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Preface

In this book are gathered together all the abstracts of presentations given at the Ninth International conference
on Porphyrins and Phthalocyanines ICPP-9) in Nanjing China, July 3-8, 2016. A pdf version of this Book of
Abstracts is also available online on the congress webpage.

The thickness of this Book of Abstracts reflects the success of ICPP-9: 510 participants from 37 different
countries have contributed for a total of 540 abstracts, a record participation in ICPP history. This book is
a summary of the most recent progresses accomplished by the scientific community involved in all research
topics associated with porphyrins, phthalocyanines and related macrocycles.

The abstracts are divided into five categories as described below:

Plenary Lectures (3) designated as PLENARY pages 1-3
Award Lectures (10) designated as AWARDS pages 4-13
Oral Presentations (310) designated as ORAL pages 14-323
Poster Presentations (217) designated as POSTER pages 324-540

In the Table of Contents (page vii) are listed the presentations in each of the five above categories, arranged
following the alphabetical order of the name of their presenting author. The Author Index provided at the end
of this book is the exhaustive listing of all authors with the page numbers of their presentations.

The abstracts assembled here are all related to one of the 45 symposia organized by nearly one hundred
symposium organizers. The program book distributed to each participant and also available online contains
all the information on the schedule (time and place) of each of these abstracts. The contact details of each
participant is available as well.

Professor Karl M. Kadish, president of the Society of Porphyrins and Pthalocyanines, at University of
Houston and Yuanyuan Fang, congress secretary, are warmly thanked for their support and help during the
book preparation.

June 2016

Zhongping Ou
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Self-assembling Tetrapyrroles

Teodor Silviu Balaban

PLENARY

Aix-Marseille Université, CNRS UMR 7313, Centrale Marseille, Institut des Sciences Moléculaires de Marseille,
Chirosciences, Service 442, Avenue Escadrille Normandie-Niemen, F-13013 Marseille, France.
E-mail: ts.balaban@univ-amu fr

Green photosynthetic bacteria can capture light efficiently even at 100 m under water surface' thanks to their
special organelles, called chlorosomes, which agglomerate homologues of bacteriochlorophylls (BChl’s) ¢, d, e.
Chlorosomes are the most efficient natural antenna system whereby scarce photons can be harvested and
transformed into biochemical energy. After understanding how the self-assembly of these natural tetrapyrroles
operates,” our group has mimicked® and extended* the self-assembly algorithm by employing different recognition
motifs as well as various solubilizing groups grafted onto porphyrins,** chlorins,” and more recently
phthalocyanines.® Artificial light-harvesting constructs were thus designed and implemented into devices.” A
particular feature is related to the inherent chirality of the BChl’s. This lecture will address recent progress
towards understanding how the chirality of tetrapyrrolic tectons is translated at the supramolecular level upon self-
assembly, and how chiral helical superstructures are formed from an apparently achiral tecton, like meso-
tetrakis(4-sulfonatophenyl)porphyrin (TPPS,) 2
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N-Confused Corroles:
Novel Ligands for Higher Oxidation States of Metals

Hiroyuki Furuta

Department of Chemistry and Biochemistry, Kyushu University, Fukuoka 819-0395, Japan

Since the discovery of porphyrin isomer, N-confused porphyrin (NCP),' we have been involved in the porphyrin
analog chemistry, especially, that of confused porphyrinoids. The unexpected rich chemistry of NCP inspired us
to explore other confused porphyrinoids, which we call “confusion approach”,” and until now, various confused
porphyrinoids (expanded, contracted, isomeric) have been successfully synthesized and revealed their peculiar
chemistry.> Among them, however, the chemistry of contracted tetrapyrrolic macrocycle, corrole (N-confused
corroles, NCCs), remains mostly unexplored due to the presence of a set of confused isomers (NCC1-5), which
possess an NNNC core with different arrangement of the confused pyrrole ring (Figure 1).* To examine their
properties, we have synthesized various metal complexes of NCCs including Cu(Ill), Zn(II), Rh(III), and Ir(III)
metals. As expected, stabilization of higher oxidation states or anodic shifts of the oxidation potentials were
observed. Herein, the details of the structures and properties of NCC metal complexes are described.
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Figure 1. Structures of porphyrin, corrole and their isomers.
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U-Turn Electron Transfers in Chemistry and Biology

Nicholas F. Polizzi, Ting Jiang, David N. Beratan, and
Michael J. Therien

PLENARY

Department of Chemistry, French Family Science Center, 124 Science Drive, Duke University,
Durham, North Carolina 27708, USA

Prevailing views of biological electron transfer (ET) maintain that electrons traverse the shortest effective
pathway from a donor to an acceptor. We describe an efficient ET mechanism that requires the electron to travel
farther. In U-turn ET, light absorption polarizes donor electron density away from the acceptor to maximize the
yield of singlet ET products. We elucidate this strange electronic trajectory by employing a porphyrin-based
donor chromophore in which wavelength-selective electronic excitation produces oppositely polarized excited
states. Ultrafast pump-probe transient absorption experiments show that U-turn ET avoids donor excited-state
deactivation that occurs by intersystem crossing. This unrecognized paradigm is in fact very old: Purple bacteria
use U-turn ET in the primary event of photosynthesis. We examine the reasons that compel biology to muster U-
turn ET.
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Phthalocyanine-based multifunctional ensembles

Giovanni Bottari

Departamento de Quimica Organica, Universidad Autonoma de Madrid, Cantoblanco, 28049 Madrid, Spain and
IMDEA-Nanociencia, c/Faraday 9, Campus de Cantoblanco, 28049 Madrid, Spain;
e-mail:giovanni.bottari@uam.es

Phthalocyanines (Pcs) are planar, aromatic macrocycles that possess interesting optoelectronic features such as
high molar absorption coefficients and rich redox chemistry, properties which can be fine-tuned by varying the
nature of the Pc’s peripheral substituents and/or the metal center in the macrocycle’s inner cavity. As a
consequence of their synthetic versatility and unique physical properties, Pcs have been widely utilized as
building blocks for the preparation of molecular and supramolecular donor-acceptor (D-A) ensembles in which
photoinduced energy/electron transfer events can be triggered/modulated as a function of the electronic character
of the Pc molecular or supramolecular counterpart(s).'

In this context, the preparation and study of some Pc-based, D-A systems in which the porphyrinoid has been
connected, covalently or through supramolecular interactions, to molecular species with interesting structural and
electronic features such as endohedral metallofullerenes (Figure 1a),*® tetracyanobutadiene,® or polycyclic
aromatic hydrocarbons (PAHs) such as corannulenes and cyclopenta[ki]aceanthrylenes will be presented.
Additionally, some examples of appropriately-functionalized Pcs in which supramolecular interactions have been
used to promote i) the regio-, stereo- and atropselective synthesis of a non-tethered cis-1 Cg, fullerene bisadduct
racemate using a conceptually novel “supramolecular-directed” functionalization approach (Figure 1b)* and ii)
the formation of highly stable Pc H-aggregates which present reversible acid/base-controlled,
assembly/disassembly features (Figure 1¢)* will be shown.

Figure 1: Phthalocyanine-based molecular and supramolecular ensembles.
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Porphyrins, Phthalocyanines and Pdt — The Last 50 Years

Stanley B Brown

University of Leeds, Leeds, UK and Photopharmica Ltd, Leeds, UK

Porphyrins are key to life and phthalocyanines and other heterocyclics are major components of a host of
technological developments. Fifty years ago, the key steps in porphyrin biosynthesis had largely been elucidated,
but we were still discovering the huge range of biological activities with which haem and porphyrins are
associated, for example in the many manifestations of cytochromes P450. The detailed mechanisms of how haem
carries out its catalytic role in catalase, peroxidase, P450 and other enzymes were under intense study.

At the same time, the importance of the breakdown of haem was only being realised, with the discovery of haem
oxygenase, though its mechanism of action was largely unknown. This very mechanism, catabolic in the sense of
removal and breakdown of haem from haemoglobin through bilverdin and bilirubin (with its implications for
jaundice), was shown to be biosynthetic in plants and algae, where the bile pigments are functional units in
photosynthesis. In the 1970/80s, we were able to make some contributions to the greater understanding of these
processes in experiments which took us through a range of experiences from cannulating the bile duct of a rat and
following the subsequent breakdown of its haemoglobin under an 'O enriched atmosphere, to collection of
thermophyllic algae from Yellowstone National Park and following their biosynthesis of phycocyanine in the lab,
to studies on haemolytic jaundice in Scottish atlantic salmon.

It was inevitable that, with a broad interest in porphyrins, I should be drawn into PDT, especially since we had
published several papers on porphyrin aggregation around the time of Tom Doherty’s work on haematoporphyrin
derivative, a complex mixture of porphrin oligomers, eventually marketed (in slightly cleaned up form) as
Photofrin. This interest took us to much work on ALA as a PDT pro-drug and then to phthalocyanines and
eventually phenothiaziniums as novel PDT drugs. We established our own Company, Photopharmica Ltd, raised
funds to support the development of these photosensitisers, initially for cancer, but latterly as antimicrobial
agents, obtained several patents and embarked on Phase I and II clinical studies which have now been completed.
The chemistry, biology and clinical aspects of this work will be discussed, along with an appraisal of what the
future might hold.
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A Molecule for all Seasons: the Heme

Paolo Ascenzi® and Maurizio Brunori®

“University of Roma Tre, Department of Biology, Rome, Italy
®University of Rome “La Sapienza”, Department of Biochemical Sciences, Rome, Italy
(email:maurizio .brunori@uniromal .it)

If life without heme-Fe were at all possible, it would definitely be different. Indeed this complex and versatile
iron-porphyrin macrocycle upon binding to different “globins” yields hemeproteins crucial to sustain a variety of
vital jobs for the cell, generally classified, for convenience, within a limited number of functional families.
Over-and-above the repertoire of functions to be outlined, one should not underestimate the spectacular progress
in molecular genetics seen over the last 30 years, which led to the discovery of many hitherto unknown novel
hemeproteins in prokaryotes and eukaryotes.

In this talk I shall highlight a few basic aspects of the Chemistry of the hemeprotein universe, in particular those
relevant to the control of heme-Fe reactivity and specialization, as sculpted by sets of specific interactions with
different protein moieties. And in addition I shall focus on two quite interesting « novel » hemeproteins whose
physiopathological role is still a challenge.
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Some thoughts on the study of porphyrin and
phthalocyanine

Naisheng Chen

State Key Laboratory of Photocatalysis on Energy and Environment, College of Chemistry, Fuzhou University,
Fuzhou 350002, P. R. China

Porphyrin is a kind of widely existing in animals and plants, is the key material for carrying oxygen molecules in
breathe process and photosynthesis respectively. But, the phthalocyanine is the substance that has not be seen in
nature. Its source is the only way to artificial synthesis. However, because these two types of substances in the
composition of the same nitrogen complexes, having closed circular conjugate system on molecular structure, its

AWARDS

highly delocalized T electron, T electron number follow the Huckel 4n+2 rule, show the aromatic chemical
properties that is prone to electronphilic substitution reaction than the addition reaction and the oxidation reaction,
and similarity in the synthesis method and the application field.So,they was classified as the same research
field .Even so, due to the many differences in their composition and structure, we should pay more attention to
their special characteristics and to establish composition-structure-property-function relationship.

The development of the field of porphyrin and phthalocyanine, as in this fields of chemistry, is based on the
synthesis of new species. Every new composition or the new structure of the compounds appear, will drive the
development of related subjects, and even promote the progress of society and people's life style change. Now the
synthesis of new species should be based on the study of the composition-structure-property-function relationship
of existing species, and realize the design synthesis. Synthesis of these new species may form a scientific virtuous
cycle, people effectively prepare useful substances for humans and the environment to reduce the waste of
resources and environmental pollution.

By now, the researching team of porphyrin and phthalocyanine in China is growing, and the research results are
increasing day by day. We should strengthen the academic communication and cooperation between domestic
and foreign counterparts, focus on basic research and at the same time as far as possible change the new discovery
to a new invention even new product, and applied them to the current environment, energy, information, life and
other fields, for the benefit of mankind.
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Porphyrin supramolecular systems in aqueous solution:
chiroptical probes, multicomponent arrays and molecular
switches.

Alessandro D’Urso

Department of Chemical Science, University of Catania, Catania, Italy. adurso@unict.it

Nature has employed porphyrins in a wide range of biological systems and for a broad range of purposes.'
Chemists have been fascinated by the challenging syntheses of nature-inspired systems and always porphyrins
represent the attractive building blocks to design supramolecular complexes. However these molecules hide
manifold trouble; even if the peripheral charged groups make these macrocycles water-soluble, however
porphyrins remain mainly hydrophobic molecules, preserving the well-know tendency to aggregate. This
““‘dichotomy’’ is worthy of special attention because it plays a central role in the non-covalent syntheses of quite
complex porphyrin arrays.

Here we will present how a rationalization of the spontaneous self-assembly paradigm offer tremendous
potentialities to obtain a wide variety of complex systems, having specific functionality and properties. In
particular we will propose an overview of the our developments in non-covalent syntheses of multi-porphyrin
supramolecular species in aqueous solution: i) using chiral templates (biopolymers or inorganic complexes) we
transfer, detect and/or amplify the matrix handedness, observing for some of such systems the chiral memory
phenomenon;” ii) even we have proposed some metalloporphyrins as chiroptical probe for unusual DNA
conformation (Z-DNA), demonstrating the ability of porphyrins to sense the DNA helix handedness, even in
competitive environment (embedded between two portions in B-form);’ iii) combining calixarenes and porphyrins
is possible to obtain multicomponent arrays, governed by precise hierarchical rules, which together with a rational
functionalization of the molecular components leads to supramolecular entities of well-defined and tunable
stoichiometry.* Finally we are investigate the potency of porphyrins as a proteasome inhibitor, which is the new
strategy to cure of tumors.’
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Boron Dipyrromethenes and Related Systems: Synthesis,
Reactivity and Property

Lijuan Jiao®
*College of Chemistry and Materials Science, Anhui Normal University, Wuhu, Anhui, China 241000.

Boron dipyrromethenes (BODIPYs) have received intense research interests due to their excellent chemical and
physical properties, and has found wide applications in various research fields." In this area, over the last few
years, my research group has been devoted to the development of alternative and improved new synthetic
platforms and methodologies for the facile synthesis and fine tune of BODIPY dyes and related systems,
investigated their reactivity, property and potential applications. In specific, we have (i) developed a set of
alternative and improved new methodologies™” for the facile access to functionalized BODIPYs, based either on
the de novo synthesis of novel BODIPY platforms® (3,5-diiodoBODIPY and 3-halogenated benzoBODIPY) or on
a set of new regioselective postfunctionalization methodologies for the BODIPY core’, including B-formylation®
®, a-chorination with CuCl,*, and the stepwise bromination with liquid bromine®; (ii) synthesized a series of
novel functional dyes (like far-red to near-infrared BODIPYs* and bisBODIPYs’) and photosensitizers‘“”Sc for
biomedical applications; (iii) the development of a set of new methodologies for the facile access of the
pyrrolyldipyrromethene skeleton®, the core structure for prodigiosin derivatives, including the first one-pot
synthesis of pyrrolyldipyrromethene®™®, featuring with easy and readily accessible starting materials and the
avoiding use of expensive transition metal catalyst; iv) the synthesis of a series of prodigiosenes and their boron
complexes (pyrrolylBODIPYSs). Herein, we discuss each of these research areas, giving an overview of these past
achievements by my group as well as a sense of our current and future goals.
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Synthetic Porphyrinoids Chemistry

Atsuhiro Osuka

Department of Chemistry, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan

In recent years, porphyrinoids have emerged as promising functional molecules, which possess characteristic
properties that are not shared by normal porphyrins. In the last three decades, we have been continuously
exploring novel porphyrinoids including 1) extremely long meso-meso linked porphyrin arrays, 2) extensively m-
conjugated porphyrin tapes, 3) meso-aryl substituted expanded porphyrins, 4) M6bius aromatic and antiaromatic
expanded porphyrins, 5) porphyrin pincer molecules, and 6) ring-contracted subporphyrinato borons. In this
presentation, the chemistry of these representative porphyrinoids will be provided.

meso-meso linked
porphyrin arrays Ar

porphyrin tapes

Ar
Ar Ar
Ar Ar M2
Ar Arin a

Ar
meso-aryl substituted = Mdbius aromatic molecules porphyrin pincer complexes ring-contracted
expanded porphyrins subporphyrinato borons
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Non-porphyrin pyrrolic macrocycles

Jonathan L. Sessler®®

“The University of Texas at Austin
*Shanghai University

This lecture will summarize efforts in the Sessler group to develop and study non-porphyrinic macrocycles. Early
work on expanded porphyrins will be reviewed briefly with an emphasis on texaphyrins at potential therapeutics
and beta-pyrrole substituted expanded porphyrins as receptors for anions and cations. Newer work with expanded
porphyrins involving studies of their electronic properties, including anti- and semi-aromaticity effects, and as
building blocks for self-assembly will also be included. Much of the presentation will focus on so-called
calixpyrroles, non-conjugated pyrrolic macrocycles that are formal analogues of porphyrinogens. Their use as
anion and ion pair receptors will be discussed in the context of creating extractants and transporters that may be
useful in addressing several real-world problems. Studies of modified calixpyrroles as precursors for the creation
of non-covalent electron transfer model systems, logic devices, non-covalent oligomers, ion flux regulators, and
sensors will be reported. Further insights can be gleaned from the selected references below.

This work has benefited from support from the U.S. National Science Foundation, the U.S. Department of Energy,
Office of Basic Energy Sciences, the Robert A. Welch Foundation, the Korean World Class University program,
and Shanghai University. Collaborations with a number of groups, including but not limited to those of Profs.
Dongho Kim, Shunichi Fukuzumi, Jong Seung Kim, Philip A. Gale, Injae Shin, Christopher Bielawski, Eric
Anslyn, Christophe Bucher, Dirk Guldi, Pradeepta Panda, Changhee Lee, Jan Jeppesen, and Tomas Torres, are
also gratefully acknowledged. This work could not have been accomplished without the help and dedication of
many, many talented undergraduate and graduate students and postdoctoral fellows. I am in their debt.
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Design and Creation of Novel Porphyrinoids Based on the
Structure-Property Relationship

Soji Shimizu
Department of Chemistry and Biochemistry, Graduate School of Engineering, Kyushu University, Fukuoka 819-
0395, Japan (email: ssoji@cstf kyushu-u.ac.jp)

Porphyrins and phthalocyanines are fascinating conjugated molecules due to their unique optical and
electrochemical properties arising from the 18m-electron conjugated system. Structural modification of these
molecules by contraction and expansion of the conjugated systems, changes in the molecular symmetries, and so
forth, which directly provides significant perturbation to their properties, has been an important research direction,
and the knowledge of the structure-property relationship has been accumulated during the long history of the
porphyrin and phthalocyanine chemistry. In order to further enrich the molecular chemistry of porphyrinoids
towards application studies relating to the photo-energy conversion, such as photodynamic therapy, organic
photovoltaics, and organic electronics, we have designed and synthesized a various kind of novel contracted, core-
modified, expanded, and peripherally-functionalized porphyrinoids,'” based on the structure-property
relationship of porphyrinoids, especially from the view point of spectroscopic properties as well as
supramolecular interactions. On the occasion of the award lecture, two porphyrinoids synthesized in our recent
research,  peripherally  tetrathiafulvalene = (TTF)-annulated i i
phthalocyanine (Pc) and its w-oxo oligomers™ and aza-BODIPYs, .&
a half structure of phthalocyanines,” will be presented. The TTF- et
annulated Pc systems were designed as a molecular wire, in which e
molecular alignment can be controlled in a supramolecular .
manner, while a new synthetic method of aza-BODIPYs, which
was aimed for improving fluorescent properties in the near infrared

b
TTF-fused i
(TTF-fused Pc) oo

region, was established using Schiff base forming reaction of e, ]+ [mm' ' JTeTes :
lactams and heteroaromatic amines. In the presentation, our recent oL ’ 0 | owere Y
trial of the application studies on organic photovoltaics and organic @fﬁ*;"« W, @N;?N\:’D
rechargeable batteries using these novel porphyrinoids will also be e m bt
reported~ BT woeee AaniBODIPYs
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Phthalocyanines: Old dyes, New Molecular Materials

Tomas Torres

Departamento de Quimica Organica, Universidad Autonoma de Madrid, Cantoblanco, 28049 Madrid, Spain and
IMDEA-Nanociencia, c/Faraday 9, Campus de Cantoblanco, 28049 Madrid, Spain;
e-mail:tomas.torres@uam.es

Phthalocyanines (Pcs)' have emerged as excellent light harvesting antennas for incorporation into D-A systems,
mainly in connection with carbon nanostructures, like endohedral metallofullerenes, SWCNT and graphene, as
acceptor or donor moieties, in which the Pc has been attached, covalently or through supramolecular interactions.
They are among the few molecules that reveal an intense red and NIR absorption and therefore, constitute also
promising dyes in molecular photovoltaics. On the other hand Subphthalocyanines (SubPcs),” are intriguing
compounds. Their 14 pi-electron aromatic core associated with their curved structures render them also appealing
building blocks for the construction of multicomponent photo- or electroactive assemblies. Recently, the
development of an improved synthetic methodology for axially substituted SubPc allowed the efficient synthesis
of a variety of SubPc-based hybrids. To enhance the understanding of the nature of these curve pi-extended
surfaces, we have undertaken a series of studies, including the synthesis and characterization of SubPc-based
capsules. SubPc pi-systems can be also organized at supramolecular level. During this talk an overview of the
results obtained by our group in the field of Pcs and SubPcs during the last few years will be shown.

AWARDS

Figure 1: Phthalocyanine-based supramolecular ensemble.
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Spectroscopy and Raman imaging studies of
phthalocyanines in diagnostics and treatment of cancer in
human tissue- submitted to the International Conference on
Porphyrins and Phthalocyanines

Halina Abramczyk, Beata Brozek-Ptuska

* Technical University of Lodz, Institute of Applied Radiation Chemistry, Laboratory of Laser Molecular
Spectroscopy, Wroblewskiego 15, 93-590 Lodz, Poland.

We will discuss some fundamental properties of phthalocyanines in solutions, films and at biological interfaces of
human cancerous and noncancerous tissues using conventional and new emerging methods of molecular
spectroscopy. We will introduce also some fundamental principles of Raman imaging as a new, emerging and
noninvasive technology of tissues mapping to monitor distribution and localization of photosensitizers in live cells
and human tissues. The applications of the femtosecond pump-probe transient absorption spectroscopy of
phthalocyanines will also be discussed. The properties of phthalocyanines will be based on results obtained in our
laboratory for zinc and aluminum phthalocyanines.

We will demonstrate how the combination of Raman spectroscopy, IR spectroscopy, femtosecond spectroscopy,
fluorescence imaging and Raman imaging techniques can be used to obtain unique insight into vibrational features
of cell/ tissue and intracellular processes occurring on the time scale from femtoseconds to nanoseconds in normal
and cancerous human tissues as well as localization of photosensitizers.

Acknowledgements
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The extraordinary energy transfer capabilities of the
phycobilisome

N. Adir', S. Bar Zvi', R. Ben Harosh', L. David', S. Ghosh', D. Harris', O. Tal', I.
Eisenbergz, N. Keren®, Y. Paltiel?, C. Nganou4, M. Mkandawire*, R.E.
Blankenship®, D. Kirilovsky®

!Schulich Faculty of Chemistry, Technion, Technion City, Haifa Israe; 2Applied Physics and *Life Sciences,
Hebrew University in Jerusalem, Israel;*Cape Breton University, Sydney, Canada; *Depts. of Chemistry and
Biology, Washington University St. Louis USA; SCEA CNRS Univ. Paris-Saclay, France

The phycobilisome (PBS) pigment-protein complex is the main antenna in cyanobacteria and red algae. PBS
function appears to be far more robust than expected when analyzed in vivo and in vitro, performing internal
energy transfer over large distances in a wide spectrum of configurations and surroundings. In the past, a major
issue in the study of the PBS is its inherent lack of stability. Although containing a class of proteins call linker
proteins, assumed to provide functional and assembly directionality, upon isolation in buffers close to or below
the ionic strength of the cytoplasm, the PBS disassembles and the linkers are lost. We have developed cross-
linking methods for stabilization of the PBS in low salt without losing functionality, allowing the analyses of the
entire PBS using: crystallography, single particle reconstruction from Cryo-TEM images [1], ultra-fast [2] and
high-resolution surface spectroscopies [3]. We have utilized these structures to suggest the unique properties of
the PBS, and to identify the differences between species that live in different environments. The robustness of the
PBS components suggests that they could be used in non-biological settings according to quantum principles.
There are significant scientific challenges to real world applications of phycobiliproteins in such devices,
including de-coherence that erodes operation of a quantum device and control issues. We have used isolated
Phycocyanin (PC) that self-assembles into bundles of nanowires [3]. These nanowires exhibit long range energy
transfer through hundreds of individual units.

In addition, we have used coupled cross-linking/mass spectrometry to identify more precisely the interaction
interfaces between subunits along the energy transfer pathway, as well as control sites that can alter the flow of
energy to avoid photodamage. This includes a new model for the interaction between the PBS and the Orange
Carotenoid Protein (OCP). The OCP has been found to be activated under strong illumination, and in its activated
form can almost totally inhibit energy transfer to the reaction centers in vivo as well as quench PBS fluorescence
in vitro [4]. Previous models could not explain how an external small protein could have an effect of the internal
chromophores of the PBS. In the model presented here, we will show how protein-protein interactions alter the
PBS structure and chromophore environments.

Acknowledgements: this work is supported by the US-Israel Bi-National Science Foundation (2009406 and
2014395) and the Israel Science Foundation (1576/12)
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High-valent iron phthalocyanine, porphyrin and
porphyrazine p - dimers: the insights from spectroscopies
and DFT calculations

Pavel Afanasiev

Institut de Recherches sur la Catalyse et I’Environnement de Lyon, IRCELYON, UMR 5256, CNRS — Université
Lyon 1, 2, av. Albert Einstein, 69626, Villeurbanne, France.

Nitrogen, carbon and oxygen-bridged diiron porphyrin and phthalocyanine complexes have been intensely
investigated during the last years. Recently the interest to these macrocyclic binuclear complexes have been
renewed after discovery of interesting catalytic properties of in the oxidation of hydrocarbons, formation of C-C
bonds and oxidative dehalogenation of poly- and perfluorinated aromatics [1-3]. pu-Nitrido diiron phthalocyanine
[PcFe**NFe°Pc]’ is a particularly efficient catalyst, able to catalyse the oxidation of methane under near-
ambient conditions.

Our goal was to understand electronic properties of these complexes and to propose a rationale for the exceptional
activity of p-nitrido dimers. We compared the properties of structurally similar p-carbido, p-nitrido and p-oxo
dimers of iron phthalocyanine, porphyrin and porphyrazine. Extended X-ray fine structure spectroscopy, high
resolution X-ray emission spectroscopy and resonant inelastic X-ray scattering were applied to study geometry
and electronic structure of iron species in the series. The data provided by core hole spectroscopies were
compared to the results of DFT calculations and provide a coherent description of the structural and electronic
properties of complexes as a function of the nature of axial atom and of macrocycle. All complexes have
equivalent iron centers with formal iron oxidation degree of 3, 3.5 and 4 for the p-oxo, p-nitrido and p-carbido
dimers, respectively. However the bond length to the bringing atom changed in an unexpected sequence Fe-O >
Fe-N < Fe-C. According to the X-ray emission spectroscopy, the p-nitrido dimers are low spin compounds, with
the highest covalency in the series. At the same time, red-ox non-innocence of the brigding p-carbido ligand was
supposed.

The DFT calculated geometry and electronic structures, as well as core-hole spectra of hypothetical high-valent
oxo-complexes were compared in order to explain catalytic activity trends and to estimate the prospects of
spectroscopic observing of such species. The possibilities of EXAFS and XES techniques to detect such species
are critically analysed. It appears that the terminal Fe=O bond is the longest in the oxo complex of nitride dimers
due to strong trans-effect of nitrido-ligand. The corresponding LUMO of the oxo complexes has the lowest energy
within the series explaining their highest oxidative power. Combined experimental and theoretical studies show
that catalytic properties can be tuned by the appropriate structural modifications of the macrocycle.
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Delocalization and Electron Transfer in Conjugated Systems

Bo Albinsson

Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Gothenburg, Sweden

Delocalization in large conjugated organic systems has a profound influence on the performance of photo voltaic
devices such as bulk heterojunction solar cells. In this talk I will discuss two systems where we have studied how
the degree of delocalization governs the rate of charge separation and triplet-triplet annihilation up-conversion
(TTA-UC), respectively.

In the first example, electron transfer reactions in fullerene
appended porphyrin oligomers, P-Cq, were found to de-
pend strongly on the conformation of the porphyrin oligo-
mer. It was shown how excitation of different conformations
or restriction of oligomer conformation through chemical
templating greatly affects the rates and efficiency of the
charge separation. Twisted conformers of P,-Cg, showed a
4 times faster charge separation rate compared to planar conformers.' For longer oligomers, excitation of twisted
conformers can have the opposite effect since excitation energy could localize too far away from the fullerene
electron acceptor for efficient charge
separation.

In the second example, I will discuss
how rapid triplet excitation energy mi-
gration in conjugated 9,10-
diphenylanthracene (DPA) oligomers
and dendrimers sustain TTA-UC. The
dendrimer is sensitized two times
through triplet energy transfer from a
non-covalently associated porphyrin and
rapid triplet energy migration leads to
efficient up-conversion without the need
for diffusion.’ It is expected that further
development of this system will lead to
an efficient platform for diffusion free
TTA-UC in solid matrices.
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Structural Basis for Heme Acquisition in Corynebacterium
glutamicum

Shigetoshi Aono

Okazaki Institute for Integrative Bioscience & Institute for Molecular Science, National Institutes of Natural
Sciences, 5-1 Higashiyama, Myodaiji, Okazaki 444-8787, Japan

Heme can be used as an iron source by some pathogenic bacteria, which have the heme acquisition system(s) to
uptake heme. The typical heme acquisition system comprises several heme-binding proteins and an ABC
transporter. The ABC heme transporter, HmuT-HmuUV is conserved in Gram-positive and Gram-negative
bacteria. In this heme transporter system, HmuT, HmuU, and HmuV act as a substrate (heme)-binding protein, a
heme permease, and an ATP-binding protein, respectively.

In this study, the crystal structure of the heme-binding protein HmuT (CgHmuT) from Gram-positive bacterium
Corynebacterium glutamicum will be reported at 1.4 A resolution. The overall structure of CgHmuT reveals a bi-
lobed topology formed by an N- and C-terminal domain. A heme molecule coordinated by His141 and Tyr242 is
bound in a cleft between the N- and C-terminal domains. Though the global fold of CgHmuT is similar to that of
HmuT from Yersinia pestis (YpHmuT), the coordination structure of the heme is different from each other. While
two heme molecules are bound to YpHmuT, CgHmuT binds a single heme molecule with His141 and Tyr242 as
the axial ligands.

Intriguingly, CgHmuT binds a heme with two different orientations. Though the previously reported heme-
binding proteins have the interaction between proteins and heme propionate groups in addition to axial ligation to
iron, such interactions with heme propionates are absent in CgHmuT. The presence of two different
conformations in CgHmuT might be due to a lack of specific interactions between the heme and protein except for
the axial ligations.

EPR spectroscopy reveals the heme in CgHmuT is a mixture of high-spin and low-spin states, indicating one of
the axial ligand of the heme is in equilibrium between the ligated and unligated states. EPR spectra of wild-type,
HI141A-, and Y242A-CgHmuT suggest His141 will be reversibly dissociated/associated from/to the heme. The
equilibrium between the six- and five-coordinate states in CgHmuT would be responsible for the regulation of
heme-binding affinity to control the heme transport reaction between CgHmuT and HmuUV.

The crystal structures of H141A and Y242A variants have also been determined in this study. I will discuss the
molecular mechanism of heme recognition and heme transport by CgHmuT based on these structures.
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Ferrocene substituted chlorins — synthesis and properties

Anna |. Arkhypchuk, Eszter Borbas
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Uppsala, Sweden

Chlorins are tetrapyrroles with one reduced double bond compared to porphyrins. They widely used in biological
imaging and sensing applications, as well as in photodynamic therapy (PDT).' Recently, we started project were
chlorins are utilized as light harvesting antennae for different responsive units, for example near infrared-emissive
lanthanide complexes.” The obtained dyads are not only linear combinations of the subunits, but have properties
which are distinct from those of the separate building blocks. Thus, the introduction of the electrochemically
responsive ferrocene unit is particularly attractive. Combining ferrocene with chlorin cores would give rise to a
new series of the compounds. We developed two synthetic protocols which allow the preparation of ferrocenes
bearing one or two chlorin units in just 4 steps, with an overall yield reaching 11% and 40%, respectively. Details
of the synthesis, as well as a detailed study of the electrochemical and optical properties of the compounds will be

presented.
-
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Synthesis and characterization of out-of-plane corrole
complexes with large electropositive metals

John Arnold
Department of Chemistry, University of California, Berkeley, CA 94720-1460

This presentation will focus on our recent studies aimed at preparing unusual corrole complexes with alkali- early
transition-, lanthanide-, and actinide metals. Through a combination of two main synthetic routes, we have been
able to isolate and fully characterize the first examples of corrole complexes from a number of different groups
across the periodic table.

Molecular structure of lanthanum corrole 1-4.5DME, determined by single-crystal X-ray diffraction.
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Light Induced Electron Transfer in Fused Porphyrin-
Imidazole-Phenol and Porphyrin-Catalyst Dyads as
Biomimetic Models of PSII.
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b Department of Chemistry, University of Crete, Laboratory of Bioinorganic Chemistry, Voutes Campus, P.O. Box
2208, 71003, Heraklion, Crete, Greece

¢ Institut de Chimie Moléculaire et des Matériaux d’Orsay, UMR-CNRS 8182, Université Paris-Sud XI, F-91405
Orsay, France

d Institut des Sciences Moléculaires de Marseille ISM2, UMR 7313, Aix Marseille Université, CNRS, Centrale
Marseille, F-13397 Marseille Cedex 20, France

Photosystem II is the enzyme in the photosynthetic machinery that captures sunlight to oxidise water through a
four-electron and four-proton process. As such this enzyme holds all the chemical facets to perform one of the
most desirable photochemical transformation for the development of a solar-based fuel. In effect, chemists are
developing chemical assemblies that can reproduce the photochemical and catalytic events to use sunlight to split
water. Beyond the foreseeable technological deployment, this research has also helped to gain more insights in the
understanding of these natural processes. We are currently developing supramolecular assemblies consisting a
porphyrin chromophore an electron relay and a catalyst as minimalist models of Photosystem II. We will discuss
on our latest findings in this field.

1. Synergistic "ping-pong" energy transfer for efficient light activation in a chromophore-catalyst dyad. A.
Quaranta, G. Charalambidis, C. Herrero, S. Margiola, W. Leibl, A. Coutsolelos, A. Aukauloo, Phys.
Chem. Chem. Phys., 2015, 17, 24166-24172

2. '"Intramolecular photoinduced electron transfer in cobalt(Il) chlathrochelate-zinc porphyrin assemblies
leading to long-lived Co(I) species. " Sanae El Ghachtouli, Guillot Régis, Winfried Leibl, Aukauloo Ally
Porphyrins Phthalocyanines 2014, 18, 1125-1130

3. Successive light-induced two electron transfers in a Ru-Fe supramolecular assembly: from Ru-Fe(II)-
OH2 to Ru-Fe(IV)-oxo. C. Herrero, A. Quaranta, M. Sircoglou, K. Senechal-David, A. Baron, I. M.
Marin, C. Buron, J.-P. Baltaze, W. Leibl, A. Aukauloo, F. Banse, Chem. Sci., 2015, 6, 2323-2327

4. Fused Porphyrin-Imidazole-Phenol Dyad as Biomimetic Models of Light Regulated Electron Transfer
Initiator of PSII. (Manuscript)
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Organic Electronics of Phthalocyanines Assisted by
Electric Double Layers in lonic Liquids

Kunio Awaga

Department of Chemistry & Research Center for Materials Science, Nagoya University

Charge carrier control is a key issue in the development of electronic functions of semiconductive materials.
Beyond the simple enhancement of conductivity, high charge carrier accumulation can realize various phenomena,
such as optoelectronic conversion and chemical reaction, magnetic ordering, and superconductivity. Electric
double layers (EDLs), formed at solid-electrolyte interfaces, induce extremely large electric fields. This results in
a high charge carrier accumulation in the solid, much more effectively than solid dielectric materials. In the
application of the EDLs to organic electronics, phthalocyanines (Pcs) are promising materials, because they can
form highly-oriented robust thin-films, which are insoluble in the electrolytes even under the carrier injection
porcesses.

In this presentation, we firstly describe recent developments in the field-effect transistors (FETSs) of Pcs with gate
dielectrics of ionic liquids (ILs)," which have attracted much attention due to their wide electrochemical windows,
low vapor pressures, and high chemical and physical stability. After discussing the factors controlling the mobility
and threshold voltage in these types of IL-FETs, and showing the ionic liquid dependence of the transistor
performance, we describe the control of ambipolar performance of the IL-Pc-FETs.

Secondly, we report a novel architecture of photodetectors utilizing the transient photocurrent response, having a
[Metal/Ionic Liquid/Phthalocyanine/Metal] structure. The high capacitance of the formed electric double layers at
the ionic liquid interfaces is concluded to yield high charge separation efficiency within the phthalocyanine layer.’
We demonstrate the intrinsic benefits of these photodetectors, namely their effective operation under high steady-
state lighting, responding only to changes in light intensity, and their ability to react to several light sources
simultaneously.
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Controlled Self-assembly of Porphyrin and Applications

Yong Zhong?, Jiefei Wang?, Yanqiu Liu®, Na Zhang?, Feng Bai®

* Key Laboratory for Special Functional Materials of the Ministry of Education, Henan University, Kaifeng
475004, China

Porphyrin self-assembly nanomaterials, as visible-light harvesting materials in the artificial photosynthetic
systems that mimic natural photosynthesis, have been well designed and developed via molecular self-assembly
with non-covalent interactions including electrostatic force, metal-ligand coordination, 7-7t stacking, hydrogen
bonding as well as host-guest interactions!™. And porphyrin self-assembly with well-defined structures have
drawn much attention in a wide range of fields including light-energy conversion, photonics as well as
photodynamic therapy due to their attractive photophysical, photochemical and electronic properties in the
visible-light region. We report a surfactant self-assembly induced micelle encapsulation method to fabricate
porphyrin nanocrystals using the optically active precursor zinc porphyrin (ZnTPP). Through confined non-
covalent interactions of ZnTPP within surfactant micelles, nanocrystals with a series of morphologies including
nanodisk, tetragonal rod, and hexagonal rod, as well as amorphous spherical particle are synthesized with
controlled size and dimension®*~!. A phase diagram that describes morphology control is achieved via kinetically
controlled nucleation and growth as shown in Figure 1. Due to the spatial ordering of ZnTPP, the hierarchical
nanocrystals exhibit both collective optical properties resulted from coupling of molecular ZnTPP and shape
dependent photocatalytic activities in photo degradation of methyl orange (MO) pollutants.
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Figure 1. Nanocrystal morphology evolution with the surfactant concentration and pH
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Conjugated supramolecular materials for electro-optical
applications

Dario M. Bassani®

*Institute of Molecular Sciences, CNRS UMR5255, Univ. of Bordeaux, France

The assembly of small molecules into active materials is a major aspect of bottom-up engineering for organic
electronic devices. With this in mind, we investigate the use of molecular recognition motifs to direct the
formation of selected architectures possessing unique ground- and excited-state electronic properties. In this
approach, designed non-covalent interactions are used to direct the spatial arrangement of electro- and photo-
active compounds in view of imparting specific functionalities such as energy transfer in photo- and electro-
luminescent devices, or controlling the emission polarization in fullerene self-assembled ribbons. Various
examples will be presented, coveting the reversible morphological transitions between different architectures and
the use of H-bonding to either promote complete mixing of different chromophores or their phase separation in
response to a self-sorting behavior.
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Boron Subphthalocyanines and Boron
Subnaphthalocyanines; Very Versatile Materials with
Robust Chemistry for Application in Organic Photovoltaics

Timothy P Bender®*"*

a University of Toronto, Department of Chemical Engineering & Applied Chemistry, 200 College Street, Toronto,
Ontario, Canada. M5S 3ES.

b Department of Chemistry, University of Toronto, 80 St. George Street, Toronto, Ontario, Canada, M5S 3H6

¢ Department of Materials Science and Engineering, University of Toronto, 184 College Street, Toronto, Ontario,
Canada M5S 3E4

For some time, our group has been focused on the design and synthesis of derivatives of boron subphthalocyanine
(BsubPc)[1] for application in organic electronics[2] with a specific focus on organic photovoltaics and light
emitting diodes; during this presentation however I will focus specifically on their application in organic
photovoltaics. I will begin by focusing on our efforts with regards to synthetic variants of BsubPcs and their
application in planar heterojunction organic photovoltaic cells (OPVs, organic solar cells, OSCs). After
summarizing this work, I will then outline our very recent results where we took BsubPc based planar
heterojunction OSCs and put them in the ambient environment on

the roof of our building in downtown Toronto during the summer O

of 2015. What we found was that during that time, the BsubPc
based cells were remarkably stable. We were able to form a
structure property relationship to their stability in the ambient \N
environment. Recently, we have also shown that BsubPcs are \ il >:\/
deficient triplet harvesters from pentacene.[3,4] They are amongst

only a few materials known to facilitate this process.

In parallel we have also been exploring the concept of

complementary absorption engineering by either the chemical modification of BsubPcs or by pairing BsubPcs
with alternative materials having complementary absorption profiles. For example, I would outline or
unpublished or recently published activities where we have shown that a highly substituted BsubPc can yield a red
shifted absorption profile of approximately 100 nm.  This shift is equivalent to that of boron
subnaphthalocyanines (BsubNcs). We have also recently been exploring the chemistry of BsubNcs themselves. 1
will outline our results and the application of our BsubNcs in OPVs.[5] Time permitting, I will also outline the
pairing of a BsubPc with phosphorus tetrabenzotriazacorrole (a phthalocyanine analogue) which yielded a unique
gray organic photovoltaic cell and our group’s recent exploration of the bulk-heterojunction OPV space whereby
BsubPcs are fullerene alternatives, although we are not the first to do so.[6]

OO
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Photosensitizers for Antibacterial PDT: Synthesis, Singlet
Oxygen Generation, Hydrophilicity Control and Toxicity
Assays

Dmitry B. Berezin®, Andrey V. Kustov®®, Evgeniy A. Venediktov®,
Vladimir V. Makarov®, Sergey O. Kruchin®, Dmitry V. Belykh®

“Research Institute of Macroheterocycles, Ivanovo State University of Chemistry and Tekhnology, 7,
Sheremetevskiy Ave., Ivanovo-153000, Russian Federation; e-mail: berezin@isuct.ru

b Krestov Institute of Solution Chemistry of Russian Academy of Science, 1, Akademicheskaya St., Ivanovo-
153045, Russian Federation

¢ Ivanovo State Medical Academy,8, Sheremetevskiy Ave., Ivanovo-153000, Russian Federation

? Institute of Chemistry of Komi Research Center of Ural Division of Russian Academy of Science, 48,
Pervomayskaya St., Syktyvkar-167982, Russian Federation

The significant increase of resistance of many pathogenic microorganisms to widely used antibiotics and
antiseptics is the major reason for searching new low toxic drugs with a sufficient therapeutic width. Bacteria
reveal many mechanisms for adaptation to antibiotics promoting the increase of strains resistance. The alternative
way of treatment which allows to suppress pathogenic flora is the antibacterial photodynamic therapy (PDT)'. As
for the case of treating tumors drugs (photosensitizers, PS) here, being located into an inflammation seat, produce
under light action reactive oxygen species that destroy bacterial cells and stimulate regenerative processes. In
comparison with antibiotics an antibacterial action of PDT is not weakened during the treatment as bacteria are
not able to cultivate mechanisms to become resistant towards oxygen reactive species.

Our work is aimed not only on the synthesis and spectral identification of new porphyrin, chlorin, phthalocyanine
and corrole PS containing biologically active fragments such as pipirazine, quinoxaline-N-oxide, etc., but suggest
broad photo-physical, thermodynamic and microbiological study. PS behavior in a solid state and solutions is
studied with different techniques including calorimetry, spectroscopy and solubility. Biologically active sites of
macrocyclic platform of PS are designed to increase solubility of the molecule in polar media, provide better
penetration through cell membranes and an additional antibacterial effect.

The hydrophilicity of PS is studied by UV-Vis and fluorescent spectroscopy in relation to their association in a
water-rich media. The solubility in presence of different surfactants as well as distribution coefficients in the
system water — 1-octanol for PS is measured. Efficiency of potential PS is proved by their low aggregation degree
in model solutions causing acceptable photo-physical parameters as red-shifted Q-band in the absorption spectra,
high yield and lifetime of singlet oxygen. The photo-physical, microbiological and histological studies performed
provide the important information about sensitizers ability to generate singlet oxygen under various conditions,
their antibacterial action towards standard and antibiotic-resistant strains, toxicity for laboratory animals.

This work was supported by the Russian Scientific Foundation (Grant 15-13-00096).
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Insights into Sensitivity and Distinctive Chiroptical
Response of Arylporphyrins in Molecular and
Supramolecular systems

Nina Berova® and Ana G. Petrovic®?
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The usefulness of Electronic Circular Dichroism (ECD) in the structural studies of chiral molecular and
supramolecular arrays that contain porphyrins or metalloporphyrins is already widely recognized. Due to unique
combination of favorable geometric and electronic features the spectroscopic response by porphyrins can provide
rich and sensitive informations not only regarding the substrate structure itself but also for the effect of
environmental conditions. A single CD Cotton effect in the Soret region, a bisignate CD curve when a through-
space porphyrin—porphyrin exciton coupling takes place or a distinctive set of multiple CD bands in case two or
more porphyrins adopt a chiral mutual orientation at a very close distance at ca. 3-4 A demonstrate the porphyrin
multifaceted CD response. Importantly, the latter can be observed either when the porphyrins or
metalloporphyrins are covalently attached to a chiral scaffold or when they interact non-covalently with chiral
hosts forming supramolecular host-guest complexes or aggregates'. Yet, in more complicated cases the
relationship between the experimental ECD response within porphyrin Soret band and the most probable
molecular or supramolecuar structure cannot be rationalized without a thorough computational analysis with also
attention to environmental factors.

In this presentation we will discus some recent results that illustrate the application of porphyrins as a versatile
chiroptical sensors and will address some still existing limitations in the analysis. The first examples include
covalently linked porphyrins to achiral scafolds forming the so called, tweezers®, then linked to chiral
biopolymers, such as DNA™, peptide nucleic acids (PNA)*, and to locked nucleic acids (LNA)’. Finally, we will
also discuss non-covalent DNA-porphyrin inter-molecular interactions where a conformational transition from
right-handed B-DNA to left-handed Z-DNA can sensitively be monitored by a dual CD response: an extrinsic
ICD within porphyrins Soret region and an intrinsic CD bellow 300nm related to nucleotides double helix.°
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FRET-based Ratiometric Detection of Heavy Metal ions

Mengliang Zhu, Dongli Zhang, Wenxin Lu, Jinghui Zhang and Yongzhong Bian

Beijing Key Laboratory for Science and Application of Functional Molecular and Crystalline Materials,
Department of Chemistry, University of Science and Technology Beijing, Beijing 100083, China, E-mail:
yzbian@ustb .edu.cn

Fluorescent sensors for detecting transition- and heavy-metal ions in environmental and biological systems have
received considerable attention. In comparison with single emission intensity-based “turn-off” or “turn-on”
sensors, ratiometric sensors can afford self-calibration by dual-channel detection and thus perform precise
analyses against various environmental and instrumental factors. One of the most frequently applied mechanisms
for ratiometric sensing is the binding-induced modulating of intramolecular fluorescence resonance energy
transfer (FRET), which is highly dependent on the distance between the donor and acceptor, the overlap integral
between the donor emission and acceptor absorption, and the relative orientation of the transition dipoles. Hence
the binding-induced changes of the spatial and electronic structure can effectively modulate the FRET efficiency
within a donor-acceptor system, consequently leading to change in the fluorescence intensity.

In order to develop heavy-metal ion sensors, we have proposed a new strategy for ratiometric fluorescent
detection that is based on the rational integration of two sensing mechanisms of a binding-induced modulating of
FRET efficiency coupled with a metal-chelating quenching of fluorescence. Synergistic coupling of these two
functions leads to exceptionally large change in the emission ratio, thus allowing for ratiometric detecting of metal
ions with improved sensitivity. As proof-of-concepts, a BODIPY-porphyrin dyad (1) and a series of
phthalocyanine-porphyrin(Zn) hetero-oligomers (2-4) have been designed for ratiometric fluorescent detection,
which show excellent selectivity and sensitivity toward Ag* and Pb** respectively.
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Figure 1. Ratiometric fluorescent detection of Ag” by the BODIPY-porphyrin dyad (1).
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Synergic multiporpyrin systems for combined imaging and
photodynamic therapy by two-photon excitation

Mireille Blanchard-Desce
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Photodynamic therapy (PDT) is a medical technique used in oncology for resection of tumors as well as in
ophthalmology in the treatment of age-related macular degeneration. The use of a two-photon (2P) excitation
instead of standard excitation offers new perspectives for PDT, especially for small solid tumors as two-photon
absorption (2PA) offers several advantages including highly localized excitation and increased penetration depth
in tissues.' This however calls for the use of optimized 2P photosensitizers that should combine very large 2PA
cross-sections in the biological spectral window (700-1100 nm) and high singlet oxygen quantum yields.

Most of the photosensitizers currently used clinically or in clinical trials are porphyrin derivatives (porfimer sodium and
verteporfin). These compounds exhibit high singlet oxygen quantum yields but low 2PA cross sections (10 GM and 50
GM, respectively) in the NIR.? Dramatic enhancement of the 2PA cross-sections can be achieved in porphyrinoids,
conjugated porphyrin oligomers, planarised fused or bridged porphyrins or supramolecular assemblies. The extension of
the m-conjugated system involves the porphyrin or porphyrinoid macrocycles thus leading to major modification of their
photophysical properties such as marked broadening and red-shift of the Q-bands. Yet possible consequences are
weakening of fluorescence and photosensitizing properties. In that context, we have implemented a route towards
porphyrin-based 2P photosensitizers exhibiting very large 2PA in the NIR while maintaining the fluorescence and the
excellent photosensitization properties of the porphyrin moiety. Our molecular engineering approach, based on a
smooth electronic disconnection between 2PA octupolar or quadrupolar cores and the peripheral porphyrins, leads
to a major increase in (non-resonant) 2PA responses in the NIR, while fully retaining fluorescence and
photosensitization characteristics of isolated porphyrins:
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This strategy relies on efficient 2P excitation to a higher excited-state located on the 2PA module followed by
total and ultrafast through-bond energy transfer to the lowes