms for switchable host—guest systems and multi-metal catalytic assemblies.

g
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Figure 1. Coordination-driven porphyrin dimers with different interporphyrin distances.
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From H;* to Porphyrinoids: An Excursion into the Wide
Land of Excited State Aromaticity and Antiaromaticity
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During the last decades, it has gradually become recognized that aromaticity and antiaromaticity impact on a number
of different properties and processes in the lowest electronically excited states.[1-4] Yet, it was concluded already
by Colin Baird in his pioneering 1972 paper that “The antiaromaticity associated with the triplet state of benzenoid
hydrocarbons is predicted to yield drastic changes in the intermolecular reactivity compared to the ground
state”.[5] We now know that the excited state aromaticity and antiaromaticity concepts (ESA & ESAA) can be
applied widely; from Hs",[6] the smallest and most abundant aromatic species in the Universe, to expanded
porphyrins and other macrocycles.[7-9] Simultaneously, we also gradually unravel the limitations, complications
and pitfalls of the concepts, realizing that some molecules are Hiickel-aromatic in their lowest excited states instead
of Baird-aromatic,[10] and that nm* states of heteroaromatics exhibit tug-of-wars between antiaromatic 2n ma spin-
components and aromatic 2n+1 7p spin-components which either result in a residual aromatic or antiaromatic
character.[11,12] In this talk, I will exemplify the wide utility of the ESA & ESAA concepts in studies that span
from the small triangular H3" cation to large porphyrinoids. What general conclusions can be drawn on aromaticity
and antiaromaticity effects in electronically excited states? How widely applicable are the concepts, and when do
we need to be cautious?

REFERENCES

1. H. Ottosson, Nat. Chem. 2012, 4, 929-931.

2. M. Rosenberg, C. Dahlstrand, K. Kilsa, H. Ottosson, Chem. Rev. 2014, 114, 5379-5425.

3. L.J. Karas, J. I. Wu, Nat. Chem. 2022, 14, 723-725.

4. J. Yan, T. Slanina, J. Bergman, H. Ottosson, Chem. Eur. J. 2023, 29, ¢202203748.

5. N. C. Baird, J. Am. Chem. Soc., 1972, 94, 4941-4948.

6. J. Toldo, J. Staab, E. Matito, C. Foroutan-Nejad, H. Ottosson, Chem. Sci., 2026, DOI: 10.1039/d5sc09067a
7. Y.M. Sung, M.-C. Yoon, J. M. Lim, H. Rath, K. Naoda, A. Osuka, D. Kim, Nat. Chem., 2015, 7, 418-422.
8. J.Kim, J. Oh, A. Osuka, D. Kim, Chem. Soc. Rev., 2022, 51, 268-292.

9. R. Ayub, O. El Bakouri, J. R. Smith, K. Jorner, H. Ottosson, J. Phys. Chem. A, 2021, 125, 570-584.

10. W. Zang, O. El Bakouri, D. W. Szczepanik, H. Bronstein, H. Ottosson, Chem. Sci. 2021, 12, 6159-6171.

11. N. Proos-Vedin, S. Escayola, S. Radenkovic, M. Sola, H. Ottosson, J. Phys. Chem. A, 2024, 128, 4493-4506.

12. N. Proos-Vedin, J. Toldo, S. Escayola, S. Radenkovic, M. Sola, H. Ottosson, J. Org. Chem., 2025, 90, 9743-
9756.

Copyright © 2026 Society of Porphyrins & Phthalocyanines



Fourteenth International Conference on Porphyrins and Phthalocyanines 265

Porphyrin—ruthenium cluster hybrids
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The replacement of skeleton atoms of a porphyrin with other atoms results in the formation of
heteroporphyrins. A distinctive subclass of heteroporphyrins is that of 21-metallaporphyrins, which feature a
metal atom in the position of one or two inner nitrogens of the porphyrin macrocycle. To date, a series of 21-
metalla-23-tellurporphyrins have been discovered, where the metal is Pd(IT), Pt(I), Pt(IV) and Rh(III), and 21,23-
dimetallaporphyrins, in which two metal ions in the porphyrin core are located in close proximity. Depending on
the electron configuration of the metal ion, metal-metal interaction may or may not be observed. [1] The synthesis
of the aforementioned compounds utilises 21,23-ditellurporphyrins as substrates. Metallaporphyrins exhibit
macrocyclic aromaticity characteristic of porphyrins, as evidenced by spectroscopic analysis. Interestingly,
unusual metallaantiaromaticity was observed for a differently constructed metallaporphyrinoid, 10-platinacorrole
complexes, obtained in H. Shinokubo group.[2]

The use of ruthenium, an element capable of forming n-bonds with the porphyrin skeleton, within the
context of metallaporphyrins, led us to obtain a whole series of compounds that can be categorised as porphyrin-
metal cluster hybrids. These compounds consist of a 21,23-diruthenaporphyrin macrocycle to which additional
ruthenium atoms are attached and stabilised by extra bridges and ligands. These systems are characterised by their
high rigidity and specific spectroscopic properties.

Ruthenium was also used in a synthesis based on tetratellurooctapyrin to obtain an expanded
metallaporphyrin. However, in this case, the crucial reaction in the synthesis of ruthenaporphyrins — converting
tellurophene to ruthenacyclopentadiene — terminated at an earlier stage. This resulted in the formation of a stable
model of an intermediate product in metallaporphyrin synthesis, containing both ruthenium and tellurium within a
6-membered ring. [3]
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