
•	1 •	
	



	

	

	

 
TABLE OF CONTENTS 
 
Nozoe Lecture ....................................................... NL-1 

Plenary Lectures .................................................... PL-1 

Invited Lectures ...................................................... IL-1 

Contributed Lectures .............................................. CL-1 

Posters ................................................................... P-1 

Index of Authors .................................................... IN-1 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	
	
	
	
	
	
	
	
	
	
	
	
	 	
	



•	1 •	

Nozoe Lecture 
  



 

  NL–1  

	

Nozoe Lecturer:  
Yoshito Tobe 
 
Professor Emeritus, Visiting Professor  
The Institute of Scientific and Industrial Research, 
Osaka University 
E-mail: tobe@chem.es.osaka-u.ac.jp 
 
 
 
Academic Training 
1974 
1979 
 

Bachelor, Department of Petroleum Chemistry, Osaka University 
Ph. D. Department of Petroleum Chemistry, Osaka University  
Supervisor: Yoshinobu Odaira 

 
Professional Positions 
1979-1984 Assistant Professor, School of Engineering, Osaka University 
1984-1992 
1987–1988 

Lecturer, School of Engineering, Osaka University 
Visiting Professor, The University of Chicago. Host: Philip E. Eaton 

1992-1998 Associate Professor, School of Engineering Science, Osaka University 
1998-2017 Professor, Graduate School of Engineering Science, Osaka University 
2003-2007 Trustee, Osaka University 
2007-2011 
2014-2017 
2015-2017 
2017- 

Dean, Graduate School and School of Engineering Science, Osaka University 
Director, Center of Solar Energy Chemistry, Osaka University 
Director, Institute for Nanoscience Design, Osaka University 
Professor Emeritus and Visiting Professor at The Institute of Scientific and Industrial 
Research, Osaka University 
 

Honors and Awards 
1986 Chemical Society of Japan Award for Young Chemists 
  2000–2006 
 
2012 
2015 
2015 
 

Project Leader of CREST (Core Research for Evolutional Science and Technology), 
Japan Science and Technology Agency (JST) 
Synthetic Organic Chemistry Award, Japan 
The Chemical Society of Japan Award 
The 8th Pekin University-Eli Lilly Lectureship on Frontier of Organic Chemistry 
 

Professional Service 
2001-present 
 
2007 
2000, 2005, 
2001, 2015 
2011-2012 

Member of International Advisory Board, International Symposium on Novel Aromatic 
Compounds  
Chair, 12th International Symposium on Novel Aromatic Compounds  
Organizer and Co-organizer of Symposia at Pacifichem 
 
Trustee, The Chemical Society of Japan Society of Synthetic Organic Chemistry, 
Japan 

2012-2014 
2012-2016 

Trustee, Society of Synthetic Organic Chemistry, Japan 
President, The Society of Physical Organic Chemistry, Japan 

 
Major Research Interest 
Physical organic chemistry, synthetic organic chemistry, supramolecular chemistry 



 

  NL–2  

	

Antiaomatic Hydrocarbons Reincarnated 
 

Y. Tobe  
 

Osaka University, Ibaraki, Osaka, Japan 
E-mail: tobe@chem.es.osaka-u.ac.jp 

 
Fundamental and technological advances in theoretical, synthetic and analytical fields of 
chemical sciences have led chemists to give new life to old aromatic and antiaromatic 
compounds which were originally studied several decades ago. This has been done typically 
by enlarging molecular size and increasing structural complexity, also by simply modifying 
attached functional groups purposely. In this lecture will be presented two antiaromatic 
compounds studied in our laboratories, which led us to initially unexpected directions. 
Tetracyclopenta[def,jkl,pqr,vwx]tetraphenylene (1a), a 28π-electron antiaromatic hydrocarbon, 
was proposed by Prof. Hellwinckel in 1970 in connection with its cyclic conjugation at inner 
and outer circuits like in kekulene and circulene [1]. This π system had been unknown, 
however, until we synthesized tetramesityl derivative 1b [2]. More importantly, we found 
recently that tetrakis[(triisopropylsilyl)ethynyl] derivative 1c crystallized in the form of 
stacked dimer or trimer presumably due to space-filling effect of the TIPS groups and three-
dimensional aromaticity (Figure 1).   
 
Tribenzodehydro[12]annulene (2a) was synthesized by Prof. Staab in 1966 as an antiaromatic 
dehydroannulene [3]. Using its derivatives such as 2b simply modified with six alkoxy chains 
as building blocks, we observed by STM porous molecular networks formed by self-assembly 
via van der Waals interactions at the liquid-solid interfaces. Complete homochirality of the 
network of achiral 2b was induced by addition of a tiny amount of chiral inducer 2c with a 
stereogenic methyl group at low concentration [4]. On the other hand, complete chirality 
reversal occurred at high concentration by annealing [5]. Moreover, homochiral multilayer 
was formed by 2d with a stereogenic hydroxyl group by enatioselective epitaxial growth via 
hydrogen bonds (Figure 2).  

 
Figure 1: Structures of 1a-1c.   
    Figure 2: Structures of 2a-2d and self-assembled molecular network model. 
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Luminescent Assemblies and Devices from Aromatic Materials 
 

Timothy M. Swager 
Massachusetts Institute of Technology, Cambridge MA, USA 

E-mail: tswager@mit.edu 
 
This lecture will detail the synthesis and design of molecules and polymers with useful electronic 
properties.  New luminescent materials having weakly overlapping HOMOs and LUMOs will be 
reported that display thermally activated delayed fluorescence. These materials are based upon three-
dimensional structures that include triptycenes wherein different rings are coupled through homo-
conjugation of the π systems,1 rigid host-guest complexes that display “lock and key” structures, and 
scaffolds with rigid co-facial alignment of chromophores.  These systems have the property that their 
singlet and triplet excited states are close enough in energy such that there is rapid equilibrium 
between these different spin states.   I will show the utility of these materials for the creation high 
efficiency organic light emitting devices (OLEDs).  In these systems, the organization of molecular 
scaffolds is important and we also continue to develop novel methods for polymer assembly, including 
the organization of materials at interfaces.  I will detail recent results that include the assembly of 
novel luminescent aggregates at interfaces (Figure 1)2 and the use of energy transfer processes to 
create assemblies capable of transducing interfacial pressure.3  
 
 
 
 

 

 
 
Figure 1. Organization of poly(phenylene ethynylene)s at the air water interface with compression 
showing the change to an bright excimer state and the reversion with exposure to vapors. 
 
References  
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Activated Delayed Fluorescence Materials Based on Homo-conjugation Effect of Donor-acceptor 
Triptycenes” J. Am. Chem. Soc. 2015 137, 11908–11911. 
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Yellow excimer 

Sensing 



 

   
PL-2 

  

	

Nano-Scale Aromaticity and Electronic Delocalization 
 

Harry L. Anderson 
University of Oxford, Department of Chemistry, Oxford, United Kingdom 

E-mail: harry.anderson@chem.ox.ac.uk 
 
Is aromaticity a property restricted to small molecules, or can ring currents exist around large 
conjugated macrocycles, with more than 100 pi-electrons? The answer to this question is 
unclear, but we recently reported aromatic and antiaromatic systems with circuits of 78 and 80 
pi-electrons and a diameter of 2.5 nm.1 This presentation will focus on the synthesis, 
aromaticity and electronic delocalization in large pi-conjugated nanorings, nanotubes and 
nanoballs constructed from porphyrin units.2,3 The spectroscopy of the simple porphyrin 
nanorings continues to generate remarkable surprises, while advances in template-directed 
synthesis are rapidly providing access to new architectures, such as the 14-porphyrin nanoball 
shown in Figure 1, which features two orthogonal intersecting pi-conjugated circuits. 
 

 
 

Figure 1: Structure of a pi-conjugated 14-porphyrin nanoball. 
 
References  
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Nanostructured Liquid-Crystalline Materials Exhibiting Transport, 
Separation, and Luminescent Functions for Devices, Energy, and 

Environment Applications 
 

Takashi Kato 
 
Department of Chemistry and Biotechnology, School of Engineering, The University 

of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan 
E-mail: kato@chiral.t.u-tokyo.ac.jp 

 
We report here the development of nanostructured functional liquid-crystalline (LC) materials. 
A variety of LC materials exhibiting ionic, electronic, photonic, and separation functions have 
been developed [1-5]. These materials form ordered self-assembled structures and they are 
applied for ion transport materials for batteries and solar cells, mechanochromic luminescent 
materials, and membranes for water treatment. For example, lithium ion batteries have been 
developed by using smectic ionic liquid crystals, which act as stable electrolytes. For water 
treatment membranes, bicontinuous cubic and columnar LC molecules are polymerized to 
obtain subnanoporous membranes. They serve as water treatment membranes for desalination 
and virus rejections.  Mecanochromic luminescent nanostructured LC materials have also 
been developed. They show luminescent color change by phase transitions triggered with 
mechanical stimuli and heat treatment. Molecular design and control of self-organized 
nanostructures play key roles to obtain these highly functional LC materials [6]. 
 
References: 
1)  T. Kato, M. Yoshio, T. Ichikawa, B. Soberats, H. Ohno, M. Funahashi, Nat. Rev. Mater. 2017, 2, 

17001. 
2)  Y. Sagara, S. Yamane, M. Mitani, C. Weder, T. Kato, Adv. Mater. 2016, 28, 1073-1095. 
3)  Y. Sagara, T. Kato, Nat. Chem. 2009, 1, 605-610. 
4)  M. Henmi, K. Nakatsuji, T. Ichikawa, H. Tomioka, T. Sakamoto, M. Yoshio, T. Kato, Adv. Mater. 

2012, 24, 2238-2241. 
5)  N. Marets, D. Kuo, J. R. Torrey, T. Sakamoto, M. Henmi, H. Katayama, T. Kato, Adv. Healthcare 

Mater. in press. 
6)  T. Kato, N. Mizoshita, K. Kishimoto, Angew. Chem. Int. Ed. 2006, 45, 38-68. 
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Structure-based Exploration of Materials Science with Macrocyclic 
Aromatic Hydrocarbons 

 
Hiroyuki Isobe 

 
Department of Chemistry, The University of Tokyo/JST ERATO Isobe Degenerate π-

Integration Project, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-0033, Japan 
E-mail: isobe@chem.s.u-tokyo.ac.jp 

 
 
Macrocyclic aromatic hydrocarbons is receiving renewed interest in recent years. In addition 
to dramatic increase in the aesthetically attractive structures, unique properties of cycloarylene 
macrocycles further inspire many researchers to explore their potentials in interdisciplinary 
fields. After our synthesis of the first naphthylene macrocycles [1], we started investigating 
structures and functions of macrocyclic aromatic hydrocarbons in the field of materials 
science. In spite of their simple chemical compositions solely with hydrogen and carbon 
atoms, the macrocyclic aromatic hydrocarbons turned out to be interesting compounds for 
materials applications. Representative examples such as organic light-emitting devices [2-4], 
organic spin valves [5] and lithium-ion batteries [6] will be presented. 
 

 
 

Figure 1: Macrocyclic aromatic hydrocarbons for materials. 
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Control of Chemical Reactivity and Rotational Dynamics in The 
Crystalline State: Applications in the Construction of Molecular 

Machines 
 

Miguel A. Garcia-Garibay 
 

Department of Chemistry and Biochemistry, University of California, Los Angeles 
E-mail: mgg@chem.ucla.edu 

 
An increased understanding of chemical reactivity has made it possible to identify chemical 
reactions that occur in crystalline environments despite the fact that molecular motions are 
severely restricted. Once the rules that determine whether reactions in crystals may are 
established, it becomes possible to engineer reactions in crystals in a reliable manner. 
Similarly, advances in chemical synthesis and structural design make it possible to construct 
molecules with elements that guide their crystallization in an ordered fashion, and elements 
that can explore pre-determined rotational degrees of freedom.  We suggest that molecular 
rotors that self-assemble in the form of amphidynamic crystals constitute a promising 
platform for the construction of artificial molecular machines.  Examples involving the 
control of rotational dynamics with the help of reversible chemical reactivity illustrate some 
of the elements that are becoming available to molecular machinery engineers.  
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Excitons, Electrons, And Spins In Self-Assembling Organic 
Nanostructures 

 
Michael R. Wasielewski 

 
Department of Chemistry and Institute for Sustainability and Energy at Northwestern, 

Northwestern University, Evanston, IL, 60208, USA 
E-mail: m-wasielewski@northwestern.edu 

 
It is well known that self-assembly of small electron donor-acceptor (D-A) molecules into 
discrete and monodisperse nanostructures provides geometrically defined platforms to 
emulate the photo-induced electron transfer processes in photosynthetic systems. Organization 
of molecules by this thermodynamically-driven method can result in architectures with unique 
inter-chromophore relationships that are otherwise difficult to realize by conventional 
covalent synthesis. In particular, π-stacked D-A dyads and triads can afford ordered and 
segregated D/A domains through which photo-generated holes and electrons can be further 
separated and rapidly transported to electrodes in photovoltaics or to catalysts for solar fuels 
formation. The design of these self-ordering molecular assemblies must ensure that charge 
hopping of the separated holes and electrons between the non-covalent donors and acceptors 
within their respective segregated conduits must be significantly faster than charge 
recombination (Figure 1). We will present results demonstrating that photo-induced charge 
separation can take place within covalent chromophoric redox partners followed by transport 
of photo-generated holes and electrons independently through well-ordered, segregated 
molecular charge conduits. 
 
We are also developing new organic materials that undergo singlet fission (SF), the 
spontaneous down-conversion of a singlet exciton to two triplet excitons (Figure 2), using 
guidance from electronic structure calculations to assure the requisite relationships between 
molecular singlet and triplet exciton energies. We are preparing hierarchical assemblies from 
these chromophores, starting from covalent dimers, then developing supramolecular 
assemblies, and engineered crystalline materials to investigate SF in bulk, ordered materials. 
We are using femtosecond transient optical spectroscopy to characterize the SF mechanism 
and the factors that determine its efficiency. We will present new results on the role of charge 
transfer states in enabling SF in molecular materials. 
 

  

Photon Absorption Charge Separation
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Figure 1. Charge conduit concept.  
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Figure 2. Energy level diagram for SF. 
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“Ultrabright” Molecular-Based Fluorescent Nanoparticles for 
Bioimaging Purposes: A Bottom-Up Engineering Approach 

 
Mireille H. Blanchard-Desce 

 
Institute of Molecular Science, University of Bordeaux, Talence, France 

E-mail: mireille.blanchard-desce@u-bordeaux.fr 
 
In the last decades inorganic nanoparticles have attracted growing attention in the field of 
nanophotonics, especially for bioimaging purposes. Among them luminescent metal-, 
semiconductor- or oxide-based “hard” nanoparticles have been the most widely used. Yet, 
they raise concern with respect to toxicity and degradability issues. Soft nanoparticles made of 
polymers incorporating fluorescent dyes provide interesting alternatives but most of them 
show lower brightness and/or photostability than highly popular quantum dots (QDs). In that 
context, molecular-based fluorescent organic nanoparticles (FONs) hold foremost promises 
and our goal has been to develop bottom-up approaches towards FONs specifically 
engineered as nanotools for bioimaging.  
Our strategy is based on the design/synthesis of dedicated multipolar dyes as interacting 
building blocks of FONs which are readily prepared using expeditious and green protocols 
involving nanoprecipitation of the dyes in water. Both their luminescence and nonlinear 
optical responses can be tuned or enhanced by manipulating molecular confinement [1-2]. 
Intriguingly, the implemented strategy also enables modulating and improving the FONs 
colloidal and structural stability [3-4]. As a result, FONs that combine unprecedented 
brightness (up to 108 M-1 cm-1 and 106 GM), remarkable colloidal stability and absence of 
toxicity, have been elaborated, providing superior substitutes to QDs. Green-emitting FONs 
can be used as ultra-sensitive contrast agents for in vivo two-photon angiography in small 

animals [1], while Hyper-bright NIR-emitting FONs (named HiFONs) 
which show unprecedented photostability and excellent biocompatibility 
[3b-c] can be successfully imaged and tracked at the single particle level in 
water [3b]. Furthermore, real-time multicolor 
single particles tracking within living cells can 
be achieved [3c]. Finally major fluorescence 
amplification can be achieved in core-shell 
binary nanoparticles made from complementary 

dyes that promote efficient core-to-shell FRET process [4]. 
 
References  
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T. Bsaibess, I. Gosse, L. Groc, L. Cognet, M. Blanchard-Desce, Adv. Mater. 2014, 26, 2258-
2261.c) J. Daniel, A. G. Godin, M. Palayret, B. Lounis, L. Cognet, M. Blanchard-Desce, J. Phys. 
D: Appl. Phys., 2016, 49, 084002-084012. 
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Construction and Modification of π-Electronic Systems Using Organic 
Boron Compounds. 

 
Takanori Fukushima1, Yoshiaki Shoji1 

 
1Laboratory for Chemistry and Life Science, Tokyo Institute of Technology, 

Yokohama, Japan 
    E-mail: fukushima@res.titech.ac.jp 

 
Boron compounds, featuring strong Lewis acidity and low electronegativity arising from the 
boron atom, play important roles in many research fields including organic transformations, 
supramolecular assembly, and materials sciences. We recently reported the first isolation and 
scalable synthesis of a diarylborinium ion, a two-coordinate boron cation bonded only with 
two aromatic groups [1]. Because of its exceptionally strong Lewis acidity as well as high 
chalcogenophilicity, the boron cation causes unusual small-molecule activations [1–3]. Of 
interest, this boron cation can also serve as an efficient hole dopant for improving the 
electronic properties of nanocarbons [4]. More recently, we found that a three-coordinate 
borane embedded in a π-conjugated five-membered-ring (borafluorene) gives rise to 
sequential alkyne insertion (1,2-carboboration) and oxidative deborylation/C–C coupling 
reactions to yield aromatic molecules very efficiently [5]. These unprecedented sequential 
reactions enable one-pot synthesis of a wide variety of curved and π-extended molecules from 
readily available acetylene precursors. The details of the above topics will be described. 
 
 

 
 

Figure 1: Sequential alkyne insertion/C–C coupling of borafluorene that enables the construction of 
aromatic molecules with curved π-systems. 
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Exploring New Chromophores for Organic Electronics 
 

John E. Anthony 
 

Center for Applied Energy Research, Lexington, USA 
E-mail: anthony@uky.edu 

 
Small molecule semiconductors in organic electronics are strongly represented by 
fairly classic aromatic molecules – pyrenes, acenes, perylenes, and their heterocyclic 
analogs, for example. We have developed a series of functionalization strategies to 
enhance solubility and tune solid-state order in these chromophores, and have 
developed new materials for a wide array of applications. However, there are an 
astonishing number of less-common aromatic cores, along with a myriad of ways to 
combine aromatic systems to yield materials with new properties. For example, unlike 
more common heterocycles such as pyridine, atypical aromatics such as indolizines 
and cyclazines (Figure 1) have the nitrogen lone pairs as integral parts of the aromatic 
framework, leading to significant changes to the electronic structure of molecules that 
incorporate them as part of the fused aromatic core. Combining these heterocycles 
with acenes of varying lengths yield new compounds with enticing photophysical 
properties. For this talk, after introducing our simple functionalization scheme for 
common aromatic systems, I will describe its application to new hybrid aromatic 
structures, to less common carbocyclic and heterocyclic aromatic compounds, and the 
development of a general “core” unit to control the solid-state order of a wide array of 
simple molecules through versatile palladium-catalyzed coupling reactions. 
Throughout, the impact of structure and solid-state order on photophysical and 
electronic properties will be examined. 

 
 

 
Figure 1: Fused structures from indolizines and cyclazines 
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Alkyne Benzannulation Reactions for the Synthesis of Novel 
Aromatic Architectures 

 
W. R. Dichtel1, S. J. Hein1,2, D. Lehnherr,2 F. J. Uribe-Romo,2 and H. Arslan2 

 
1Department of Chemistry, Northwestern University, Evanston, IL 60208 USA 

2Department of Chemistry and Chemical Biology,  
Cornell University, Ithaca, NY 14853 USA 

E-mail: wdichtel@northwestern.edu 
 
Aromatic compounds integrated into organic field effect transistors (OFET), light emitting 
diodes (OLED), photovoltaic (OPV) devices, and redox-flow batteries feature increasingly 
complex designs. Accessing polycylic aromatic hydrocarbons with substitution patterns that 
are difficult to access through cross-coupling or direct arylation approaches will provide 
improved devices and new opportunities for fundamental study. Methods for functionalizing 
benzene are often unselective when applied to naphthalene or larger systems, and convergent 
synthetic approaches to prepare substituted aromatic structures are underdeveloped. 
 
We discovered that the Asao-Yamamoto benzannulation reaction was notably efficient, and 
its scope and usefulness for synthesizing complex aromatic systems was under recognized.1 
The benzannulation reaction combines substituted 2-(phenylethynyl)benzaldehydes and a 
wide variety of substituted alkynes to form 2,3-substituted naphthalenes. In many cases using 
non-symmetric benzaldehyde and alkyne cycloaddition partners, the reaction is completely 
regioselective based on the electronic character of the alkyne substrate. We broadened the 
substrate scope to include silyl- and halogen-substituted alkynes. We have applied these 
methods to prepare sterically hindered, shape persistent aromatic systems, heterocyclic 
aromatic compounds, functionalized 2-aryne precursors,2 polyheterohalogenated naphthalenes, 
diazatetracene derivatives, and graphene nanoribbons. Based on the availability of many 
substituted 2-phenylethynylbenzaldehydes and the regioselectivity of the benzannulation 
reaction, it is now possible to prepare naphthalenes with control of the substitution patterns at 
7 of the eight substitutable positions.3  
 

 
 

Figure: Efficient Access to 2-naphthyne intermediates via the Asao-Yamamoto benzannulation.2 

References  
1. Arslan, H.; Saathoff, J. Bunck, D. N.; Clancy, P.; Dichtel, W. R. Angew. Chem. Int. Ed. 2012, 

51, 12051–12054.  
2. Hein, S. J.; Lehnherr, D.; Dichtel, W. R. Chem. Sci. 2017, DOI: 10.1039/C7SC01625E 
3. Lehnherr, D.; Alzola, J. M.; Lobkovsky, E. B.; Dichtel, W. R. Chem. Eur. J. 2015, 21, 18122–

18127. 
 

  



 

   
PL-11 

  

	

Novel Developments in Heteroarene Chemistry 
 

Uwe H. F. Bunz  
Organisch-Chemisches Institut, Ruprecht-Karls-Universität Heidelberg, 69120 Heidelberg, 

Germany    
E-mail: uwe.bunz@oci.uni-heidelberg.de  

 
 
We have investigated during the last decade the synthesis and property evolution of novel N-
heteropolycyclic materials [1-3]. We have employed both simple condensation routes but also 
developed a powerful Pd-catalyzed coupling reaction that could build up pyrazine-type units. 
In many cases, the condensation of aromatic diamines with simple diketones and quinones is 
not very efficient, however, there are a significant number of quinones that do give the desired 
coupling products in good-to excellent yields.  In most-but not all-cases these condensation 
products are not true N-heteroacenes, but N-heteropolycycles, in which aromatic units with 
Clar sextets are separated from each other so that stable,  larger systems result.  A nice 
example are the S-shaped phenes that are obtained (Figure 1) by reacting aromatic diamines 
with the stable 1,2,5,6-anthracenetetraone. This double condensation works well (in 66 % 
yield) and gives the corresponding coupling product in which 11 benzene rings are stitched 
together in an S-shaped molecule. Smaller diamines also work well in this reaction to give the 
corresponding phenes in reasonable to good yields. We were also very successful in the 
condensation of biphenylene-2,3,6,7-tetraone to different aromatic diamines to give a number 
of different cyclobutadiene-annelated N-heteropolycycles. The attractive extension of this 
concept is in the synthesis of novel band-type polymers containing pyrazine units interspersed 
by other electroactive or optically interesting arenes or aromatics. 
 
 

 
 

Figure 1: Synthesis of S-shaped large N-heterophenes. 
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Singlet Fission in Covalently Coupled Pentacenes: Building 
Bridges, Not Walls 

 
Luis M. Campos 

 
Department of Chemistry, Columbia University, New York, NY 10027 

E-mail: lcampos@columbia.edu 
 
We have designed a series of pentacene dimers separated by homoconjugated and non-
conjugated bridges that exhibit fast and efficient intramolecular singlet exciton fission 
(iSF). These materials are distinctive among reported iSF compounds because they exist 
in the unexplored regime of close spatial proximity but weak electronic coupling between 
the singlet exciton and triplet pair states. Using transient absorption spectroscopy to 
investigate photophysics in these molecules, we find that homoconjugated dimers display 
desirable excited state dynamics, with significantly reduced recombination rates as 
compared to conjugated dimers with similar singlet fission rates. In addition, unlike 
conjugated dimers, the time constants for singlet fission are relatively insensitive to the 
interplanar angle between chromophores, since rotation about σ bonds negligibly affects 
the orbital overlap within the π-bonding network. In the non-conjugated dimer, where the 
iSF occurs with a time constant > 10 ns, comparable to the fluorescence lifetime, we used 
electron spin resonance spectroscopy to unequivocally establish the formation of triplet-
triplet multiexcitons and uncoupled triplet exciton through singlet fission. Together, these 
studies enable us to articulate the role of the conjugation motif in iSF. 

 

 
Figure 1: Graphical representation of the general design to couple pentacenes for singlet fission. 
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Spin Distribution of Multi-Phenalenyl Radicals 
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Understanding the spin–spin interaction is crucial for developing new electroconductive, 
magnetic, and spintronic materials. Phenalenyl (1, Figure 1), which is a neutral 
hydrocarbon radical that possesses highly delocalized SOMO on six equivalent carbon 
atoms, has attracted intense attention due to its distinctive properties originating from 
inter-site spin–spin interaction.1) To explore new functional properties of multispin-
interacted systems, we designed novel multi-phenalenyl compounds (2, 3), in which two 
or three phenalenyl radicals are attached each other in a paddle wheel-like structure 
(Figure 2). The spatial overlap of the SOMOs of phenalenyl moieties will affect spin 
multiplicity, orbital splitting, and molecular geometry. 

 

 
Figure 1: Chemical structure of 1 (left) along with spin density plot (right). 

 
Preparation of 2 and 3 was accomplished by stepwise synthesis and their crystal 
structures were determined by X-ray analysis. The analysis showed that 3 adapts a Jahn–
Teller distorted C2v structure, in which the dihedral angle between two phenalenyl blades 
was obtuse (121.38°). In contrast, the dihedral angle of 2 between two phenalenyl blades 
was acute (113.23°). UV-vis-NIR spectra of 2 and 3 showed different type intramolecular 
charge transfer absorptions between phenalenyl moieties. ESR spectrum of 3 showed 
well-resolved multiline signals with hyperfine coupling constants similar to 1, indicating 
that one spin localizes on one phenalenyl ring and the other two spins covalently couple 
between two phenalenyl rings. 

 
Figure 2: Chemical Structure of 2 and 3 (left), and ORTEP drawing of 2 and 3 (right, methyl 

groups of tert-butyl groups were omitted for clarity) 
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Carbon π-Bowls: Novel Redox-Active Ligands for Supramolecular 
Chemistry 

 
Marina A. Petrukhina  
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Bowl-shaped polycyclic aromatic hydrocarbons (also referred to as π-bowls) constitute a 
unique class of redox-active π-ligands able to accept multiple electrons in step-wise 
reduction processes. The resulting highly-reduced curved carbanions exhibit novel self-
assembly pathways and are able to intercalate high nuclearity alkali metal units. From 
homometallic reduction processes [1], we have recently moved to the dual metal 
combinations and revealed the cooperativity of two alkali metals in reduction and self-
assembly reactions with bowl-shaped π-ligands [2-4]. These investigations resulted in the 
preparation of a new class of metal-rich sandwich-type assemblies with different 
heterobimetallic core compositions. By modulating the surface size, symmetry and charge 
of bowl-shaped decks, the number of sandwiched metal ions can be tuned to afford 
mixed-metal supramolecular aggregates of nanosize dimensions [5]. The resulting multi-
decker supramolecules with high intercalated metal content exhibit unique molecular and 
electronic structures as well as interesting properties, such as the record negative 7Li 
NMR shifts. The discussion of the formation mechanisms, dynamic transformations, as 
well as unusual structural features and bonding of these unprecedented supramolecular 
products will be presented. This work provides experimental illustration of the fascinating 
coordinating properties of highly charged π-bowls and opens new pathways for the 
design synthesis of novel metal-doped carbon-based hybrid materials.  
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Toward Unusual Yet Useful Fluorophores for Bioimaging 
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A number of fascinating fluorescent molecules have been so far developed not only for 
optoelectronic applications like organic light emitting diodes, but also for biological 
applications as fluorescent probes. For the latter purpose, crucial requisites are 1) to 
precisely control emission wavelengths, 2) gain a high molecular absorptivity, 3) achieve 
high quantum yields, 4) improve photostability, and 5) impart a switching mechanism of 
the emission wavelength or intensity. From these points of view, we have devoted our 
recent efforts to develop various types of superb fluorescent skeletons. In this 
presentation, we will discuss our recent results, including 1) red-emissive tropylium-
based fluorophores,1 2) phosphine oxide-substituted fluorescein derivatives that show 
emission in the far red/near IR region,2 and 3) benzophosphole oxide-based fluorescent 
dyes.3 In particular the last compound class showed exceptionally high photostability, and 
thereby can be employed as a promising molecule for super resolution STED imaging.3b 
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Reactivity of π-Systems on Surface-Annealed Nanodiamond 
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The reactivity of diamond surfaces, on bulk and nanoparticles alike, strongly depends on 
the actual surface termination and the arrangement of surface atoms, with typical surfaces 
being either hydrogen or oxygen terminated. However, upon thermal or mechanical 
removal of these surface atoms and groups a highly reactive, reconstructed surface can be 
generated. It was theoretically predicted that diamond surface reconstruction leads to p-
systems that are either organized in chain-like structures (for [111]–oriented crystal 
facets) or fullerene-like for diamond nanoparticles [1]. The formation of graphene-related 
structures was confirmed by XPS analysis [2] as well as by the reactivity of the respective 
p-systems in transformations such as cycloaddition reactions and arylation and 
cyclopropanation [3]. 
 
Reconstruction of the diamond surface e.g. by thermal annealing or electron irradiation 
leads to the removal of surface groups and the formation of graphene-like, curved 
structures made of sp2 carbon. However, the nanodiamond surface exhibits in many cases 
additional functional groups that undergo competing reactions. Surface control is 
therefore of high importance. Here we report on recent developments in the use of the 
Prato and Diels-Alder reactions as well as other C-C grafting methods on nanodiamond-
based p-systems and the applications of the resulting functional materials e.g. as additives 
for composites, biomedical imaging and drug delivery [4]. 
 
References  

1. G. Galli, J.-Y. Raty, C. Bostedt, T. W. van Buuren, L. J. Terminello, Phys. Rev. Lett. 
2003, 90, 037401. 

2. T. Petit, J.-C. Arnault, H. A. Girard, M. Sennour, P. Bergonzo, Phys. Rev. B 2011, 84, 
233407; A. Krueger, D. Lang, Adv. Funct. Mater. 2012, 22, 890-906. 

3. T. Meinhardt, D. Lang, H. Dill, A. Krueger, Adv. Funct. Mater. 2011, 21, 494-500; G. 
Jarre, Y. Liang, P. Betz, D. Lang, A. Krueger, Chem. Comm. 2011, 47, 544-546; Y. 
Liang, T. Meinhardt, G. Jarre, P. Vrdoljak, A. Schöll, F. Reinert, A. Krueger, J. Colloid 
Interface Sci. 2011, 354, 23-30; P. Betz, A. Krueger, Chem. Phys. Chem. 2012, 13, 2578-
2584; D. Lang, A. Krueger, Diamond Relat. Mater 2011, 20, 101-104. 

     4.   G. Dördelmann, T. Meinhardt, T. Sowik, A. Krueger, U. Schatzschneider,  Chem.  
Comm 2012, 48, 11528-11530; C. Fessele, S. Wachtler, V. Chandrasekaran, C. Stiller, T. 
K. Lindhorst, A. Krueger, Eur. J. Org. Chem. 2015, 25, 5519-5525; S. Suliman, Y. Sun, 
T. O. Pedersen, Y. Xue, J. Nickel, T. Waag, A. Finne-Wistrand, D. Steinmüller-Nethl, A. 
Krueger, D. E. Costea, K. Mustafa, Adv. Healthcare Mater. 2016, 5, 730,742;  

 
  



IL-6 

 

IL-6   

	

Carbon Nanomaterials Prepared from Reactive Molecular 
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Carbon nanomaterials find applications such in high performance composites, lithium 
storage, photovoltaics, or nanoelectronics [1]. Chemical functionalization and control of 
their nanoscopic morphology would be desirable but is precluded by the prevalent high 
energy methods for their preparation. We recently developed a simple wet-chemical 
approach that enables the tailored preparation of functional carbon nanomaterials at room 
temperature. We synthesized amphiphiles with carboxylic or phosphonic acid, glycoside, 
or thiol head groups that comprise hexayne segments as metastable carbon precursors [2]. 
These amphiphiles can be used to form self-assembled monolayers at the air-water 
interface or on solid substrates, colloidal structures in aqueous dispersion, or to stabilize 
emulsions, foams, or droplets in microfluidic devices. UV irradiation at room temperature 
is then used to induce a two-dimensional polymerization of the hexaynes (Figure 1). This 
process results in conversion of the hexayne moieties into carbon monolayers [3,4]. In 
this way, we utilize straightforward concepts of supramolecular self-assembly to produce 
carbon nanosheets, nanoribbons, coatings, particles, nanocapsules, microcapsules, or 
mesoporous monoliths. These nanomaterials feature a carbon structure like reduced 
graphene oxide with a homogenous distribution of tetrahedral carbon defects and well-
defined chemical functions, and may be of interest for technological applications ranging 
from lubricative surface coatings or diffusion barrier layers to energy storage. 
 

 
 

Figure 1: Example for the carbonization of hexayne amphiphiles. 
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Benzobisoxazoles 

 
Malika Jeffries-EL1, Ramiro A. Chavez1,  Alfred A. Burney-Allen1, Aimee L. 

Tomlinson2 

 
1Department of Chemistry, Boston University, Boston, USA 

     2University of North Georgia, Dahlonega, USA 
E-mail: malikaj@bu.edu 

 
Benzo[1,2-d:4,5-d′]bisoxazole (BBO)s are promising electron-deficient heterocycles for 
use the development of new polymers due to their near-planar structure which can 
facilitate efficient packing and charge transport. Materials based on them posses many 
exceptional electronic, optical and thermal properties and thus are ideally suited for 
diverse organic semiconducting applications. BBO-based systems are unique in that they 
have two conjugation pathways, one along the 2,6-axis that encompasses the two oxazole 
rings and a second along the 4,8-axis that goes through the central benzene ring. This 
structure allows for synthesis of number of cross-conjugated materials with properties 
that are readily tuned by structural modification.1-3 Using a combination of organic 
synthesis, theoretical calculations and physical measurements we are systematically 
investigating the structure property relationships within these systems. The work has 
produced wide band-gap blue-light emitting materials for use in OLEDs and narrow band 
gap cruciform with energy levels suitable for use in OPVs.  
 
 

 
Figure 1: Retrosynthetic analysis for scaffold-directed buckybelt synthesis. 
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Molecular Spin Switching 
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Magnetic bistability at room temperature, such as the orientation of magnetization used in 
magnetic storage media, or spin flips in spin crossover transition metal complexes are 
typical solid-state phenomena. Six years ago, we published the first bistable molecular 
system [1]. Our spin switches are based on a Ni-porphyrin equipped with a photochromic 
azogroup that moves an axial ligand up and down upon irradiation with violet (430 nm), 
and green light (530 nm). By changing the coordination number, the Ni2+ reversibly 
changes its spin state from singlet (diamagnetic) to triplet (paramagnetic). The switching 
efficiency in both directions is 100% within the accuracy of NMR and UV spectroscopy, 
and there is no fatigue after more than 100 000 switching cycles. Potential applications 
are the use as switchable contrast agents for MRI in interventional radiology for patients 
suffering from stroke or myocardial infarction [2]. Further developments are aiming at 
measuring temperatures or pH with high spatial 3D resolution by MRI in deep tissue. 

To replace Ni2+ by physiologically benign Fe3+, and to increase the change in 
magnetic moment (Ni2+: ΔS=1, Fe3+: ΔS=2) we developed a molecular spin switch based 
on Fe(III)tetraphenyl porphyrin and a custom-build azopyridine ligand. Again switching 
between low-spin (S=1/2) and high-spin (5/2) is close to quantitative, and no fatigue was 
observed after several hundred cycles [3].  

Spin switching in iron porphyrins is the key step in a number of enzymatic 
reactions, particularly in C-H activation (e.g. cytochrome P450). Our system provides the 
basis for the development of artificial cytochrome type complexes.  
 

 
 

Figure 1: Spin switching with iron. 
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Graphene quantum dots (GQDs) have received considerable attention because of their 
electronic and optical properties, fine biocompatibility and low toxicity, which hold great 
promise for applications such as bioimaging, medical diagnosis, photovoltaic devices and 
catalysis. Nevertheless, when considering the potential applications of GQDs, chirality is 
an important aspect that can severely influence the performance and that has not been 
addressed so far. In particular, in the case of carbon nanostructures, chirality has been 
barely explored. Our research group has reported the highly efficient synthesis of 
enantiomerically pure derivatives of fullerene and endohedral fullerenes with total control 
of the stereochemical outcome using metallic catalysis and/or organocatalysts under very 
mild conditions.[1] 
In this communication, we proof for the first time the principle that chiral graphene 
quantum dots (CGQDs) can be obtained by reaction of oxidized GQDs with 
enantiomerically pure (R) or (S)-2-phenyl-1-propanol and that their chirality can be 
efficiently transferred to the supramolecular assemblies formed with small molecules 
such as pyrene. As result of the covalent functionalization, we proof the concept that 
GQDs could become chiral and that this property can be transferred to a supramolecular 
structure built with pyrene molecules, where the CGQDs/pyrene ensembles show a 
characteristic chiroptical response depending on the configuration of the organic ligands 
introduced.[2] 
Inspired by the recent surge in interest in the precise solution-phase synthesis of non-
planar graphitic nanomaterials, the development of chiral graphene quantum dots [2-3], 
and the scarcity of pristine bilayer nanographene systems, we developed a helicene-linked 
hexa-peri-hexabenzocoronene (HBC) dimer as an inherently-chiral, slip-stacked bilayer 
nanographene. 
We also present the synthesis of a two-layer chiral nanographene molecule. This hybrid 
nanomaterial provides a platform for the investigation of the contributions of chirality, 
non-planarity and multiple layers on the physical characteristics of large polycyclic 
aromatic hydrocarbons. Herein we will describe the rapid synthesis, structure, and 
electronic behavior of the racemate as well as the M and P enantiomers of the target 
system as well as computational investigation of its functionalized derivatives.  
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Aromaticity is an old concept that is very useful in most areas of chemistry. However, it 
cannot be measured, i.e, “aromaticity units” do not exist. In the first part of the lecture, 
several methods for assessing aromaticity will be discussed and some conclusions will be 
made. It is suggested that an aromaticity criterion must fulfil the principle of “the whole 
is more than the sum of its parts”. 
 
In the second part of the lecture, our methods for assessing diatropicity and paratropicity 
of systems will be shortly presented. These are the NICS-scan, The σ-only model and the 
NICS-XY-scan methods. Some applications of the methods will be presented. For 
example, it will be shown how, by using NICS methods, the HOMO-LUMO gap and the 
ionization potential of semi-conducting oligomers can be predicted.  Other applications 
will be presented as time permits. 
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The synthesis of a carbon nanobelt, comprising a closed loop of fully fused benzene 
rings[1], has been an elusive goal in organic chemistry for more than 60 years[2]. Here 
we report the first synthesis of a carbon nanobelt 1 through iterative Wittig reactions 
followed by a nickel-mediated homocoupling reaction (Figure 1A)[3]. The synthesis 
started with a benzylic bromide and an aryl aldehyde, both of which were easily prepared 
in four steps from p-xylene. Sequential Wittig reactions provided olefins with high Z-
selectivity (Z/E = 20:1) owing to an ortho-bromo effect. After cyclization by Wittig 
reaction conditions, a homocoupling reaction was performed by using Ni(cod)2 and 2,2'-
bipyridyl to afford the desired carbon nanobelt 1 as a red crystalline solid. The cylindrical 
shape of the nanobelt was unambiguously confirmed by X-ray crystallography (Figure 
1B). Its fundamental optoelectronic properties were also elucidated by UV-vis absorption, 
fluorescence, and Raman spectroscopy. 

Figure 1: (A) Synthesis of carbon nanobelt 1. (B) X-ray structure of 1. 
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The steadily increasing demand for ever smaller, faster, and more energy efficient 
electronic devices represents a monumental challenge to the design of competent post-
silicon functional electronic materials. Traditionally, device architectures based on 
inorganic semiconductors are fabricated using a photolithographic top-down approach. 
Their spatial resolution is inherently restricted to the diffraction limit of light. Our 
research philosophy embraces a diametrically opposite strategy. In the design of a new 
generation of high-performance electronic materials, we take inspiration from a modular 
bottom-up approach. While macroscopic objects largely obey classical physics, we seek 
to harvest the unique properties and function emerging from the laws of quantum 
mechanics at the nanometer scale. Graphene, for example, a macroscopic two-
dimensional sheet of carbon atoms tightly packed into a honeycomb lattice, is a zero-gap 
semiconductor or semimetal; its valence (VB) and conduction (CB) bands touch at the 
Dirac point. Upon confining the extended carbon sheet to a narrow (1–3 nm) one-
dimensional graphene nanoribbon (GNR), the energy states are quantized and give rise to 
some of graphene’s most unusual properties. A highly tunable band gap, magnetic edge-
states, and an exceptionally high spin-coherence are intimately linked to quantum 
mechanical boundary conditions established by the absolute dimensions, the 
intramolecular symmetry, and the edge-structure. 
 
Our research focuses on the rational design, deterministic assembly, and detailed 
investigation of the physical phenomena emerging from quantum confinement effects in 
graphene nanomaterials. We pursue a highly integrated multidisciplinary program, 
founded on synthetic bottom-up approaches toward functional materials with precisely 
defined structure. We control their assembly into hierarchically ordered architectures, and 
evaluate inherent physical properties using modern scanning probe techniques across 
multiple length, time, and energy scales. The technological advancements enabled 
through our research have sparked the development of low-energy high-performance 
computing architectures, the next generation of energy conversion nanocatalysts and 
storage systems, and have established surface mediated chemical transformations as 
competent synthetic methodologies for target-directed organic synthesis. 
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We have developed a novel approach to a bottom-up synthesis of graphene nanoribbons 
(GNRs) with defined width [1]. First, polydiacetylenes (PDAs) with pendent aromatic 
groups are formed via topochemical polymerization, which are then converted to GNRs 
through a second thermal aromatization step. In particular, the conversion of several 
regioisomerically substituted 1,4-diphenylbutadiynes to the corresponding PDAs, and 
subsequently to the same [8]GNR (where R,R’ = H) will be described along with a 
detailed spectroscopic investigation of the conversion process. 
 
 

 
 

Figure 1: General synthetic approach to GNRs via topochemical polymerization and 
aromatization though thermal treatment. The green shading outlines one of the precursor 
molecules and its path during the polymerization and aromatization reactions.  

. 
References 

1.  Jordan, R. S.; Wang, Y.; Khan, S. I.; Kaner, R. B.; Rubin, Y. “Synthesis of Graphene 
Nanoribbons via the Topochemical Polymerization and Subsequent Aromatization of a 
Diacetylene Precursor”, Chem 2016, 1, 78–90. 

 
 

  



IL-14 

 

IL-14   

	

Synthesis of Molecules and Dopants for Organic Electronic 
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During the first section of the presentation, I will discuss carbon-based materials that are 
emerging as important components for a wide range of electronic applications.  p- and n-
Doping of charge-transporting materials with oxidants or reductants, respectively, can 
significantly improve the behavior of organic electronic devices. Metallo-organic and 
organic dopants that are sufficiently reducing to n-dope many electron-transport materials 
of interest, especially for photovoltaic and light-emitting diode applications, via simple 
one-electron transfer, are typically air-sensitive. Approaches in which air-stable 
precursors react to form dopants during, or subsequent to, device fabrication have the 
potential to greatly simplify device fabrication. Here we will discuss the development of 
transition-metal complexes for doping of materials deposited from solution, including 
strongly reducing, yet air-stable, n-dopants.   
 
In the second section I will focus on the synthesis of organic moieties with high electron 
affinity (EA) that may act as intra- and intermolecular acceptors in pi-conjugated 
materials. Incorporation of strong πι-acceptors into either small molecule and polymer 
materials can be problematic since many high-EA precursors are resistant to electrophilic 
halogenation and lithiated derivatives typically used to form Stille and Suzuki reagents 
are often unstable. Direct C-H bond functionalization on sp2 carbon centers has become a 
useful tool for the synthesis of pi-conjugated small molecules and polymers. Direct C-H 
arylation can be particularly useful in the synthesis of materials with high EA, where it 
may be used to circumvent some of the synthetic difficulties associated with strongly 
electron-accepting intermediates and with conventional cross-coupling partners. To 
explore the scope of direct C-H arylation of high EA materials, we have synthesized 
several heterocycles based on widely used 2,1,3-benzothiadiazole (BT), benzotriazole 
(BTz), and quinoxaline (Qx) acceptors with pendant electron withdrawing substituents to 
increase EA relative to the parent acceptors. Palladium-catalyzed direct heteroarylation of 
5,6-dicyano[2,1,3]benzothiadiazole (DCBT), 5,6-dicyano[1,2,3]benztriazole (DCBTz), 
6,7-dicyanoquinoxaline (DCQx), and 6,7-dinitroquinoxaline (DNQx) was accomplished 
with high yields (>80%) of di-coupled products in most cases. Electron acceptor and 
transport materials for organic photovoltaics and transistors synthesized by these direct C-
H arylation methods will be discussed. Finally we will discuss a simple method for 
iodinating high EA materials which are otherwise difficult to halogenate. 
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Vapor Phase Organic Chemistry for Optoelectronic Applications 
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Coating textured, high surface area substrates, such as paper and textiles, with conjugated 
polymer films is challenging [1]. Selected vapor deposition techniques allow for the film 
forming process to be largely divorced of substrate properties, such as surface energy and 
surface roughness, and have the potential to yield conformal coatings. However, reliable 
vapor deposition techniques with which to fabricate structurally diverse conjugated 
polymer films do not exist. We will describe two different reaction chambers that, 
combined, allow for in situ vapor phase polymerization of a representative selection of 
common conjugated monomers [2]. Using these chambers, conformal coating of highly 
disordered, high surface area three-dimensional substrates, including a cotton towel and 
corduroy fabric, with either conducting or semiconducting polymer films of precisely-
controlled thickness can be achieved. Requirements for practical chamber design, and 
protocols for appropriate monomer and reaction choice will be discussed. Further, efforts 
to synthesize random copolymer and block-copolymer films using vapor phase synthesis 
will be summarized. 
 
The conjugated polymer films obtained via vapor phase polymerization possess superior 
mechanical and electronic properties, including remarkable abrasion resistance, extensive 
electrochemical cyclability, and high capacitance [3]. Further, these properties can be 
reproducibly obtained on a wide variety of flexible substrates, irrespective of surface 
chemistry or surface roughness. Selected textile electronic devices enabled by vapor 
phase deposition methods will be described. 
 
 

 
 

Figure 1: Conformal coating of textured, three-dimensional substrates with conjugated polymer 
films. 
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The recent progress in the synthesis of racemic or enantioenriched helicenes [1-3] has stimulated 
an increasing interest in these iconic helically chiral aromatics and their applications. In this 
context, four case studies will be presented: (i) Relying on a robust intramolecular [2+2+2] 
cycloisomerisation of multiple alkynes, we succeeded in synthesising extremely long 
(hetero)helicenes (Fig. 1A) [4]. Their single molecule electrical conductance was measured by the 
mechanically controllable break-junction method. (ii) Self-assembly of racemic 3,12-
dicyano[5]helicene on the Ag(111) surface exhibited a unique coexistence of separated large-area 
phases of both conglomerate and solid solution featuring a uniform ferroelectric arrangement of 
molecular dipoles. (iii) We demonstrated a chemical way of transferring chirality from a 
homochiral (P)-dibenzo[7]helicene to an enantiofacially adsorbed flat dibenzocoronene derivative 
on Ag(111) through the cascade of enantioconservative on-surface reactions (Fig. 1B) [5]. (iv) 
We demonstrated the converse piezoelectric effect in a single heptahelicene-derived molecule on 
the Ag(111) surface using AFM/STM microscopy and DFT calculations.  

Figure 1: Helicenes at nanoscale. 
 

This work was supported by Czech Science Foundation (16-08294S, 16-08327S) and by the 
Institute of Organic Chemistry & Biochemistry CAS (RVO: 61388963). 
 
References  
1.  J. Žádný, A. Jančařík, A. Andronova, M. Šámal, J. Vacek Chocholoušová, J. Vacek, R. Pohl, 

D. Šaman, I. Císařová, I. G. Stará, I. Starý, Angew. Chem. Int. Ed. 2012, 51, 5857–5861.  
2.  A. Jančařík, J. Rybáček, K. Cocq, J. Vacek Chocholoušová, J. Vacek, R. Pohl, L. Bednárová, 

P. Fiedler, I. Císařová, I. G. Stará, I. Starý, Angew. Chem. Int. Ed. 2013, 52, 9970–9975. 
3.  M. Šámal, S. Chercheja, J. Rybáček, J. Vacek Chocholoušová, J. Vacek, L. Bednárová, D. 

Šaman, I. G. Stará, I. Starý, J. Am. Chem. Soc. 2015, 137, 8469–8474. 
4. J. Nejedlý, M. Šámal, J. Rybáček, M. Tobrmanová, F. Szydlo, C. Coudret, M. Neumeier, J. 

Vacek, J. Vacek Chocholoušová, M. Buděšínský, D. Šaman, L. Bednárová, L. Sieger, I. G. 
Stará, I. Starý, Angew. Chem. Int. Ed. 2017, 56, 5839–5843. 

5.  O. Stetsovych, M. Švec, J. Vacek, J. V. Chocholoušová, A. Jančařík, J. Rybáček, K. 
Kosmider, I. G. Stará, P. Jelínek, I. Starý, Nat. Chem. 2017, 9, 213–218. 

  



IL-17 

 

IL-17   

	

Recent Progress in Organic Chemistry of Negatively Curved 
Nanographenes 

 
Qian Miao, Kwan Yin Cheung, Sai Ho Poon, Xiao Gu 

 
Department of Chemistry, The Chinese University of Hong Kong,  

Shatin, N.T. Hong Kong, China 
E-mail: miaoqian@cuhk.edu.hk 

 
 
Carbon exists as a variety of nanometer-sized allotropes, where sp2 hybridized carbon 
atoms are covalently bonded in different geometries. Many three-dimensional nanocarbon 
structures with negative curvature have been proposed by embedding heptagons or 
octagons in the graphitic lattice. These exotic nanocarbon structures are predicted to have 
interesting properties on the basis of computational studies, but are yet to be synthesized. 
Negatively curved polycyclic arenes containing seven- and eight-membered rings are not 
only segments containing structural information of these negatively curved nanocarbons 
but also can be used as templates or monomer units for synthesis of them. This 
presentation will cover our recent studies on design, synthesis and structural analysis of 
negatively curved polycyclic arenes.1-3 To be highlighted here are two curved 
nanographenes, 1 and 2, which have remarkably curved polycyclic backbones consisting 
of 86 and 96 carbon atoms, respectively, as shown below.   
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Since the beginning of this century, the reliable integration of single molecules in electronic 
circuits became feasible [1]. However, the spatial confinement of the molecular junction 
makes the addressing of exclusively the integrated molecule by an external stimulus 
challenging. We thus became interested in single molecule junctions responding on the 
electric field applied across the junction.  

As first example, a FeII bis-terpyridine (tpy) complex was designed and synthesized as 
single molecule spin-switch [2]. While one tpy-ligand bridges both electrodes of the junction, 
the second tpy-ligand is decorated with terminal push-pull substituents. By ramping the 
applied voltage, the electric field is supposed to distort the perpendicular arrangement of both 
tpy-ligands. The spin state of the central FeII-ion depends on its coordination sphere and thus, 
the applied electric field is expected to trigger a spin state transition that should be detectable 
in the transport current through the junction. Detailed statistical analysis of numerous 
junctions - measured in a mechanical controlled break junction set-up at low-T - indeed 
display an increase in bi-stable junctions with increasing dipole moment in the tpy-ligand, 
supporting the hypothesized switching mechanism. 

In a purely organic architecture, a rigid 9,9’-spirobifluorene scaffold was developed as 
solid and well defined anchor structure for Au(111) surfaces [3]. Interestingly, the 9,9’-
spirobifluorene platform not only allows the controlled immobilization and lateral self-
assembly of the structure on the metal surface, but also the efficient electronic coupling to the 
electrode ( = metal surface). A first model compound was decorated with a nitrile group as 
both, strongly coupled anchor group and as subunit providing a dipole moment. In a low-T 
STM experiment, the dipole moment of the nitrile group reacts on the applied electric field 
bending the substituent like a “molecular cantilever”. As a consequence, the coordinative 
interaction between the metal tip and the lone pair of the nitrogen exposed by the nitrile 
group can be reproducibly triggered by short electric pulses - almost making the laterally self-
assembled arrays of molecules to single molecule memory units [4]. 

We are currently working on alternative molecular structures displaying mechanical 
molecular motion upon application of an electric field [5]. 
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Biphenyl-2,2'-diylbis(10-methyl-9-methyleneacridan)-
type electron donor 1, which has two tethered cyclic 
disulfide units at the 6,6'-positions was designed as the 
first member of a dynamic redox (dyrex) system [1] that 
can form molecular layers on a Au(111) electrode 
(Scheme 1).  The novel donor was synthesized over 7 steps 
by starting with 2,2',6,6'-tetrabromobiphenyl.  Upon the 
two-electron (2e) oxidation of 1 (Eox +0.35 V vs Ag/AgCl 
in CH2Cl2) with NOBF4, persistent dicationic dye 22+ (Ered 
–0.55 V) was generated with the formation of a new C–C 
bond, which is reversibly cleaved upon 2e reduction by 
using SmI2 to regenerate 1 (dyrex behavior).  Similar dyrex 
interconversion occurs in the molecular layer on gold.  The 
chemical identities of 1/Au and electrochemically 
generated 22+/Au were unambiguously determined by in 
situ IR spectral measurement under the attenuated total 
reflection mode.  In situ scanning tunneling microscopy 
(STM) was conducted under electrochemical conditions to 
examine the surface structure of 1 adsorbed on a Au(111) 
electrode.  Although no long-range ordered morphology 
was found in the STM image of 1, an in situ STM study of 
the potential-induced dyrex reaction of 1 to 22+ showed 
that the grained spots in the image became slightly brighter 
(Figure 1).  Due to the high electrochemical bistability to 
suppress the electron exchange between 1 and 22+, the 
present dyrex pair can be considered as a prototype of 
unimolcular memory units [2].  Further studies on dyrex 
systems that form molecular layers with long-range 
ordering are now underway to realize molecular-based 
data storage devices using electrochemical input by an 
STM tip.  
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Figure 1 In situ STM image 
of the dyrex reaction, which 
was initially recorded at Vsub 
= –0.8 V vs Au/AuOx before 
the applied potential was 
stepped to Vsub = –0.2 V. Vtip 
was –1.58 V.  
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We designed 1,3,6,8-tetrakis(trimethylsilylethynyl)pyrene (1) as a fluorescent compound, 
which enabled the response to various physical stimuli such as heating, shearing and exposing 
to the vapor of organic solvents in the solid state (Figure 1). Compound 1 was composed of 
an expanded π-system, 1,3,6,8-tetraethynylpyrene and four bulky substituents, trimethylsilyl 
groups. It is expected that 1 would align linearly to achieve efficient π-π stacking between 
disciform pyrene-containing π-systems (form A in Figure 1). We envisaged that if free 
rotation of the bulky trimethylsilyl groups enabled smooth slippage of the pyrene cores, 
interconversion of 1 among stable/metastable forms A-C would be triggered easily by 
physical stimuli, leading to a change in the fluorescent color and intensity. 
 
The compound 1 was easily prepared by Sonogashira coupling of 1,3,6,8-bromolpyrene with 
trimethylsilylethyne. As we expected, 1 showed four modes of molecular packing; the two 
polymorphs (triclinic system and “loose” crystal Colho), a ”rigid” liquid crystalline phase 
Colho and an amorphous phase.  These four modes emitted fluorescence at different 
wavelengths under UV light, and could be interconverted by physical stimuli such as heating, 
shearing and exposure to the vapor of organic solvents.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Stimuli-response: tetrakis(tirmethysilylethynyl)pyrene 1. 
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Recent research in the area of functional pi-conjugated materials has shown that the 
incorporation of heteroelements - main group elements such as B, Si, Se, Te, and P in 
particular - is an efficient strategy to obtain organic materials with intriguing 
properties for a host of different practical applications [1].  
 
Our group’s research program deals with the development of fused phosphacyclic pi-
conjugated compounds that have recently attracted significant attention due their 
unique electronic properties, that is, their enhanced electron-acceptor features in 
particular [2]. This presentation will highlight our efforts in designing and 
synthesizing viologen-inspired organophosphorus building blocks, and exploring their 
utility in a series of advanced functional materials, particularly with a focus toward 
highly sought-after electron-acceptor materials and their practical application in 
electrochromic devices [3] and batteries [4-5]. 
 

 
 

Figure 1: Schematic representation of ‘phosphaviologen’-based materials  
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Uncommon Polycyclic Open-Shell Structures: Cross-Conjugated 
Dianions and Mechano-Made Biradicals 
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Significant advances in any field of research often come from unexpected 
experimental results. There are plenty of examples where the realization of 
uncommon behaviors in the long run trigger new applications. Examples of these in 
the field of organic electronics are the discovery of conductivity in PA or the 
serendipitous finding of PCBM as electron acceptor in bulk heterojunction solar cells, 
etc. The two findings I will describe here are not obviously of comparable relevance 
but allow me to introduce the reader in the topic of the talk [1-3]. The two stories deal 
with biradical or diradicals, or pairs of unpaired electrons in singlet ground electronic 
state configurations which allow a series of interesting properties as small singlet-
triplet gaps, thermally activated intersystem crossing, magnetic hysteresis in pure 
organics, etc. The first case concerns with the properties of dianions of 
oligothiophenes which are stabilized in cross-conjugation forms (versus typical linear 
conjugations). This structure allows each anion to weakly interact each other thus 
forming the singlet open-shell and promoting the small gap with the triplet. The 
second case is about neutral biradicals generated after pressure application of a 
closed-shell molecule which provokes the rupture of one π−bond and generation of 
trapped, kinetically persistent biradicals. Their understanding and implications are 
discussed. 

 
 

Figure 1: Cross-conjugated dianions and mechano-made biradicals. 
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Substituents on the π-conjugated skeleton plays crucial roles in the molecular design 
of organic semiconducting materials because of their significant impacts on a set of 
physical properties, such as solubility, phase-transition temperature, molecular 
alignment, and crystallinity, all of which affects the device performance. So far, alkyl 
groups are one of the most abundant substituents for the modulation of these 
properties. However, the electron-donating effect of alkyl groups causes non-
negligible elevation of HOMO and LUMO energy levels, which is detrimental for the 
stability of the π system in air. 
   To overcome this issue, we now designed a new end-capping group, i.e., a sulfur-
containing 9-membered thiacyclononene ring (TN) based on the following ideas: 1) a 
cyclic end-capping group should offer the improved electrochemical stability; 2) the 
electron-donating ability of the alkylthio moiety would be suppressed due to non-
efficient n–π interaction in the nonplanar conformation of the 9-membered ring; 3) 
conformational flexibility of the 9-membered ring would also improve solubility of 
the resulting π systems. As a proof-of-concept study, we here present the synthesis 
and properties of a series of TN-capped α-oligothiophenes (TNnT, n = 4–7). The 
electrochemical properties, effect of the TN-capped structure on the molecular 
alignment, and solution-processed fabrication of single-crystal FET devices using 
TNnT will be discussed. 
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Development of novel temporary adhesives is important in  the miniaturization of (3D) 
microelectronic devices — integrated circuits patterned on 2D silicon wafers stacked 
in 3D assemblies — but designing adhesives with the required strength and capacity 
for debonding remains a practical challenge. This presentation will describe the use of 
polycyclic aromatic hydrocarbons (PAHs) as temporary adhesives—removable on-
demand by sublimation without application of solvent or mechanical force—that hold 
promise for applicability in the 3D electronic industry.1 These adhesives are 
polycrystalline solids that enable bonding of glass, metal, and plastic with a broad 
range of lap shear forces ranging from 5-50 N cm-2. Systematic examination of factors 
governing bonding suggests that favorable chemical interactions between bonded 
surfaces and PAHs, and structural features at the surface of the substrate influence 
both the lap shear force and the mechanism of failure. Utilizing sublimable PAHs 
enables sequential bonding and release of substrates, as well as controlling actuation 
of electronic systems through mechanical work. 
 

 
 

Figure 1: Application of polycyclic aromatic hydrocarbons as sublimable adhesives. 
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The lack of scalable and sustainable methods to prepare conjugated polymers 
belies their importance in many enabling technologies such as photovoltaics, light 
emitting diodes and field-effect transistors. Accessing high-performance 
poly(hetero)arene conjugated polymers via dehydration has remained an unsolved 
problem in synthetic chemistry and has historically required transitional-metal 
coupling reactions. This talk will discuss our recent efforts developing a 
dehydration method that allows access to conjugated small molecules and 
polymers. The resulting materials will also be discussed in the context of the 
interesting optoelectronic properties they exhibit due to non-covalent interactions 
along the conjugated backbone. 

 

 
 

Figure 1: Dehydration polymerization of conjugated thiazole N-oxides. 
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ortho-Phenylenes have been shown to fold into helices in solution [1]. They are 
therefore a simple class of foldamers, with folding driven by aromatic stacking 
interactions parallel to the helical axis. While there are many examples of helical 
foldamers, o-phenylenes offer some unique features; in particular, because their 
folding is slow on the NMR timescale, it is possible to obtain very specific 
information about their folding states in solution. This makes the o-phenylene motif 
an attractive platform for addressing one of the current challenges in the field: 
combining locally folded subunits into higher-order architectures [2]. 
 
Along these lines, we have recently become interested in exploring the properties of 
macrocycles with o-phenylene subunits. Our first efforts in this area combine 
functionalized o-phenylenes with simple linkers to give macrocycles with folded 
(twisted) corners (Figure 1) [3]. The resulting systems raise interesting questions 
about the interplay between folding and dynamic covalent assembly, and about the 
interaction between folded units once interconnected (“conformational 
communication” [4]). Folding behavior can be improved on assembly, in essence 
trading off the entropic driving force toward cyclization for the entropic penalty of 
conformational restriction. The macrocycles also exhibit well-defined conformational 
isomerism that can, in some cases, be distinguished by NMR. Recent attempts to 
assemble more complex structures will be discussed. 

 
 

Figure 1: Example of a simple twisted macrocycle derived from an o-phenylene tetramer 
(dark gray) and a tolane-based linker (light gray). 
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Antiaromaticity in extended conjugated systems has long stimulated experimental and 
theoretical interests. Conjugated molecules with fused aromatic benzenoid and 
antiaromatic cyclobutadienoid are of both great fundamental and technical interests. 
Synthetic accessibility, however, of such molecules has been challenging and limited 
in scope. We have recently developed a modular, streamlined synthetic strategy to 
access a large variety of polycyclic conjugated hydrocarbons (PCHs) with fused 
cyclobutadienoid and benzenoid subunits. Their synthesis was achieved through 
efficient palladium-catalyzed C-H activated annulation between aryl bromides and 
oxanorbornenes (coined CANAL reaction) followed by aromatization under acidic 
conditions.[1] This streamlined strategy converts abundant aryl bromides and 
oxanorbornenes to a large variety of novel PCHs containing cyclobutadienoids in high 
yields in a modular fashion. The tolerance of functional groups of this chemistry also 
allowed tuning of the energy levels of frontier orbitals by various substituents. With 
several series of unprecedented PCHs in hand, we have investigated the influence of 
four-membered rings on the local aromaticity and antiaromaticity of the resulting 
PCHs using UV-Vis and NMR spectroscopy, crystallography, and NICS calculation. 
We also discovered an intriguing dependence of paratropicity in such π-systems on 
the regio-connectivity of σ-carbon frameworks, thanks to the facile synthesis of 
various regio-isomers using regio-selective CANAL reaction. 

 
This new synthetic strategy will facilitate exploration on the chemical, structural, and 
electronic properties of extended π-systems containing antiaromatic 
cyclobutadienoids and potential applications of such systems. 
 
 

 
 

Figure 1: Streamlined synthesis of PCHs containing cyclobutadienoids via CANAL and 
aromatization. 
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Nanographenes, structurally uniform finite subsections of the graphene sheet are 
highly promising as materials for organic electronics [1]. Introduction of heteroatoms 
to nanographene structures substantially increases the dimensionality of the structural 
space, providing countless choices of doping patterns. The need for efficient bottom-
up synthetic approaches to doped nanographenoids has stimulated considerable 
progress in modern heterocyclic chemistry, with a plethora of complex structural 
motifs introduced during the last two decades [1b]. Recent developments in pyrrole-
based nanographene analogues have yielded structures characterized not only by 
specific nitrogen doping configurations but also by unique non-benzenoid fusion 
patterns [2,3]. Herein we will summarize our recent work on pyrrole-based aromatics, 
including e.g., peripherally expanded azacoronenes [3a,3b] and donor-acceptor 
systems based on porphyrin [3c] and HPHAC cores [3d]. These systems are of 
interest because of their rich redox chemistry, spanning multiple oxidation levels, 
tunable optical signatures extending into the near infrared, and their extended rigid π 
surfaces, usable as tectons for supramolecular and crystal engineering. 
 

 
Figure 1: Pyrrole based nanographene analogues. 
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Mechanochromic luminescent molecules switch the color of their solid-state emission 
upon response to mechanical stimuli, and have recently attracted increasing interest 
owing to their potential applications in e.g. display devices, mechanosensors, and security 
inks [1,2]. Despite recent extensive studies on mechanochromic fluorophores, the practic-
al utility of most reported systems suffers from the fact that these systems are unable to 
self-recover autonomously. They usually require exposure to solvents or heating in order 
to recover their original color. Presented here are 4-(1H-indol-2-yl)-2,1,3-benzothiadi-
azole derivatives as novel self-recovering mechanochromic fluorophores (Figure 1) [3]. 
 
The original solid-state emission color of the indolylbenzothiadiazoles could be recovered 
spontaneously at room temperature after exposure to mechanical stimuli. The emission 
color, as well as the recovery time for the color change could be tuned by the substituents 
on the indole and benzothiadiazole rings. We propose that the change of emission color in 
response to mechanical stimuli is based on a partial amorphization of the crystalline 
fluorophores. Accordingly, the self-recovering nature should be rationalized in terms of a 
spontaneous recrystallization of the fluorophores from the amorphous states, which 
should be facilitated by unchanged partial crystalline phases in the immediate vicinity. 
Notably, the maximum emission wavelengths of the fluorophores after grinding were in 
good agreement with those of the corresponding molten samples. Detailed studies on the 
crystalline and molten samples suggested that the recovery time for the color change 
should depend on whether the amorphous state after grinding is a supercooled liquid or a 
glass state. These findings should offer guidelines to further the development of self-
recovering mechanochromic luminophores. 

 
Figure 1: Self-recovering mechanochromic luminescence of indolylbenzothiadiazoles. 
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Oligoarenes are conjugated backbones which constitute an important class of 
materials, with promising applications in organic electronics and catalysis. While the 
synthesis of unsubstituted oligophenylenes was recently demonstrated,[1] the 
introduction of monodispersed functionalized oligoarenes in a highly-selective 
manner remains a significant challenge. We have previously introduced long 
oligofurans as new class of organic electronic materials, which are the oxygen-
containing analogues of the oligothiophenes.[2] Oligofurans were found to possess 
many advantages, including strong fluorescence, good field effect transistor (FET) 
properties, good solid-state packing and highly quinoid character compared to their 
thiophene analogues. Yet, the chemical reactivity or oligofurans remains largely 
unexplored. Unlike oligothiophenes, oligofurans can undergo Diels-Alder 
cycloaddition,[3] and we were therefore interested in utilizing their reactivity for the 
introduction of new π-conjugated backbones. 
 
Herein we report the conversion of long oligofurans to oligoarenes, by multiple Diels-
Alder cycloadditions with aryne precursors.[4] Consequent deoxygenation of the 
formed cycloadducts resulted in the formation long oligonaphthalenes, containing up 
to 6 units, as well as oligophenanthrenes. We also demonstrated the site-selective 
cycloaddition-deoxygenation of oligofurans, with dienophiles of different reactivity, 
which resulted in the formation of substituted oligoarenes in a highly-controlled 
manner. This reaction, with formation of up to 12 new carbon-carbon bonds in a 
single step, represents a novel approach for the selective conversion of long π-
conjugated systems. 
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Due to their excellent spectroscopic properties (i.e. relatively large molar 
absorption coefficients, narrow emission bands and high fluorescence quantum 
yields), high photochemical and chemical stabilities, and the facile alteration of 
their photophysical properties by molecular design, 4,4-difluoro-4-bora-3a,4a-
diaza-s-indacene (BODIPY) dyes are among the most popular organic 
fluorophores and have been widely employed as labeling reagents in molecular 
biology, lasing medium in liquid solution dye lasers, and chemosensors or 
molecular probes. In this talk, we present a systematic study of the substituents at 
the periphery of BODIPY dyes, in particular that of the meso substituent, to 
elucidate the factors that govern the optical properties in solution and the solid 
states, and the formation of emissive aggregates in this family of fluorophore. 
Several new BODIPYs can be added to the previously reported 1,3,5,7-
tetramethyl-8-trifluoromethyl derivative in the list of those forming J-aggregates, 
in addition to other dyes that are emissive in the solid state without forming J-
aggregates [1-2]. Based on our findings of optical properies of meso-substituted 
BODIPY dyes, the fluorescence-sensory applications will be presented [3-4]. 
 

 
Figure 1: Structure-property relationship of meso-substituted BODIPY dyes. 
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Aromatic molecules are inherently rigid among organic systems. The rigidity of 
aromatic systems leads to strong luminescent properties, π-stacking abilities, efficient 
carrier transport, and so on. On the other hand, conformational flexibility is useful for 
switching molecular properties. To combine the advantages of rigidity and flexibility, 
we have designed and synthesized flapping molecules (FLAP) that consists of rigid 
aromatic wings and a flexible COT (cyclooctatetraene) joint. In this presentation we 
introduce unique photofunctional materials based on the rigid-flexible hybrid 
molecular systems.[1–4] 
 
1. Fluorescent Molecular Force Probe 
Force mapping in materials and cells at molecular scale is an important technology. 
COT-based flapping systems showed force-responsive conformational change in 
polymer film, accompanied by a distinct blue-to-green fluorescence color change in a 
real-time and reversible manner. These molecular force probes are useful for 
visualizing the stress concentration in polymer films and understanding the force 
transduction in biological systems. 
 
2. Light-Melt Adhesive 
Photoinduced transformation of rigid materials into a fluid is still a challenge, despite 
its promising application for light-removable adhesives. Sufficient adhesive strength 
and quick photoresponse are both required for this application. Here we introduce a 
columnar liquid crystal (LC), consisting of strongly stacked photoresponsive 
molecules having a COT core and anthracene wings, that melts under UV irradiation. 
While the LC film maintains high adhesive strength even at 100°C, its bonding ability 
is immediately lost by light. 

 
Figure 1: a) COT-based mechanosensitive fluorescent probe; b) light-melt adhesive of a 

columnar liquid crystal. 
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There will always be a demand for the development of new synthetic methods for the 
rapid π-extension of simple aromatics to access novel polycyclic aromatic 
hydrocarbon (PAH) framworks with new and interesting properties [1]. A 
methodology that allows one to easily modify the structure (size, shape, functionality) 
of conjugated organic materials to tune optical and electronic properties is highly 
valuable in the area of custom material synthesis tailored for a specific application. 
We have developed a mild and efficient acid-catalyzed benzannulation methodology 
that utilizes alkyne-containing synthetic precursors to provide that variety of 
interesting PAH derivatives.[2,3] Due to the intrinsic high-energy of the synthetic 
precursors, we are able to obtain seemingly imposible to make, severely contorted and 
even persistently chiral PAH’s. The use of alkyne benzannulation has even been 
utilized by our group to successfully synthesize very narrow GNRs (ca. 0.5 nm wide) 
that are highly soluble in a number of common organic solvents [4]. 
 
 

 
 

Figure 1: Acid-catalyzed alkyne benzannulations to synthesize interesting PAHs. 
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Aromatic chameleon compounds are compounds that can adjust their π-electron 
distributions so as to comply with the different rules of aromaticity in different 
electronic states; Hückel’s rule in the electronic ground state (S0) and Baird’s rule in 
the first excited states of triplet and singlet multiplicities (T1 and S1).[1-4] We now 
used quantum chemical calculations to study the T1 states of polycyclic compounds 
with aromatic chameleon cores represented by biphenylene, 
dibenzocyclooctatetraene, and dibenzo[a,e]pentalene (Figure 1).[5] Significant 
decreases in T1 energies are observed when going from linear to cis/trans-bent 
connectivities of benzene rings fused to these cores. The T1 energies decrease down to 
those of the parent 4nπ-electron units. Due to influence of triplet state aromaticity in 
the central 4nπ-electron units, as given by Baird’s rule, the most stabilized 
compounds retain the T1 excitation in Baird quartets or octets, enabling the outer 
benzene rings to adapt closed-shell singlet Clar sextet character. Interestingly, the T1 
energy is lowered with the number of aromatic cycles that can be drawn within a 
molecule in its T1 state. Thus, an increased influence of triplet state aromaticity of the 
central 4n ring, as evidenced by various aromaticity indices, leads to lowered triplet 
energies. Finally, combined usage of Baird’s and Clar’s rules enables us to generate a 
compound which according to EPR spectroscopy has a triplet ground state (T0) 
strongly influenced by Baird-aromaticity according to computations.[6] 

 
 

Figure 1: Polycyclic compounds in which triplet excitation can be localized to central Baird-aromatic 
units, while several benzene rings retain closed-shell Clar-sextet aromatic character, have low-lying 

triplet states. 
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The antiaromatic character of organic molecules has been theoretically predicted to 
possess interesting properties e.g. the high performance in electrical conductivity. The 
experimental evidences of the antiaromatic character are not so frequent but there is a 
visible trend in shifting the chemists attention to such compounds due to potential 
application in material science. Nevertheless a high reactivity of molecules with 4n 
conjugated p electrons limits their availability and bounds a modifiability necessary 
from the potential applications perspective. From those reasons it can be more 
beneficial to introduce to the system a stable, aromatic molecule and, after further 
reactivity initiated ‘in-situ’ observe requested behaviour that can be reversed after 
another factor. Thus the switching between two oxidation states that are assigned to 
one skeleton can be beneficial while thinking about the application requiring 
switching between aromatic and antiaromatic character. Tetrapyrrolic porphyrinoids 
are cyclic structures with strongly marked aromatic character which can be switched 
to antiaromatic based on a redox process.1 The potential necessary for switching 
between two states can be modified by introducing a controlled structural change to 
the original skeleton. A gradual removal of building blocks from tetraphyrin(1.1.1.1) 
converts that macrocycle into structures with significantly modified shape and 
properties. 

 
Figure 1: 14p-16p switching in triphyrin(2.1.1). 

 
The rationally obtained family of triphyrins(2.1.1)2 fused with acenes/heteracenes 
(Figure 1) has shown intriguing abilities strongly affecting the aromatic character 
eventually switching to antiaromatic structure where the optical properties have been 
modified.2b,c The details of the approach leading to aromaticity control and in the 
effect changes in the optical properties will be discussed. 
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Azulene has earned considerable attention due to its unique chemical structure and 
unusual properties, including a large dipole moment of 1.08 D derived from its 
nonalternant structure with an electron-poor seven-membered ring and an electron-
rich five-membered ring, long-wavelength weak absorption (S0→S1) with narrow 
HOMO–LUMO energy gap, as well as abnormal fluorescence (anti-Kasha’s rule, 
S2→S0) resulting from its large energy gap between S1 and S2 [1,2]. In recent years, 
azulene and its derivatives have attracted ever increasing attention due to their 
successful applications in organic optoelectronic devices, such as organic field-effect 
transistors (OFETs) and organic solar cells (OSCs) [1,2]. However, the development 
of azulene-based organic optoelectronic materials is hampered by the difficulty in 
molecule design and synthesis. Herein, we developed the first class of azulene-based 
aromatic diimides, 2,2ʹ-biazulene-1,1ʹ,3,3ʹ-tetracarboxylic diimides (BAzDIs), which 
is a new class of organic dyes, with unique chemical structures and frontier molecular 
orbitals [3]. Some latest developed BAzDI-based organic semiconductors have shown 
high electron mobility in OFETs and high power conversion efficiency in OSCs [4]. 
Our primary results demonstrate that BAzDIs are promising building blocks for 
organic optoelectronic materials.  
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Figure 1: Application of azulene to construct BAzDI-based organic optoelectronic materials. 

 
References  
1.  H.S. Xin, X.K. Gao, ChemPlusChem 2017, 82, DOI:10.1002/cplu.201700039.  
2.  H.S. Xin, C.W. Ge, L.N. Fu, X.D. Yang, X.K. Gao, Chin. J. Org. Chem. 2017, 37, 

711−719. 
3.  H.S. Xin, C.W. Ge, X.D. Yang, H.L. Gao, X.C. Yang, X.K. Gao, Chem. Sci. 2016, 7, 

6701−6705. 
4.  H.S. Xin, C.W. Ge, X.D. Yang, X.K. Gao, et al., in preparation 

 
 
  



CL–18  

 

 

	

Nanohoops as New Architectures in Molecular and Materials 
Design 

 
Ramesh Jasti  

 
University of Oregon, Eugene, Oregon, USA  

rjasti@uoregon.edu 
 
Graphitic nanomaterials (e.g. carbon nanotubes, graphene, and their related 
derivatives) have outstanding properties for a broad spectrum of applications ranging 
from electronics, molecular sensors, nanoporous filters, as well as energy generation 
and storage.  These materials, however, are difficult to prepare in a uniform 
manner.  The structural variation dramatically affects properties and performance.  I 
will describe my research group's efforts to develop molecular syntheses and 
assembly strategies to prepare these types of structures with angstrom-level 
precision.  Specifically, I will focus on our most recent work with the 
cycloparaphenylenes, or "carbon nanohoops," and their utility as a novel platform for 
molecular and materials design.  

 
 
 
 
 
 
 
 
 
 
 
 
References  
1. E.R. Darzi, R. Jasti, Chem. Soc. Rev. 2015, 44, 6401-6410.  
 
 
 
  



CL–19  

 

 

	

Chiroptical Biradicaloid Switches 
 

M. Juríček1,2, P. Ravat2, T. Šolomek2,3, P. Ribar2 

1University of Zurich, Zurich, Switzerland 
2University of Basel, Basel, Switzerland 

E-mail: michal.juricek@gmail.com 
 
π-Conjugated hydrocarbons with a biradicaloid singlet ground state have recently 
emerged1 as a specific type of Kekulé polycyclic hydrocarbons. On account of their 
small HOMO–LUMO gaps and low-lying triplet excited states that can be populated 
thermally, biradicaloids represent valuable molecular building blocks for a large 
variety of applications in organic electronics. Last year, we reported2,3 the first 
helically twisted biradicaloid hydrocarbon, “C”-shaped cethrene (see figure, left, R = 
H), an isomer of a “Z”-shaped and planar biradicaloid heptazethrene. We showed that 
in cethrene, the singlet–triplet (S–T) energy gap is significantly decreased, compared 
to its isomer heptazethrene, on account of through-space interactions that arise within 
the frontier molecular orbitals because of the helical twist. In addition, we found that 
cethrene undergoes in solution an unexpected transformation to a planar hydrocarbon, 
and hypothesized2,4 that the first step of this transformation is electrocyclization. 
Considering that this electrocyclization is formally a thermally forbidden process 
(because of the antibonding through-space interaction within the HOMO), it was 
surprising to us that the energy barrier of this transformation was so low. To 
investigate this intriguing reaction in detail, we have recently synthesized and studied 
a dimethyl derivative of cethrene (see figure, left, R = Me). We found that upon 
applying heat or light, the open form can be switched to the closed form by forming a 
covalent bond (in red) and the closed form can be switched back to the open form by 
applying light. This system therefore acts as a multifunctional switch operated by 
light, where we can alter (1) optical properties, (2) the degree of helical twist and thus 
chiroptical properties, and (3) the S–T gap and thus magnetic properties 
simultaneously. Our efforts towards design of multifunctional materials where bulk 
properties can be switched in the solid state by light will be also presented. 
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Nanographenes (NGs) and graphene nanoribbons (GNRs) are very promising 
materials for electronic applications. However, NGs and GNRs produced by physical 
methods do not allow control over size, shape and functionalization of GNRs, leading 
to undefined electronic and physical properties. Thus, methods to prepare such 
materials using the solution-phase bottom-up approach have been proposed. Yet, none 
of them has been proven as efficient for the introduction of electron-rich and electron-
poor units on the edges of GNRs, thus limiting the modulation of their electronic 
properties. In this regard, our group has revisited and used a photochemical method, 
called the cyclodehydrochlorination reaction (CDHC), for the regioselective, mild and 
metal-free synthesis of NGs and GNRs from polychlorinated precursors [1,2]. 
Although this method is very useful for the synthesis of all-phenyl molecules, very 
few examples have been reported for the synthesis of heterocycle-fused NGs and 
GNRs. In this presentation, we will show how the CDHC reaction, a (4n+2)π 
electrocyclization reaction, can be used to prepare well-defined linear and helical NGs 
and GNRs based on electron-rich heterocyclic motifs such as thiophene, pyrrole and 
ullazine. We also show how the CDHC reaction has been used to prepare ladder 
conjugated polymers (CLPs) with both electron-rich and electron-poor units, thus 
creating a permanent dipole within the polymer backbone.  
 

 
 

Figure 1: Photochemical synthesis of edge-functionalized GNR through the CDHC reaction.  
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The transition-metal-catalyzed [2+2+2] cycloaddition of α,ω-diynes with alkenes are valuable 
methods for the convenient synthesis of bicyclic cyclohexadienes in high atom economy. In 
this transformation, the use of 1,2-disubstituted cyclic alkenes as alkenes affords the 
corresponding multicyclic cyclohexadienes. In 2006, Siegel reported that Wilkinson's 
complex is capable of catalyzing the [2+2+2] cylcloaddition of a naphthalene-linked 1,6-
diyne with acenaphthylene to produce the corresponding cyclohexadiene derivative [1]. 
However, an asymmetric variant of this reaction has not been reported. On the other hands, 
our reserch group recently reported that a cationic rhodium(I)/(R)-Difluorphos complex 
catalyzes the asymmetric [2+2+2] cycloaddition of α,ω-diynes with indene under mild 
conditions to produce the corresponding cyclohexadiene derivatives in high yields with high 
regio- and enantioselectivities [2]. 
 
In this research, we investigated the reaction of α,ω-diynes, possessing different substitutents 
at the alkyne termini, with acenaphthylene, possessing a more expanded π framework than 
indene, under the above reaction conditions. As a result, we found that the desired asymmetric 
[2+2+2] cycloaddition proceeds with high yields and enantioselectivities by using (R)-BINAP 
in place of (R)-Difluorphos as a ligand (Figure 1). Importantly, the competition experiment 
between acenapthylene and indene in the above rhodium-catalyzed [2+2+2] cycloaddition 
revealed the higher reactivity of acenaphthylene than indene. 
 
The detailed substrate scope and mechanistic proposal for this cationic rhodium(I)/(R)-BINAP 
complex-catalyzed asymmetric [2+2+2] cycloaddition will be demonstrated in the poster 
presentation. 
 

 
 
 

Figure 1: Rhodium-catalyzed asymmetric [2+2+2] cycloaddition of α,ω-diynes with acenaphthylene. 
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      Recently, a series of [8]circulenes incorporating heteroaromatic rings, i.e., 
hetero[8]circulenes, have attracted considerable attention as organic electronic materials on 
the basis of their highly rigid structures and effective perturbation due to the heteroatoms.[1] 
Hetero[8]circulenes annulated by eight heteroaromatic rings can be considered as an 
[8]radialene bridged by eight heteroatoms. The electronic nature of the bridging heteroatoms 
should affect the cross-conjugated π-system and cause substantial changes in photophysical 
and electronic properties. However, the synthesis of these compounds has so far been limited 
to octathia[8]circulene and tetrathiatetraselena[8]circulene.[2]  
      Here, we report the synthesis and structure, as well as electronic and optical properties of 
the first examples of tetrasilatetrathia[8]circulene 1a and tetragermatetrathia[8]circulenes 1b.[3] 

Hetero[8]circulenes 1a and 1b have been successfully synthesized from 
tetraiodotetrathienylene 2 in two steps (Scheme 1). Our synthetic methods for 1a and 1b 
include both palladium-catalyzed silylation or germylation and rhodium-catalyzed 
dehydrogenative silylation or germylation of C–H bonds as key steps. A single-crystal X-ray 
diffraction analysis revealed that 1a and 1b contain planar [8]radialene skeletons bridged by 
sulfur, silicon, and germanium atoms. The excited state dynamics of 1a and 1b were 
evaluated by steady-state and time-resolved spectroscopic measurements, revealing an 
efficient intersystem crossing in the excited state. 
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Nanometer-scale π-conjugated molecules have attracted considerable interest due to the 
potential application as molecular wires in recently developing single-molecule electronics 
and related fields. Oligothiophenes are one of the most promising molecular wires due to their 
long effective-conjugation lengths and high carrier-transport properties. However, it is 
generally recognized that the elongation of π-conjugated chains induces strong intermolecular 
π–π interactions as well as π-dimer formation, which result in difficulties in elucidating the 
single-molecule properties. In order to overcome this problem, we focused on cyclopentene-
annelated thiophene with spiro-substituted dialkylfluorene as a repeating unit [1]. The 
synthesized oligothiophenes (Figure 1, left) achieved both high levels of effective conjugation 
and complete encapsulation of the π-conjugated backbones. Single-molecule conductance 
measurements of the planar oligomers using the scanning tunneling microscope–break 
junction method exhibited a shift in crossover between tunneling and hopping conduction 
toward a short molecular length as well as a smaller activation energy and larger electrical 
conductance in the hopping transport regime as compared to those observed for distorted less-
conjugated oligothiophenes [2]. To reveal the effects of π-conjugation on hopping charge 
transport in single-molecule junctions, we then tuned the effective conjugation length to 
thiophene 6-mer or 8-mer by the introduction of head-to-head dihexylbithiophene unit in the 
conjugated chains (Figure 1 right) and investigated single-molecule conductance.  
 

 
 

Figure 1: Encapsulated oligothiophenes. 
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Atropisomers are chiral compounds that do not contain stereogenic centres, but a stereogenic 
axis. While the synthesis of chiral compounds containing chiral centres has been an important 
field of research for a long time, little was known about atropisomeric compounds which were 
treated as an academic curiosity. [1] The interest in atropisomers started with the discovery 
that the configuration around a biphenyl axis is an important factor in controlling the 
pharmacological properties of bioactive compounds. Combined with their usefulness as 
catalysts in asymmetric synthesis, biphenyls became prominent and well-studied examples of 
chiral compounds without stereogenic centre. [2] A new class of atropisomers was introduced 
in 1998 by Fritz Vögtle: the Geländer-Oligomers. [3] In the classical Geländer oligomers the 
optically inactive meso form is more stable than its enantiomers. Recently, our group reported 
a novel type of Geländer oligomers that cannot exist as a meso form, but still undergo fast 
racemization. [4-6] To enhance the stability of our new Geländer oligomers, we designed a 
series of more rigidly bridged biphenyls. Consequently, the racemization process in these 
atropisomeric molecules should be significantly slower. The poster will present the synthesis 
and further studies on diacetylene bridged Geländer oligomer 1. 
 

 
 

Figure 1: Diacetylene bridged Geländer oligomer 1. 
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The unique properties of large polycyclic aromatic hydrocarbons make them interesting 
synthetic targets [1]. With enlargement of the π-systems the solubility is dramatically 
decreasing, largely limiting the materials processability. A strategy to increase the solubility is 
to introduce solubilizing substituents to an aromatic system, which leads to reasonable 
enhancement, but can still be further improved [2].  
Recently, it was demonstrated that by attachment of tripytcenylene end-capping units to 
extended aromatic systems that the solubility can significantly be increased and on the other 
hand the tendency to crystallization is still maintained [3].  
This concept was used to synthesize a hexa-cata condensed hexabenzoovalene (HBO) 
derivative with end-capped triptycenes, which showed good solubility in common organic 
solvents [4]. As a result of its substitution pattern, the central aromatic rings form an 
envelope-type conformation and the internal t-butyl substituted positions selectively react 
with electrophiles in an ipso-substitution, opening up the possibility to a number of new HBO 
derivatives. 
 

 
 

Figure 1: Illustrated synthesis of HBO derivatives represented by their solution of the single crystal analysis.  
 
 
References  
 

1. Segawa, Y.; Ito, H.; Itami, K., Nat. Rev. Mater. 2016, 1, 15002. 
2. Wasserfallen, D.; Kastler, M.; Pisula, W.; Hofer, A.; Fogel, Y.; Wang, Z.; Mllen, K.; Hofer, 

W. a; Müllen, K. J. Am. Chem. Soc. 2006, 128 (4), 1334. 
3. Kohl, B.; Rominger, F.; Mastalerz, M., Angew. Chem. 2015, 127, 6149-6154; Angew. Chem. 

Int. Ed. Engl. 2015, 54, 6051-6. 
4. Baumgärtner, K.; Meza Chincha, A. L.; Dreuw, A.; Rominger, F.; Mastalerz, M., Angew. 

Chem. 2016, 128, 15823-15827; Angew. Chem. Int. Ed. 2016, 55, 15594-15598. 

H+NCS Selectfluor®



 
 

  
 

   P-6    

	

Modular Approach to Functionalized Cycloparaphenylenes Via 
[2+2+2] Cycloadditions 

 
Sebastian Beeck1, Hermann A. Wegner1 

 
1Institue of Organic Chemistry, Justus Liebig University, Giessen, Heinrich-Buff-

Ring 17, Germany 
E-mail: sebastian.beeck@chemie.uni-giessen.de 

 
Functionalized cycloparaphenylenes (CPPs) are in high demand, because they open the door 
to build up defined single-walled nanotubes in a chemical fashion and, even more interesting, 
to incorporate them into materials. Their preparation is still challenging. All H-atoms in 
classical CPPs are chemically equal and cannot be substituted selectively.[1] For this reason 
functional groups are introduced at an earlier stage of synthesis, for example by [2+2+2] 
cycloadditions.[2] Such reactions require alkyne precursors. Herein a new straight forward and 
efficient synthesis of a terminal alkyne 1[3] was successfully developed. The synthesis is based 
on subsequent nucleophilic addition of an alkyne and phenyl to p-benzoquinone.[4] The 
precursor includes a cyclohexadiene unit and therefore could be combined well with already 
known synthetic strategies.[5] The orthogonal reactivity of the alkyne and the p-bromophenyl 
allows the efficient assembly of CPPs without the need of additional protecting groups.  

 
 
Figure 1: Outlook about using CPP building block 1, exemplary shown on C2 symmetrical [10]CPP.  
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Quaternary Ammonium Salts (QAS) play an important role in the living organisms and many 
functions of prokaryotic and eukaryotic cells have been shown to be alkyl ammonium salt 
dependant [1-2]. Despite the fact that several N-alkyl quaternary ammonium salts bearing a 2-
methylbenzothiazole, -benzoselenazole, -benzoxazole, -indole, -quinoline and –quinazoline 
nuclei are easily found in the literature, mainly as unisolated precursors of cyanine derivatives 
[3-4]. 
 
Alkoxymethylene-N,N-dimethyliminium salt, the adduct formed from DMF and N-alkylating 
agent such as dimethylsulphate was used for the quaternization of 2-methylbenzimidazole 
derivatives which results in the formation of 1,2,3-trimethyl-1H-benzo[d]imidazol-3-ium 
methosulphate salt. These quaternary benzimidazolium salts were condensed with various N-
alkyl-Indole-3-carbaldehydes under green conditions resulted in formation of novel 1,3-
dimethyl-2-(2-(1-alkyl-1H-indol-3-yl)vinyl)-1H-benzo[d]imidazol-3-ium methosulphate salts. 
 

 
 

Figure 1: Synthesis of 1,3-dimethyl-2-(2-(1-alkyl-1H-indol-3-yl)vinyl)-1H-benzo[d]imidazol-3-ium 
methosulphate salts. 
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Relatively free rotation around the C-C single bonds of an arylene ethynylene structure 
introduces the possibility of many different conformers of the unsaturated system. The shapes 
and electronic properties of these conformers can vary greatly. Our research program has been 
devoted to controlling the conformations, and consequently the properties, of arylene 
ethynylenes via noncovalent interactions. Initially, transition metal binding to the unsaturated 
backbone proved to be a useful tool for manipulating electronic properties (1 ! 1-M) [1]. 
Recently, halogen bonding and hydrogen bonding have proven to be valuable for this purpose 
(2 and 3) [2-4]. Two commonalities between the C-C≡C-C unit of an alkyne, the N-M+-N unit 
of a trans-spanning pyridine-metal complex, and the N···X-C unit of a halogen bonded 
system, are the similar spans of 4-5 Å and optimal angles of 180°. Exploiting these 
similarities has led to novel arylene ethynylene structures with spectroscopically interesting 
behavior.  
 

 
 

Figure 1: Compounds 1-M, 2, and 3 illustrate the concept of metal complexation, halogen 
bonding, and hydrogen bonding in arylene ethynylenes, respectively.  
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Since the pioneering work of Louis Pasteur [1], chirality is a physical chemical property in the 
center of interest of chemical structures and transformations. Besides chirality induced by 
stereogenic centers, axial chirality emerges from the helical arrangement of the molecule’s 
subunits [2]. A prominent school book example for a helical chiral metal complex are 
tris(2,2’-bipyridine)-M(II) derivatives. The three ligands wrap around the central metal in a 
helical arrangement, resulting in a spatial arrangement which resembles a ship’s screw. The 
two enantiomers are distinguished by the helicity of the arrangement between the left-handed 
(Λ) and right-handed (Δ) isomer (Figure 1a) [3]. Going from 2,2’-bipyridine to 2,2':6',2''-
terpyridine an additional binding site is introduced. The two ligands are arranged 
perpendicular to each other and the helical chirality is lost. Two terpyridines facing each other 
in the periphery of macrocycles complemented by additional coordination sites resulted in 
chiral metal complexes. Prominent examples were only reported as racemic mixture [4,5]. 
Here we present our new strategy to introduce axial chirality into metal terpyrdine complexes, 
namely by twofold interlinking of the ligands surrounding the metal ion. The concept is 
sketched in figure 1b) and can also be described as template supported macrocyclization 

reaction. The two terpyridine close a macrocycle which has 
been preorganized (templated) by the formation of the 
metal-terpyridine complex. The terpyridines are 
complemented by two ortho-ethynylphenyl moieties in 4 
and 4’’ positions allowing for macrocyclization by Glaser-
Hay type oxidative acetylene coupling chemistry. 
 
 
Figure 1:  Sketch of axial chirality in metal complexes: a) axial chirality 
with bidental ligands (e.g. 2,2’-bipyridine). b) Concept of introducing 
chirality by macrocyclization. Top: Achiral complex of a tridental ligand 
(e.g. 2,2':6',2''-terpyridine). Bottom: Axial chiral metal complexes 
obtained by interlinking the ends of the two tridental ligands 
(interlinking bridges in red). 
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The development of an integrated circuit fabricated entirely from organic materials 
was first shown in 1998 by C.J. Drury at the Philips Research Labs; spawning the field of 
organic electronics which, in recent years has seen a flurry of activity affording field 
mobilities (the standard measure of performance for these devices) that approach those of 
inorganic silicon components.  Organic semiconducting small molecules and polymers are 
ideal for use in opto-electronic devices such as field effect transistors (OFETs), light-emitting 
diodes (OLEDs), and photovoltaics (OPVs) because these materials exhibit unique optical and 
semiconducting properties that are readily tuned as a function of structure.  Features such as a 
π-conjugated backbone with delocalized π-orbitals are essential for efficient charge transport 
and optical absorption; whereas flexible side chains are critical for the solubility required to 
enable roll-to-roll fabrication and other inexpensive processing methods.  Collectively, this 
results in a flexible device with high charge-carrier mobility that can be produced using 
inexpensive solution processing. 
 Previous work has been on developing heterocyclic analogs of the fused ring system 
benzodithiophene (BDT) utilizing novel benzannulation chemistry (Chem. Commun., 2012, 
48, 8919-8921).  In general, this ring moiety is of interest because it has previously been 
shown to have high hole mobilities and to produce high performing materials for use in 
OPVs.  This work presents new results in evaluating the impact of heteroatom substitution 
within a novel class of conjugated molecules collectively known as the 
benzodichalcogenophene (Figure 1) and effects of extending PI-conjugation for the small 
molecule systems.   
 

 
 

Figure 1: Benzodichalcogenophene Unit 
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Organic semiconductors possess many exceptional electronic, optical and thermal properties 
and thus are well suited for use in applications such as solar cells and light emitting diodes. 
Cross-conjugated small molecules provide a unique opportunity for engineering the properties 
of semiconducting organic materials. These systems are also ideal for use in structure-
property studies. This project focuses on the synthesis of cross-conjugated molecules based on 
the fused heterocyclic benzobisoxazole, (BBO) moiety. BBOs are known for their planarity 
and high charge mobilities, making them promising building blocks for the development of 
materials for use in organic solar cells. The BBO rings system features two different 
conjugation axis, one through the benzene ring (4,8-axis) and one through the oxazole rings 
(2,6-axis) (Figure 1). As a result, this system has numerous opportunities for structural 
variation and electronic enabling tuning of the HOMO level, and LUMO levels. Using a 
combination of theoretical and experimental methods, the influence of different structural 
variations on the optical and electronic properties of this systems will be evaluated.  
 
 

 
 

Figure 1. Generic structure of an aryl substituted BBO showing the conjugation axes. 
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While organic light-emitting diodes (OLEDs) have begun to break into mainstream markets, 
primarily for use in display applications, the need for highly efficient materials are still 
required to break into the other main field of general lighting. The primary reasons for using 
OLEDs over their inorganic counterparts include, tunable energy levels, solution 
processability and the ability to be fabricated on flexible substrates. In cases of all fields of 
organic electronics, absolute understanding of materials is still being discovered. Previously,1 
we demonstrated the use of benzo[1,2-d:4,5-d′]bisoxazole as a core for donor-acceptor small 
molecules to produce blue OLEDs. We are currently pursue fine control of the HOMO and 
LUMO level within this system through the incorporation of electron deficient groups. One 
example, SM 1 with dialkylfluorenes on the 4,8 axis, and pentafluorobenzene groups on the 
2,6 axis has been synthesized. This molecule has a dramatic 45 nm bathochromic shift in 
photoluminescence (489 vs 444) compared to its phenyl counterpart. Having donor-acceptor 
axes should allow for more efficient charge transport and drive up device efficiency. Our 
recent results in this area will be presented. 
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Conjugated polymers represent a major class of functional materials with distinct optical, 
electronic, thermal and other properties from non-conjugated polymers. In an effort to develop 
synthetic materials that transduce mechanical force into multifold drastic changes in their 
intrinsic properties, we developed poly(ladderene), a mechanochemically responsive 
insulating polymer that unzips in response to mechanical force to form semiconducting 
polyacetylene via an extensive rearrangement of the macromolecular structure. 
Poly(ladderene) was prepared in high molecular weight by ring-opening metathesis 
polymerization of a polycyclic ladderene monomer, whose structure was inspired by 
ladderane phospholipids found in anammox bacteria. The non-conjugated poly(ladderene) 
was subjected to mechanochemical activation by controlled ultrasonication in solution, 
whereby it was transformed into conjugated polyacetylene via tandem unzipping of the fused 
cyclobutane ladder structure. The mechanochemically formed polyacetylene exhibited 
remarkably long conjugation length and uniform trans double bond configuration as indicated 
by UV-Vis, Raman, and solid-state NMR spectroscopy. Mechanochemical activation also 
generated a poly(ladderene)-b-poly(acetylene)-b-poly(ladderene) triblock copolymer 
structure, which spontaneously self-assembled into encapsulated semiconducting 
polyacetylene nanowires in solution as revealed by TEM. The electrical conductivity of the 
mechanochemically generated nanowire meshes was 2.6 × 10-7 S/cm without doping or 
alignment. Our design opens new possibilities for force-responsive materials which transduce 
mechanical stimuli into the unique optical and electronic properties and rich functions of 
conjugated polymers. 

 

 
Figure 1: Force-induced transformation of insulating poly(ladderene) into semiconducting polyacetylene. 
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Polycyclic aromatic hydrocarbons (PAHs) have unique photophysical and electronical 
properties, making them of high interests for applications as organic dyes or in opto-electronic 
devices1. As the most widely studied examples, PAHs with armchair edges have relatively 
large energy gaps and high chemical and photo stability. On the other hand, in recent years, 
low-energy-gap PAHs with zigzag edges are attracting increasing interests2. However, the 
lack of efficient preparation methods and low stability of these compounds hindered their 
detailed characterizations and further applications. Here, we report the synthesis of novel 
zigzag-edged PAH, dibenzo[hi,st]ovalene (DBOV) with varying meso-substitutions, through a 
sequence of the Scholl reaction, intermolecular Friedel-Crafts reaction and in situ oxidation as 
the key steps. Despite the zigzag edges, these compounds stay undamaged in solution under 
light and air for one week. Theoretical calculation shows the DBOV core has a relatively low 
energy gap of 2.05 eV. These compounds have strong absorption in the visible spectrum, red 
emission with photoluminescence quantum yield as high as 79%, and efficient stimulated 
emission, making them potentially applicable as optical gain materials3. 
 

 
 
 

Figure 1: Synthetic scheme towards meso-substituted DBOV derivatives. 
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A simple strategy for synthesis of 3,10-functionalized perylenes was reported via stepwise 
bromination and palladium-catalyzed Sonogashira cross-coupling reaction to afford structurally simple 
perylene dyes. Five perylene-based dyes (GJ1–GJ5) have been prepared following this approach to 
afford linear dipolar architecture with diaylamino group and varied electron-withdrawing/anchoring 
groups. Perylenes when functionalized with 3-diarylamino moiety are considered as good and stable 
electron donor, whereas further 10-substituted ethynylene entity capped with terminal 
arylcarboxylic/aryl-2-cyanoacrylic acid, as both acceptor/anchoring groups, is believed to enhance 
light-absorption as well as photovoltaic response.  

Recently, we have devised a simple organic dye system based on 9-diarylamino anthracene 
and ethynyl-bridged arylcarboxylic acids. Their corresponding dye-sensitized solar cell devices (DSCs) 
exhibit large open-circuit voltage (VOC) of >0.7V with promising photocurrents due to stabilized 
highest-occupied molecular orbitals (HOMO) originated from non-planarity between diarylamine and 
anthracene [1, 2]. The anthracene-based dye has shown impressive photo-to-current conversion 
efficiency of >28% under dim light environment [1]. To further tune the spectral response of the 
anthracenyl dyes toward both sunlight and dim lights, the perylene moiety is introduced to the dye 
molecular structure using the approach reported here. The perylene dyes GJ1–GJ5 are prone to 
harvest UV-vis light intensively at more bathochromic region. They are structurally robust and 
perform as efficient photosensitizers in solar cell devices under the illumination of either AM1.5G 
simulated sunlight or dim lights. With accompanying photophysical and electrochemical studies, the 
corresponding structure-property relationships are scrutinized. 
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The synthesis of 3D π-conjugated nanostructures is interesting because increasing the 
dimensionality of a π-system can lead to unusual electronic behavior [1-3]. Here, we present 
the synthesis and photophysical properties of a novel, atomically-precise molecular nanoball 
(Figure 1). The porphyrin nanoball, b-P14, consists of 14 porphyrin units linked by 
acetylenes. The structure is constructed of a 6- and 10-porphyrin nanoring connected at two 
opposing positions, creating the first example of a 3D π-conjugated porphyrin nanoball. 
 

 
 

Figure 1: DFT (B3LYP/6-31) optimized molecular model of b-P14. Aryl-groups and templates were 
omitted to simplify the calculations. 

 
Photophysical studies indicate strong electronic coupling between the individual porphyrins, 
giving rise to efficient migration of electronic excitation over the entire π-system.  
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For a number of monosubstituted naphthalene derivatives, there is a striking difference in the 
melting temperatures of α and β derivatives. The derivatives substituted in the β position have 
melting points of up to 70° C higher than their α-substituted analogues, which in most cases 
are liquids at room temperature. Is it possible to explain the drastic differences in the 
macroscopic properties of these compounds by the architecture of the crystals? The structures 
of only very few β-substituted naphthalene derivatives (substituted by small substituents) have 
been known up-to-date. Crystal structures of the analogous α-substituted derivatives are 
unknown, what results from experimental problems due to crystallization of liquids. The aim 
of this project is to obtain the appropriate crystals of α-substituted naphthalene derivatives 
(substituted by F, Cl, Br, I, CH3, SH, OCH3, NO2) and to refer the effectiveness of the 
packing with known β-substituted analogues. Very surprisingly, the densities of the crystals of 
α-analogues were higher as compared with the β respective systems. The calculated 
Kitaigorodskii Packing Indices (K.P.I.) [1] show very tricky behavior, see Figure 1. Although 
they correlate with the melting temperature, both α and β derivatives have to be considered 
separately. The studies are completed by Raman spectroscopy. 
 

 
Figure 1: Dependence of Kitaigorodskii Packing Index on melting point for α and β-substituted 

naphthalene derivatives. 
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Stable and easily accessible organic radicals are gaining interest as potential components in 
molecular electronics and spintronics applications. Towards this end, quinoidal compounds 
with extended π-conjugation have been extensively studied. These systems possess potential 
diradical character, due to open-shell resonance contributors that restore aromaticity to the 
formerly quinoidal, proaromatic system. As seen in the classic examples of Thiele’s and 
Tschitschibabin’s hydrocarbons, quinoidal compounds with a longer conjugation path – and 
thus more proaromatic rings – exhibit a stronger diradical character. This strategy of 
extending a system’s conjugation path has been used to design compounds with strong 
diradical character, by achieving narrower singlet-triplet gaps. By extending the conjugation 
of quinoidal systems, it may be possible to design ground state diradical organic compounds, 
which can be useful for materials applications. However, other strategies to tune the diradical 
behavior of quinoidal molecules remain underexplored. 
 
Quinoidal small molecules incorporating the curved aromatic methano[10]annulene have 
shown promising diradical behavior, with relatively narrow singlet-triplet gaps [1]. Furthering 
this work, we have been investigating the dependence of both conjugation length and alkyl 
substitution on the diradical nature of these methano[10]annulene-based quinoidal systems. 
Substitution patterns of weakly donating alkyl moieties may provide a unique handle to tune 
the singlet-triplet gaps of these proaromatic compounds. This presentation reports the 
synthesis of several such derivatives, as well as characterization which points to their 
potentially diradical nature. 
 
 

 
 

Figure 1: Interconversion between quinoidal and diradical states of methano[10]annulene-based 
compounds. 
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Polycyclic conjugated hydrocarbons are π-conjugated molecular materials of interest as active 
materials in optoelectronic devices. [1] In this study, we report the synthesis of a set of 
naphthazarin (1,4-dihydroxy-5,8-naphthaquinone)-containing polycyclic conjugated 
hydrocarbon and iptycene derivatives. The Diels–Alder reaction is utilized to synthesize these 
materials from a readily accessible naphthazarin building block. Sequential Diels–Alder 
reactions on a tautomerized naphthazarin core were employed to access the final structures. [2] 
Complete conjugation across the backbone can be achieved through complexation with BF3-
OEt2. [3, 4] The simplicity of the method enabled us to design new functional materials. 
Selected examples of target structures are shown in Figure 1. 
 
 

 
 

Figure 1: Naphthazarin-containing target molecules synthesized in this study. 
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A new quinodimethane polycyclic aromatic based on the low-cost and commercially available 
4,10-dibromoanthanthrone building block is reported. Acene molecules have attracted a lot of 
interest for the preparation of stable biradicals. While the anthanthrone core can be viewed as 
a fusion of two anthracene moieties with lateral functionalization, its chemical and physical 
properties stand in sharp contrast with the parent anthracene subunit. Also, the anthanthrone 
core shows remarkable stability because of its extended delocalization. Taking advantage of 
the readily available molecular complexity provided by this polycyclic aromatic, we aimed to 
exploit the intrinsic steric congestion and contortion of a disubstituted quinoidal anthanthrone 
structure to promote biradical formation. We hypothesized that the general target structure 
shown in Figure 1 would possess an accessible diradical state, as planarization would result in 
the release of steric strain along with the formation of two perpendicular pi systems. Indeed, 
the compound adopts a stable closed-shell structure at room temperature, but can be excited to 
a biradical by applying weak pressure in the solid state or by increasing the temperature in 
solution. The steric congestion promotes π-bond breaking, resulting in the rearrangement of 
the butterfly-shaped quinodimethane geometry to a planar aromatic structure. We also show 
that the ease of biradical formation depends on the nature of the substituents located on the 
peripheral phenyl rings. 
 
 

 
 

Figure 1: General structure for the formation of a biradical based on the 4,10-dibromoanthanthrone 
dye. 
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Acenes and their analogues have attracted tremendous interest due to their unique physical 
properties and potential applications in optoelectronics [1]. However, the existence of only 
one aromatic sextet ring and extended successive cis-1,3- butadienes brings along intrinsic 
instability problems. 
In previous work, we developed a new strategy to disturb the diene-like conjugation, by 
fusing two benzothia- groups with a p-quinodimethane (p-QDM) unit to form a quinoidal 
bis(benzothia)-quinodimethane structure. The new quinoidal dithia- pentacene analogue 
exhibited much better chemical stability compared with pentacene [2]. 
In this work, extended quinoidal bis(benzothia)-quinodimethanes and their dications were 
synthesized as stable species. The neutral compounds mainly have a quinoidal structure in the 
ground state but show increased diradical character with extension of the central 
quinodimethane units. The dications exhibit similar electronic absorption spectra, NMR 
spectra, NICS values, and diatropic ring currents to their aromatic all-carbon acene analogues 
and thus can be regarded as genuine isoelectronic structures of pentacene, hexacene and 
heptacene, respectively [3]. 
Our research provides a new way to design and synthesize stable longer acene analogues with 
similar electronic structures to the traditional all-carbon acenes. 

 

 
Figure 1: Structures of the quinoidal bis(benzothia)quinodimethanes, their dications, and their acene analogues. 
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Synthetic work to expand the indeno[1,2-b]fluorene core [1] from benzene to anthracene has 
resulted in the preparation of the first fully-conjugated diindenoanthracene (DIAn) derivative 
[2]. Interestingly DIAn combines a moderate degree of biradical character with chemical 
stability at ambient conditions and at elevated temperatures. The design and synthesis of 
open-shell compounds is inherently challenging due to the reactivity associated with biradical 
compounds. Fortuitously, our discovery of DIAn has unlocked a promising scaffold from 
which to expand the knowledge and library of organic compounds with biradical character via 
the synthesis of a family of five-member ring intercalated acenes. In conjunction with the 
discovery of DIAn, the syntheses of a series of indaceno-dibenzothiophene (IDBT) 
derivatives have also been reported by our group [3]. This latter study showed that the weakly 
aromatic thiophene acted as a spacer separating the aromatic outer benzene ring from the 
antiaromatic indacene core. We believe that by combining the fusion of benzothiophene units 
with the five-member ring intercalated acene scaffold could potentially lead to a higher degree 
of biradical character. To that end, we will present the synthesis and properties of 
di(benzocyclopentathieno)-fused naphthalene (DBPTNa, Figure 1) and anthracene 
derivatives.  
 

 
 

 
 

Figure 1: Molecular structures of DBPTNa (left) and DBPTAn (right). 
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The concept of soft materials that integrate all necessary molecular components to produce 
storable fuels with the aid of sunlight as the energy source is an appealing goal with potential 
impact in renewable energy.  
 
We developed self-assembled hydrogels for their application as photosensitizers combined 
with redox-active catalysts for hydrogen evolution reactions (HER).[1] Small-molecule 
chromophore amphiphiles, such as 1, based on perylene monoimide (PMI) show exceptional 
photo-physical properties when self-assembled into one-dimensional nanoribbons (see 
Figure 1). Exciton coupling between the monomers facilitates the charge separation along the 
fibers and transfers electrons to a blended catalyst. Photocatalytic redox processes with high 
turnover numbers are thereby accessible.  
 
A novel chromophore platform based on a nitrogen-doped aromatic core “ullazine” is 
proposed to enhance the supramolecular aggregation and promote the electron transfer 
process to an electrocatalyst. Dibenzoullazine chromophore 2 (see Figure 1), first synthesized 
by Berger, Müllen, and co-workers,[2] was designed to have optimized excited state reduction 
potentials as electron donors. Additionally, they exhibit a strong molecular dipole moment to 
facilitate π–π stacking within the self-assembled fibers, both being crucial criteria for 
pronounced photocatalytic activity. 
 
We report on the design and synthesis of ullazine chromophore amphiphiles of type 2–4. Self-
assembly is studied in solution by NMR spectroscopy, cryo-TEM, UV/vis and fluorescence 
spectroscopy, and is supported by single-crystal X-ray structures. Ullazine chromophores 
were employed as photosensitizers in photocatalytic hydrogen evolution reactions. Self-
assembly turned out to be a crucial structural feature for efficient photocatalysis.  
 

 
 

Figure 1: Self-assembled chromophore amphiphiles photosensitize hydrogen evolution catalysts (Na2Mo3S13). 
New ullazine-based chromophore amphiphiles for self-assembled hydrogels. 
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Ball mills are widely used in the field of green chemistry. In the area of fullerene chemistry, 
Komatsu et al.1) synthesized a bicapped complex γ-cyclodextrin with C60 using a high-speed 
vibration ball mill, and showed that high water solubility substance was yielded in a short 
time. Recently, Nagao systems2) was developed a powerful new type of 3-Dimentional ball 
mill (3D-BM). It worked as the combination role of vibrational mill and planetary mill.  

We are now examined the performance of 3D-BM to adapt the synthesis of γ-cyclodextrin 
bicapped C60 complex. In addition, 3D-BM can create a pseudo zero-gravity conditions. We 
are considering applying this state to organic synthesis.  
 

 
 

Figure 1: The synthesis of γ-cyclodextrin bicapped C60 complex. 
 

 

 
 
Figure 2: 3-Dimentional Ball mill.           Figure 3. The result of the synthesis of complex. 
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Here we present a new strategy for optimizing atomically-precise electron acceptors for bulk 
heterojunction (BHJ) organic photovoltaics (OPVs): we extend the lifetime of excited states in 
electron accepting helical nanoribbons through an acceptor-donor-acceptor (A-D-A) motif, allowing 
efficient charge carrier extraction despite forming large BHJ domains. Controlling the feature sizes of 
the BHJ active layer in OPVs is critical to their performance. Singlet excitons in organic materials are 
typically short-lived and have low mobility relative to their inorganic counterparts, leading to the 
requirement that BHJ domains be on the order of 10-30 nm to minimize geminate recombination. 
However, these feature sizes are difficult to predictably control. We have designed an A-D-A system 
using helical nanoribbon acceptors and thiophene donors (1) in which a large dihedral angle between 
donor and acceptor spatially separates the HOMO and LUMO. Ultrafast transient absorption 
spectroscopy (TAS) shows that this results in a charge-separated excited state with a lifetime orders of 
magnitude higher than the parent acceptor material 2. OPVs fabricated from 1 and a commercially-
available donor significantly outperform the parent acceptor, with power conversion efficiency of 
7.4%, despite having BHJ feature sizes of 65 nm. External qunatum efficiency measurements confirm 
that this is from superior extraction of excitons generated in the acceptor, and thin-film TAS confirms 
efficient charge separation at the donor-acceptor interface. 
 

  
Figure 1 (a) A-D-A acceptor 1 and parent helical nanoribbon 2. R = 6-undecyl. (b) solution phase 
TAS of 1 in chloroform showing persistent ground-state bleaching at 540 nm and quantitative 
evolution of excited state absorption from S1 to a charge-separated state.  
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Cyclic dicarboximide substituents are known to confer an electron-deficient character to 
polycyclic arenes, and pentagonal imide groups were consistently found to have a less 
strongly electron-withdrawing effect than hexagonal imide groups, to the extent that 
pentagonal diimides were postulated to be potentially useful as complementary donors with 
respect to hexagonal diimides as acceptors in organic electronics1. With branched alkyl 
substituents, pentagonal diimides showed a surprising propensity to self-assemble into 
columnar mesophases1, whereas similarly alkyl-branched hexagonal perylene-diimides are 
much less mesogenic2. But no system has been reported so far where pentagonal and 
hexagonal diimides can be directly compared on a same polycylic arene of sufficient size and 
shape to induce mesomorphism.  
We present here such a system: Isomeric diimide derivatives of the same dibenzocoronene 
nucleus. The hexagonal isomer was obtained from dibrominated perylene-3,4,9,10-tetraester 
via Suzuki and Mallory reactions, whereas the pentagonal isomer has been constructed from 
triphenylene via a sequence of Friedel-Crafts, Perkin, Mallory, Scholl and Diels-Alder 
reactions. The efficient AlCl3-promoted Scholl-type ring closure of a [5]helicene fragment in 
the presence of two surviving ester groups is the key step of the synthesis of the pentagonal 
isomer. 
A comparison of the electronic and mesogenic properties of the diimide isomers, as well as 
their tetraester homologs, will be presented. 
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Current research is attempting to introduce heteroatoms into organic structural motifs for 
modifying electronic properties of potential semiconductors.[1,2] A quite popular strategy is 
to incorporate the boron-nitrogen (B=N) unit that is isoelectronic and isosteric to a pair of 
doubly bonded carbon atoms (C=C), and this has led to the burgeoning field of 1,2-dihydro-
1,2-azaborine chemistry.[3-7]  
The incorporation of a third heteroatom has made available NBN zigzag edged polycyclic 
aromatic hydrocarbons (PAH) recently.[8,9] 
 
 

  
 

Figure 1: Retrosynthesis of a new BNB-Benzo[fg]tetracene motif 1. 
 
Here, we report the successful synthesis and characterization of an unknown BNB-
benzo[fg]tetracene motif 1. Such a BNB-type edge was very recently obtained as a reactive 
intermediate that was trapped with a boronic acid to yield a central B3NO2 ring.[10]  
BNB-compound 1 was obtained by a stepwise borylation with BCl3 of the known 4-n-butyl-
2,6-diphenylaniline 3 [4]. To protect the boron atoms against moisture, we decided to 
substitute them with mesityl groups. 
BNB-benzo[fg]tetracene 1 can be characterized by NMR, HR-MS and elementary analysis. 
The obtained 11B-NMR spectra (51.1 ppm in CD2Cl2) is in good agreement with computed 
data (B3LYP/6-311+G**). 
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In an effort to broaden our approach to the synthesis of new aromatic molecules, we 
investigated the use of bis(bromophenyl)amine molecules as a hub for many synthetic 
pathways. With an efficient synthesis and several handles for reactivity, we can construct 
a wide variety of products from fused heteroaromatic rings to pincer-like complexes, with 
more synthetic targets only a few synthetic steps away.  This approach has diversified our 
research and been a rich source of mechanistic and synthetic inspiration. 
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Over the past decade, significant attention has been directed toward the synthesis and 
materials applications of polycyclic hydrocarbons with Kekulé diradicaloid structures. 
Particular interest has focused on formally conjugated antiaromatic constructs possessing 
quinoidal moieties, namely extended zethrenes[1], bisphenalenyls[2], and indenofluorenes[3]. 
Fluorenofluorenes are congeners of indenofluorenes that comprise extended central 
naphthaquinoidal moieties. In 2012, Haley reported the synthesis of the para-quinoidal 
fluoreno[4,3-c]fluorene, which exists as a closed-shell compound [4]. Very recently, Nakano 
and Tobe have shown that the meta-quinoidal fluoreno[2,3-b]fluorene isomer exhibits 
substantial diradical character [5]. In order to probe the diradical nature of an ortho-quinoidal 
fluorenofluorene isomer and gain additional insight into the structure–property relationships 
of the fluorenofluorene structural class, we have synthesised a derivative of fluoreno[2,1-
a]fluorene (1). Formally a 24-electron antiaromatic π-system, compound 1 has a deep blue 
color and exhibits a HOMO-LUMO energy gap that is lower than that of the closed-shell [4,3-
c]-isomer but higher than that of the [2,3-b]-isomer. Variable-temperature NMR studies of 1 
indicate the presence of a thermally accessible triplet state; the 1H NMR spectrum exhibits 
sharp signals for all resonances at 0 ˚C and substantial broadening of multiple signals as the 
sample is warmed. Quantum mechanical calculations will indicate the molecule’s singlet 
biradical index and estimate the singlet–triplet energy gap, which will be experimentally 
determined by a SQUID measurement. 
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With interest in new semiconducting materials still increasing, controlling and understanding 
the electronic structure of organic compounds is crucial for their design. For the last six years 
we have focused our efforts on a class of hydrocarbons based on the indeno[1,2-b]fluorene 
framework [1]. We recently reported the regioselective synthesis of four indeno[1,2-
b]fluorene derivatives with π-expanded, diarenoindacene frameworks, along with the 
computational study of an array of diareno-fused antiaromatic compounds [2]. The 
optoelectronic properties of the expanded indenofluorenes, probed by both experimental and 
computational analysis, show a linear correlation between the bond order of the fused arene 
bond and the paratropicity of the antiaromatic core. Other diareno-fused antiaromatics (e.g., 
diarenopentalenes and diarenocyclobutadienes) also follow this trend. The E1

red values for 
pentalene and indacene core compounds correlate well with their calculated NICSπZZ values. 
It is important to consider the findings of this study in the process of rationally designing new 
diareno-fused antiaromatics for use in organic electronic applications. 
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Organophosphorus(III) compounds usually show inversion activation barriers of 30–35 kcal 
mol–1, indicating that the pyramidal structure is much more stable than the planar structure. 
Hence, planar phosphorus center has been only observed in highly electron-deficient species, 
such as phosphino-carbocation and -carbene.[1,2] As a new strategy to stabilize the planar 
structure, we attempted to incorporate a phosphorus atom into a rigid and planar carbon 
framework. 
Diarylphosphine-fused porphyrins 1 and 2-X (X = NTs, O, S, SO2) were synthesized through 
Pd-catalyzed intramolecular cyclization of 3 and threefold phospha-Friedel-Crafts reaction of 
4-X (X = NH, O, S), respectively. X-ray crystallographic analysis of 1 and 2-O revealed that 
the phosphorus centers were fixed to more planar geometries than those of usual 
triarylphosphines. Inversion barrieres of the P(III) atom have been determined to be ΔG‡

298 = 
12.2-13.8 kcal mol–1 for 1, 2-NTs, 2-O, and 2-S. Furthermore, 2SO2 showed a further 
decreased inversion barrier of ΔG‡

203 < 9.2 kcal mol–1. Detailed experimental and theoretical 
analyses suggested that the observed low barrier could be ascribed to two factors; 1) 
destabilization of the pyramidal ground state by structural constraint and 2) larger aromatic 
stabilization of the planar transition state due to an effective π-conjugation through the 
phosphorus center. 
 

 
 

Figure 1: Synthetic routes for diarylphosphine-fused porphyrins 1 and 2-X. 
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Porphyrin tapes possessing meso-meso β-β β-β triple direct linkages have been targets of 
extensive studies because of their fully conjugated characteristic π-electronic networks.[1] In 
this presentation, we report porphyrin arch-tapes that have additional carbonyl group(s) or 
methylene group(s) inserted between one of the β-β linkage(s) of the porphyrin tapes. 
Carbonyl-inserted porphyrin arch-tapes were efficiently synthesized by doubly fusion 
reactions of β-to-β carbonyl-bridged porphyrin oligomers with DDQ and Sc(OTf)3. They 
were further converted to methylene-bridged porphyrin arch-tapes via Luche reduction with 
NaBH4 and CeCl3 followed by ionic hydrogenation with HBF4·OEt2 and BH3·NEt3. While the 
conventional porphyrin tapes display rigid and planar structures and low solubilities, these 
porphyrin arch-tapes show remarkably contorted structures, flexible conformations, and 
improved solubilities because of the presence of seven-membered ring(s). Nevertheless, the 
conjugative electronic interactions of methylene-inserted arch-tapes were comparable to those 
of porphyrin tapes due to through-space interaction in the contorted conformations, and those 
of carbonyl-inserted arch-tapes were distinctly larger owing to active involvement of the 
carbonyl group(s) in the electronic conjugation. Furthermore, as a benefit of the contorted 
structures, these porphyrin arch-tapes can catch C60 fullerene effectively. 
 
 

 
 

Figure 1: Schematic representation of the present work. 
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A synthetic route toward phenanthro[9,10-c]thiophene (2) has been developed that starts from 
substituted acetophenones (1).  This work, based on our previously developed route to 
cyclopenta[l]phenanthrenes [1], allows the synthesis of the target molecules with a variety of 
potential substituents. Further experiments will explore the polymerization of phenanthro-
[9,10-c]thiophene at the thiophene ring (3) or through the phenanthrene (4).   
 

 
Scheme 1: Synthesis of phenanthro[9,10-c]thiophene and its potential polymerization products. 
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The art of synthesis enables chemists to design new molecules with very distinct properties. 
While these properties are fixed and usually cannot be changed without synthesis of another 
derivative or irreversible addition of chemical species, such as protons, photochromism [1] 
allows to transform a molecule into another isomer with different physicochemical properties 
by irradiation with light. The reverse reaction might require light, temperature or other stimuli 
yet allows to select either one of the two different forms, depending on the applied conditions. 
Depending on their mode of operation, most photochromic molecules can be classified as 
either electronic or steric switches, despite the obvious relationship between the two. In my 
presentation, I will show, how these two conceptually different ways can be used to modulate 
one and the same physical property, and more specifically the molecular dipole moment. 
Whereas diarylethenes are the classic representatives of electronic switches, the 
dihydropyrene moiety (Scheme 1) has attracted much less attention. The aromatic 
dihydropyrene consists of a 14π-electron system and has a long history at the ISNA 
conference series due to its application as an aromaticity probe [2]. Besides that, it is one of 
the few examples displaying negative T-type photochromism, which grants almost full 
interconversion between both isomers using only visible light and heat [3].  
On the other hand, the E-Z isomerization of the N=N double bond in azobenzene is the 
common example for a light-induced steric change. Over the past years, it has been found, 
that (hetero)aromatic units other than benzene have a dramatic impact on the switching 
properties [4]. Here, I will introduce a new example, with a rather uncommon aromatic unit 
and provide insights into structure-property relationships for a new (sub-)class of azoswitches. 
 
 

 
 

Scheme 1: Negative photochromic parent dihydropyrene and its meta-stable isomer. 
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Carbon allotropes composed of sp3- and sp2-hybridized atoms, namely graphite, diamond, 
fullerenes, nanotubes, and graphene, demonstrate unique properties and have broad 
technological applications. Carbon allotropes built exclusively of sp–hybridized atoms, 
namely linear carbyne and cyclic cyclo[n]carbon have inspired and eluded scientists for 
several decades. Due to their inherent instability, they could never be isolated and were only 
observed in the gas phase.[1] The diverse potential applications remain an inspiration to study 
these postulated structures. While theoretical studies are strongly dependent on the level of 
theory applied, experimental attempts for structural evidence of carbyne and cyclo[n]carbons 
have been rather unsuccessful. Since the structure of sp–hybridized carbon chains does not 
provide any possibility of covalent derivatization, stabilization by protection can be achieved 
by incorporation into topologically interlocked supramolecular structures or by isolation on a 
surface. 
 Remarkable advances of techniques in supramolecular chemistry allowed us to 
successfully thread polyynes through macrocycles in the form of a rotaxane.[2] Polyyne 
rotaxanes exhibit enhanced thermal stability due to the protective effect of the threaded 
macrocycle. After these initial reports, we made further significant advances in the synthesis 
of carbyne precursors protected by encapsulation. Different alkyne-masking groups and 
macrocycles are applied in our convergent attempts towards cyclocarbon catenanes. 
   

 
Figure 1. Polyyne [3]rotaxane.  
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This work establishes a new concept to control the morphology of small organic 
semiconductors. A materials morphology is characterized by both its crystal structure and its 
tendency to form macroscopic crystallites, or to tolerate disorder and form films. For organic 
semiconductors, an application-dependent compromise must be found. We demonstrate, that 
by geometrization of the monomeric, highly crystalline TIPSTAP into rigid, multi-core 
constructs of different dimensionality, specific morphological properties can be emphasized 
or damped, while the materials acceptor strength remains untouched. Electronic and 
morphological properties are fully decoupled and control over the morphology is achieved 
strictly without the introduction of additional, electronically inactive substituents or new 
functional groups. It only relies on the molecular shape to dictate the materials solid state 
interactions. In this way, a spectrum of vastly different morphologies can be realized within a 
class of electronically interchangeable organic semiconductors. In this way, the morphology 
can be tailored for a specific application. Despite the exceptional film forming properties of 
these constructs, diffractometric studies reveal them to exhibit high order in bulk samples. We 
envision great potential for photovoltaic and sensory applications for these diverse new 
compounds. 
 

 
Figure 1: Geometry optimized structures and projected geometric shapes (1D, 2D, 3D) of the TIPSTAP-

constructs. 
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The development of a robust general synthetic strategy for the synthesis of 
[n](2,7)pyrenophanes[1],[2] and [n](2,11)teropyrenophanes[1],[3] has enabled the synthesis of 
several series of compounds in which an aromatic system (pyrene or teropyrene) is bent 
incrementally over a wide range of bend.  This, in turn, has provided the opportunity to 
investigate how the chemical and physical properties of the aromatic systems change with 
increasing distortion from planarity.  This strategy has also been exploited in the synthesis of 
pyrenophanes that contain benzene systems in addition to the bent pyrene system,[4–6] but no 
heteroaromatic system has yet been married to a bent pyrene, let alone a bent teropyrene. 
Current work is aimed at the synthesis of pyridine-containing (2,7)pyrenophanes (1) and 
(2,11)teropyrenophanes (2) (Figure 1). In both cases, the bent electron rich system (pyrene or 
teropyrene) is held in proximity to the electron deficient pyridine system, which can be 
rendered even more electron deficient through protonation, alkylation or co-ordination to a 
metal.  Such systems would not only be expected to exhibit interesting and potentially useful 
electronic behavior, but also function as unusual ligands in metal complexes.  The appreciable 
cavity in 2 raises the possibilities that this type of cyclophane may be able to function as a 
size-selective sensor or template for rotaxane synthesis.  Details of the synthesis and 
properties of such cyclophanes will be presented. 
 

 
 

Figure 1: Pyridine-containing (2,7)pyrenophanes (1) and (2,11)teropyrenophanes (2). 
 
References  
1. P. G. Ghasemabadi, T. Yao, G. J. Bodwell, Chem. Soc. Rev. 2015, 44, 6494–6518.   
2. M. A. Dobrowolski, M. K. Cyranski, B. L. Merner, J. Wu, P. v. R. Schleyer, J. Org.    Chem. 

2008, 73, 8001–8009.  
3. B. L. Merner, K. S. Unikela, L. N. Dawe, D. W. Thompson, G. J. Bodwell, Chem. Commun. 2013, 

49, 5930–5932.  
4. G. J. Bodwell, D. O. Miller, R. J. Vermeij, Org. Lett. 2001, 3, 2093–2096.   
5. B. Zhang, G. P. Manning, M. A. Dobrowolski, M. K. Cyranski, G. J. Bodwell, Org. Lett. 2008, 10, 

273–276.   
6. B. Zhang, Y. Zhao, G. J. Bodwell, Can. J. Chem. 2017, 95, 460–481.   

 
  

[n](2,6)pyridino-
[n](2,7)pyrenophanes

(1)

[n](2,6)pyridino-
[n](2,11)teropyrenophanes

(2)

N N



 
 

  
 

  P-38    

	

Unimolecular Polymers Enabled by Aromatic Heterocycle Linkages: 
Synthesis, Characterization, and Self-Assembly 

 
M.R. Golder1, Y. Jiang1, J.A. Johnson1 

 
1Department of Chemistry, Massachusetts Institute of Technology, Cambridge, USA 

E-mail: goldermr@mit.edu 
 
The construction of macromolecules with atomistic precision has been nearly perfected by 
Nature; intricate, monodisperse structures are readily created with specific functional group 
and stereochemical sequences. Genetic material and enzymes perform complex tasks enabled 
by molecular complexity of a well-defined entity. Synthetic polymers also have tunable 
structure/function relationships but suffer from size dispersity, ultimately leading to a variety 
of chain lengths in a given sample. With a recent surge in approaches towards polymers of a 
particular length and sequence, we present methodology that capitalizes upon highly-efficient 
copper-mediated azide-alkyne cycloaddition chemistry to form polytriazoles. The use of this 
newfound iterative exponential growth (IEG) chemistry in our laboratory allows for the rapid 
construction of high molecular weight (> 10 kDa) functionalized diblock copolymers from 
readily accessible chiral building blocks. Upon the generation of the requisite azide and 
alkyne coupling partners, we can rapidly increase a macromolecule’s molecular weight 
through the use of orthogonal protecting groups. Importantly, the polymers of interest cannot 
be accessed using traditional polymerization techniques. We will utilize a variety of 
techniques, such as small-angle X-ray scattering (SAXS), transmission electron microscopy 
(TEM), differential scanning calorimetry (DSC), and gel permeation chromatography (GPC) 
to assess both solution-state and bulk properties in a small library of stereochemically defined 
IEG polytriazoles[1].    
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Subphthalocyanines (SubPcs) are strongly light-absorbing molecules with a 14 pi-electron 
aromatic core wrapped around a central tetra-coordinated boron atom. The resulting 
geometrical shape is characteristic and unlike that of other powerful chromophores such as the 
phthalocyanines and the porphyrins that tend to adopt flat conformations. Instead, SubPcs 
take on a bowl-shaped geometry with a bond pointing out from the concave surface – similar 
to an umbrella in the wind that has been turned inside out, and consequently this gives rise to 
many interesting properties [1-2]. These dyes offer high synthetic flexibility with the 
possibilities of carrying out functionalizations directly on the boron atom (axial modification) 
as well as on the outer rim. As a result, the physical properties are readily tuned to produce 
new derivatives with different solubilities, shifted absorption and emission maxima, and 
ranging between exhibiting intense fluorescence to none at all. In recent years, SubPcs have 
begun showing potential within areas such as photovoltaics, artificial photosynthesis and 
photodynamic therapy [2]. Here we present two methodologies for axial functionalization of 
SubPcs (Figure 1), paving new ways for the synthesis of more elaborate systems containing 
this dye. One method is an alkynylation of the boron center mediated by aluminum chloride 
and driven by the expulsion of volatile trimethylsilyl chloride [3]. The other method focuses 
on a versatile building block bearing a terminal acetylene unit that via several popular 
coupling reactions can be employed to build SubPcs into larger systems [4].  
 

 
Figure 1: Axial Functionalization of subphthalocyanine (SubPc).  

CuAAC = Copper-catalyzed Azide-Alkyne Cycloaddition, o-DCB = ortho-dichlorobenzene. 
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One of the key design considerations for novel materials for high performing organic photovoltaics 
(OPVs) is the optical band gap. Extending the conjugation along the polymer backbone by increasing 
the effective conjugation length is one of the most common ways to tune the band gap. By increasing 
the conjugation it is possible to simultaneously raise the HOMO and lower the LUMO energy levels, 
and thus lower the band gap. This helps maximize the absorption of light, increases the ability of the 
material to harvest photons across the spectrum, and ultimately improves the photocurrent. 
Unfortunately, the true meaning of effective conjugation length, or minimum number of conjugated 
units needed to generate optimal optical and electronic properties, has long been debated and scarcely 
investigated. Dr. James Tour has illustrated with his elegant synthesis of poly- and oligothiophenes, 
that the effective conjugation length of well-defined thiophene based polymers is effectively an 
octamer [1]. This eight unit oligomer revolutionized the way material scientists viewed their materials 
since it was traditionally thought that materials needed thousands of repeat units to reach effective 
conjugation. With the emergence of highly efficient and well defined small molecule OPV materials, 
the need for a more complete understanding of effective conjugation length and its effects on OPV 
performance has become increasingly important. 
  
Herein, it is proposed to synthesize discrete, well-defined oligomers to gain a better understanding of 
effective conjugation length. Although Dr. Tour’s exploration into oligothiophenes was informative, 
applying his meticulous technique to other systems has proven difficult and heavily dependent on the 
system. Our proposed technique takes advantage of a series of sequential protection, deprotection, and 
coupling steps in flow (Scheme 1). This effectively eliminates uncontrolled polymerization and 
produces monodisperse oligomers of well-defined length and structure in relatively high yields. 
Current work is focused on a donor polymer to demonstrate that the proposed project is possible with 
our chosen technique. 
  
Ultimately, our goal is to synthesize a variety of donor-acceptor polymers to determine if Tour’s 
findings are a general rule or if effective conjugation length is system dependent. To do this, we will 
synthesize our base donor-acceptor monomer with one side protected and the other side free to couple. 
Then, a dimer, tetramer, octomer, etc will be iteratively grown and materials tested in thin film, bulk 
heterojunction OPV devices. Once this has been done, the window for needed repeat units will be 
established and the oligomers within the determined window can be synthesized and tested. 
 
 

 
Scheme 1: Synthesis of Target Donor Oligomer 
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Cyclodehydrogenation of branched oligophenylenes is currently the most efficient method of 
synthesizing large nanographene molecules [1], with the foremost example provided by the 
synthetic chemistry of hexa-peri-hexabenzocoronene (HBC. Figure 1). The oligophenylene 
precursors can be prepared using several complementary methods, including Diels−Alder 
cycloadditions, cobalt-catalyzed cyclotrimerizations, and Pd-catalyzed cross-couplings. This 
general oligomer-based strategy has so far found limited use in the synthesis of heteroatom 
doped nanographenes and related molecules [2]. In particular, published work on pyrrole-
containing nanographenoids has so far been restricted to structures derived from 
hexaarylbenzene precursors, notably hexapyrrolohexaazacoronene (HPHAC) [3a], HPHAC-
HBC hybrids [3b], and other related systems [4], characterized by multilevel redox behavior 
(Figure 1). Further work from our group will be presented, aiming at the synthesis of larger 
pyrrole-fused nanographenes from extended aromatic oligomers. 
 

 
 

Figure 1: Hexabenzocoronene (HBC), hexapyrrolohexaazacoronene (HPHAC) and its analogues. 
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Design and syntheses of π-conjugated cyclic macromolecules, such as macrocyclic annulenes 
and benzoannulenes, have received significant attention. Other notable members of this broad 
class of molecules are cyclic oligophenylenes, conjugated strings of benzene rings cyclized 
via para- (CPPs), ortho- (COPs) and meta-positions (CMPs), with size dependent electronic 
and optical properties. Closely related to them are N-hetero benzenacyclooctaphanes (BAOs) 
first synthesized by Endo and Suzuki en route to [8]circulenes. BAOs combine para- and 
meta-connections on benzenoid rings within one circle. CPPs and BAOs were synthesized by 
Pd-catalyzed couplings using modular buildings blocks. The couplings have to overcome a 
large steric strain in the final cyclization steps which impedes high yields and thus hinders 
large scale applications. The cyclisation has to be improved or carried out at the very 
beginning of the synthesis to avoid loss of complex building blocks and allow the introduction 
of further functionalities. We use our reported benzoin ring-forming reaction of 
terephthalaldehyde to cyclotetrabenzoin 1 (Scheme) to get access to the cyclic octaketone 
building block 2. The cyclisation takes place at the beginning and utilizes cheap building 
blocks and catalysts. Stabilizing and solubilizing side groups turn the presented compounds 
into easy-to-handle macrocycles. 

 
Scheme: Benzoin condensation yielding cyclotetrabenzoin 1.[1] Synthesis of cyclotetrabenzil 2 and 

subsequent condensations to the N-Hetero-benzenacyclooctaphanes 3. 
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Inherently chiral scaffolds having π-conjugated system are known to give characteristic 
chiroptical properties and intriguing molecular structures.1–3 To date, a verstile of chiral π-
conjugated compounds have been synthesized as a potential resource of chiroptical organic 
materials for next-generation optical devices based on polarized light. Here, we present the 
enantiomers of a new cyclic oligothiophene (1), bridged by two pseudo-
ortho[2.2]paracyclophanes, as a new class of the chiral π-conjugated system.  
 
The enantiomers of (Rp,Rp)-1 and (Sp,Sp)-1 have been synthesized separately from each chiral 
precursor without any racemization. From single crystal X-ray diffraction analysis, compound 
(Rp,Rp)-1 crystalized with solvent molecules in P1 space group. A twisted structure for the 
oligothiophene arrays induced by the torsion of the cyclophane moieties was found. In 
addition, the embedding oligothiophenes into the inherent planar chirality provided a 
significant enhancement in circular dichroism (CD) spectra (Δε = ca. 300). The intensive CD 
response is owing to the large magnetic/electric transition dipole moments, which are 
generated by a helical structure of the oligothiophenes. 
 
Compound 1 undergoes facile oxidation to give 1•+, 12+, and 14+ in cyclic voltammetry 
analysis. The chemical oxidation with (p-BrC6H4)3N[SbCl6] (magic blue) in CH2Cl2, gave 
singly oxidized 1•+ and doubly oxidized dication 12+ (Figure 1).  
 
From the validation of the electronic spectra, an intramolecular π-dimer was formed in 
dicationic state due to the strong interactions of the oligothiophenes. We further recorded 
unprecedented wide ranges of CD spectra in 250–1900 nm region. The transitions are 
reasonably described by the exciton coupling of the oligothiophenes. 
 
 
 
 
 

 
 

 
Figure 1: Macrocyclic Oligothiophene with Stereogenic [2.2]Paracyclophane Scaffolds 
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The multi-functionalization of fullerenes has received attention over the past decades. 
However, the effective π-extension and skeletal modification have been mostly limited to 
pristine fullerenes C60 and C70 while the further functionalization of pre-functionalized and/or 
open-cage C60 derivatives is still under development. We expected that the functionalization 
of C60 using transition metals becomes an effective way to obtain such compounds. Recently, 
we reported a Co-mediated effective elimination of addends from azafulleroids and 
aziridinofullerenes.1 Herein, we report the regioselective functionalization of C60 derivatives 
using a Pd catalyst.  
 
Firstly, we examined the reaction of C60 and aryl halides in the presence of a catalytic amount 
of Pd. After the screening of suitable ligands and palladium sources, corresponding arene-
fused C60 derivatives were isolated in ca. 50% yields. Subsequently, we moved our focus to 
regioselective functionalization of C60. For the regiocontrol, the design of the electronic 
structure of substrates is of particular importance. Thus, we have designed and synthesized 
C60 derivatives 1 and 3. By applying the reaction conditions developed for arene-fused C60 
derivatives, single products 2 and 4 were obtained from 1 and 3, respectively (Figure 1a). 
From the DFT calculations, the HOMO is suggested to be distributed on the moiety 
highlighted with blue in Figure 1a. This can rationally explain the regioselectivity of these 
compounds. In the same way, H2O@4 was also synthesized and the X-ray structural analysis 
revealed that the entrapped water molecule is located at the center of the cage with the H(1)–
O(1) bond facing to the opening (Figure 1b). From the electrostatic potential map of 4, the 
orientation of entrapped H2O seems to be governed by electrostatic interaction. The reaction 
scope, mechanism, and NMR study will be also discussed in detail.  

       
Figure 1. (a) Pd-catalyzed naphthalene-fusion and (b) X-ray structure of H2O@4.  
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Arenediazonium salts are good candidates for precursors of aryl radicals by single-electron 
reduction. We have shown that a reduced form of polyaniline induce direct arylation of an 
arenediazonium salt (derived from anilines) with an arene (Gomberg–Bachmann reaction).1 In 
this reaction, the amino group is a formal leaving group, and arylhalide moiety were found to 
be intact. Furthermore, since the two amino-groups in a substrate were found to be 
differentiated using the Boc-protecting group in this reaction, the two-directional arylation for 
the synthesis of complicated oligoarenes were demonstrated.  
 
Exploiting mono-Boc-protected 1,4-phenylenediamine, two-directional arylation was 
achieved to give the unsymmetrically 1,4-diarylated (furyl and pyrrolyl groups) benzene 
(Scheme 1). It shows the potential for the synthesis of more complicated oligoarenes. 
 

 
Scheme 1 

 
References  

1. a) T. Amaya, D. Hata, T. Moriuchi, T. Hirao, Chem. Eur. J. 2015, 21, 16427-16433. b) D. 
Hata, T. Moriuchi, T. Hirao, T. Amaya, Chem. Eur. J. 2017, in press. 

 
 
 
 
 
 
 
 
 
 



 
 

  
 

  P-46    

	

The Advanced Synthesis and Properties of a Fully π-Conjugated 18-
Porphyrin Nanotube 

 
Renee Haver1, Harry L. Anderson1 

 
1Department of Chemistry, University of Oxford, Chemistry Research Laboratory, 

Oxford OX1 3TA, United Kingdom 
E-mail: renee.haver@chem.ox.ac.uk 

 
Rational control in the bottom-up synthesis of π-conjugated (molecular) nanotubes has been a 
focus of intense interest over the last decade. We have previously prepared and studied a short 
nanotube based on porphyrin building blocks containing a total of 12 porphyrins (structured in 
two rings of 6 porphyrins). Strong electronic coupling between the individual porphyrins over 
the entire π-system gives rise to efficient migration of electronic excitation.[1] In this 
contribution, our recent efforts towards longer porphyrin nanotubes are discussed, pushing the 
boundaries of discrete molecular nanotube synthesis. A synthetic strategy in which acetylene-
linked porphyrin oligomers are coupled in the presence of T6 (6-legged template) allows us to 
build beyond the previous two-level architecture and increases the conjugation over the 
extended π-system. We have obtained a shorter (but more strongly conjugated) 12-porphyrin 
nanotube. Most recently, a nanotube containing 18 porphyrin units structured in three rings of 
6 porphyrins has been prepared which is to the best of our knowledge the largest fully 
conjugated molecular nanotube prepared to date (Figure 1).  

 
Figure 1: Direct templated synthesis of an 18-porphyrin nanotube from porphyrin trimer. 
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Carbon nanomaterials such as CNTs and graphene have attracted immense interest because of 
their outstanding electrical and mechanical properties.1 Despite the great potential of these 
materials towards applications in sensing, catalysis, and future electronic devices, the pristine 
material’s poor solubility and the lack of specificity have limited their use. Covalent 
functionalization emerged as an attractive method of modifying carbon nanomatertials via 
chemical reactions. These approaches increase the solubility as well as offering the capability 
to tailor the properties of these materials for specific function. In this poster, we present a 
novel method for the covalent functionalization of CNTs2 and graphite using aryl iodonium 
salts. Efficient functionalization was achieved and a variety of substituted arenes and 
heteroarenes were successfully grafted onto carbon nanomaterials.3 Application of these 
functionalized materials as chemiresistive sensors is presented. 
 

 
 

Figure 1: Covalent functionalization of carbon nanomaterials. 
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In recent years, the class of oligomeric BODIPYs, so-called BODIPY DYEmers 
revealed unique excited state properties such as enhanced Stokes shift, intramolecular charge 
transfer, and triplet photosensitization.[1] Understanding the relationship between the 
molecular orientation and photophysics of the dyes is necessary for a variety of modern 
applications such as bio-labeling reagents, fluorescent chemosensors and photodynamic 
therapies. 
 Among the covalently linked BODIPY DYEmers, herein we focused on the 3,3'-
linked BODIPY DYEmer to examine the structural effect on the distinct photophysical 
properties, as the result of the electronic interaction through the  bridging moiety. Such 
derivatives possess intrinsic helicity due to the steric restrictions and are expected to provide 
strong circular dichroism by exciton coupling.[2] 

Inspired by the peculiar structure of the corrorin (1) reported by us, [3] we have 
designed and synthesized a novel BODIPY DYEmer (2-BF2) based on the extended pyrrolyl 
methlene-substituted corrorin derivative (2) (Scheme 1). The distinct twisted helical structure 
bridged with dipyrrinylidene unit is considered as a helical π-extended BODIPY DYEmer. 
The complex, 2-BF2 exhibited characteristic split absorption bands in the visible region and 
the longer wavelength band is tailing up to 900 nm. Unlike monomeric BODIPYs, the 
complex 2-BF2 is non-fluorescent, but switched to the emissive material upon protonation 
(e.g., trifluoroacetic acid). The detailed structure and optical properties of 2-BF2 will be 
presented. 

 
Scheme 1. Synthetic rout for 2-BF2 from corrorin 1[3] 
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Helicenes have attracted continuous attention due to their contorted π-systems, inherent 
chirality, and dynamic behavior, which render them promising application in asymmetrical 
catalysis, supramolecular chemistry, and organic electronics.[1] In the past two decades, 
double helicenes with a scaffold of two fused helicenes have emerged as a representative class 
of multihelicenes, demonstrating increased molecular distortions and multidimensional 
intermolecular interactions in the solid state. In particular, significant advances have been 
made in the synthesis of double heterohelicenes, and double [7]heterohelicene with a layered 
structure was constructed recently.[2,3] We demonstrate an efficient regioselective 
cyclodehydrogenation protocol towards benzo-fused double [7]carbohelicene (D7H).[4] The 
three isomers of D7H, including two enantiomers in twisted form and one conformer in meso 
form, were separated by recrystallization and chiral HPLC. Their double-layered helical 
structures were clearly confirmed by X-ray crystallography, and a record-setting 
isomerization energy barrier of 46.0 kcal mol–1 was estimated by DFT calculations, supported 
by the experimentally observed, remarkable conformational stability of D7H. The 
physicochemical properties of D7H were investigated, indicating modulation of the electronic 
structure upon conformational change. The highly stable double [7]carbohelicene might find 
applications in the growing field of chiral photonics, for example in chiral imaging and 
biosensing. 

 
Figure 1. Three isomers of benzo-fused double [7]carbohelicene 
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Due to the current liquid crystal material was mostly rod-like and disc-like, so we try to 
design a different shape to improve disadvantages of both. Uniaxial liquid crystals apparent 
drawback in display applications are narrow viewing angle to lead to image blurring. 
However, the molecular geometry in-between these two, the rigid y-shaped asymmetric 
molecules, 1,2,4-trisubstitutedbenzenes, were designed in which introduced a polar unit onto 
6-position of the central benzene. Y-shaped compounds were expected to show the biaxial 
nematic phase, which exhibited faster switching time and wider viewing angle to as the 
display had a biaxial compensation film can be used in the liquid crystal layer. Therefore, it 
was beneficial to be utilized widely in liquid crystal displays. The rigid core and high polarity 
were expected by introducing a polar unit can make it shall lead to inequivalent molecular 
packing along x, y, and z axis. The unsymmetrical y-shaped molecular geometry is expected 
to lower the transition temperatures. The overall molecular design may lead to a wide-
temperature-range nematic liquid crystalline phase in the room temperature regime. Modified 
different lateral substituents to alter intermolecular forces and disturbance of terminal group. 
For practical application purposes, it is desirable to achieve a wide range temperature of liquid 
crystals, and form room temperature nematic liquid crystal which the goal we were striving 
toward. Their liquid crystals properties were investigated and verified by polarizing optical 
microscopy on films between glass slides and free-standing films, differential scanning 
calorimetry, and X-ray diffraction studies.  

 

    
      

Figure 1. Schematic representation of y-shaped compounds of molecular packing showing the 
alignment and a polarizing optical micrograph texture. (Orange arrow is simulation of the dipole 
direction) 
 
References  
1. H.-F. Hsu, H.-C. Chen, C.-H. Kuo, B.-C. Wang, H.-T. Chiu, J. Mater. Chem. 2005, 15, 4854-

4861. 
2. H.-H. Chen, H.-A. Lin, Y.-H. Lai, S.-Y. Lin, C.-H. Chiang, H.-F. Hsu, T.-L. Shih, J.-J. Lee, C.-C. 

Lai, T.-S. Kuo, Chem. Eur. J. 2012, 18, 9543-9551. 
3. Y.-H. Lin, Y. Ezhumalai, Y.-L. Yang, C.-T. Liao, H.-F. Hsu, C. Wu, Crystals 2013, 3, 339-349. 
 
  



 
 

  
 

  P-51    

	

Aromatic Hydrocarbon Macrocycles for Highly Efficient Single-layer 
Organic Light-emitting Devices 

 
K. Ikemoto1,2,3, J. Y. Xue3, T. Izumi1,2,3,4, A. Yoshii3, Y. Tian2,3, R. Kobayashi3, T. 
Koretsune5, R. Akashi5, R. Arita5, H. Taka1,2,3,4, H. Kita4, S. Sato1,2,3, H. Isobe1,2,3 

 
1Department of Chemistry, The University of Tokyo, Tokyo, Japan 

2JST, ERATO, Isobe Degenerate π-Integration Project, Tokyo, Japan 

3Advanced Institute for Materials Research, Tohoku University, Sendai, Japan 
4Konica Minolta, Hachioji, Japan 

5Center for Emergent Matter Science, RIKEN, Wako, Japan 
E-mail: kikemoto@chem.s.u-tokyo.ac.jp 

 
 
Single-layer organic light emitting devices (OLEDs) have received considerable attention 
owing to their simple architectures and fabrication process. For single-layer OLEDs, the 
design of multirole base materials is essential to endow the materials with bipolar abilities and 
host properties for emitters. Although the conventional design relied on the diode design of 
organic molecules, in which donor and acceptor moieties are integrated, it rarely achieved 
highly efficient luminescence in single-layer OLEDs. In this work, we focused on aromatic 
hydrocarbon macrocycles, [n]cyclo-meta-phenylene ([n]CMP), with electronically-unbiased 
structures for the base materials of single-layer OLEDs [1-3]. A variety of macrocycles were 
synthesized via one-pot nickel-mediated Yamamoto coupling using arylene dibromides or a 
direct introduction of substituents to [n]CMP in a modular fashion. Single-layer OLEDs were 
then fabricated using the macrocycles as base materials (Figure 1), and it turned out that 
substituents at the periphery of [n]CMP have a strong impact on the device performances. 
Among the macrocycles tested, we found that nR-[n]CMP (n = 5, R = 2'-tolyl) gave the best 
result. Thus, a single-layer phosphorescent OLED with a green Ir emitter recorded external 
quantum efficiency (EQE) of 24.8%. Moreover, a highly efficient blue fluorescence emission 
was realized with [3]CPhen3,6 as an emitter in a single-layer architecture, surprisingly, solely 
composed of hydrocarbons (EQE = 4.7%). Those values reached almost theoretically 
maximum level of efficiencies for phosphorescent and fluorescent OLEDs, respectively. The 
results provide new insight into the material design of OLEDs and stimulate the ever-growing 
field of macrocyclic arenes chemistry. 
 

 
 

Figure 1: (a) Structures of aromatic hydrocarbon macrocycles. (b) Device architectures of single-layer OLED. 
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Azaacenes have attracted much attention as charge transport materials in the field of organic 
electronics.1 Azaacenes could be more easily synthesized and have higher stability compared 
with larger acenes such as pentacene. Recently, we have reported the synthesis of cruciform 
dimers of azaacenes having NH groups by oxidative C–N coupling (Figure 1a) and the 
synthesis of double heterohelicenes by the intramolecular oxidative coupling of cruciform 
dimers.2 In this presentation, we report a synthesis of tetrameric azapentacenes by 
intermolecular oxidative coupling of cruciform dimers. The oxidation of the cruciform dimers 
with DDQ resulted in the formation of a single bond between two dimers judging from the 
MALDI mass spectra. The structure of tetramers were determined by X-ray crystal structure 
analysis. As shown in Figure 1b, the tetramer 1 takes a #-shaped structure, and the two 
cruciform dimers are connected via a C–C bond. The tetramer 1 was found to have axial 
chirality because of the restricted rotation of the inter-dimer C–C bond, and therefore there 
exist two enantiomers in the crystal in a 1:1 ratio. The distance between two cofacial 
diazapentacenes are 3.8 ~ 4.2 Å, which are longer than the average π-π stacking distance, 
suggesting that the through space interaction between diazapentacene units could be 
negligibly small. The UV-Vis absorption spectral shape of 1 was basically similar to that of 
the monomer unit although a slight red-shift was observed. Moreover, the emission spectra of 
1 was also similar to that of the monomer unit. These results suggest that 1 maintains the 
electronic properties of the monomer unit due to the perpendicular connection between each 
unit. Cyclic voltammetry revealed that 1 could be oxidized up to the tetracation. The smaller 
difference between the first and the second oxidation potentials also suggests the little 
electronic communication between each diazapentacene unit. DFT calculations showed that 
HOMO, (HO–1)MO, (HO–2)MO and (HO–3)MO are energetically close to each other, and 
each MO is completely localized on one diazapentacene unit. 
 

 
Figure 1. (a) Synthesis of #-shaped tetramer (1) via cruciform heteroacene. (b) X-ray crystal structures of 
1. Hydrogen atoms are omitted for clarity. Thermal ellipsoids are set at 50% probability.  
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Expanded porphyrinoids have been reconginized as a prevalent class of π-conjugated 
compounds, exhibiting near infrared optical properties and facile redox reactivity.[1] Among 
the families, hexaphyrin is a kind of benchmark derivative adopiting various conformations 
such as Möbius twist, figure-of-eight, rectangular shapes, etc., which show the geometry-
dependent physicochemical properties. However, control of the geometries (π-electron 
delocalization) of the core macrocycles is not straightforward due to the complicity of the 
diverse conformational fashion of the macrocycles. 

So as to create the geometry-regulated π-systems, we have utilized an N-confusion 
approach for inner-skeletal modification of the hexaphyrin macrocycles. The implementation 
of confused pyrrole rings connected at the α and β’-positions between the meso carbons of 
the hexaphyrin macrocycle allows predominant rectangular conformation due to the effective 
hydrogen bond network within the inner core consisting of all inward nitrogen and carbonyl 
groups via spontaneous oxygenation.[2] The so-called doubly N-confused 
[26]dioxohexaphyrin derivative has a laterally expanded planar 26π macrocycles providing 
symmetrical NNNO spheres in both cavities for bis-metal complexations (t-M2-2; Figure 1). 
In contrast, the precise rearrangement of confused pyrroles inside the macrocycle with 
“cisoid”-type reconfiguration of the pyrrole unit, could produce a new core-twisted 
macrocycle due to the steric repulsion of carbonyl groups (c-M2-2; Figure 1). 

In this presentation, we report the detailed synthesis and properties of new cisoid-type 
doubly N-confused dioxohexaphyrin. 

 
Figure 1: Chemical Structures for trans- and cis-type dioxohexaphyrins. 
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Silicon-incorporated π-conjugated molecules have attracted in the view of their intriguing 
structural and electronic property.[1] Among various π-conjugated molecules, expanded 
porphyrins consisting of five or more pyrrole units possess large and flexible molecular 
conformations, and also exhibit interesting electronic and photophysical property. Therefore, 
the combination of expanded porphyrins and silicon would be promising candidates for the 
design of novel functional dyes. In this presentation, we demonstrate the synthesis and 
property of silicon complexes of pentaphyrins and octaphyrins as typical examples. 
 
Doubly N-fused pentaphyrin silicon complex 2 was synthesized from 1 by the modified 
procedure reported from our group,[2] and 2 takes a 24π Möbius aromatic structure with a 5-
coordinated central silicon atom. Reversible interconversion between the complex 2 and 6-
coordinated complex 2F was demonstrated upon addition and removal of fluoride anion, as 
detected by absorption spectral changes. Comparison of crystal structures of 2 and 2F 
indicated that a change in the coordination number induced conformational changes and 
related changes in their optical properties. 

 
Scheme 1: Synthesis of doubly N-fused pentaphyrin silicon complexes. 

Octaphyrin silicon complex 3 was obtained as a binuclear complex possessing figure-eight 
conformation with 38π electronic system. In addition to reversible interconversion to 36π 
complex 4, 38π complex 3 gave radical cation species 5 upon Magic Blue (one-electron 
oxidant). Radical cation 5 possessing 37π electronic circuit was characterized by UV/vis/NIR 
absorption spectra and ESR spectrum.  

 
Scheme 2: Octaphyrin bis-silicon complexes with 36-, 37-, and 38π electronic circuits. 
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Perfluoroarenes (F-arenes) are known to exhibit unique properties, however, a less number 
of electron donors with a F-arene skeleton have been designed, probably due to its electron-
deficient nature destabilizing the oxidized state. We previous found that the F-arene-based 
electron donor (Rax)-1 exhibits drastic changes in UV/Vis and CD spectra upon 
electrochemical oxidation to the stable dication (Rax,R,R)-12+, in which the cationic center is 
deconjugated from the F-arene. Due to F atoms on the biphenyl skeleton, (Rax)-1 is a versatile 
building block to construct the larger assemblies, such as dyads (Rax,Rax)-2d and (Rax,Rax)-2p 
by application of SNAr reactions (Scheme 1a).1 These dyads also show the dynamic redox 
(dyrex) behavior, and thus the reversible C-C bond formation/cleavage as well as a drastic 
structural change were observed during the interconversion between the neutral states and the 
tetracationic species. While the perfluorobiphenyl skeleton in 1/12+ endows the system with 
chiroptical properties by stabilizing configuration of axial/helical chirality, conversion of 12+ 
to the corresponding conjugated diene was hampered due to the steric congestion of 
perfluorobiphenyl unit. 

Based on such background, another F-arene-based dyrex system 3/32+ was designed by 
replacing perfluorophenyl groups for the perfluorobiphenyl unit, so that double deprotonation 
of 32+ could lead to another electrochromic pair 4/42+ exhibiting NIR absorption (Scheme 1b). 
By Wittig-Horner reaction of pentafluorobenzaldehyde with (4-Me2NC6H4)2CHP(=O)(OMe)2 
/BuLi in THF, the new donor 3 was obtained in 82% yield. Upon treatment of 3 with 2 equiv. 
of (4-BrC6H4)3N+●SbCl6

– followed by the reaction of 32+ with TBAF, 4 was isolated as an 
orange solid in 21% yield over 2 steps. In 42+, perfluorophenyl groups are largely twisted to 
the rest of the molecule. The details of their preparation, X-ray analysis, UV/Vis spectrum, 
and electrochemical behavior will be presented. Studies are now in progress on introduction 
of further functional groups by SNAr reaction of 3 and 4, leading to a formation of redox-
active molecular layer with well-ordered intermolecular arrangement. 

 
Scheme 1: Dynamic redox systems with perfluoroarenes [Ar = 4-Me2NC6H4]. 
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Corannulene, a C5v-symmetric buckybowl, has attracted great attention due to its unique 
structure. However, no heteroatom-containing corannulene derivative was synthesized, 
although the introduction of heteroatoms into corannulene could alter its intrinsic properties. 
In this context, we previously reported the synthesis of polycyclic aromatic azomethine ylide 
1, which has high reactivity towards inter-molecular cyclization with various alkenes and 
alkynes to form the corresponding pyrrolidines and pyrroles.1,2 Furthermore, this reaction 
followed by palladium-catalyzed cyclization was successfully employed to synthesize 8-tert-
butyl-6b2-azapentabenzo[bc,ef,hi,kl,no]corannulene 3a (R = tBu) as the first nitrogen-
embedded corannulene derivative.3,4 Molecule 3a exhibited unique structural and physical 
properties, including Cs-symmetric bowl-shaped structure, one-directional bowl-in-bowl 
stacking in crystal, and fluorescence in higher quantum yield, when compared to the parent 
corannulene. Here we report the synthesis of the aza-pentabenzocorannulene bearing only 
hydrogen substituents 3b (R = H), and the one bearing an octyl group 3c (R = C8H17). In the 
poster presentation, the structures and properties of these derivatives will be presented. 
 
 

 
 

Figure 1: Synthesis of Azapentabenzocorannulenes. 
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 Carbazole units are useful building units in π-conjugated compounds because of their 
rigid structures, specific optical properties, and chemical stability.[1] We designed an 
azacyclophane comprising 3,6-substituted carbazole units and 9,10-anthrylene units to 
investigate the unique electronic properties of oxidation states arising from multiple 
oxidizable carbazole units.[2]  
 Novel AzaCPs 1 was synthesized by Buckwald-Hartwig coupling of 3,6-
dibromocarbazole unit 3 with 9,10-diaminoanthracene derivative. The reaction mixture was 
purified by chromatography on silica gel to give 1 in 14%, as red powders showing good 
stability under ambient conditions. The same coupling reaction of 3 with 1,4-
phenylenediamine gave 1,4-phenylene analog 2 in 29% yield as a greenish-yellow solid. 
Compounds 1 and 2 were reasonably characterized by NMR and mass spectroscopies. 
 Cyclic voltammograms of both compounds 1 and 2 exhibited reversible four-electron 
oxidations. The absorption spectra of the oxidation states of 1 exhibited broad absorption 
bands in the near-infrared region arising from intramolecular charge-transfer interactions. The 
photophysical and electrochemical properties of 1 with 9,10-anthrylene units were compared 
with those of 1,4-phenylene analog 2  on the basis of theoretical calculations to evaluate the 
intramolecular electronic interactions. 
  

 
 

Scheme 1: Synthesis of carbazole-based azacyclophanes 1 and 2. 
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π-Conjugated macrocycles exhibit peculiar physicochemical properties arising from their 
unique electronic structures related to their molecular structures (e.g., curved, twisted, or bent 
geometries) [1]. Although π-conjugated macrocycles consisting of electron donor (D) and 
acceptor (A) repeating units (D-A) can also exhibit unique photophysical properties due to 
intramolecular charge-transfer (ICT) nature, they remain to be explored due to the lack of 
synthetic approaches to strained π-conjugated systems and suitable building blocks thereof. 
We have recently developed that U-shaped dibenzo[a,j]phenazines (DBPHZs) are unique π-
conjugated molecules featured by high electron-accepting capability and high triplet-state 
energy [2]. Making the use of the scaffold, we have revealed that DBPHZ-cored twisted D-A-
D molecules exhibit peculiar optical properties such as thermally activated delayed 
fluorescence (TADF) and mechanochromic luminescence (MCL) [3,4]. Focusing on the 
unique photophysical nature of the D–A systems and bent structure suitable for ring 
formation, we designed macrocycles 3, comprising of two DIBPHZ acceptor units linked 
through p-phenylenediamine donors 2. These macrocycles are expected to modulate 
photophysical properties by interacting with guest molecules that fit their cavity. We have 
successfully synthesized the macrocycles 3 through a Pd-catalyzed high-yielding cyclization. 
We report physicochemical properties such as absorption and photoluminescence properties, 
crystallographic analyses, and theoretical calculations of the macrocycles.  
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The interest in heterocyclic analogues of nanographenes has been motivated by the ability of 
heteroatoms to modulate the electronic and optical properties of extended aromatic structures 
[1,2]. The aim of the present research is to design and synthesize a range of functionalizable 
donor−acceptor oligopyrrole systems, based on a recently reported family of building blocks 
[3], which will be further elaborated by introduction of peripheral fluorophore units, such as 
BODIPYs. Such oligochromophore systems will then be investigated for energy transfer 
processes at various oxidation levels of the oligopyrrole core. Examples of potential targets 
are given in Figure 1. 
 
The oligopyrrole cores to be used in this research may include bipyrroles [4], dipyrrins, 
porphyrins [3], and HPHACs (hexapyrrolohexaazacoronenes) [5]. Final assembly of the 
targets will be achieved be means of Pd-catalyzed coupling chemistry using prefunctionalized 
BODIPY building blocks. By changing the structure of outer chromophores and linker 
lengths, the resulting multichromophoric structures may be tunable to provide intramolecular 
energy transfer between the constituent absorbing subunits.  
 

 
 
Figure 1. Design and synthesis of oligo(NMI-pyrrole)−BODIPY hybrids. 
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Derivatives of fullerenes are of great interest. We have been involved in the structural 
investigation of, for example, hydrogenated fullerenes1, 2 The problem is that a vast number of 
isomers may be formed upon derivatization, for example adding 18 hydrogens to C60 can 
theoretically give more than 1013 isomers3. This gives rise to separation problems. 
Commercial HPLC columns, such as Buckyprep columns, can not always solve these 
problems. These columns are based on silica derivatized by planar pyrene derivatives.  
When it was reported that corannulene could be obtained in large quantities4, it was 
envisioned that the ability of corannulene to form complexes with fullerenes could be utilized 
in chromatographic systems. The basis for the complex formation is the complementary 
shapes of the bowl shaped corannulene and the convex fullerenes. The complex forming 
ability has been shown for a number of corannulene derivatives by, for example, X-ray 
crystallography, manly for systems having two corannulene units5-10.  
The corannulene units were attached to silica by the Copper(I)-Catalyzed Alkyne-Azide 
Cycloaddition (CuAAC) click reaction11, 12, by a azide derivatized silica and a corannulene 
derivative having a terminal acetylene in a side chain of varying length. 
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Si
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N
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In this poster, the investigation of the obtained material by 13C NMR and FTIR spectroscopies 
will be presented. 

 
References  
1. T. Wagberg, M. Hedenstrom, A. V. Talyzin, I. Sethson, Y. O. Tsybin, J. M. Purcell, A. G. Marshall, 
D. Noreus and D. Johnels, Angew. Chem. Int. Ed. 2008, 47, 2796-9. 
2. T. Wagberg, D. Johnels, A. Peera, M. Hedenstrom, Y. M. Schulga, Y. O. Tsybin, J. M. Purcell, A. 
G. Marshall, D. Noreus, T. Sato and A. V. Talyzin, Org. Lett. 2005, 7, 5557-60. 
3. K. Balasubramanian, Chemical Physics Letters 1991, 182, 257-62. 
4. A. M. Butterfield, B. Gilomen and J. S. Siegel, Org. Process Res. Dev. 2012, 16, 664-76. 
5. C. M. Alvarez, L. A. Garcia-Escudero, R. Garcia-Rodriguez, J. M. Martin-Alvarez, D. Miguel and 
V. M. Rayon, Dalton Trans. 2014, 43, 15693-6. 
6. L. N. Dawe, T. A. AlHujran, H. A. Tran, J. I. Mercer, E. A. Jackson, L. T. Scotc and P. E. 
Georghiou, Chem. Commun. 2012, 48, 5563-5. 
7. P. L. A. Kuragama, F. R. Fronczek and A. Sygula, Org. Lett. 2015, 17, 5292-5. 
8. M. A. Petrukhina, K. W. Andreini, J. Mack and L. T. Scott, J. Org. Chem. 2005, 70, 5713-6. 
9. A. Sygula, F. R. Fronczek, R. Sygula, P. W. Rabideau and M. M. Olmstead, J. Am. Chem. Soc. 
2007, 129, 3842-3. 
10. M. Yanney, F. R. Fronczek and A. Sygula, Angew. Chem. Int. Ed. 2015, 54, 11153-6. 
11. A. Marechal, R. El-Debs, V. Dugas and C. Demesmay, J. Sep. Sci. 2013, 36, 2049-62. 
12. V. V. Rostovtsev, L. G. Green, V. V. Fokin and K. B. Sharpless, Angew. Chem. Int. Ed. 2002, 41, 
2596-9. 



 
 

  
 

  P-61    

	

Modification of Planarized Triarylamines via Nitrogen Incorporation 
 

T. Kader1, P. Kautny1, E. Horkel1, B. Stöger2 and J. Fröhlich1 

 
1Institute of Applied Synthetic Chemistry, TU Wien, Vienna, Austria 

     2X-ray center, TU Wien, Vienna, Austria 
E-mail: thomas.kader@tuwien.ac.at 

 
 
Arylamines are widely used electron donating moieties in organic optoelectronic materials. 
We recently introduced novel bipolar host materials for Phosphorescent Organic Light 
Emitting Diodes (PhOLEDs) based on oxadiazole electron acceptors and planarized 
triarylamines as donors. Planarization of the arylamines allowed for the control of the donor 
properties as increased planarization significantly decreased the donor strength (figure 1, left). 
Additionally, our investigations also unveiled that beside its decreased donor strength fully 
planarized indolo[3,2,1-jk]carbazole (ICz) possesses weak acceptor character.[1] Furthermore, 
we investigated ICz based host materials for PhOLEDs with high triplet energies 
(ET >2.8eV).[2] 
Our current research focuses on the incorporation of additional nitrogen atoms into the ICz 
framework (figure 2, right) in order to integrate electron poor pyridine into the scaffold to 
further enhance the acceptor strength. Results from theoretical calculations revealed that 
incorporation of nitrogen into the scaffold significantly lowers both HOMO and LUMO levels, 
indicating increased acceptor strength of these derivatives. 
A comprehensive synthetic approach towards different nitrogen containing ICz derivatives, as 
well as results from photophysical and electrochemical characterization as well as theoretical 
calculations will be presented within this contribution. 
 

 
 
 
 
 

 
 
 

 
Figure 1: Concept of donor strength modulation in triarylamines by planarization (left) and examples 

for different nitrogen containing ICz derivatives (right). 
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Over the last couple years, we have revealed that U-shaped D-A-D molecules, consisting of 
dibenzophenazine as an acceptor (A) and diphenylamines bridged by a hetero atom (O, S) as 
donors (D), exhibit  unique luminescent characteristics induced by effective intramolecular 
charge transfer nature [1,2]: Oxygen-containing compound 1 (Fig. 1) exhibits orange 
thermally activated delayed fluorescence (TADF) resulting from efficient reverse intersystem 
crossing from the triplet (3LE) to the singlet (1CT) excited state [1]. In addition to the TADF 
property, sulfur-containing compound 2 (Fig. 1) exhibits distinct tricolor-changing 
mechanochromic luminescence (MCL) based on conformational change of the donor units 
[2].  
 
To investigate the effect of hetero atoms (Q) on the physicochemical properties of D-A-D 
molecules, we designed and synthesized phosphorus-containing D-A-D molecule 3 (Fig. 1). 
Diluted solutions of 3 showed significant solvatochromism in photoluminescence spectra, 
indicating intramolecular charge transfer nature. Recrystallization of 3 from a biphasic 
hexane/CHCl3 solution gave pale yellow microcrystals (Cry) that emit blue-green light (λem = 
489 nm) upon excitation with UV lamp	(red spectrum in Fig. 2). After ground with a pestle 
and a mortar, the crystal was turned to solid G that then exhibited yellow emission (λem = 530 
nm) with a shoulder peak at around λem = 627 nm (blue spectrum in Fig. 2). Moreover, 
fuming of G sample allowed for the transition into F form, which exhibited different emission 
profile from Cry and G samples  (λem = 510, 645 nm) (purple spectrum in Fig. 2). 

 
Figure 1. U-shaped D-A-D molecules  Figure 2: Mechanochromic property of 3.  
containing hetero atom in donor units. 
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Diphenylamine- and diphenylborane-fused porphyrins display intriguing properties because 
each poprhyrin unit effectively interacts with the lone pair electrons and vacant orbital on the 
embedded nitrogen and boron atom, respectively [1]. On the other hand, carbon atom 
possesses one more valence and its behavior would be an attractive research topic. Herein, we 
report that the attempted synthesis of diphenylmethane-fused porphyrin led to unexpected 
production of a stable radical via putative removal of a hydrogen atom from the embedded 
carbon atom [2]. The radical is very stable under air and on silica gel, and its structure and 
physical properties are investigated by X-ray crystallographic analysis, absorption 
spectroscopy, magnetic susceptibility measurement, electrochemical study and theoretical 
calculations. The radical is also converted into the corresponding cation and anion via 
chemical oxidation and reduction, respectively. These ionic species exhibit contributions of 
expanded electron circuits in addition to porphyrinic 18π aromatic one.  
 
This porphyrin-based effective platform for stabilization of radical species is further 
employed to furnish stable radicals with helical chirality [3] by adding substituents or benzo-
fusion to the phenyl groups. The helical radicals thereby synthesized are quite stable as well, 
appearing as the first helical radicals stable toward ambient conditions in solid and solution 
state. Their physical properties are also extensively examined. 
 

 
 

Figure 1: Porphyrin-based air and moisture stable radicals. 
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Helicenes are ortho-fused polycyclic aromatic compounds whose π-system are characterized 
by nonplanarity, excellent chiroptical properties and unique inversion behavior. Here we 
report the first synthesis of quintuple [6]helicene as a corannulene-cored structure bearing five 
[6]helicenes. Quintuple [6]helicene was prepeared by a palladium-catalyzed intramolecular 
cyclodehydrochlorination[1] of pentakis-(2’-chlorobiphenylyl)corannulene. X-ray 
crystallography revealed that quintuple [6]helicene has a propeller-shaped structure with 
uniformed helicity. We also characterized its isomerization pathway both experimentally and 
theoretically. 
 

 
 

Figure 1: (A) Synthesis of quintuole  [6]helicene 1. (B) X-ray structure of 1. (C) Enantiomerization 
pathway of 1. 
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Cycloparaphenylenes (CPPs) represent a growing interest because of their availability by 
bottom-up organic synthesis.1-3 The synthetic endeavors not only enabled to synthesize 
different sizes of CPPs and several derivatives but also provided the opportunity to unveil 
physical properties of CPPs. Among them, the synthesis of CPP derivatives is among the most 
important research subject because the introduction of functional groups could enable fine-
tuning of the electronic properties of CPPs and provide an opportunity for their use as 
functional materials. However, the syntheses of CPP derivatives so far reported relied on the 
early-stage functionalization starting from a functionalized precursor, which required tedious 
multistep synthesis. Therefore, the development of a new method for late-stage 
functionalization of CPPs is awaited. 
 
Recently we have developed a reliable method for large scale synthesis of various CPPs,4,5 
and this achievement leads us to develop a new method for the late-stage functionalization of 
CPPs that allows access to a variety of CPP derivatives. We report here the site-selective late-
stage functionalization of CPPs based on the electrophilic bromination as a key step (Figure 
1). Small [n]CPPs (n < 8) undergo bis-bromine-addition reaction instead of substitution 
reaction highly regioselectively in moderate to excellent yields, while large CPPs were inert 
under the same condition. The bromine adducts were converted to mono-, di-, tri-, and tetra-
brominated CPPs, which were easily transformed to several carbon- and heteroatom-
substituted CPPs. 
 

 
 

Figure 1: Late-stage functionalization of [n]CPPs based on the bromination of [n]CPPs. 
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Several longitudinally twisted tetracenes, pentacenes, and hexacenes have been synthesized 
by the addition of phenyllithium to the appropriate quinone precursors followed by reduction 
of their diol intermediates, and many of these acenes have been crystallographically 
characterized.  Of the latter, 9,10,11,12,21,22,23,24-octaphenyltetrabenzo[a,c,n,p]hexacene 
displays an end-to-end twist of 183°, by far the largest yet reported.  The new syntheses of 
two previously reported twisted acenes, 9,10,11,20,21,22-hexaphenyltetrabenzo[a,c,l,n]-
pentacene and 9,10,11,12,13,14,15,16-octaphenyldibenzo[a,c]tetracene reduce the number of 
synthetic steps and improve their overall yields by factors of 24 and 66, respectively [1-2].  
All of the twisted acene syntheses reported here are suitable for the synthesis of at least gram 
quantities of these remarkable hydrocarbons. Using this method, the corresponding heptacene 
was synthesized as well as other derivaties. The UV spectroscopic and crystallographic 
analysis will be presented. 
	

 
 

Figure 1: Structure of 9,10,11,12,21,22,23,24-octaphenyltetrabenzo[a,c,n,p]hexacene. 
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Poly(dicyanodiacetylene), as a potent electron acceptor with broad electronic absorptions in 
the visible range, has been targeted for electronic and electrooptic applications. 2,4-
Hexadiynedinitrile has a linear structure, which will limit steric interference during 
topochemical polymerization. Likewise, poly(dicyanodiacetylene) should be very planar, with 
no large side groups to exert a torque on the backbone. The host-guest approach pioneered by 
Fowler and Lauher will be used to align 2,4-hexadiynedinitrile with the prerequisite 
parameters in the solid state to undergo topochemical polymerization by using heat, light, or 
pressure. By forming cocrystals, both 2,4-hexadiynedinitrile and poly(dicyanodiacetylene) are 
protected from reaction with oxygen in the atmosphere. Since the first synthesis of 2,4-
hexadiynedinitrile, it has been a challenge to synthesize the monomer without going through 
2-propynenitrile as an intermediate, which is known as a lachrymator that penetrate gloves to 
cause painful burns and blistering. We report the synthesis of 2,4-hexadiynedinitrile under 
mild conditions. Cocrystal formation experiments with oxalamide hosts by using hydrogen 
and halogen bonding are under way toward the preparation of poly(dicyanodiacetylene).  
 

 
 

Figure 1: Topochemical polymerization of 2,4-hexadiynedinitrile to poly(dicyanodiacetylene) 
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Decades of research into abiotic foldamers has resulted in a plethora of non-peptidic 
secondary structures [1,2]. A central goal with in the field of foldamers is to move towards the 
higher order tertiary and quaternary structures that give biomacromolecules their functionality 
[1-3]. With the emergence of dynamic covalent chemistry (DCC) as a means for organizing 
locally folded subunits into macrocycles [4,5], we view ortho-phenylene oligomers as a 
simple helical construct for incorporation into higher order architectures. o-Phenylenes 
represent a simple class of foldamers whose secondary structure can be ascribed to 
intramolecular aromatic stacking interactions. 
 
Recently, we have demonstrated that o-phenylene tetramers readily assemble with rigid-rod 
linkers into [3+3] macrocycles by imine condensation. NMR solution studies demonstrate that 
within the macrocycles the o-phenylene moieties are well-folded, while in the acyclic form 
these monomers are not particularly well-folded; that is, macrocyclization induces folding. 
After thorough analysis, it is clear that conformational communication [2] between these 
subunits is not particularly strong within the macrocycles: both homochiral (PPP/MMM) and 
heterochiral (PMM/MPP) conformers are distinguishable in solution [5]. We envisioned 
adding complexity to this system by elongating the o-phenylene oligomer to lengths longer 
than a single twist. Synthetic results and solution dynamics will be discussed.  
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Molecules belonging to the rather small dihydropyrene (DHP) family have been present at the 
ISNA conferences for decades. Besides their interesting photochromic properties, they are 
well known to the community as experimental aromaticity probes, although chemists have a 
hard time defining what “aromaticity” means [1]. The planar and rigid parent compound 
15,16-dimethyl-15,16-dihydropyrene consists of 14 π-electrons, which makes the molecule 
aromatic. DHP bears two internal methyl groups oriented perpendicular with respect to the 
flat aromatic plane, within the π-cloud, which shifts the corresponding 1H-NMR signals to 
higher field (-4.25 ppm). The most convenient way of observing aromaticity is to measure an 
NMR spectrum, however, quantifying it requires some prerequisites. Most importantly, a 
good non-aromatic reference must be at hand, which is problematic in most cases. 
Fortunately, a reduced version of DHP, with an almost unchanged geometry is known, which 
serves this purpose well. Any bond localizing effect is reflected in a shift of the 1H-NMR 
signal of the internal methyl groups to lower field with respect to DHP. By comparison with 
the aromatic parent and the non-aromatic reduced DHP the bond localization and therefore 
aromaticity can be quantified, which has been applied to heteroanaloga of DHP and many 
other cases [2].  
Here we show how this general technique can be applied to estimate the quinoid character of a 
DHP bearing a dimethylamino and a nitro group in pseudo-para orientation. For this push-
pull DHP there are three Kekulé structures, of which the two 1arom display aromatic character 
while 1quin represents the quinoid structure, causing a bond localization (figure 1). The 
partially quinoid character is also reflected in a large bathochromic shift of the absorption 
spectrum and a pronounced positive solvatochromism [3].   
While this approach enhances the applicability of DHP as an aromaticity probe we are 
convinced that this study will help to understand the nature of other push-pull systems, such 
as donor-acceptor porphyrins.  
 

 
Figure 1: Push-pull DHP with aromatic and quinoid resonance structures. 
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The field of single-molecule electronics requires the creation of molecular devices with 
complex intrinsic functions, such as switches, diodes and transistors. Single-molecular 
switches could be the key to developing effective molecular memories [1-4]. We have 
designed a new switch 1 consisting of wire unit and switching unit. The structure of wire unit 
is based on fluorene with various anchors for connection to electrodes, and switching unit is a 
1,3-cyclohexanedione-based zwitterion. Switchable wire 1 is expected to change reversibly 
between two conformations in response to external stimuli, especially applied electric field 
(Figure 1). Model studies relating to the synthesis and properties of this switch will be 
presented. 
 
 

 
Figure 1: Structure of switchable molecular wire 1 and two reversible forms. 
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Through-space electronic interactions among cofacially aligned π-electron systems have 
played an important role in organic semiconductors such as OFET and photovoltaics. 
Compared with typical π-electron systems with a planar scaffold, propeller-shaped π-electron 
systems in which three aromatic rings are cofacially arranged at an angle of ~120°, enable 
their three aromatic rings to interact each other by spatial overlap of molecular orbitals. 
Therefore, it is curious to characterize the electronic communication among three aromatic 
moieties of those radical species.	 Here, we report the synthesis of novel propeller-shaped 
molecules (1[1,2], 2, Figure 1) and elucidation of electronic communication of their radical 
species by electrochemical and spectroscopic methods.  
 
Cyclic voltammogram of 1b showed a quasi-reversible broad redox (E1/2 = 0.68 V at 0.1 V s–

1) which might be assignable to three sequential redox processes of 1b. In contrast, the CV of 
2b revealed a dramatic splitting into three distinct reversible one-electron waves (E1/2 = 0.39, 
0.53, 0.69 V at 0.1 V s–1), suggesting strong through-space electronic communication among 
three perylene moieties (Figure 2). Variable temperature ESR measurements of 1b•+ showed 
drastic change in the spectra in the range of 230–180K, indicating hopping type spin 
delocalization that would originate from migration of a counter anion(Figure 3). In contrast, 
the ESR of 2b•+ showed delocalized no drastic change in the spectra in the range of 300–
180K, indicating class-III type spin delocalization (Figure 4). 
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Figure 1: Molecular structure of 1 and 2.               Figure 2: Cyclic voltammograms of 1b and 2b. 
 

     
Figure 3: VT-ESR spectra of 1b•+.                                        Figure 4: ESR spectra of 2b•+. 
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The interest in carbon nanotubes (CNT’s) [1], driven by their unique physical properties and 
potential for practical use, has inspired an extensive search for efficient bottom-up synthetic 
methods that could lead to materials with perfect structural uniformity. Small end-caps [2] and 
short ring-like sections of single-walled CNT’s are currently available. Recently in our group 
was developed a new synthetic methodology (Figure 1) to construct highly strained 
heteroaromatics nanotube end-caps (H-caps) [3]. These systems consist of tubular 
macrocyclic sections that are tightly capped on one side with a bridging benzene ring, forming 
deep, chemically accessible cavities. The mechanism of end-cap formation, relies on precise 
timing of transmetalation and reductive elimination events (synchronized homocoupling). 
Such end-caps can be modified in several ways, including longitudinal expansion of the π-
system, by constructing a longer tubular section of the cap. Such a modification requires the 
development of new precursors, tailored not only for the targeted structural change but also 
for reactivity and solubility. Radial expansion of end-caps can in turn be achieved by 
developing wider sidewall units or by increasing their number. Herein we will present our 
ongoing work aimed at developing end-cap structures with extended conjugation and discuss 
the electronic properties of the resulting systems. 
 

 
 

Figure 1: Synchronized homocoupling – a new methodology to synthesize strained systems. 
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Molecular force probes are useful for mapping stress concentration in materials and 
monitoring mechanotransduction in cells. Their force-induced color-changing mechanisms are 
commonly based on the change of FRET (Förster resonance energy transfer) efficiency 
between two fluorophores, the intramolecular covalent bond cleavage, and the suppression of 
dye aggregation. However, it is still challenging to realize a force mapping of condensed 
materials with high spatial and temporal resolution. 
Recently we have developed a flexible fluorophore, FLAP (FLexible and Aromatic 
Photofunctional systems) that shows a reversible fluorescence color conversion based on a 
conformational change of flexible π-conjugated system. FLAP has two anthracene(imide) 
wings with a cyclooctatetraene (COT) joint at its center. In solution, the FLAP molecule is 
expected to show a fast flapping motion between V- and Λ-shaped conformation in the 
ground state (S0), and it undergoes a spontaneous V-shaped-to-planar conformational 
relaxation in the photoexcited state (S1) emitting a green fluorescence[1]. On the other hand, 
the FLAP molecule in rigid polymers maintains the V-shaped conformation in S1, emitting a 
blue fluorescence. Therefore the FLAP system can be used as a viscosity probe[2]. In contrast 
to this, here we focus on a mechanical response of FLAP in the ground state (S0). In the 
stretched polymeric film, the FLAP molecule underwent a compulsory V-shaped-to-planar 
change due to an external mechanical force. Since the reversible fluorescence color change 
was observed depending on the strength of the applied stress, the force probing ability of the 
FLAP fluorophore has been demonstrated in the condensed materials. 
 

 
 

Figure 1. a) Conformational change induced by a mechanical force on the FLAP molecule covalently connect 
with polymer chains. b) S0 and S1 energy profile of the mechanoresponsive dual fluorescence of FLAP. 
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Magnetic resonance imaging (MRI) is an important technique for medical diagnosis and 
research. Common contrast agents are gadolinium complexes. A novel approach is to 
investigate photoswitchable MRI contrasts agents. Ni-porphyrins with covalently tethered 
azopyridine ligands are applied. The photochromic complexes switch between the 
diamagnetic low-spin-state (MRI silent) to the paramagnetic high-spin-state (MRI active) by 
irradiation with light of specific wavelengths. This process is known as light-driven 
coordination-induced spin-state switch (LD-CISSS).1,2 Within this work the concept should be 
realized with Fe(III)-porphyrins which require different structures. Five-coordinated 
complexes have a spin of 5/2 (high-spin), whereas six-coordinated complexes tend to have a 
spin state of 1/2 (low-spin).3 The spin-switching is realized by association and dissociation of 
phenylazopyridines. These photodissociative ligands (PDL) are able to coordinate as the 
trans-isomer and dissociate upon irradiation as the cis-isomer.4 The higher difference of the 
magnetic moment between the MRI active and the MRI silent state should improve the 
efficiency of the contrast switching. 
 
 

 
 

Figure 1: Reversible spin-state-switching of iron(III) porphyrins with PDLs in acetone/DMSO. 
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In nature complex biomolecules are synthesized by molecular machines powered by ATP.[1,2] 

Following the principles of nature light-driven molecular assemblers were designed. They 
drive systems away from thermodynamic equilibrium to build up more complex structures. 
Thereby light is converted to chemical energy. In a mixture of compounds the desired 
reactants are selected and guided along the preferred reaction channel to form complex 
molecules which could not be obtained in a spontaneous process.  
This concept should be realized with receptors containing two zinc-cyclene units as binding 
sites for oxoanions[3] and a photo-switchable azobenzene unit The desired endergonic 
condensation to high-energy oligomers is then achieved by light-induced configuration 
change (cis-trans-isomerisation). 
Based on quantum mechanical calculations a tennis ball-shaped structure for the complexation 
of tetravanadate by two receptor molecules has been postulated. A novel approach is the 
covalent linkage of two monomers to a macrocycle (fig. 1), which allows a preferred 
formation of the “tennis ball” complex due to the pre-orientation and entropic favorable 
balance of number of particles.  This should suppress the formation of polymers and verify 
the assumed structure, resulting in important findings on the way of developing a light-driven 
molecular assembler.  

      
Figure 1: Covalent linkage of two receptor molecules for the complexation of tetravanadate. 
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Non-planar aza-analogs of polycyclic aromatic hydrocarbons possessing pyrrolo[3,2-b]pyrrole 
core have been synthesized through the concise route.[1] In this three-step procedure combined 
methods of intramolecular direct arylation and oxidative aromatic coupling have been utilized. 
The final products due to the steric repulsion of adjacent phenyl rings adopt helicene-like 
architecture. Helical nature of the compounds implies presence of three diastereoisomers, one 
meso form [(P,M)] and two enantiomers [(P,P)] and [(M,M)]. Low energy barrier of the 
interconversion, however, prevented their separation via chiral HPLC. These findings were 
fully supported by DFT calculations. Nevertheless X-Ray crystallography unequivocally 
confirmed existence of two form Twisted (chiral) and Folded (meso) since they co-
crystallized. These compounds exhibit unusual optical properties. Their optical absorption are 
insensitive to solvent environment, whereas their fluorescence features exhibit pronounced 
solvatochromism. Such phenomenon is rarely observed for centrosymmetric compounds 
lacking any electron-donating or electron-withdrawing groups on the periphery. The final 
products were probed with time-resolved spectroscopy. These studies suggest that while non-
polar locally-excited state manifests negligible solvatochromism, charge-transfer state is 
sensitive to solvent polarity.  
 

 
 

Figure 1: Synthetic route to curved aza-analogs of polycyclic aromatic hydrocarbons 
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Tribenzotriquinacene (1) and fenestrindane (2) represent two complementary parent members 
of the centropolyindane family because they provide bowl-shaped and saddle-shaped 
molecular scaffolds, respectively [1]. With their benzhydrylic bridgehead positions and 
peripheral benzo units, the reactivity of 1 and 2 is rather similar and well controllable and, 
thus, a large variety of bridgehead- and/or periphery-substituted derivatives have become 
accessible in both series. Owing to their molecular topography, 1 and 2 have also been 
envisioned as cores of warped graphene sheets, provided that the three or, respectively, four 
three-dimensional bays of 1 and 2 can be bridged by suitable aromatic networks. This would 
induce a C3-symmetrical distortion in the case of 1 and a D2d-symmetrical distortion in the 
case of 2.  
 

                 
 

 
Figure 1: Tribenzotriquinacene (1) and fenestrindane (2), with hypothetical graphene embedding. 

 
As shown recently, the introduction of three aryl groups in the ortho-positions of suitably 
functionalized tribenzotriquinacenes can be achieved with high efficiency and the subsequent 
Scholl-type cyclodehydrogenation works well with electron-rich building blocks. In this way, 
the first triply bay-bridged tribenzotriquinacene derivatives bearing a fully conjugated π-
electron periphery have become accessible [2]. Further extensions of this “wizard hat”-shaped 
motif towards truly graphene-type extensions appear to be in reach. An analogous approach is 
pursued with suitably four-fold ortho-functionalized fenestrindanes and has led us to the first 
[5.5.5.5]fenestranes bearing a fully conjugated octaphenylene periphery [3].  
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The electronic properties of materials targeted for N-type organic field-effect transistors 
(OFETs), such as pyromellitic diimides (PyDIs), degrade under ambient conditions because of 
low susceptibility of radical anions. To improve the electronic properties of PyDIs, we 
synthesized two PyDI analogs by imidization of pyromellitic dianhydride with different 
amines and thionated them with Lawesson’s reagent in toluene. Thin films of the parent 
PyDIs and derivative compounds (PyDTIs) were then deposited onto Si/SiO2 substrates as 
prototype OFETs. Relative to the original diimides, thionation and fluorination increased the 
electron mobility and on/off ratio by two orders of magnitude and improved the threshold 
voltage and air-stability. Under ambient conditions, PyDTI-F exhibited an electron mobility 
as high as 0.62 cm2V-1s-1 along with an on/off ratio of 5.5 × 105 and a low threshold voltage 
(Vth = 16.1 V). Thionation of PyDIs not only stabilizes their LUMO levels and air-stability, 
but also increases their electronic couplings. Therefore, N-type devices based on PyDTIs 
display superior performance and air-stability under ambient conditions. Our derived 
compounds are expected to realize air-stable N-type OFETs for large-area and flexible 
electronics. 

 
 

 
 

Figure 1: (a) Chemical structures, (b) calculated LUMO levels of PyDI-F and PyDTIs. Values in 
parenthesis are obtained from cyclic voltammetry (CV). The red circles indicate the nonbonding 

characteristics. 
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The electronic properties of materials targeted for N-type organic field-effect 
transistors (OFETs), such as pyromellitic diimides (PyDIs), degrade under ambient 
conditions because of low susceptibility of radical anions. To improve the 
electronic properties of PyDIs, we synthesized two PyDI analogs by imidization of 
pyromellitic dianhydride with different amines and thionated them with Lawesson’s 
reagent in toluene. Thin films of the parent PyDIs and derivative compounds 
(PyDTIs) were then deposited onto Si/SiO2 substrates as prototype OFETs. Relative 
to the original diimides, thionation and fluorination increased the electron mobility 
and on/off ratio by two orders of magnitude and improved the threshold voltage 
and air-stability. Under ambient conditions, PyDTI-F exhibited an electron mobility 
as high as 0.62 cm2V-1s-1 along with an on/off ratio of 5.5 × 105 and a low threshold 
voltage (Vth = 16.1 V). Thionation of PyDIs not only stabilizes their LUMO levels and 
air-stability, but also increases their electronic couplings. Therefore, N-type 
devices based on PyDTIs display superior performance and air-stability under 
ambient conditions. Our derived compounds are expected to realize air-stable N-
type OFETs for large-area and flexible electronics. 
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Figure 1: (a) Chemical structures, (b) calculated LUMO levels of PyDI-F and PyDTIs. Values in 
parenthesis are obtained from cyclic voltammetry (CV). The red circles indicate the nonbonding 

characteristics. 
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Alkyne metathesis is a powerful method to prepare carbon rich architectures through dynamic 
covalent chemistry. The development of highly active Mo(VI) alkylidyne catalysts has 
allowed an efficient pathway to synthesize aryl-acetylene-based macrocycles, cages, and 
framework structures. Here, we present tetrahedral cages and carbon nanohoops that were 
prepared in gram scale with high yields using alkyne metathesis. First, a tritopic building 
block with three propynyl groups were subjected to metathesis and resulted in a tetrahedral 
cage. Furthermore, the cages were identified to be kinetically trapped. Second, subjecting a 
ditopic building block, commonly used in the preparation of cycloparaphenylene nanohoops, 
to metathesis resulted in a trimeric macrocycle that was further aromatized to give a 
cycloparaphenyleneacetylene nanohoop. This synthetic strategy provided high yield and 
superior size selectivity compared to other macrocyclization methods such as Sonogashira 
coupling. Furthermore, three strained triple bonds within the nanohoop were able to undergo 
three consecutive copper-free click reactions in the presence of organic azides. 

 

 
Figure 1: Synthesis of a tetrahedral cage and a carbon nanohoop using alkyne metathesis. 
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Acene is one of the most important structural motifs in organic electronic materials.  However, 
wider application of acene derivatives in various applications is hampered by the dearth of 
synthetic approaches to the linearly fused architectures.  Therefore, innovations in synthetic 
methodologies and retrosynthetic conceptions are imperative to fully realize the potential of 
these important organic materials. We herein report recent advances in overcoming the 
synthetic challenge on three fronts.  First, anthracene and perylene polynitriles (up to eight 
nitrile groups, figure 1a) are synthesized via Wittig-Knoevenagel benzannulation, 
Rosenmund-von Braun cyanation, nucleophilic substitution, and nucleophilic-oxidative 
cyanation.1   Secondly, a template-directed cascade cyclization was developed to synthesize 
hitherto inaccessible tetracene and pentacene derivatives  Its capacity to generate a variety of 
acene structures empowered us to identify amphiphilic pentacene derivatives that self-
assembles to form nanoscale helical wires (figure 1b).2   Furthermore, rigid hexagonal beltene 
(with 2 nm intramolecular cavity) composed of 1,5-diazzanthracene units was synthesized by 
a chirality encoded curvature control strategy.   Serendipitously, we also discovered a one-pot 
synthesis of beltene architecture via a poly-condensation reaction (figure 1c).   
 

 

  
 

Figure 1: a) Polynitrile acene derivative based electron acceptors b) Amphiphilic acene based 
self-assembled helical wires c) Acene based beltenes via poly-condensation reactions 
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Nanographene, a small piece of graphene, has attracted unprecedented interest across diverse 
scientific disciplines particularly in organic electronics.1 The biological applications of 
nanographenes such as bioimaging, cancer therapies, and drug delivery would provide 
significant opportunity and breakthrough in the field. However, intrinsic aggregation behavior 
and low solubility of nanographenes stemming from the flat structures hamper their 
development in bioapplications. Herein, we report a water-soluble warped nanographene 
(WNG)2 that can be easily synthesized by a sequence of regioselective C–H borylation and 
cross-coupling of saddle-shaped WNG core structure. The high water solubility of water-
soluble WNG is ensured by its saddle-shaped structure with hydrophilic tetraethylene glycol 
chains. The water-soluble WNG possesses a range of additional promising properties such as 
long lifetime fluorescence, good photostability and low cytotoxicity. Moreover, the water-
soluble WNG has been successfully applied for live HeLa cell imaging and photo-induced 
cell death. 
 

 
 

Figure 1: Molecular structures of warped nanographene (WNG) and the water-soluble WNG 
(TEG = (CH2CH2O)4Me). 
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For the sustainable supply of products relevant for our society, the development of new 
methods based on main group elements is indispensable. The traditional transition metal 
catalyzed cross-coupling reactions often require prefunctionalized coupling partners and 
remaining catalyst impurities can often not be removed to the required levels. Thus transition 
metal-free methods to synthesize substituted arenes from readily available starting materials 
are highly desirable. Carboxylic acid ester, ubiquitous intermediates in organic synthesis, 
would therefore be ideal substrates for the synthesis of arene derivatives. 

 
An efficent one step transformation of esters into arenes with 1,5-
bifunctionalorganomagnesium reagents was developed. A double nucleophilic addition 
followed by a subsequent 1,4-elimination allows the incorporation of an ester carbon-atom 
into the arene. Various arene derivatives such as aryl-, heteroaryl-, alkenyl- and alkyl-
substituted benzenes were prepared by a direct [5+1] assembly under mild reaction 
conditions. Further, linear polycyclic aromatic hydrocarbons such as anthracenes, tetracenes 
and pentacenes could be obtained in yields up to 99%.[1] By employing a 1,5-bifunctional 
organomagnesium alkoxide reagent and variation of the acidic workup conditions various di- 
and mono-substituted anthracenes and anthrones are accessible in one step.[ 
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In the past three decades, nanometre-sized allotropes of carbon, or nanocarbons, have emerged that 
have completely changed the landscape of carbon-based materials, and their discovery has opened 
doors to new technologies. Many nanocarbon structures have been theoretically predicted but are yet 
to be synthesized. Thus, exciting developments in this area are expected. Bottom‑up organic synthesis 
is a promising approach to achieving precise nanocarbons with atomic design. In this abstract, I 
describe the rationale for using organic chemistry for precise curved nanocarbon synthesis from 
molecules to polymers, introduce the synthetic approaches and outline the unresolved challenges in 
this field.[1-3] In addition to CNTs and GNRs, curved nanocarbons are promising next-generation 
carbon materials. The curved carbon nanostructure has important ramifications on the inherent 
physical behavior of these materials. These molecules and the understanding of their properties inform 
and provide a counterpoint to studies on flat nanocarbons.[4,5]  
 

 
 

Figure 1: Structures of the curved nanocarbons. 
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The azo TATA (triazatriangulenium) platform concept can be used for the functionalization of 
surfaces and is supposed to reach an oriented transport of particles or molecules.  For a 
sterically unhindered light-induced switching process between trans and cis isomers the 
azobenzene units need a certain distance to each other. For this requirement the azobenzenes 
are functionalized over a spacer on triazatrianguleniumions, which serves as platforms. 
Certainly the azobenzenes have different thermal relaxation times in solution and on gold 
surfaces from the cis back to the trans configuration. While the relaxation times in solution 
are in the range of hours, on gold surfaces the back relaxation happens in the seconds scale. 
With different spacer units it is possible to enhance the thermal relaxation times of the azo 
unit especially on gold surfaces.[1] 

 
Scheme 1. Shown is a modular system of the azo TATA platform concept. The size of the platform 

determines the distance between the functional molecules on gold surfaces and the linker connect the 
switchable unit with the platform. The azo unit can be switched with different wavelength between the 

cis and trans isomer.[2]  
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The [n](2,7)pyrenophanes (1)[1] and [n](2,11)teropyrenophanes (3)[2] (Figure 1) are interesting 
because they have enabled the study of how the chemical and physical properties of an 
aromatic system change as the degree of bend is steadily increased.  The parent aromatic 
systems, pyrene and teropyrene, are members of a homologous series of armchair-edged 
nanographenes.  However, pyrene and teropyrene are not adjacent members of this series; 
peropyrene sits between them.  Peropyrene is an aromatic system of increasing current interest 
due to its potential applications in materials used in luminescent organic electronic devices.  
Peropyrene derivatives are also of interest in the context of singlet fission,[3] but excimer 
emission can overwhelm this process.  The incorporation of peropyrene into a cyclophane, 
e.g. a [n](2,9)peropyrenophane (2) (Figure 1), would afford bent peropyrenes, which would 
not be expected to form excimers.  Indeed, the [n](2,7)pyrenophanes (1) and 
[n](2,11)teropyrenophanes (3) show no evidence of excimer formation.  Only a single 
example of a peropyrenophane has appeared in the literature,[4] and it was not even the 
intended target.  The synthetic approach that was used for the syntheses of 1 and 3 is not 
easily adaptable to 2, so work aimed at the development of a new general synthetic route to 
the [n](2,9)peropyrenophanes (2) is underway.  The lynchpin of this approach is an oxidative 
coupling of tethered phenalene systems.[5]   
 

 
 

Figure 1: A homologous series of armchair-edged [n]nanographenophanes. 
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Expanded coronoid hydrocarbons have gained considerable interest. The search for new ring-
fusion designs and unusual distortions of the π-system, motivated by the potential effect of 
these alterations on the electronic structure, has been a topic of continuous study in the 
chemistry of polycyclic aromatic hydrocarbons and nanographenes. Kekulene, the smallest 
macrocyclic nanographene retaining planarity, is an interesting object of structural elaboration 
and its various analogues have recently been explored. The development of more soluble 
derivatives of known coronoids may also open new possibilities for their application in 
materials chemistry, notably in the area of solution-processable semiconductors. This 
presentation will report the synthesis, characterization and optoelectronic studies of two 
coronoid hydrocarbons incorporating phenanthrene subunits, most interestingly the 
unexpected ability of octulene to bind chloride anions [1]. The synthetic strategy is an 
example of reusing the existing fold-in method for the elaboration of more complex targets. 
 
 

 
 

Figure 1: Butoxy- derivatives of kekulene (left) and octulene (right). 
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Disk-shaped polycyclic aromatic hydrocarbons that are substituted with peripheral alkyl 
chains can often self-assemble to form columnar liquid crystalline phases (mesophases).  
These materials can exhibit semiconducting properties, making them potentially useful for 
applications in organic electronics such as photovoltaic cells and light emitting diodes.[1]  
Here we present the synthesis of novel aryl-substituted acenequinones as well as dibenzo-
fused acenequinones bearing flexible alkoxy chains that are designed to exhibit columnar 
liquid crystalline phases.  We show how structural modifications influence the formation of 
columnar mesophases.  In particular, compounds 1 and 2 both exhibit columnar liquid 
crystalline phases.[2]  A comparison of the liquid crystal phase range shows that compound 1 
exhibits a more stable phase than its extended analog 2.  We also prepared a series of 
dibenzopentacenequiones (3-6) to investigate the effect of structural modifications of the 
terminal ring on the mesophase stability.  We show that perfluorination of the terminal ring 
(compound 6) dramatically stabilizes the mesophase, presumably through arene-
perfluoroarene interactions. 
 

 
 

Figure 1: Liquid Crystalline Acenequinones (1-2) and Dibenzopentacenequinones (3-6). 
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Polycyclic aromatic compounds (PACs) have been of interest to fundamental researchers and 
material scientists since the concept of molecular chemistry was born. Particularly, chiral 
PACs have attracted much attention for material applications due to their unique physical 
properties (e.g. UV absorbance, semiconductance). In addition, their structural beauty brings 
an exciting and interesting challenge for chemists [1]. Recently, our group succeeded in 
synthesising a novel type of Geländer molecule with a terphenyl backbone and a bannister 
oligomer [2,3]. The success of this synthesis inspired us to further investigate this unique 
structure by extending our research into three new pathways. The first, is the synthesis of 
longer oligomers (Figure 1a), in order to achieve one full turnover of the helical structure and 
to determine, if the chiral information is further transferred to the next phenyl unit. Secondly, 
we designed a fully hydrogen-carbon Geländer oligomer (Figure 1b), to obtain a closer-
packed system, we expect this to prohibit racemisation and allow the separation of 
enantiomers with a chiral packed HPLC column. Our ultimate goal and third pathway is to 
introduce a molecular platform. For instance a 9,9′-spirobifluorene group would provide the 
Geländer system with an anchoring group capable of immobilizing the helical Geländer 
molecule onto a metal surface (Figure 1c). This would lead to surface functionalization and 
investigations using scanning tunneling microscopy (STM). 
 

    
 

Figure 1: Three novel systems to investigate properties of chiral polycyclic aromatic compounds. a) Design of 
the higher-order oligomer species. b) Helical Geländer system containing only hydrogen and carbon atoms. c) 
3D illustration of the immobilized Geländer molecule on a metal surface. 
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 We report ground state mechanochromic color change controlled by conformational 
change (folded and twisted conformers) of fluorenylidene-acridanes (FAs). FAs with four N-
alkyl groups (methyl, ethyl, n-butyl, and n-octyl) were synthesized by the Barton-Kellogg 
reaction of diazofluorene and electrophilic N-tert-butoxy carbonyl thioacridone, deprotection 
of the tert-butoxy carbonyl group giving fluorenylacridine, and alkylation on the nitrogen 
atom by using alkyl tosylate or triflate. FAs were characterized by NMR, UV-vis absorption, 
and photoluminescence spectroscopy, theoretical calculation, cyclic voltammetry, and powder 
and single-crystal X-ray analyses. The color and folded/twisted conformation of FAs were 
changed by the choice of substituents on the nitrogen atom, state (solution or solid), and 
morphology (crystalline or amorphous). Grinding of N-methyl FA solid with agate mortar 
caused morphology change from crystalline to amorphous state, which induced 
conformational change from folded to twisted conformer, for ground state mechanochromic 
color change from yellow to dark green. Back color change along with morphological and 
conformational change to the folded conformer was performed with solvent vapor anneal 
(chloroform). The twisted and folded conformers showed altering ambipolar (hole/electron) 
and hole-selective transport properties, respectively. 
 

 
 

Figure 1: Ground state mechanochromism through conformational change from folded to twisted conformers by 
mechanical grinding. The twisted conformer has long-wavelength light absorption with charge transfer band and 
ambipolar carrier transport property. 
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The density functional theory has been used to inquire if the substitution of one or two 
adjacent H atoms over the edge of triindenetriphenylene (pristine hemifullerene 1) and 
pentacyclopentacorannulene (pristine hemifullerene 2), could improve the DA cycloaddition 
reaction with 1,3-butadiene. The substituents tested include electron-donating (NH2, OMe, 
OH, Me, i-Pr) and electron-withdrawing groups (F, CO2H, CF3, CHO, CN, NO2). The 
electronic, kinetic and thermodynamic parameters of the DA reactions of the substituted [1] 
and unsubstituted [2] hemifullerenes with 1,3-butadiene have been analyzed. The purpose of 
this work is to prove the feasibility of using Diels-Alder cycloaddition reactions to grow 
fullerene fragments step by step by increasing the number of six member rings in these 
substituted Polycyclic Aromatic Hydrocarbons (PAHs), as well to analyze if the dimerization 
of fullerene fragments, as a way to obtain C60, could be mediated by Diels Alder 
cycloaddition reactions. The most promising results were obtained for the NO2 substituent; 
the activation energy barriers for reactions using this substituent were lower than the barriers 
for the pristine hemifullerenes. Also the preferred fragment was pentacyclopentacorannulene, 
which showed lower activation barriers than triindenetriphenylene. This leads us to expect 
that the cycloadditions to a starting fullerene fragment will be possible. 

 
 

 
 

Figure 1: DA reactions for the substituted fragments 1 (upper panel) and 2 (lower panel) and subsequent 
aromatization  
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Conductive metal-organic frameworks (MOFs) [1] are emerging as a new kind of porous 
materials, which demonstrate good conductivity and high charge mobility. Molecular 
engineering of these materials offers numerous opportunities for a wide scope of applications 
in photo/electronics, including chemiresistive sensors [2], supercapacitor [3] and FET devices 
[4]. Among different kinds of conductive MOFs, 2D conductive MOFs, which can be 
rationally designed and constructed with redox active organic linker and planar coordination 
metal center through the bottom-up self-assembly, have extended π-conjugation facilitating 
the “through-bond” charge transport. To date, the reported 2D conductive MOF falls into only 
two categories, the hexasubstituedbenzene (HSB) and hexasubstituedtriphynelene (HSTP) 
based MOF. The increasing demand for the development of high-performance electronic 
devices can significantly benefit from expanding of the known structural topology of the 
Kagome lattice, to create novel conductive MOFs with modular electronic structure, pore size, 
and other properties. In this work, we report the synthesis, characterization of optical and 
electronic properties of a serial of novel hexahydroxyltrinaphthylene (HHTN)-based 2D 
MOFs. The results show that M3HHTN2 MOFs exhibit good to excellent electrochemical 
activity, thus expanding the available tool-kit and design criteria for bottom-up construction 
of porous conductors and redox-active materials. 
 

 
Figure 1: (a) General synthesis of MOFs M3HHTN2; (b) Front and side view of the optimized 
structure of MOF Cu3HHTN2 with a slipped parallel packing mode. 
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In our pursuit of longitudinally twisted acenes (LTA), we have developed a library comprised 
primarily of sterically congested acenes with twists up to 183°. This twist most commonly 
occurs along the horizontal axis, resulting in a helical conformation and inducing chirality in 
otherwise achiral compounds. While inherently chiral, very few have been successfully 
resolved into their pure enantiomers, but those that have displayed theoretically interesting 
chiroptical properties [1-2]. In order to study the chiroptical properties of these compounds, 
they must be configurationally stable. While there have been other approaches to synthesize 
LTAs, we have added bulky substituents in a dissymmetric manner to impose an energetically 
favored twist bias, and thus configurational stability. We have set out to evaluate the 
configurational stability and their respective chiroptical properties of a number of our LTAs 
through computational methods, specifically DFT and AM1 [3]. Our progress in this effort 
will be presented.  

 

 

 

 
 
 

 
 

Figure 1: The [M]-trans and [P]-trans AM1 calculated ground state structures of 2,5,8,23-tetra-tert-
butyl-10-(4-naphtyl)-11,20-diphenyldiacenaphtho[1,2-a:1',2'-c]dibenzo[j,l]tetracene. 
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Connecting adjacent arene vertices of flat polyarylated benzenoid systems to furnish twisted 
and warped polycyclic aromatic hydrocarbons (PAHs) has been accomplished using 
cyclodehydrogenation (Scholl-based) protocols by several groups.  Typically, these reactions 
proceed with predictable reactivity and site-selective bond formation.  However, when this 
cyclodehydrogenation strategy has been called upon to convert curved/strained benzenoid 
macrocycles into cylindrical PAH-containing macrocyclic systems, i.e., carbon nanotube-like 
fragments, unselective, undesired, and uncontrollable C-C bond forming reactions have been 
reported.1,2 We have recently synthesized a series of macrocyclic benzenoid systems that can 
be regioselectively functionalized and substituted to study cyclodehydrogenation protocols 
about strained para-phenylene rings.  Our studies have demonstrated that the desired pi-
extension using Scholl-based reaction protocols can be achieved as long as the para-
phenylene that is to be annulated has less than 6 kcal/mol of strain energy (SE).  Macrocycles 
containing para-phenylene units with greater than 6 kcal/mol of SE lead to predictable 
rearrangement products.  To overcome these strain-relief-driven aryl migration reactions, we 
have recently developed an allylic arylation/dehydration strategy that affords strained 
triphenylene (pi-extended) subunits, contained within a macrocyclic benzenoid framework 
(Figure 1).  PAHs with up to 40 kcal/mol of SE can be synthesized directly using this protocol.  
 

 
 

Figure 1: longitudinal pi-extension of strained benzenoid macrocycles to CNT sidewall segments  
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Borepins are seven-membered, six π-electron rings that are charge-neutral analogues of the 
tropylium ion.1 The early years of borepin research (1960-1990s) uncovered compounds with 
interesting properties but limited chemical stability. Recent work has shown that borepins 
incorporated into polycyclic aromatic scaffolds with bulky protecting groups on the boron 
atom can lead to compounds that are stable to air, water and column chromatography and 
maintain ambient stability for months.2-4 These compounds have allowed for further 
investigation of the physical properties of borepins and a more complete understanding of the 
fundamental aspects of aromaticity. We have synthesized four novel thieno-, benzo- and 
naphtho- fused borepins and evaluated their spectroscopic, crystallographic and 
electrochemical properties. By comparing differentially fused [b,d]-borepins, we can observe 
the impact of thiophene vs. carbocyclic ring fusions and the impact it has on the aromaticity 
of the borepin ring.5 Additionally, we have synthesized two benzo[b]thiophene fused borepin 
containing polycyclic aromatic compounds that display unusual and intruiging properties.  
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[n]Cycloparaphenyleneacetylenes ([n]CPPAs) are attractive nanometer-size π-conjugated 
cyclic compounds consisting of carbon and hydrogen atoms.  Because CPPAs have a curved 
tube-like structure, it is known that CPPAs have high association constants with fullerenes 
and smaller-size CPPAs[1].  Recently, we have developed macrocyclic compounds having 
curved phenyleneacetylene structures through tin-mediated reductive aromatization[2].  By 
using this method, we also found the easy access to anthracene-containing [6]CPPAs through 
Pd-catalyzed cross-coupling reaction, followed by reductive aromatization[3]. 
 
By considering the strong convex-concave interaction between CPPA and C60 as well as the 
tube-like shape of CPPAs, we envisioned the formation of rotaxane-like CNT@CPPA 
complexes (Figure 1).  [8]-, [9]-, and [10]CPPAs with diameters of 1.68 nm, 1.86 nm, and 
2.09 nm, respectively, were prepared through stepwise coupling reactions and reductive 
aromatization.  The treatment of CPPAs with CNTs with various diameters (1.2–1.6 nm, 1.0–
1.3 nm, and 0.7–1.0 nm) efficiently afforded CNT@CPPA complexes.  From Raman spectra, 
we found that the complexation of CNT and CPPA, which can tightly interact each other by 
convex-concave interaction to form a tube-in-hoop structure, more efficiently afforded 
complexes containing a large amount of CPPA.  In scanning probe microscopy observation of 
CNT@CPPA, we could successfully distinguish the tube-in-hoop and hoop-on-tube structures 
by height profile analyses. 
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Figure 1. Complexation of CNTs with [8], [9], and [10]CPPAs. 
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Large-scale energy storage is increasingly a problem for the modern electrical grid. The 
intermittency of energy sources such as wind and solar can only be met by efficient battery 
systems.[1,2] Redox flow batteries (RFBs) are a versatile solution because their power and 
capacity can be scaled separately. However, aqueous RFBs are limited by the potential 
window of water while organic RFBs suffer from poor cyclability and low capacity.[3] Here 
we report a series of compounds derived from perylene diimide (anolyte) and ferrocene 
(catholyte) that can be tailored for aqueous or organic systems and have demonstrated good 
stability in static cells. The molecules have solubilities of at least 1M in propylene carbonate 
and accept/give up multiple electrons, rivalling the energy density of the current state of the 
art, vanadium batteries. By designing compounds that are zwitterionic, high solubility can be 
achieved in ionic liquids, which are inflammable and safer to use in residential buildings than 
organic solvents. Furthermore, since the commercial viability of RFBs is often curtailed by 
the cost of the membrane, we used an inexpensive size-exclusion membrane that is 
compatible with the redox potentials of the compounds. The membrane inhibits crossover 
effectively, leading to a very high Coulombic efficiency. These perylene diimide and 
ferrocene derivatives are simple but novel aromatic molecules whose stable redox properties 
allow them to be used in batteries. 
 
 

 
 

Figure 1: General examples of redox-active molecules in this work. 
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A conformational characteristic of the large π-conjugated macrocycles is yet subject to 
examine the intrinsic aromaticity, photophysical properties, chemical reactivities and chirality. 
An octaphyrin(1.1.1.1.1.1.1.1) consisting of eight pyrrolic rings in the 36π-conjugated system, 
is the representative compound possessing highly flexible structure with eight-figure 
conformation providing porphyrin-like dianionic N4 coordination sites inside the 
macrocycle.[1] This specific structure indeed affords various metal complexes with the eight-
figure, rectangular and Möbius twisted structures, giving rise to the conformation-dependent 
physico-properties.[2]  
 

In order to control their conformational flexibilities, we have synthesized novel octaphyrin 
analogues (N2CO) upon incorporating peculiar pyrrole segments, so-called N-confused 
pyrroles, where the α, β’- carbons are connected with the neighboring meso-carbon atoms into 
the parent scaffold.[3] This octaphyrin analogue has an eight-figure structure as inferred from 
the X-ray crystallography.   
 
Interestingly, the unsymmetrical macrocycle N2CO-a isomerizes slowly with the different 
conformer in equilibrium as a minor N2CO-b. The spectroscopic characterization and 
theoretical calculations suggested the dumbbell-shaped structure with prototropic 
tautomerism. Upon the bis-metal 
coordination with CuII, and ZnII 
ions, the stable helical eight-
figure species were formed,  
whereas, PdII ions gave a Möbius 
twisted species as a solo product. 
Both bis-metal complexes are 
intrinsically chiral complexes 
and thus their enantiomeric pure 
isomers exhibit the distinct near-
IR CD spectrum due to the large 
helical π-conjugation.  
In this presentation, we will 

discuss the detailed structures 
and chiro-optical properties of 
the derivatives. 
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Phenacene nanoribbons, i.e. armchair-edged ribbons 4 carbons wide, should not only be the 
thinnest possible armchair graphene ribbons, but, due to their full Fries stabilization1, also the 
widest-gapped2 and thus chemically most robust ones, whilst retaining an ideal pi electron 
conjugation over the whole ribbon via isomeric sextet distribution patterns of equal 
contribution. For this sextet isomery to be maintained, finite-length phenacene ribbons have to 
contain an even number of hexagons. 
 
Mono- and diglyoxylation of chrysene and naphthalene leads to Perkin reactants that yield 
bismaleates which efficiently photocyclize to elongated [8], [10], [12] and [14]phenacene-
tetracarboxylic esters. Their band gaps remain significantly larger than the value postulated 
for polyphenacene. Reaction with α-branched amines gives the corresponding imides, which 
are significantly stronger electron acceptors than the esters. The obtained [12] and 
[14]phenacenes are the longest [n]phenacenes that have been synthesized to date3. 
Some of the phenacene-tetracarboxylic esters show a surprising liquid crystalline organization 
in the condensed state.  
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Triarylboranes are an attractive class of building unit for various organic electronic materials, 
such as fluorescent materials, two-photon absorption materials, and anion sensors, due to their 
electron-accepting character and Lewis acidity. One of the issues for their molecular designs 
is how to gain sufficient stability. We recently reported that the structural constraint of a 
triphenylborane framework into a planar fashion can be an effective design principle for this 
purpose. The planarized triphenylborane thus synthesized showed high stability and was 
utilized as a building unit for various materials, including electron-transporting materials for 
OLEDs and charge-transporting liquid crystalline materials [1]. 
 
Herein we synthesized new derivatives of the planarized triphenylboranes trigonally extended 
with pyridyl groups. These compounds showed reversible redox waves for one-electron 
reduction in the cyclic voltammetry. Chemical reduction of a 3-pyridyl-substituted derivative 
with potassium produced the corresponding radical anion, which was successfully isolated 
and determined by the X-ray crystallographic analysis. The 3-pyridyl derivative also exhibited 
an interesting temperature-dependence in the UV-vis absorption spectra in solution. Upon 
decreasing the temperature, the original absorption band of the compound decreased  
and a new absorption band appeared at a shorter wavelength, indicative of the formation of a 
new species at the low temperature.  
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The continued development of new components for use within conducting organic electronic 
systems is of great importance. While there are high efficiency materials with PCE in the 11% 
range, their synthetic complexity leads to high costs of manufacturing which prevent 
widespread application. The demand for materials which possess high performance coupled 
with a readily accessible synthetic route lead to our examination of naphtho[1,2-b:5,6-
b’]difuran (NDF) as a promising electron donating unit for use in organic photovoltaic 
materials. 
 
While there is extensive work published on various benzodichalcogen motifs (BDF, BDT, 
BDSe), their naphtho- variants have seen little exploration until recently. These naphtho- 
systems boast a larger pi-conjugated surface than their direct benzo- counterparts; a key 
characteristic that is associated with enhanced interchain interactions, higher charge-
mobilities, and more ordered morphologies in the solid state. NDF stood out to us as a 
particularly exciting system due to the exceptional degree of planarity that the system should 
exhibit coupled with its high electron density. NDF based small molecules have seen use in 
FETs which exhibited high hole mobilities, and limited reports of its use in OPV materials 
show potential for a system that exhibits both good performance alongside a readily 
accessible synthetic method [1,2].  
 
We have synthesized conjugated polymers containing NDF as a donor unit and various 
diketopyrrolopyrroles (DPP) as acceptor units. The polymers exhibited good molecular 
weights along with narrow bandgaps featuring absorption maxima at or beyond 650nm in the 
solid state. The potential of this donor unit will be further explored using additional acceptor 
units in future work. 

 
 

Figure 1: Synthetic scheme for NDF polymer systems. 
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Construction of π-electron systems based on nonalternant azulene has been attracting 
increasing interest. Because the resonance stabilization of nonalternant conjugation is smaller 
than that of alternant conjugation, slight structural modification of nonalternant molecules 
induces a significant change in the properties. Thus, we have reported the introduction of a 
nonalternant 1,3-dihaloazulen-2-yl group on a pnictogen center (Scheme 1)[1,2]. Oxidation of 
the pnictogen centers markedly increases the π-polarization in the azulenyl group, which is 
detected in solution by a color change as well as by changes in the 13C NMR spectroscopic 
characteristics. 

 
Scheme 1: Oxidation of azulenylpnictogens 

 
Herein, we report the synthesis, reaction and structural characterization of diazulenylborinic 
acid 1, a boron analog of our previously reported azulenyl pnictogen derivatives (Scheme 2) 
[3]. Although diarylborinic acids are unstable under ambient conditions and easily undergo 
oxidation to give phenols and phenylboronic acids [4], 1 is stable under ambient conditions. 
The 13C and 11B NMR studies of 1 in the presence of Et3N revealed that the π-polarization of 
the azulenyl group in 1•NEt3 is clearly weakened compared with that of the parent 1. This 
tendency is completely different from the results we observed previously in the 
azulenylpnictogen derivatives, where the π-polarization was increased by changing the 
pnictogen center from the tricoordinate to the pentacoordinate. 
 

 
Scheme 2: Formation of 1•NEt3 complex 
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The “molecular surgery” was able to be applied to fullerene C70 in spite of difficulties in 
characterization of products due to the low symmetry compared with C60. Importantly, 
reflecting the larger inner space than C60, two small molecules were introduced inside open-
cage C70 derivatives to afford the corresponding doubly-encapsulating C70 such as 
(H2O)2@C70 after closing the openings.[1] 
 
We conducted the high-pressure treatments of open-cage fullerene C70 derivative α-13mem[2] 
with HF in the presence of H2O (Figure 1), and found that an unprecedented encapsulation of 
H2O·HF and H2O in addition to expected one were achieved. Restoration of the opening 
yielded the endohedral C70s, i.e., (H2O·HF)@C70, H2O@C70, and HF@C70 in macroscopic 
scales. The putting of an H2O·HF complex into the fullerene cage was a crucial step and it 
would proceed by the synergistic effects of “pushing from outside” and “pulling from inside”. 
The structure of the H2O·HF was unambiguously determined by the single crystal x-ray 
diffraction analysis. The NMR measurements revealed the formation of a hydrogen bond 
between the H2O and HF molecules without proton transfer even at 140 °C.[3]  
 

 
 

Figure 1: Insertion of the guest molecules (G = HF, H2O·HF, and H2O) into α-13mem and synthesis of 
HF@C70, (H2O·HF)@C70, and H2O@C70 by closure of the opening via two-step reactions.  
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Synthesis of new conjugated organic molecules with light emission properties that can be 
manipulated by making structural or solvent polarity changes is important for molecular 
electronics applications.  In recent years, our group has explored the synthesis and 
photophysical properties of molecules containing quinoxaline rings (electron acceptors) that 
are substituted with electron donors, such as thiophene or bithiophene [1-3] and, more 
recently, fluorene.  These new donor-acceptor chromophores are all highly fluorescent and 
exhibit a strong, positive solvatochromism.  In addition to solvent polarity, the absorption and 
emission properties of these chromophores can be altered by overlapping them to varying 
degrees.  This was accomplished by synthesizing two C-shaped diastereomers where the 
chromophores are suspended from a rigid aliphatic scaffold that holds the quinoxaline rings 
together, but the donor segments are either overlapped or apart.  The unique geometry of these 
diastereomers was shown to facilitate a variable degree of π-stacking interactions in the 
ground state and in the excited state.  This led to differences in their photophysical properties 
compared to one another and compared to those of a corresponding single donor-acceptor 
chromophore model.  The C-shaped molecules with π-overlapped chromophores have shown 
significant emission maxima bathochromic shifts, a strong, positive solvatochromism, band 
broadening, and increasing Stokes shifts compared to their single chromophore models.  
Synthesis, NMR spectroscopy, X-ray crystallography, and photophysical studies as a function 
of solvent polarity will be presented. 
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Bianthrone, known as one of the overcrowded ethylenes, has folded form as the most stable 

state. Notably, it can develop the conformational change into twisted structure responding to 
external stimuli such as photo-irradiation [1]. However, because the metastable twisted form 
merely transiently exists, there is no report on its in-depth electronic state. Then, we 
introduced asymmetric structure into bianthrone in order to stabilize the twisted form, and 
designed the asymmetric bianthrone derivative MeAA. The molecular structure of MeAA can 
be viewed as the combination of bianthrone and N, N-dimethylbiacridylidene. Contrary to 
bianthrone as a symmetric structure, MeAA showed a strong dependence on solvent polarity 
in spectroscopic and electrochemical measurement. These observations were elucidated by the 
contribution of the zwitter-ionic state in the twisted form as a result of its asymmetric 
molecular structure. The computational calculation suggested that the twisted form has a 
larger dipole moment and is stabilized in solvents with high polarity. From experimental and 
computational results, it is apparent that we achieved the stabilization of the twisted form of 
MeAA in high-polarity solvent. In addition, we also confirmed the contribution of the singlet 
biradical state in the twisted form from VT-NMR and ESR spectra. In this presentation, the 
details of the experimental and conputational results and another molecular design of 
bianthrone derivative will be reported. 
 

 
Figure 1. Solvent-response of MeAA 
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Foldamers have characteristic secondary structures with ordered conformation by noncovalent 
intramolecular interactions [1]. Most of the foldamers based on 1-dimensional π-conjugated 
backbones have localized π-conjugation on their units because of their ortho- or meta-
linkages between their monomers. Therefore, the studies of folding effect onto their π-system 
have been limited to only a few examples. Here, we designed and synthesized polythiophene-
based foldamers with extended π-conjugation. We envisioned that the annulation of imidazole 
onto the thiophene monomer enables the polythiophene backbone to form the planar cis 
conformation by forming intramolecular hydrogen bonds. The impacts of the folding structure 
onto their electronic structure were investigated experimentally and theoretically. 
 
The folding bithiophene and polythiophene were synthesized from the corresponding 
protected monomers by two steps. The Yamamoto coupling and the direct C—H arylation 
polymerization afforded protected dimer and polymer containing undesired regioregularities, 
respectively. However, the following deprotection and proton transfer gave the regioregular 
head-to-tail structures with intramolecular hydrogen bonds between adjacent imidazoles. The 
1H NMR spectra, FT-IR spectra, AFM measurements, and theoretical calculations suggested 
the folding structure of the obtained molecules. Consequently, the folding polythiophene 
showed remarkable UV-Vis-NIR absorption and conducting characters, which were distinct 
from the protected precursor due to their extended π-conjugation. In this presentation, the 
synthesis, structure, and properties of the obtained foldamers will be presented. 
 

 
Figure 1: Synthetic strategies for folding bithiophene and polythiophene. 
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Lead halide perovskite solar cells represent attractive cost-effective and solution-processable 
photovoltaics. At present, the record-high performance perovskite solar cells are based on an 
n-i-p device configuration, in which metal oxides are generally utilized as electron 
transporting layer (Figure 1a) [1]. Deposition of metal oxides usually requires high 
temperature sintering process, which prevents mass production and application to flexible 
devices.  
 
Here, as an alternative to conventional transition metal oxides, we focused on the 
development of organic semiconductors having both the solution-processability and the 
durability to the deposition of the upper layers. To this end, we designed naphthalene diimide 
(NDI) having removable protecting group at the imide moiety, as NDI has high electron-
accepting ability and high transparency in the visible region. The protecting group endows 
NDI with enough solubility in organic solvents. Moreover, the cleavage of the protecting 
group gives the unsubstituted NDI, which is barely soluble in organic solvents (Figure 1b). 
Infrared p-polarized multiple-angle incidence resolution spectroscopy (pMAIRS) [2-4] not 
only confirmed the cleavage of the protecting group, but also revealed that the molecular 
orientation of NDI to the substrate changed from edge-on to face-on during the cleavage 
process. Furthermore, we demonstrate that NDI film could work as electron transporting layer 
in n-i-p type planer perovskite solar cells. 
 
 

 
 

Figure 1: (a) Device structure of n-i-p type perovskite solar cell and (b) deposition of NDI-based 
electron-transporting layer. 

 
 
References  
1 H. Nishimura, N. Ishida, A. Shimazaki, A. Wakamiya, A. Saeki, L. T. Scott, Y. Murata, J. Am. 

Chem. Soc. 2015, 137, 15656-15659.  
2 T. Hasegawa, J. Phys. Chem. B 2002, 106, 4112-4115.  
3 T. Hasegawa, Anal. Chem. 2007, 79, 4385-4389. 
4 T. Hasegawa, Quantitative Infrared Spectroscopy for Understanding of a Condensed Matter, 

Springer, 2017. 
 
 
 

removal of R �

N

N

OO

O O

H

H

spin coating�

High solubility � Low solubility �

glass/ITO�

Hole transport layer�

Electron transport layer �

Perovskite�
+�

– �

Au �

(b)�(a)�
N

N

OO

O O

R

R



 
 

  
 

  P-107    

	

Synthesis and Optical Properties of  
Phosphole/Heterole-Fused p-Conjugated Compounds 

 
K. Nakano,1 M. A. Truong,2 S. Morishita1 

 
1Department of Organic and Polymer Materials Chemistry, Graduate School of 

Engineering, Tokyo University of Agriculture and Technology, Tokyo, Japan 
1Department of Chemical Science and Technology, Tokyo Institute of Technology,  

Tokyo, Japan 
E-mail: k_nakano@cc.tuat.ac.jp 

 
 
Incorporation of a phosphole skeleton into π-conjugated systems is a promising approach to 
develop new organic functional materials with novel properties since the phosphole skeleton 
is endowed with unique electronic features [1].  In the last decade, a series of 
benzophospholo[3,2-b]benzoheteroles have been reported as highly emissive materials.  For 
example, benzophospholo[3,2-b]benzophosphole and benzophospholo[3,2-b][1]benzo-
thiophene derivatives have been reported to exhibit high fluorescence quantum yields (Φ) of 
0.97 and 0.98, respectively [2].  We have also reported the synthesis of benzophospholo[3,2-
b]benzofurans and found that they are also highly emissive materials (Φ = 0.84−0.90) with 
large Stokes shifts (5450−7770 cm−1) [3].  The heterole in benzophospholo[3,2-b]benzo-
heteroles would have great impact on their electronic structures and photophysical properties.  
Herein we report the synthesis and photophysical properties of benzophospholo[3,2-b]indoles 
which are pyrrole analogues of the previous benzophospholo[3,2-b]benzoheteroles. 
 
The benzophospholo[3,2-b]indole derivatives were successfully synthesized with 3-bromo-2-
(2-bromophenyl)indole as a starting material (Figure 1).  Single-crystal X-ray diffraction 
revealed a planar structure of the π-conjugated core.  Absorption and emission properties of 
them were revealed by UV-Vis and fluorescence spectroscopies and theoretical calculations.  
The benzophospholo[3,2-b]indole derivatives shows relatively high fluorescence quantum 
yields of 0.25−0.70.  It is noteworthy that the benzophospholo[3,2-b]indole derivative with a 
phenyl substituent on the phosphorus center exhibited larger Stokes shift (6,082 cm−1) than 
the corresponding benzophospholo[3,2-b]benzofuran.  The phosphole oxide moiety works as 
an electron-acceptor.  Thereby, such a larger Stokes shift would be attributed to higher 
electron-donating ability of pyrrole than that of furan. 
 

 
Figure 1: Synthesis of benzophospholo[3,2-b]indoles 
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In contrast to the zero-bandgap graphene, graphene nanoribbons (GNRs) and graphene 
molecules (polycyclic aromatic hydrocarbons extended over 1 nm) with nanoscale structures 
have non-zero bandgaps due to the quantum confinement effect, which render them highly 
interesting for (opto)electronic applications.[1] A great number of GNRs and graphene 
molecules with armchair-type edges have been bottom-up-synthesized with well-defied 
structures,[1] but ones having zigzag edges remain underdeveloped despite their intriguing 
optoelectronic properties as well as ground-state biradical characters for some systems. Here 
we present our recent approach to synthesize a variety of graphene molecules and GNRs with 
zigzag edges, employing benzo[m]tetraphene-based precursors.[2,3] For example, Suzuki 
coupling of precursor 1a, followed by the oxidative cyclodehydrogenation provided 
unprecedented “biszigzag” hexa-peri-hexabenzocoronene (HBC) 3 with two extra K-regions, 
forming a zigzag edge (Figure 1), which displayed a significantly lowered energy gap, 
compared to that of pristine HBC. Moreover, polymerization of precursor 1b on an Au(111) 
surface under ultrahigh vacuum and subsequent surface-assisted cyclodehydrogenation led to 
formation of GNR 5 featuring a combination of zigzag and cove edges. 

 

 
Figure 1: Synthesis of “biszigzag”-HBC 3 and GNR 5 from benzo[m]tetraphene derivatives 1a and 1b, 

respectively. 
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Azulene, a structural isomer of naphthalene and non-benzenoid hydrocarbon, has recently 
attracted much attention in the construction of π-electron systems	 since the unique non-
alternant electronic structure endows the rationally designed molecules with distinctive 
physicochemical properties that have not been attained by benzenoid systems. Recently, we 
reported the structures and reactivities of some unique azulenylboron compounds [1-2]. 
 
In this work, we synthesized a series of azulene derivatives 1-5 substituted with a 
dimesitylboryl group and studied their spectroscopic characteristics. The absorption bands of 
compounds 1-5 underwent red-shift or blue-shift compared to azulene depending on the 
positions of the boryl groups introduced. 
 
When 1 was treated with TBAF, the reddish violet solution, which was due to 1, turned blue 
immediately to produce a stable adduct 1-TBAF. The X-ray structure analysis of 1-TBAF 
revealed that the THC value of the boron atom was 69.2%. The  longest wavelength 
absorption band (λmax) of 1-TBAF underwent red-shift compared to that of azulene. The 
reason can be explained by the electron-donating Mes2BF group attached to the 1-position 
bearing a HOMO coefficient. 
 

 
 

Figure 1: Structure of dimesitylborylazulenes 
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The controlled assembly of extended graphene nanoribbons by multiple glyoxylic Perkin 
reactions followed by palladium-catalyzed cyclo-dehydrobrominations or oxidative 
photocyclizations is pursued by assembling monofunctional, bifunctional and monoprotected 
bifunctional building blocks. To obtain the latter, efficient monoprotections of arylene-
diacetic or arylene-diglyoxylic acids are developed. 
 
Complementary approaches will be presented, including the synthesis of pyrene- and 
naphthalene-based pentameric ribbons bearing eight solubilizing ester substituents. 
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Heteroarenes are the staple for the field of organic semiconductors.  Building blocks 
such as benzodithiophenes, benzobisthiazoles, and benzobisoxazoles are major 
components of a number of organic electronic devices like organic photovoltatics, 
batteries, organic field-effect transistors and organic light-emitting diodes. From our 
best knowledge, benzo[1,2-b:4,5-b']dithiophene-1,1,5,5-tetraoxide (hereafter referred 
to as benzodithiophene-S,S-tetraoxide) has seen very limited utility as a building block 
for the synthesis of organic semiconductors despite it being an electron poor 
heterocycle with promise for development of electron acceptor materials.[1-3] This 
lack of effort is likely due to the difficulties of precursor syntheses for carbon-carbon 
cross coupling reactions that result in low yields.[3]  Thus, we saw an opportunity to 
employ a more efficient method for the synthesis of 2,6-diarylbenzodithiophene-S,S-
tetraoxide. We developed a new and efficient copper-catalyzed direct arylation of 
benzodithiophene-S,S-tetraoxide using (hetero)aryl iodides, a mild base, a ligand, a 
silver salt additive and benzodithiophene-S,S-tetraoxide as reactants.[4] This 
regioselective C-H activation reaction favors the C-Hs at the 2- and 6-positions 
(highlighted in blue ovals) over those at the 3- and 7-positions (highlighted in pink 
ovals). Furthermore, that a donor-acceptor-donor triad could be synthesized takes 
advantage of the reaction specificity for aryl iodide over the unreactive aryl bromides. 
This methodology allows the generation of new benzodithiophene-S,S-tetraoxide-based 
organic semiconductors and has the potential to impact the organic materials 
communities with access to a novel electron acceptor core. 
 

 
 

Figure 1: Regioselective Cu-catalyzed cross-coupling of aryl iodides with benzodithiophene-S,S-
tetraoxide 
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Cycloparaphenylenes (CPPs), in which 1,4-connected phenyl rings form nanosized 
macrocycles, are the shortest segment of the armchair carbon nanotubes and have specific 
photophysical properties derived from their structure. Although [5]–[16] and [18]CPPs have 
been synthesized to date, there have been few examples of symmetrically multi-functionalized 
CPPs [1,2]. Recently, we reported the synthesis of a symmetrically functionalized [12]CPP 
bearing six tert-butoxycarbonyl groups via the rhodium-catalyzed intermolecular 
cyclotrimerization of a methyl or triethylsilyl-protected cyclohexadienediol-linked diyne with 
an acetylenedicarboxylate followed by reductive aromatization [3]. Thus obtained CPP 
showed nanotube assembly in the crystalline state and on the flat solid surface. 
 
In this research, we achieved the synthesis of alternating donor-acceptor [12] and [16]CPPs 
via the rhodium-catalyzed intermolecular cyclotrimerization of a 
dimethoxydihydronaphthalene-linked diyne with acethylenedicarboxylates followed by 
imidation and/or oxidative aromatization. These CPPs showed positive solvatofluorochromic 
properties owing to their donor-acceptor characteristics. DFT calculation revealed that the 
HOMO/LUMO of the donor-acceptor CPP possessing imide acceptor units are completely 
localized at donor/acceptor moieties, and the HOMO-LUMO gap is smaller than that of 
nonfunctionalized CPPs. In addition, UV-vis spectrum and TD-DFT calculation revealed that 
these CPPs have absorption maxima at around 350 nm, which is originated from the strongest 
transitions of nonfunctionalized CPPs at 338 nm.  

 
Figure 1: Synthetic strategy of multi-functionalized CPPs. 
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Self-assembly on two-dimensional (2-D) surface is a powerful approach to construct 
functionalized surfaces. Intermolecular interactions are key factors to determine the 
stabilization energy during cooperative self-assembly processes at the liquid/solid interface [1]. 
 
In this work, we investigated the effect of intra- and inter-columnar interactions on the 
domain size and shape of molecular orderings using rod-coil-type aromatic compounds 1a–3a 
bearing amide group and 1u–3u bearing urea group (Figure 1a). Hydroxy group was 
introduced into the aromatic moiety for 2a and 2u, and into the edge of alkyl side chain for 3a 
and 3u. 
 
Molecular orderings of 1a–3a and 1u–3u were observed by STM at the octanoic acid/graphite 
interface. We found that surface coverage of the molecular orderings was highly sensitive to 
their concentration change (Figure 1b). Critical concentration was lowered by around 40% by 
introducing hydroxy group into both amide and urea derivatives. Furthermore, compound 2u 
formed a needle-shaped domain with large aspect ratio around 9, while 1u and 3u formed a 
block-shaped domain with small aspect ratio around 1 (Figure 1c). The direction of hydrogen 
bonds via urea and hydroxy groups was parallel to the growth direction of the ordering of 2u, 
suggesting that the anisotropic domain growth is likely attributed to the formation of multiple 
hydrogen bonds via urea groups and phenol groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. (a) Chemical structures of compounds 1a–3a and 1u–3u. (b) Concentration dependence of 
surface coverage of 1a–3a (left) and 1u–3u (right) at the octanoic acid/graphite interface. (c) STM 
images of the ordering composed of 1u (left), 2u (middle), and 3u (right) at the octanoic acid/graphite 
interface. 
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To construct new	π-conjugated systems composed of aromatic units, variable concepts such 
as designing the π-conjugation manner from one- to three dimensions and doping hetero- or 
metal atom(s) in the π-system have been widely investigated. Our interest in the concepts is 
π-congested system having an intramolecular through-space (ITS) π-conjugation because the 
ITS interaction can extend the dimention of its π-conjugation from one or two to three 
without C-C  covalent bonds resluting in narrow HOMO-LUMO gap, excimer formation in 
excited state, and hole or electron delocalization in the π-system.1 
 
Recently, we have conducted the synthesis and investigation of anthracene congested cyclic 
dimer 1 and tetramer 2, that is, cyclic π-cluster molecules. These cyclic π-clusters could be 
synthesized by Ni-mediated coupling reaction from the dibromoprecursor 3 (Scheme 1). 
Interestingly, although the π-cluster 1 has high strain energy (25.5 kcal/mol) estimated by 
homodesmotic reaction (M06-2x/6-31G**), this reaction afforded 1 as a main cyclic product 
(23 % yield). 

 
 
 
 
 
 
 
 
 
 

Scheme 1: Synthetic route to cyclic π-clusters 1 and 2. 
 
Due to the short distance between anthracene units in 1, the optical and electronic properties 
are totally different from those of reference compound, 1,2-di(10-methyl-9-anthryl)benzene. 
In addition, π-cluster 1 showed a photoisomerization behavior to afford a further strained 
compound 1’ which gradually reversed to 1 even at room temperature. On the other hand, π-
cluster 2 is first cyclic anthracene tetramer with ITS π-conjugation. Thanks to the congested 
cyclic π-structure, 2 also gave unique optical and electronic properties. 
 
In this presentation, we will report the synthesis and its properties derived from the congested 
structure of cyclic π-clusters 1 and 2. 
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5,10-Dihydrobenzo[a]indolo[2,3-c]carbazole (BIC) is an aromatic diamine-type electron 
donor with a disk-shaped large π-system. Its cation radical salt was stable even in the air.[1]  
Based on the one-dimensional columnar stack formation in the cation radical salt of 5,10-
dimethyl-BIC, we envisioned that the large π-system of BIC is favored to form the π-dimer 
(the stacked dication diradical) as well as the pimer (the stacked cation radical) even in 
solution when the two BIC units are connected by a flexible spacer, while the unstacked 
extended form would be preferred when both electrophores are unoxidized.  Such a redox-
induced geometrical change between the unfoleded and folded conformations is a unique tool 
to modify the properties of monomeric electrophore, and thus attracting recent attentions.  We 
previously found that a folded conformation due to the pimer formation is favored for the 
cation radicals of dimers connected by a trimethylene chain, a tetramethylene chain, or a m-
xylylene spacer (Scheme 1).  The last finding is quite unique for the BIC electrophore because 
there have been no reports that show superior π-π stacking of the m-xylylene-bridged 
electrophores compared to the corresponding o-xylylene-bridged counterparts.[2]  In this 
presentation, we report the redox-induced unfoleded/folded conformational change for a 
series of newly prepared oligomers.  In trimer 1 and tetramer 2, multiple BIC units are linked 
by tetramethylene chains.  Both of benzenetriyltris(methylene) or tetrayltetrakis(methylene) 
derivatives (triad 3 and tetrad 4) have the multiple m-xylylene-bridged substructure.  We have 
observed dynamic/double pimer formation in the certain oxidation states for these new 
oligomers. 
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Aromaticity is a key concept in organic chemistry. Even though this concept has already been 
theoretically extrapolated to three dimensions, it usually still remains restricted to planar 
molecules. Stacking of antiaromatic π-systems has been proposed to induce three-dimensional 
aromaticity as a result of strong frontier orbital interactions by Schleyer [1] and Fowler [2]. 
However, experimental evidence to support this prediction still remains elusive so far. 
 
Norcorrole Ni(II) complex is a stable antiaromatic porphyrinoid. Recently, we have reported 
that the reaction of norcorrole with nucleophiles regioselectively provides direct 
functionalized norcorrole Ni(II) complexes. On the basis of this reaction, we have succeeded 
in the synthesis of a tethered stacked norcorrole dimer (Scheme 1). Furthermore, we found 
that the antiaromaticity of this compound is significantly decreased. Thus, this is the first 
synthesis of stacked antiaromatic compound [3]. 
 
In addition, we have also succeeded in the synthesis of face-to-face type stacked norcorrole 
cyclophane (Scheme 2). In this presentation, we will present the structure, optical properties, 
and electronic properties of these compounds. 
 

Scheme 1: The synthesis of a tethered-type stacked norcorrole dimer. 

 
 

Scheme 2: The synthesis of face-to-face type norcorrole cyclophane. 
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Porphyrinoids have attracted much attention due to their useful properties. Importantly, such 
properties are substantially affected by their skeletons and structural factors. In particular, 
inclusion of heteroatoms into the aromatic π-conjugation circuit would result in a dramatic 
change of their electronic properties.1 
 
We have recently succeeded in the synthesis of 10-silacorroles, novel porphyrinoids 
containing one silicon atom at meso-position.2 Pd-catalyzed silylative cyclization of a 
bis(α,α’-dibromodipyrrin) NiII complexes with dihydrosilanes furnished NiII 10-silacorroles. 
Treatment of NiII 10-silacorroles with p-tolylmagnesium bromide followed by the addition of 
aqueous HCl afforded corresponding free-base 10-silacorroles. We also succeeded in 
obtaining of ZnII 10-silacorroles by heating free-base 10-silacorroles with zinc acetate 
(Scheme 1). 
 
10-silacorroles exhibited significantly red-shifted absorption bands compared to those of 
normal porphyrins. Furthermore, free-base and ZnII 10-silacorroles showed emissions in the 
near IR region. Theoretical calculations on these 10-silacorroles revealed the presence of 
effective conjugation between σ* orbital of the substituent on the silicon atom and the π* 
orbital of the tetrapyrrolic framework, which significantly lowers their LUMO energy levels.  
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Corrole is an 18π aromatic tetrapyrrolic macrocycle, a one-carbon-missing analogue of 
porphyrins. Naturally the corrole macrocycle possesses three inner NH protons unlike 
porphyrins. However, we recently found that the redox-state of corroles is quite susceptible 
against the whole electronic state. As a representative case, we reported the synthesis of 
triply-linked corrole dimers 1 by the DDQ oxidation of meso-meso linked corrole dimers.[1] 
This particular molecule displayed a quite planar structure in the solid-state and non-aromatic 
nature due to the inner 2NH form, while 1 can be reduced by NaBH4 to give an aromatic 3NH 
form. These features are quite contrasting to previously reported doubly-linked corrole dimer 
2.[2] 2 exhibited a singlet biradical character in its 2NH form probably as a consequence of 
the contribution of the central cyclooctatetraene moiety. Then we prepared several metal 
complexes of 1 with expectation of metalation-induced structural and/or electronical change 
to explore its hidden biradical character. Gallium(III) was selected as an example of non-
redox-active metal ions. Thus, by the treatment of 1 with NaBH4 followed by metalation with 
GaCl3, a µ-oxo dimer of triply-linked corrole dimer gallium(III) complex 3 was obtained. 
Surprisingly, the X-ray diffraction analysis revealed its highly distorted double-decker 
structure, and it was indicated that 3 is a biradicaloid species with singlet-ground state by 
SQUID and ESR measurements (JS–T = –558 cm–1 for 3), similarly to 2. By treating 3 with 
phenylmagnesium bromide, axially phenylated gallium(III) dimer 4 was obtained which 
showed closed-shell nature, thus implying that the structural distortion induced the emergence 
of a biradical character of 3. 
 

 
 

Figure 1: Fused corrole dimers 
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Dibenzopentalene is one of anti-aromatic compounds which attract a great attention because 
they can be used as organic materials.  We have already reported syntheses of 
dibenzopentalenes by cationic1 and anionic transannulation2 of highly strained cyclic 
acetylene 1.  Recently we found that naphthalene-I2 could promote transannulation of 1 to 
provide monoiodopentalene 2 (Figure 1).  In this reaction, iodine which was produced from 
naphthalene-I2 would add to ethyne moiety of 1 and the resulting ethenyl radical underwent 
transannulation to furnish pentalene radical.  Finally the radical would abstract hydrogen from 
THF to give 2.  When the reaction of 1 with I2 was carried out without naphthalene or in the 
presence of BHT, diiodopentalene was obtained as a sole product, and no formation of 2 was 
observed.  When the monoiodopentalene 2 was subjected to Sonogashira coupling with 
terminal ethynes, the coupling proceeded smoothly and the corresponding ethynylpentalenes 
were obtained in good yields.   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Radical transannulation of 1 and Sonogashira coupling of 2 
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The ring current in aromatic molecules bears a striking similarity to the persistent currents 
observed in mesoscopic metal rings. However, the size-limits for molecular ring currents are 
unclear. In this work, we show that the oxidation of a [6]-porphyrin nanoring, with diameter 
2.4 nm, modulates its macrocyclic aromatic character [1]. Disruption of the local aromatic 
ring currents of each porphyrin subunit by oxidation permits the establishment of global 
(anti)aromatic ring currents. As a function of oxidation state, the global ring current changes 
from non-aromatic (neutral), to antiaromatic (4+) and aromatic (6+), before returning to non-
aromatic (12+). Aromaticity and antiaromaticity are assigned by NMR and DFT (density 
functional theory). These are the largest (anti)aromatic systems discovered to date, and show 
that quantum coherence can persist on unexpectedly large length scales in molecules. 
 

 
 
 
 
 
 
 

Left: A [6]-porphyrin nanoring, with the p-conjugated circuit colored green; right: calculated 
(B3LYP/6-31G*) nucleus independent chemical shift (NICS) on a grid through the xy plane of the 

nanoring in its 6+ (aromatic) oxidation state. 
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With advances in organic electronics leading to progressively smaller devices, the desire for 
reliable methods for molecular control over optoelectronic properties becomes ever more 
important. Various classes of compounds have been developed that allow a range of 
molecular properties to be controlled through exposure to external stimuli, such as heat, light, 
and mechanical stress. Of particular interest are photochromic diarylethenes, where exposure 
to certain wavelengths of electromagnetic irradiation leads to reversible structural (and 
inherently electronic) changes in the molecule. The ability to interconvert a photochromic 
species between two isomers that possess different properties has resulted in a range of 
applications, such as optical memory storage1, conductive polymers2, and actuators3. While 
main chain diarylethene polymers have been extensively studied4, photochromes orthogonal 
to the conjugated backbone require further investigation. Pendant photochromic cores based 
on sulfur-containing heteroacenes and their oligomeric species were investigated for their 
photophysical properties. Polymeric species involving multiple classes of comonomers (e.g. 
pi-extending, donor-acceptor, etc.) are currently being investigated for optoelectronic 
responses. 
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Magnetic resonance imaging (MRI) is an important technique for medical diagnosis and 
research. Common contrast agents are gadolinium complexes.  
 
A novel approach is to investigate photoswitchable MRI contrasts agents. Ni-porphyrins with 
covalently tethered azopyridine ligands are applied. The photochromic complexes switch 
between the diamagnetic low-spin-state (MRI silent) to the paramagnetic high-spin-state 
(MRI active) by irradiation with light of specific wavelengths. This process is known as light-
driven coordination-induced spin-state switch (LD-CISSS).[1,2] 

 
Within this work the concept should be realized with Fe(III)-porphyrins which require 
different structures. Five-coordinated complexes have a spin of 5/2 (high spin), whereas six-
coordinated complexes tend to have a spin state of 1/2 (low spin).[3] The square pyramidal 
geometry should be realized by a bridged porphyrin.  
 
The higher difference of the magnetic moment between the MRI active and the MRI silent 
state should improve the efficiency of the contrast switching. 
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Helical electron accepting nanoribbons have been arranged on a triptycene scaffold to form 3-
dimensional superstructures. Cove-edge graphene nanoribbons1 form the subunits in the 
superstructure, and contribute to remarkably high molar absorptivities with the lead 
compound characterized by a value of over 600,000. The lead compound is capable of 
accepting up to 18 electrons in six reversible reduction events. Computational studies show 
the LUMO of the superstructures to be entirely delocalized across all three ribbons. Such 
degeneracy contributes both to effective charge transfer as well as the exceptional molar 
absorptivities. Facilitated by a visible light flow reaction, the compounds are easily prepared 
through multiple synthetic steps. The resulting compounds are soluble in a wide array of 
common organic solvents and stable in air. Since organic optoelectronic device performance 
is a product of molecular interfacing within the bulk, 3-dimensional architectures afford 
greater interaction area and electron transport ability. The properties of such superstructures 
are particularly enticing for future work in solar cells or photodetectors,2 and demonstrate a 
general approach to increasing the dimensionality of chromophores.   
 

 
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

Figure 1: Synthetic approach to triptycene-PDI superstructures.  
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We have explored two different cyclopentafused-polycyclic aromatic hydrocarbon embedded 
polymer systems that have been prepared via a palladium catalyzed cyclopentannulation 
reaction.  The first route1 utilized a one-step post-polymerization modification that converts 
three high bandgap poly(arylene ethynylene)s into low bandgap donor-acceptor copolymers.  
The strategy relies on a palladium-catalyzed cyclopentannulation reaction between the main-
chain ethynylene functionality and a small molecule aryl bromide (6-bromo-1,2-dimethyl-
aceanthrylene).  The reaction installs new cyclopenta[hi]aceanthrylene electron-accepting 
groups between the electron rich arylenes along the polymer backbone.  In a second route,2 a 
non-traditional synthesis of donor-acceptor type polymers containing a 
cyclopenta[hi]aceanthrylene acceptor groups can be synthesized by a palladium catalyzed 
copolymerization between 9,10-dibromoanthracene and a variety of bis(arylethynyl)arenes to 
give polymers with molecular weights (Mn) of 9-22 kDa.  The bis(arylethynyl)arenes were 
composed of benzene, thiophene, or thieno[3,2-b]thiophene moeities, which provided access 
to a series of four donor-acceptor copolymers.  The polymers were subjected to 
cyclodehydrogenation with FeCl3 to access rigid ladder type polymers with the conversion 
investigated by 13C NMR of isotopically labelled polymers.  The ladder polymers possess 
broad UV-Vis absorptions,narrow optical band gaps of 1.17 – 1.29 eV, and p-type 
semiconductors. 

 
 

Figure 1: Cyclopentannulation polymerization towards a ladder polymer. 
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Organic molecules that absorb or emit visible light play an important role in many areas of 
research, including renewable energy production, material science, or biological imaging. 
Their optoelectronic properties arise from the presence of chromophoric unit, a metal or π-
conjugated core, that is embedded in the structure of these molecules. Most of the known π-
conjugated chromophores have shapes reminiscent of a square, a rectangle, or a sphere. 
Chromophores with triangular shapes are far less common and rather unique. 
 
Recently, we synthesized and studied optoelectronic properties of five triangularly shaped 
donor−acceptor molecules containing triangulene-4,8-dione as an electron-acceptor unit and 
various electron-donor units. To favor electron communication between the donor and the 
acceptor units, the electron-donor unit was installed at position 12, at which triangulene-4,8-
dione displays the highest coefficient in the LUMO. These molecular triangles were 
synthesized in eight steps such that the electron-donor substituents were installed in the last 
step by means of the Suzuki cross-coupling reaction. All molecules absorb and emit light in 
the region of around 450−650 and 550−850 nm, respectively, exhibit solvatochromism, and 
possess up to four redox states. On account of the rare triangular shape, these compounds 
display unprecedented packing modes in the solid state, which is of interest for design of 
optoelectronic devices. 
 

 
 

Figure 1: Donor—acceptor triangles. 
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Porphyrins are famed for their Hückel-aromatic circuit of 18 π-electrons in the neutral state. 
The connection of a multitude of these sizeable aromatic rings has led to large, conjugated, 
even biomimetic systems. For example, in conjunction with the use of a template, butadiyne-
linked porphyrin oligomers can be cyclized to rings and related topologies. The energy 
migration, conjugation and coherence can then be studied on a nanometer scale.  
Contracted single-acetylene linkages are an intriguing alternative, from the point of view of 
both synthesis and properties. Site-specific hetero-coupling grants access to a diverse array of 
model systems including odd and even numbered oligomers and allow for their patterning. A 
key feature of the shorter linkage is the resulting twisted ground-state conformation with an 
accessible rotational barrier to allow planarization of the system – and with it an expected 
increase of electronic communication. A strong cooperative, non-covalent binding of a 
suitable template to the oligomer can simultaneously introduce curvature and planarization 
allowing the effect on curvature on the properties to be studied and related. 
 
We introduce a benchmarking triad of topologies – planarized ladder, bent arc, infinite ring – 
derived from porphyrin oligomers bridged by a single acetylene. The arc and ring represent 
the first examples of curved single-acetylene porphyrin systems and we present their 
successful synthesis along with their exciting photo-physical properties. The effects of 
planarization and bending are probed within the triad, giving insight into the interplay 
between steric repulsion and electronic communication. 
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We have developed an efficient and versatile synthetic approach for the formation of large 
carboxy-substituted polycyclic arenes. This strategy relies on Perkin reactions for the 
synthesis of flexible precursors, followed by catalyst- or light-induced cyclization reactions 
[1-2]. This synthetic method has been optimized and can now be applied to the formation of 
non-planar species such as poly-helicenes [3-4] and large conjugated macrocycles [5]. 
The Perkin condensation of bifunctional arylene-diglyoxylic acids with bifunctional arylene-
diacetic acids leads with surprisingly good size-selectivities and yields to the 2+2 macrocyclic 
products, where four arylene moieties are connected by four maleic bridges. Depending on the 
aromatic core and the substitution patterns of the precursors, these fully conjugated 
macrocycles show various non-trivial geometries. Some are segments of carbon nanotubes; 
only four carbon-carbon bonds are then missing to form a complete graphene nanobelt. 

 

Figure 1: Formation of large conjugated macrocycles by Perkin reaction. 
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Organic dyes containing cross-conjugated donor-acceptor systems accompanied humanity 
from the very beginning. In particular, indigo and Tyrian purple played an important role in 
human culture over the last six millennia.[1] Since 1990 both old dyes of this type and the 
ones, which have been discovered more recently have underwent significant ‘repositioning’ 
from pigments to high-performance dyes for organic electronics and photonics. Very recently, 
methodology for the synthesis of previously unknown chromophore of this type, namely 
dipyrrolo[1,2-b:1’,2’-g][2,6]naphthyridine-5,11-diones (DPNDs) (A) has been elaborated in 
our laboratory.[2] The fundamental difference between DPND and other cross-conjugated 
donor-acceptor systems is that it contains pyrrole moiety as an electron-donor. We utilized 
this feature in the synthesis of π-expanded structures (B) containing vinylphenyl linkage 
between the peripheral group and the DPND core via bromination at positions 3 and 9 
followed by Heck coupling reaction. These dyes possess both absorption and emission bands 
in the far-red/NIR region and exhibit extraordinary 2PA absorption cross-sections (up to 5180 
GM). Next, a series of conjugated dyes (C) consisting of the DPND core and phenyl linkage 
between peripheral group and the core has been designed and synthesized via direct arylation 
methodology. The obtained optoelectronic properties of these dyes will be thoroughly 
confronted with those obtained by means of theoretical calculations to inquire deeply into 
what is the influence of the electronic character of the peripheral group on their optoelectronic 
characteristics. 

 
 

Figure 1: Exploration of the DPND core towards π-expanded molecules (R1, R2 – peripheral groups). 
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In this study, a series of triphenylamine derivatives with two 2,6-diphenylphenoxy radicals 
(2a–d), which could be regarded as amine-inserted diphenoquinones have been synthesized 
and investigated their structures and electronic properties (Figure 1). The structures of 2a–d 
were confirmed by the single crystal X-ray analysis, showing the characteristic bond length 
alternation patterns for closed-shell quinoids. The solutions of 2a–d exhibited clear ESR 
signals even at room temperature, indicating their thermally accessible diradical states. The 
NMR and ESR measurements showed that the diradical character of 2a–d were increased in 
the order of 2a < 2b < 2c < 2d, well-reproduced by theoretical calculations. The results of this 
work strongly suggest that the diradical character of this class of compounds could be tuned 
by changing the substituent on the central nitrogen atom.2 
 

 
 

Figure 1: Structures of amine-inserted extended para-quinones 1 and 2a–d. 
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A macrocyclic hydrocarbon molecule, [6]cyclo-2,7-naphthylene ([6]CNAP), synthesized by 
single bond linkage of six naphthylene units (Figure 1a) has a cyclic structure equivalent to an 
atom-defective structure of graphene [1]. In this study, [6]CNAP was applied to a negative 
electrode active material for a rechargeable lithium battery, where graphite is conventionally 
and commercially used as the material. All-solid-state lithium battery with LiBH4 as 
electrolyte was constructed with three layers simply by uni-directional pressing: the 
composite electrode with [6]CNAP, acetylene black (AB) and LiBH4 | LiBH4 | Li (Figure 1b 
and c). Depending on purification methods, the recyclability of the rechargeable batteries 
largely differed. Surprisingly, highly purified specimen by sublimation method showed poor 
recyclability, and the recrystallized specimen from organic solvents showed stable 
recyclability up to 65 discharge-charge cycles and around twice battery capacity than a 
graphite electrode. We found that the differences in battery performance were originated from 
the molecular packing structures in solid states by powder X-ray structural analyses with 
Rietveld refinement. The key for the high battery performance is the one-dimensional 
nanopores constructed from the assembly of the central pore of [6]CNAP and π-stacks of 
naphthylene units. The quantitative battery performance results and the precisely determined 
packing structures showed that lithium ion is stored by the intercalation between naphthylene 
units and also in the one-dimensional nanopores to afford the high battery capacity. We 
successfully revealed the relationship between unique packing structures and battery 
performance [2]. 
 

 
 

Figure 1: (a) Chemical structure of [6]CNAP. (b) The photo of bulk-type all-solid-state lithium battery. 
Cell diameter is 8 mm. (c) Redox reactions at the electrodes. 
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Helicenes are polycyclic aromatic hydrocarbons that display very interesting chiroptical 
properties and are intrinsicly chiral p-chromophores.[1] In a recent study by our group, 
enantiomerically pure (E)-1,2-di([6]helicen-2-yl)ethenes were found to exhibit a Cotton effect 
that was two-fold higher than for single [6]helicenes and ethane-1,2-diyl-linked dimers.[2]  

 
Figure 1: ECD spectra of TIPS-ethynyl-substituted [6]helicene monomers, dimers and tetramers. Solid 

lines represent the (P)-enantiomers, dotted lines represent the (M)-enantiomers. 
 

Building on this, we developped the synthesis of (P,P,P,P)- and (M,M,M,M)-[6]helicene 
tetramers interlinked by 1,4-butadiynyl-bridges, with the goal of enhancing the very large 
Cotton effects displayed by enantiopure [6]helicene dimers.[2][1] Using a 
photocyclodehydrogenation-based approach for the build-up of the helicene core and Glaser-
Eglington homo-couplings for the dimerization steps, we achieved the synthesis of the 
enantiomerically pure tetramers over 10 steps. The (P)- and (M)-enantiomers of monomeric 
[6]helicene were resolved by HPLC on a chiral stationary phase. The electronic circular 
dichroism displayed by the tetramers reaches exceptionally large values of Δε = –851 M-1cm-
1 at λ = 370 nm for the (M)4-enantiomer and Δε = 842 M-1cm-1 at λ = 371 nm for the (P)4-
enantiomer. Bathochromic shifts compared to both monomeric [6]helicenes and 1,4-
butadiynyl-linked [6]helicene dimers were observed. The very large Cotton effects and the 
bathochromic shifts were studied further by in-depth computational investigations. 
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Single-walled carbon nanotubes (SWNTs) have been identified as excellent candidates for use 
as semiconductors in high-performance field-effect transistors. However, several challenges 
prevent their implementation in commercial devices such as the necessity for both 
monodisperse and aligned SWNTs. Current methods can solve either the alignment or the 
sorting to some degree but further advances in both are required before widespread 
application. We have developed a method for the simultaneous sorting and alignment of 
SWNTs. Through a "bottom-up" approach, we have rationally designed aromatic small 
molecules which, when bound to a surface, are capable of binding specific types of SWNTs 
while providing significant alignment, in as single step. The method development, 
optimization and implementation on various surfaces will be discussed. 
 

 
 

Figure 1: Alignment and Enrichment of SWNTs. 
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Perylene-3,4,9,10-tetracarboxylic diimide (PDI) has emerged as a building block of organic 
materials for next generation molecular electronics. Intensely absorbing and chemically robust, 
PDI-based materials excel as n-type semiconductors in organic field-effect transistors and 
organic photovoltaics (OPVs). Twistacenes arising from the iterative fusion of PDI to 
ethylene have been incorporated into OPVs with power conversion efficiencies nearing 10% 
[1]. These PDI-twistacenes adopt various unresolvable isoenergetic conformations in solution, 
precluding the possibility of optical activity. In pursuit of persistent helical chirality in PDI-
based nanoribbons, we have prepared and now present naphthyl- and anthracenyl-linked PDI-
dimer helicene (NPDH and APDH) [2]. Our simple syntheses entail the cross-coupling of an 
acene to two PDI subunits, followed by oxidative UV cyclizations. Straining the polyaromatic 
surface does not encumber the efficiency of these photocyclizations – they proceed 
quantitatively, without a trace of the sterically favored regioisomers. We have resolved 
NPDH and APDH into their constituent enantiomers by chiral HPLC. Solutions of APDH 
racemize at room temperature, whereas NPDH does not invert at 250 °C. The enantiostability 
of NPDH arises from the extensive intramolecular overlap of its π-surface. Looking down its 
stereogenic axis reveals ten pairs of π-bonded atoms eclipse one another. The nearest of these 
pairs are separated by 3.2 Å, closer than twice the van der Waals radius of the carbon atom. 
Thus, the naphthyl link of NPDH facilitates intramolecular π-to-π collisions between the PDI 
subunits. Voltammetric, spectroelectrochemical, and EPR measurements suggest these π-to-π 
collisions enable through-space electronic delocalization when NPDH is reduced.  
 
More recently, we have prepared naphthyl-linked PDI-trimer helicene (NP3H) by iterative 
cross-couplings and oxidative photocyclizations. Just household lightbulbs are needed to 
complete these cyclizations. NP3H possesses extraordinary chiroptical properties, exhibiting 
numerous intense CD transitions across the UV-visible range (|Δε| = 850 M-1 cm-1 at 407 nm). 
Spectroelectrochemical CD measurements reveal the addition and subsequent removal of 
electrons to the helix alter multiple Cotton effects dramatically, qualifying NP3H as a 
chiroptical switch. Efforts to further extend the π-surfaces of the PDI-helicenes are underway.      
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Our research group reported the cationic rhodium-catalyzed double [2 + 2 + 2] cycloaddition 
of biphenyl-linked tetraynes with 1,4-diynes leading to triphenylene-based [7]helicene-like 
molecules in good ee values, which showed the significant circularly polarized luminescence 
(CPL) property.1  
 
In this research, we developed that a cationic rhodium catalyzed [2 + 2 + 2] cycloaddition of 
2,2-binaphtyl-linked diynes with alkynes could furnish substituted benzopicene derivatives in 
good yields. We also applied this transformation to the synthesis of benzopicene-based π-
conjugated molecules. The double [2 + 2 + 2] cycloaddition of two molecules of 2,2-
binaphthyl-linked diynes with π-system-linked diynes proceeded by a cationic rhodium 
catalyst to give a benzopicene-based ladder molecule. The chiral rhodium complex-mediated 
enantioselective double [2 + 2 + 2] cycloadditions of 2,2-binaphthyl-linked tetraynes with 1,4-
diynes furnished benzopicene-based [9]helicene molecules with good ee values.  
 
Crystal structures and photophysical/chiroptical properties of thus obtained benzopicene-
based π-conjugated molecules were compared with the triphenylene-based molecules. As a 
result of the X-ray crystal structure analysis of the benzopicene-based helical molecule, the 
structure was highly distorted and the distance of rings was shorter than that in the 
triphenylene-based [7]helicene molecule. The CPL spectra of the benzopicene-based helical 
molecule showed two opposite peaks, and thus the value of the CPL was smaller than that of 
the triphenylene-based helical molecule.2 

 
 

Figure 1: Double [2+2+2] cycloadditions leading to benzopicene-based [9]helicene molcules. 
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Redox flow batteries have drawn substantial attention as one of the most promising 
technologies for large-scale stationary energy storage. Although the aqueous all-vanadium 
redox flow battery is the most developed technology, it suffers from the narrow potential 
window of water and low sustainability of active materials. Recently, nonaqueous organic 
redox flow batteries [1] using nonaqueous electrolytes with wider potential windows and 
highly soluble organic active materials have been developed to achieve high capacity. 
However, a new approach to achieve high capacity is still highly required. 
 
We envisaged that solvent-free flow batteries using liquid redox active materials can serve as 
an ultimate solution. To prove this principle, we developed liquid quinones as cathode active 
materials of organic redox flow batteries [2]. The batteries using an organic solvent show 
good performances in terms of voltage, capacity, energy efficiency, and cyclability in both 
static and flow modes. The battery using a solvent-free catholyte composed of a liquid 
quinone and a supporting electrolyte exhibited high energy density of >250 Wh L−1, which is 
one of the highest among the catholytes developed for nonaqueous redox flow batteries.  
 

 
Figure 1. (A) Redox of liquid quinones and (B) charge and discharge curves of the battery using the 
solvent-free catholyte. 
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By closing multiple aromatic units tightly, their π-orbitals are overlapped and exhibit distinct 
properties caused by through-space interaction. We have designed novel π-electron 
congested systems having closely aligned multiple anthracene units, that is π-cluster 
molecules, and reported its photo induced intramolecular isomerization as well as physical 
properties derived from through-space π conjugation by employing 1,2-di(9-anthryl)benzene 
derivatives 2 as a fundamental moiety of π-cluster molecules1.  

	
	

Figure 1. Anthracene 1, Dimer 2 and target molecules (3-6) 
	

In this study, efficient synthetic methodology was developed to synthesize 1,2,3-tris(9-
anthryl)benzene derivatives 3a using TMS (trimethylsilyl) substituted anthracene precursors. 
By protecting reactive carbon atom to suppress side reactions,  3a was obtained efficiently 
with Negishi coupling and deprotection of TMS groups. Due to having radially arranged three 
anthracene units, 3a showed several properties different from 2 and 3b having  nBu group was 
also synthesized for more precise comparison. In this presentation, synthesis and properties of 
novel anthracene congested molecules 3a and 3b will be discussed.	
	

	
	

Scheme 1. Synthetic scheme of 3a and its derivative 3b 
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Graphene, a flat allotrope of graphite consisting of all sp2 carbons, has been accepted as a key 
material for next generation nanoscale electronics. However, the zero-band-gap nature of 
graphene renders it unfit for many electronic applications. To open a sufficient enough 
electronic gap for transistor on/off switching at room temperature, graphene nanoribbons with 
widths less than 10 nm are required. This work describes the synthesis of long, atomically 
precise donor-acceptor graphene nanoribbons, the longest of which is ~5 nm. The synthetic 
strategy used to afford these ribbons consists of placing electron rich pyrene moieties among 
the backbone of a perylene diimide (PDI) nanoribbon; a strategy that is effective for the 
synthesis of other interesting nanoribbon architectures. Pyrene was chosen as the electron rich 
subunit such that the shape of these ribbons, long helices, would be consistent with previous 
PDI nanoribbons. UV-vis spectroscopy reveals an intense long-wavelength transition due to 
the donor-acceptor characteristics of the ribbon. Cyclic voltammetry displays a large number 
of reversible reductions, making these ribbons strong candidates for next generation battery 
and electronic applications. 
 

 
 

Figure 1. A Donor-Acceptor Graphene Nanoribbon. 
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We discovered few methods that allow cyclization of aryl-substituted imidazoles. One of 
them involves the use of a 2-halogenoaryl substituent at position 2  
of imidazole, which undergo swift photochemically driven direct arylation, leading to barely 
known imidazo[1,2-f]-phenanthridines [1]. The reaction is high-yielding, and it does not 
require any photosensitizer or base. The reaction occurs regardless of the type and position of 
substituents. Both positions 1 and 2 of the imidazole ring may be substituted by various 
electron-donating or electron-accepting aryl group or substituents as well as various 
heterocyclic units. Efficiency of this photochemically driven direct arylation has been 
demonstrated by the synthesis of polyaromatic systems possessing 2 or more imidazole cores. 
 
The reaction works not only in solution. We demonstrated, for the first time, that such 
photochemical modification of the chromophore can be performed in solid state in an almost 
quantitative manner [2]. 
 
The second method concerns a well-known intramolecular oxidative coupling reaction. This 
reaction has never been examined on imidazole derivatives. We have shown that it has 
limitations because it requires an electron-rich substrates. We investigated the location and 
direction of the oxidative coupling reaction depending on the electron density in the imidazole 
core. 
 
The new methods extend the possibilities of synthesis of poly-aza-heterocyclic fluorescent 
materials with precisely defined structure and unique spectroscopic properties. 
 

 
 

Figure 1: Synthesis of polyaromatic systems possessing imidazole cores. 
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As basic theory for the development of many cutting edge technologies such as sunlight 
energy harvesting and conversion, photocatalysis, molecular electronics and photonics, as 
well as artificial photosynthesis, photoinduced energy and electron transfer in donor-acceptor 
based multichromophoric systems have attracted extensive attention. However, finding a 
stable and proper model compound is rather difficult, especially for experimental conditions 
under high-intensity laser irradiation. In this regard, multichromophores comprising rylene 
diimide (RDI) building-blocks have gained special recognition.[1] Their large absorption 
cross section, high fluorescence quantum yields and exceptional photo stability with low 
photobleaching yields renders this unique class of chromophores as ideal candidate for single-
molecule experiments, allowing observation times up to several minutes at cryogenic 
temperatures.[2] However, up to now, most RDI containing multichromophores are produced 
in mg scale only, which obstructs them from being used as standard. At the same time, the 
urge to investigate more and more elaborate photophysical processes inevitably requires the 
preparation of more and more elaborate compounds with growing complexity in molecular 
design.[3] 
Here, the detailed process towards the successful large-scale synthesis of an acceptor-donor-
acceptor dyad consisting of a central perylene diimide (PDI) with two lateral terrylene 
diimides (TDIs) is presented. The analysis and evaluation of ineffective synthetic pathways, 
which were necessary for the understanding of the step-by-step construction of the title 
multichromophore, allowed deeper insights into the possibilities and limitations of the build-
up of extended RDIs. En-route, different combinations and chronological orders of standard 
organic reaction protocols like cyclodehydrogenation, imidization or Pd-mediated Suzuki-, 
Stille-, and Sonogashira-couplings were explored, each of them bearing specific challenges. 
After all, a balance between reactivity, solubility and complexity of the synthesis were found 
to be crucial factors for a reproducible strategy towards the presented acceptor-donor system. 
The developed synthetic pathway furthermore proved to be universal for the construction of 
multi-component systems containing RDIs separated by conformationally rigid para-
oligophenylene spacers, which are highly desirable compounds for photophysical purposes.  
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Piezoelectric effect occurs in materials when mechanical stress generates electric charge, 
whereas the converse piezoelectric effect when the applied electrical field leads to the 
mechanical strain. As theoretically predicted by Hutchison,[1] inherently chiral helicenes 
might be promising candidates to observe these phenomena due to the lack of inversion 
symmetry, spring-like carbon scaffolds[2] allowing their easy deformation and simplicity of 
the functionalisation by donor/acceptor moieties at their opposite termini to create a dipole 
moment along the helix axis. 

In this work, we demonstrate for the first time the single-molecule converse piezoelectric 
effect in the sulfanylated [7]helicenes 1 on the Ag(111) surface using atomic force 
microscopy (AFM) and total energy density functional (DFT) calculations. The C2 symmetric 
[7]helicene  derivatives do not possess any persistent vertical dipole moment in a gas phase. 
However, while deposited on the metallic surface, the C1 symmetric adsorbates are formed 
having an interphase dipole moment. Then, the force-distance spectroscopy measured over a 
wide range of bias voltages reveals a linear shift of the tip-sample distance, at which the 
contact between the molecule and tip apex is established. This effect is caused by the bias-
induced deformation of the helical molecules. The single-molecule piezoelectric coefficient 
d33 were determined from measurements and by DFT calculation.  

 
 
 
  
 
 
 
 
 
 

[7]Helicene derivatives Adsorption on Ag(111) UHV AFM 
 surface 
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The polymer polydiiododiacetylene, or PIDA, is a potential precursor to carbyne, which is a 
new all-carbon material with potential applications as a semi-conductor. Carbyne may be 
prepared by dehalogenation of PIDA under mild conditions. By a host-guest strategy, the 
PIDA will be built inside a columnar structure of macrocyclic hosts, which can align the 
monomers and prevent side reactions during the dehalogenation process.  

The macrocyclic host molecules have been designed and modeled, in order to understand 
chemical structures. Oxalamide groups in the macrocycles will build a hydrogen-bonding 
network, which can help the macrocycles self-assemble into a column. The pyridines in the 
macrocycles will play the role of electron donors in halogen-bonding interactions between the 
macrocycles and monomers. Flexible side chains and shape-persistent backbone structures 
will also give benefits to crystal formation. Progress on the synthesis of the macrocyclic hosts 
will be described. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Strategy for the synthesis of carbyne 
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Cyclo-amphi-naphthylene (CaNAP) is a macrocycle that links naphthylene units at the 2,6-
positions, a geometry that could lead to belt-shaped sp2-carbon networks which mimics 
single-wall carbon nanotubes. Unlike its phenyl counterpart cyclo-para-phenylene (CPP), 
CaNAP owns an intrinsic stereoisomerism due to the lower symmetry of amphi-linked 
naphthylenes (C2h) compared to para-linked phenylenes (D2h), which allows for the study of 
their structural chemistry, such as the rotational dynamics of arylene panel, both in solid phase 
and solution. By synthesizing different structural variations of [8]CaNAP, we found that the 
rotation of the single bond could be tuned and controlled chemically by molecular design. As 
shown in Figure 1, the single bond rotation can be restricted in solution by bridging the 
adjacent napthylene with methylene unit [1] or by shrinking the ring size [2], and fusing one 
benzene ring on the naphthylene will lead to a heterogeneous biaryl linkages with fluctuating 
E/Z linkage and restricted R/S linkage [3]. The study on CaNAPs and related structures has 
deepen our understanding on the structural chemistry of carbon nanohoops, and may shed 
light on their potential applications in the field of supramolecular chemistry and material 
sciences. 

 
Figure 1: Structural variations and features of cyclonaphthylenes. 
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π-Conjugated molecules that exhibit the excited-state intramolecular proton transfer (ESIPT) 
have attracted much attention because of their unusual fluorescence properties with large 
Stokes shifts. Although several reports have exploited the ESIPT as a basis to design near 
infrared (NIR) emissive materials, the development of such dyes with high fluorescence 
quantum yields is still challenging. Most of the conventional ESIPT molecules rely on the 
keto-enol tautomerization for the mechanism of the proton transfer. Theoretical calculations 
suggested that a structural change during the ESIPT process in such molecules results in the 
localization of HOMO and LUMO, wherein the radiative decay rate constant decreases and 
thereby the quantum yield tends to be low.1 To overcome this problem, we recently developed 
a totally new ESIPT system that comprise 2,5-dithienylpyrrole with an alkylamine strap 
(DTP), which showed dual emissions from both the locally excited state and the ESIPT state.2 
Importantly, the DTP skeletons retain large oscillator strength in its ESIPT state, and this 
feature furnishes a bright emission even in the NIR region. In this work, we have designed a 
series of DTP derivatives containing various electron-accepting π-conjugated units on the 
both terminal positions (Figure 1). Expansion of π-conjugation increased absorption 
coefficients, and several derivatives exhibited intense NIR emission from the ESIPT state in 
polar solvents. We also synthesized a copolymer consisting of the DTP unit and an electron-
accepting unit. The copolymer prepared by Pd-catalyzed direct arylation showed the ESIPT 
emission around 780 nm in polar solvents. 

 

 
Figure 1. DTP derivatives with electron-accepting π-conjugated units and their copolymers 
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Multiply arylated aromatics have often been found in natural products, pharmaceuticals and 
functional organic materials.[1] The development of a general synthetic method towards these 
molecules with controlled regioselectivity, namely “programmed synthesis,” has been in high 
demand because it is crucial to understand structure-property relationships and to discover 
hitherto unknown functional molecules. Our group and others have developed general 
methods to access multiply arylated olefins and heteroaromatics by installing aryl substituents 
at the desired positions of core structures in a predictable and programmed manner. However, 
programmed syntheses of multiply arylated aromatics such as benzenes, pyridines, 
naphthalenes and anthracenes, which have highly symmetrical structures, have not been 
accomplished. Herein, we achieved the programmed synthesis of multiply arylated aromatics 
using sequential C–H couplings, cross couplings, and Diels–Alder reaction of thiophene S-
oxides.[2,3] This synthetic method can provide hexaarylbenzenes, pentaarylpyridines, multiply 
arylated naphthalenes, and multiply arylated anthracenes bearing different aryl groups.  
 

 
Figure 1: Diels–Alder reaction of tetraarylthiophene S-oxide enabled the synthesis of mutliply arylated 

aromatics. 
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Hydrogen bonding is one of the most important non-covalent interaction to construct highly 
organized supramolecular functional assemblies. In this context, controlling hydrogen-
bonding strength should be essential for the selective formation of desired supramolecular 
structures. Protonation of saddle-distorted dodecaphenylporphyrin (H2DPP) has been known 
to afford diprotonated species (H4DPP2+) together with formation of hydrogen-bonded 
supramolecular assemblies (H4DPP2+(X–)2) with conjugate bases (X–) of acids (HX) used for 
protonation [1]. In this study, we have revealed that the thermodynamic stability of 
H4DPP2+(X–)2 depends on hydrogen-bonding strength between H4DPP2+ and X–: When a 
strong acid such as p-toluenesufonic acid (TsOH) was employed as HX, H4DPP2+(TsO–)2 was 
more destabilized than that in the case of a weak acid such as m-nitrobenzoic acid 
(NO2PhCOOH) due to the weaker electrostatic interaction between H4DPP2+ and TsO– than 
the case of NO2PhCOO–. In addition, instead of HX for protonation of H2DPP, utilization of 
N-benzylpyridiniumbenzoic acid (BnPy+-PhCOOH) having a positively charged moiety to 
afford a zwitterionic conjugate base (BnPy+-PhCOO–) also resulted in destabilization of 
H4DPP2+(BnPy+-PhCOO–)2. The destabilization was derived from a weaker hydrogen-
bonding strength of BnPy+-PhCOO– than that of X– due to electrostatic repulsion between 
H4DPP2+ and the positive charge of BnPy+-PhCOO–. The thermodynamic control of 
H4DPP2+(X–)2 made it possible to achieve selective formation of a supramolecular hetero-
triads, H4DPP2+(Cl–)(Y–), by mixing H4DPP2+(Cl–)2 and H4DPP2+(Y–)2 having a weakly 
hydrogen-bonded conjugate base (Figure 1). 

 
Figure 1: (a) A strategy for selective formation of supramolecular hetero-triads, H4DPP2+(X–)(Y–),  

(b) An ORTEP drawing of a hydrogen-bonded supramolecular hetero-triad,  
[H4DPP2+(Cl–)(BnPy+-PhCOO–)](PF6

–). Hydrogen atoms were omitted for clarity.  
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Spiro compounds with mutually perpendicular π-conjugated system have been recognized as 
one of the most promising compounds for novel organic light-emitting and semiconducting 
materials in organic optoelectronics [1].  They exhibit unique photophysical and 
electrochemical properties depending on their π-conjugated structures.  Accordingly, a variety 
of π-conjugated spiro compounds have been developed to study the structure−property 
relashionships.  Some of them are chiral depending on their molecular structures, and  their 
chioptical properties such as circularly dichroism (CD) have been investigated.  However, 
there have been a limited number of studies on circularly polarized luminescence (CPL) of 
chiral π-conjugated spiro compounds [2,3].  Here, we report the design and synthesis of a new 
class of chiral π-conjugated spiro compounds containing heteroaromatic rings. 
 
We successfully synthesized chiral π-conjugated spiro compounds in which two 2-phenyl-
benzo[b]heteroles, such as indole, benzo[b]furan, and benzo[b]thiophene, are connected with 
a spiro carbon (Figure 1).  Some of the obtained racemic compounds were found to be 
separated into enantiomers by high performance liquid chromatography with a chiral 
stationary phase.  Absorption and emission properties of them were revealed by UV-Vis and 
fluorescence spectroscopies and theoretical calculations.  In addition, the chiroptical 
properties were evaluated by CD and CPL spectroscopies.  We found that the chiral π-
conjugated spiro compounds in this study can exhibit CPL with high dissymmetry factors. 
 

Figure 1 Designed chiral π-conjugated spiro compounds. 
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Electronic state of π electronic systems are tuned by extension of aromatic core and/or 
introduction of electron donating/accepting substituents. New methods to control electronic 
state of aromatic compounds should enlarge the possibility of the molecular design for 
organic electronic materials. Herein, we report that well-designed intramolecular noncovalent 
interaction works to modulate electronic properties of the π electronic systems. In particular, 
we focused on arylsulfonamide substituted anthraquinone derivatives 1-4. Cyclic 
voltammogram of 1-4 revealed more electron accepting properties than the parent 
anthraquinone, whereas simple 1-aminoanthraquinone was less electron accepting. This result 
shows proximial intramolecular hydrogen bonding with limited rotability effectively affects 
electronic properties of anthraquinone, more effective than inductive effect. 
 
Single crystal structural analyses revealed unique molecular arrangement of 1-4. Molecules 1-
3 formed fundamental dimer structures, where two anthraquinone were overlapped in a slip-
stack fashion. Subtle difference of dimer structure 1-3 induced different their packing 
arrangement. Among them, 1,8-disubstituted derivative 1 formed MeCN solvated crystal 
1●MeCN, where MeCN molecule occupied one-dimensional void space formed by host 
molecule 1. This crystal showed reversible solvent selective sorption behavior. Tetrasubstitute 
4 formed arene solvated crystals 4●(arene), where pillar-like cage structure formed based on 
2:2 host-guest complex. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: (a) Arylsulfonamide derivatives 1-4 and reference compound 5.(b) CPK model of crystal 
structure of 1 MeCN in the absence of MeCN molecules in the one-dimensional channels along the a 
axis. (c) Adsorption isotherm of desolvated crystals 1. (d) Packing arrangement of the toluene solvated 
crystal of 4. 
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Organic π-conjugated compounds exhibiting thermally activated delayed fluorescence 
(TADF) have longer-lived singlet excited states and higher energies of triplet excited states 
than those of conventional fluorescent compounds. Due to those features, there are many 
possible applications for TADF materials such as OLED emitters, host materials, bio-imaging 
probes, and oxygen-sensors [1]. In 2014, we discovered an oxidative skeletal rearrangement 
of 1,1’-binaphthalene-2,2’-diamines (BINAMs) to provide U-shaped diazaacenes, 
dibenzo[a,j]phenazines (DBPHZs), otherwise difficult to access through existing synthetic 
methods [2]. By making the use of their high electron affinities (EAs) and triplet excited 
energies, we succeeded in developing an efficient TADF material (1) based on DBPHZ-cored 
perpendicularly twisted donor-acceptor-donor (D-A-D) triads, where phenoxazine (POZ) 
serves as Ds and DBPHZ as an A units [3]. Notably, the substitution of rigid and planar POZ 
donors with conformation-switchable phenothiazinyl groups (PTZs, 2 and 3) allowed for 
high-contrast tricolor-changing (yellow/yellow-orange/deep-red) mechanochromic 
luminescence (MCL) without impairing the TADF property of 1, corresponding to various 
external stimuli such as grinding, heating, and fuming of volatile organic solvents [4]. 
Furthermore, the new family of D-A-D compounds showed efficient TADF properties in the 
solid states, and the external quantum efficiencies (EQEs) of the OLED devices fabricated 
with 1 and 2 reached as high as 16 and 16.8%, respectively.  
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Polycyclic aromatic hydrocarbons (PAHs) are typically composed of 6-
membered rings that have rich π-electrons and are applied for organic 
electronics. The physical properties of PAHs depend on the arrangement of 
the aromatic rings and can be changed by the introduction of 5-, 7- or 8-
membered rings into the π-system. Cyclooctatetraene (COT) has an 8π 
electronic circuit and generally nonplanar tub-shaped geometry, thus 
behaves as a nonaromatic polyene. On the other hands, there are several 
reports on the planar COT that exhibits distinct antiaromaticity. In this 
research, we tried to synthesize a planar COT-containing compound, tetraacenaphthatetra-
phenylene (TAT) (Figure 1). 
 

 
1-Acenaphthylenone 1 was self-condensed by Lewis acid-catalyzed Aldol cyclization to 
obtain tridecacyclene 2 in 18% yield (Scheme 1). Powerful 
oxidation of 2 with FeCl3 results in the formation of 7-
membered ring containing spirolactone 3 in 69% yield via 
the oxidative rearrangement. The molecular structure of 3 
was confirmed by single crystal X-ray diffraction analysis 
(Figure 2). The compound 3 could be reversibly 
interconverted to the aromatic tropylium cation by acid/base. 
Interestingly, further oxidation of 3 with FeCl3 gave 
decacyclene 4 in 50% yield. Eventually, the π-conjugated 
ring size shrinks from 8 to 7, then finally 6, just upon oxidation, directing to the stronger 
aromatization. We will report the properties and proposed reaction mechanism of 2 to 3 and 3 
to 4, respectively. 
 
 
References  

1. A. Tamoto, N. Aratani, H. Yamada, submitted.  
 
 
 

Figure 1. TAT 

Scheme 1: Oxidative transformation of tridecacyclene to spirolactone then decacyclene. 
 

Figure 2. Crystal structure of 3 
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There has been a recent explosion of interest in ladder-type thiophene-based heterocycles. 
This trend has been motivated by research applications such as organic semiconductors, 
organic solar cells, non-linear optical materials, mechanosensitive membrane probes, open-
shell singlet diradicaloids, liquid crystals, etc. We recently turned our attention on the 
analogous pyrrole-based heteroacenes, which, in our opinion, have a few distinct advantages 
over their analogues composed of thiophene and furan, since pyrrole is a better electron-donor 
and provides an opportunity to control polarity and/or solubility by functionalization of 
nitrogen. Recently, we found, that 2,5-bis(2-nitrophenyl)-substituted tetraarylpyrrolo[3,2-
b]pyrroles (1) are useful starting materials in the synthesis of pyrrole-based ladder-type 
heteroacenes, such as 7,14-dihydroquinolino-[3'',4'':4',5']pyrrolo-[2',3':4,5]pyrrolo[3,2-
c]quinolines (2), dicinnolino[3,4-b:3’4’-f]pyrrolo[3,2-b]pyrroles (3) and pyrrole[3,2-
b]pyrrole-based BN-heteroacenes (4)  (Figure 1) [1,2]. Prepared compounds are easily 
available in three step synthesis and exhibit very promising properties, including strong 
absorption and emission both in solution and in solid state. Interestingly, their hybrid 
electronic structure is responsible for the tuning of fluorescence properties via electron-
donating and electron-withdrawing substituents at the periphery. Furthermore, the 
electrochemical properties of prepared compounds show that they are highly resistant towards 
reduction, however, they can be oxidized at potentials slightly higher than reported for 
diindolopyrrolopyrroles. 

 
 

Figure 1: Synthetic route to pyrrolo-pyrrole based polycyclic aromatic hydrocarbons 
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Aryl-based helical motifs have attracted much attention as potential optoelectronic materials 
and stimuli-responsive foldamers. Generally, in the case of flexible oligomers containing 
many component, a helical conformations unfavored because loss of entropy is accompanied 
by a decrease in flexibility. We previously reported that L-shaped compound 1 can be 
prepared from 2-aminobenzaldehyde which is commercially available in 7 steps.1,2 This L-
shaped derivatives have the planar curved structure and easily modify at the various positions. 
 
Thanks to the curved structure, we expected that the novel helical motif, which can fold into a 
helical conformation driven by π-π interactions, could easily be constructed using a small 
number of components. Herein, we designed and synthesized π-spacer bridged dimers 2a-2c 
as a novel helical motif. X-ray structural analyses revealed that m-phenylene bridged dimer 2a 
adopted unfolded conformation, whereas 3,6-phenanthlene bridged dimer 2c adopted a helical 
structure in the solid state. Furthermore, the comparison of 1H-NMR signal of dimers 2a-2c 
and monomeric pentacycle in CDCl3 show that the pentacycle unit of the dimer 2a freely 
rotated around the π-spacer, while dimers 2b and 2c remained in the helical conformation 
despite being in solution. These helical conformations of dimers 2b and 2c were supported by 
the 2D-ROESY and UV-vis spectra. 

  
Figure 1: π-spacer bridged L-shaped pentacycle dimers. 
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Aromatic systems containing four-membered cyclobutadienoids (CBD) are of great 
fundamental and technical interests because of the antiaromaticity brought by CBD circuits. 
Due to their challenging synthesis, the study of such conjugated systems remain rare but 
intriguing. We have recently developed a modular, streamlined synthetic strategy to access a 
large variety of polycyclic conjugated hydrocarbons (PCHs) with fused cyclobutadienoid and 
benzenoid subunits. [1] The synthesis was achieved through efficient palladium-catalyzed C-
H activated annulation (CANAL) between aryl bromides and oxanorbornenes, followed by 
aromatization under acidic conditions (Figure 1). This streamlined strategy converts abundant 
aryl bromides and oxanorbornenes to a large variety of novel PCHs containing 
cyclobutadienoids in high yields in a modular fashion. A series of regio-isomers of 
[3]naphthylenes were synthesized using this strategy, enabled by the regioselectivity of the 
CANAL reaction (Figure 1). With these unprecedented PCHs in hand, the influence of four-
membered rings on the local aromaticity and antiaromaticity of the resulting PCHs was 
investigated using UV-Vis and NMR spectroscopy, crystallography, and NICS calculation. 
The paratropicity of CBDs in such PCHs was found to be strongly dependent on the regio-
connectivity of ring fusions or the bond order of fused bonds, leading to tunable 
optoelectronic properties. Our CANAL-aromatization synthetic strategy provides facile and 
versatile access to a large variety of PCHs containing CBDs with tunable degree of 
antiaromaticity and thus their optoelectronic properties.  

 

Figure 1: Synthesis of CBD-containing PCHs via CANAL-aromatization strategy 
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In the past decades, the low-molecular-weight organogelators (LMOGs) have gained much 
attention due to promising technological applications in various areas as well as their 
fundamental scientific interests. Large structural diversity has been proposed to meet the 
requirements of the organogelators capable of gelling organic solvents. From this point of 
view we have introduced some unique units such as the cyclophane skeleton[1] and the Eu-
complex[2]. Here we report the control of formation and collapse of the gel employing the 
ferrocene compound 1 and glutamic acid-based compound 2. The compound 1 gave the gel in 
toluene as shown in the SEM image. After addition of sodium hypochlorite to the toluene gel 
a quick collapse of the gel was observed to afford the solution. This process might be 
attributed to the oxidized ferrocene unit.  Then addition of glutathione to this solution 
reproduced the gel because of reduction of the ferrocene unit. When the solution of the 
compound 2 and salicylaldehyde in EtOH was stirred at room temperature formation of gel 
was confirmed. It is suggested that the gel formation occurs as the reaction proceeds because 
the resultant compound 3 has the ability to gelate EtOH. The azomethine bond is known to 
break by the acid. By the addition of hydrochloric acid collapse of the gel was observed to 
give the EtOH solution. Furthermore, this solution was neutralized with a alkaline solution 
resulting in formation of gel. It should be noted that the reversible formation and collapse of 
the gel has been achieved by the redox reaction and the acid-base reaction. 
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Singlet fission (SF) has the possibility to dramatically increase the efficiency limit of solar 
cells. When a molecule absorbs a photon to produce a singlet exciton, the spin-allowed 
process of SF may produce two triplet excitons if certain energetic and geometric parameters 
are met (i.e., two charge carriers are produced per absorbed photon). We are working to 
understanding the fundamental aspects of SF from a molecular perspective, through the study 
of acenes in solution. We hypothesize that the mechanism of SF could be best studied in an 
intramolecular fashion, where two (or more) pentacenes are tethered to form a dimer (or 
oligomer) with a defined structure as dictated by the linker, see Figure 1.[1–3] Among other 
aspects, photophysical studies in solution are greatly simplified in comparison to the solid 
state, since dilute solutions can be used. Most recently, we hypothesized that SF might be 
optimal in weakly coupled systems, and our collaborative study has outlined all key 
intermediates along the reaction coordinate of SF over 7 temporal orders of magnitude. The 
design of pentacene dimers/oligomers and the resulting aspects of singlet fission will be 
presented. 
 

 
Figure 1: Examples of Pentacene Dimers. 

 
References  
1  J. Zirzlmeier, D. Lehnherr, P. B. Coto, E. T. Chernick, R. Casillas, B. S. Basel, M. Thoss, R. R. 

Tykwinski, D. M. Guldi, PNAS 2015, 112, 5325–5330. 
2. J. Zirzlmeier, R. Casillas, R. Reddy, P.B. Coto, D. Lehnherr, E.T. Chernick, I. Papadopoulos, M. 

Thoss, R.R. Tykwinski,D. M. Guldi, Nanoscale 2016, 8, 10113–10123. 
3.  B.S. Basel, J. Zirzlmeier, C. Hetzer, B.T. Phelan, M.D. Krzyaniak, S.R. Reddy, P.B. Coto, N.E. 

Horwitz, R.M. Young, F.J. White, F. Hampel, T. Clark, M. Thoss, R.R. Tykwinski, M.R. 
Wasielewski, D.M. Guldi, Nat. Comm., in press.  

 
  

=

Ph Ph
SiiPr3SiiPr3

Pt
PPh3

PPh3

Pt
P P Ph

Ph

Ph

Ph
O

tButBu

SiR'3SiR'3



 
 

  
 

  P-155    

	

Giant and Spherical Self-Assembly of Liquid-Crystalline 
Metal-Organic Complexes 

 
J. Uchida1, M. Yoshio1, S. Sato2,3, H. Yokoyama2, M. Fujita2, T. Kato1 

 
1Department of Chemistry and Biotechnology, School of Engineering, The 

University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan 
     2Department of Applied Chemistry, School of Engineering, The University of 

Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan 
3Advanced Institute for Materials Research, Tohoku University, 

Katahira, Aoba-ku, Sendai 980-8577, Japan 
E-mail: j-uchida@chembio.t.u-tokyo.ac.jp 

 
Introduction of liquid crystallinity into nonmesogenic functional molecules is a promising 
approach for the development of dynamic and ordered materials in the next generation.[1-6] 
We herein present the synthesis and self-assembly of giant and spherical complexes exhibiting 
liquid-crystalline (LC) behavior. Well-defined spherical complexes have attracted much 
attention due to their unique hollow structures.[7] They can be easily prepared by self-
assembly of 12 metal ions (M) and 24 bidentate pyridyl ligands (L). Functionalization of the 
M12L24 spheres has been achieved by the modification of the organic ligands.[8] We thus 
envisioned that self-assembly of mesogen-containing ligands and metal ions could provide 
giant and spherical complexes functionalized with mesogenic molecules at the periphery of 
the spheres, leading to the alignment of the giant spheres into LC nanostructures. The giant 
structures of the mesogen-functionalized M12L24 spherical complexes were characterized by 
1H NMR, diffusion-ordered NMR spectroscopy (DOSY), and cold-spray ionization mass 
spectrometry (CSI-MS). The giant spheres exhibited lyotropic LC phases in the concentrated 
organic solution, while the mesogenic ligands showed thermotropic LC behavior. Small-angle 
X-ray diffraction (SAXD) measurements revealed that the spherical complexes formed 
layered smectic LC phases. The LC nanostructures of the spherical complexes were tuned by 
modification of the mesogenic moieties attached on the ligands. 
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The derivatives of the dicarbadodecaborane (so-called ‘carborane’), C2B10H12, have attracted 
much attention in materials science due to their thermal and chemical stability as well as 
optical and magnetic properties. Carboranes contain carbon atoms on their polyhedral cluster 
surface, which enables to introduce π-conjugated units into them. 
 
In this study, we have newly prepared o-phenylene (1) or o-carborane (2) derivatives, in 
which triphenylamino groups are substituted at ortho-positions of benzene and at cabon sites 
of o-carboranes, respectively. As a result, these compounds showed photoluminescence and 
redox activities. The ESR spectral line shapes for monocations of both 1 and 2 exhibited clear 
temperature dependences (Fig. 1). This result indicates that the electron transfer between both 
nitrogen atoms is slow on the ESR time scale at low temperature. We have examined the 
electronic properties of these compounds on the basis of electrochemical, absorption 
spectroscopic, fluorescence spectroscopic, ESR spectroscopic, and quantum chemical studies. 

Figure 1. Temperature-dependence of X-band ESR spectrum of (a) 1+ and (b) 2+ (1×10–3 M in 
CH2Cl2). 



 
 

  
 

  P-157    

	

Synthesis and Characterization of a 1,2-Azaborine-Containing 
cycloparaphenylene 

 
Kiran S. Unikela, Shih-Y. Liu 

 
Boston College, Chestnut Hill, MA, 02467, USA 
E-mail: unikela@bc.edu, shihyuan.liu@bc.edu 

 
Boron-nitrogen (BN)-containing aromatic compounds have recently attracted increasing 
attention due to their potential applications in organic optoelectronic devices. These isosteric 
and isoelectronic compounds of aromatic moieties are formed by the replacement of a CC unit 
with a BN unit either at 1,2; 1,3 or 1,4 positions and expand the chemical space.1 Among the 
isomers, 1,2-azaborine moiety is of particular interest and its 3,6-disubstituted version was 
recently utilized in the regioregular synthesis of an 1,2-azaborine based polymer.2 

 

 
Figure 1. B-N isosterism of 1,2-azaborine with benzene (left) and a BN-polymer (right) 
 
On the other hand, cycloparaphenylenes (CPPs) 1 are the thinnest slices of an arm-chair 
single-walled carbon nanotube (SWCNT). Various sizes of CPPs are synthetically known (1; 
n = -2 to 9, 11)3 and are currently being explored as seeds or precursors to grow the SWCNTs 
in a controlled manner in a bottom-up synthesis. CPPs themselves may possess interesting 
properties owing to their unique structure and central cavity. Having the access to 3,6-
disubstituted-1,2-azborine system 4 in hand, our group is interested in the exploration of 
azaborine-containing CPPs. In this regard, the successful synthesis of a 1,2-BN-[10]CPP 2 
and its physical and chemical properties will be presented here. 
 

 
Figure 2. Structure of [n]CPP 1 and retrosynthesis of a 1,2-BN-[10]CPP 2 
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Quinoline oligoamides of 8-amino-2-quinolinecarboxylic acid adopt robust and stable helical 
conformations by a network of hydrogen bonds between amide protons and adjacent quinoline 
nitrogens and by extensive intramolecular aromatic stacking (Figure 1).[1] As the cyclic 
derivatives, only cyclic trimer and tetramer were obtained so far in the process of 
polymerization of quinoline monomer.[2] The formation of larger macrocycles by the reaction 
of helical oligoamide that composed only secondary amide bonds had been unsuccessful.  
 
 
 
 
 
 

Figure 1: Crystal structure of oligoamide (n = 7) of 8-amino-2-quinolinecarboxylic acid. 
 
 In our group, the conformational properties of aromatic amide have been elucidated. 
Aromatic secondary amides exist in trans form, whereas their N-alkylated derivatives exist in 
cis form, in the crystal and in various solvents.[3]  In this study, developments of large 
macrocycle by the cyclization of helical quinoline oligoamide bearing tertiary amide bonds 
with cis conformation were examined. As the N-substituent of the tertiary amide bonds, 2,4-
dimethoxybenzyl group was chosen since it will be able to be easily removed after 
cyclization.  
 
 We synthesized various lengths of oligoamides bearing an amino and a carboxyl group on 
each terminal position. Among them, cyclocondensation of tetramer amino acids with one 
DMB group under mild conditions produced cyclic tetramer preferentially (Figure 2). Now, 
design and synthesis of novel oligoamide amino acids as the precursors of larger cyclic 
oligomers are in progress. 
 

 
 

Figure 2: Cyclocondensation of tetramer bearing a tertiary amide group with cis conformation. 
 
 
References  
1. I. Huc, et al., J. Am. Chem. Soc. 2003, 125, 3448-3449. 
2. I. Huc, et al., Org. Lett. 2004, 6, 2985-2988 
3. A. Tanatani, et al., J. Synth. Org. Chem. Jpn. 2000, 58, 556-567. 



 
 

  
 

  P-159    

	

Strategies for Assembling Nanohoops into Well-Defined, Non-
Covalent Nanotubes 

 
J.M. Van Raden, E.J. Leonhardt, and R. Jasti 

 
Department of Chemistry & Biochemistry and Materials Science Institute, 

University of Oregon, Eugene, USA 
E-mail: jeffv@uoregon.edu 

 
 
Owing to their smooth, π-rich interior, carbon nanotubes (CNTs) are a unique class of porous 
materials.  However, accessing CNTs in a homogenous manner is currently a synthetic 
challenge.  The construction of large molecular systems such as metal-organic frameworks 
and proteins is often times readily accomplished using a combination of coordinative and non-
covalent interactions, ultimately provided access to highly functional, well-defined, large 
molecular systems.  Through functionalization of the cycloparaphenylene (CPP) framework, 
we have successfully leveraged two alternative modes of bonding—metal-coordination and 
non-covalent interactions—to organize and arrange these cylindrical molecular building 
blocks into large, well-defined solid-state molecular cylinders. Given that CPPs, or nanohoops, 
represent the smallest possible fragment of an armchair CNT, these newly accessible 
molecular cylinders show a strong structural resemblance and hence, functionality to those of 
CNTs.  The straightforward synthetic access to these CNT-like molecular structures is 
enabling exploration into new strategies for templated-directed synthesis, applications of 
molecular recognition, as well as investigations into methods for constructing molecular 
cylinders on solid-state surfaces.  Here, we present these two synthetic strategies for accessing 
such structures as well as our recent work toward understanding the surface chemistry non-
covalent nanotubes [1-2].  
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Figure 1: Synthetic strategies toward self-assembled molecular cylinders. 
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One-handed helicity in biomacromolecules, such as proteins and DNA, plays a fundamental 
role in many biological processes such as DNA replication, asymmetric catalysis, and chiral 
transmission of information. A variety of foldamers have been developed that exhibit chiral 
conformations analogous to those in nature over the past two decades [1]. A helical foldamer 
consisting of achiral monomers can interconverts between right- and left-handed forms. 
Biasing toward one handedness has been receiving ever-increasing attention due to practical 
uses in chiral sensing, chiroptical devices, and asymmetric catalysis [2]. To tune the relative 
populations of two different helices, one strategy is to introduce a chiral group to the foldamer 
at its terminus. The chirality of the terminal group is transferred throughout the foldamer to 
twist into a preferred helical conformation. We have been recently investigating the properties 
of ortho-phenylenes as a new class of foldamers [3]. Accordingly, nonracemic ortho-
phenylene oligomers of different lengths have been synthesized by incorporating a variety of 
chiral amines at their termini using dynamic covalent chemistry. Their synthesis and 
characterization by 1H NMR and CD spectroscopies will be discussed. 
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This presentation will feature research in our lab on the synthesis of a new class of redox 
active [14]oxacyclophanes that contain p-benzoquinones.  These macrocycles can be accessed 
in one-pot base catalyzed reactions of 2,3-dichloronaphthoquinone (DCNQ) and specific 
diphenols.  Exploration into the reactivity of DCNQ with various phenols lead to the 
discovery of a divergent mechanistic pathway which leads to benzooxaheterocycles as the 
major product but also a previously unreported macrocylic structure.  By preventing the 
predominant mechanistic pathway with blocking groups (i.e., using 4,6-di-tert-butylrecorcinol) 
the macrocycle (1) could be obtained in reasonable yields even in gram scale reactions.  We 
have termed this class of macrocycles “oxaquinonacyclophanes” and their novelty arises from 
the incorporation of benzoquinone rings into the backbone. 
 
Oxaquinonacyclophane 1 was crystalized and revealed a 7.4 Å cavity with two electron-poor 
π-face walls (tweezer).  So 1 was subsequently investigated for its ability to act as a 
supramolecular host for the binding of pyridine-N-oxide guests.  Pyridine-N-oxides were 
chosen because there are a number of anti-cancer drugs which contain pyridine-N-oxide 
functionality, but also the shape of the cavity is nearly perfectly sized for 2D molecules and 
the electron-poor π-face interacts with the electron-rich oxygen.  Indeed high binding 
constants for the relatively weak n-π interactions have been observed. 
 

 
 

Figure 1: Synthesis and host-guest binding of an oxaquinonacyclophane. 
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Pyrene is not only the longstanding gold standard system for the sensing of 
microenvironments using fluorescence spectroscopy,[1] but has grown steadily in importance 
over recent years as a building block for the construction of functional pi systems.[2]  Of these 
systems, only a few of them feature only pyrene as the pi systems, i.e. oligo(pyrenylene)s and 
poly(pyrenylene)s.  In this regard, the substitution pattern on pyrene has been mixed,[3] or 
limited to the more easily accessible patterns, i.e. 1,3-,[4] 1,6-,[5], 2,7-[6] and 1,3,6,8.[7]  These 
compounds have shown interesting and potentially useful properties such as deep blue 
emission, high fluorescence quantum yields, a lack of aggregation, good solubility, interesting 
nanostructures such as bowls, spheres, nano-ribbons and nano-sheets, as well as multiple 
emissions.  The 1,8- substitution motif has not been reported for any pyrene-based 
oligoarylene.  We recently described a fully regioselective synthesis of 1,8-dihalopyrenes,[8] 
and are now exploiting this chemistry in the synthesis of discrete oligo(1,8-pyrenylene)s and 
poly(1,8-pyrenylene)s. 

 

 
 

Figure 1: An oligo(1,8-pyrenylene) system. 
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Magneto-optic (MO) materials are of great interest for their wide use in high-end applications 
and magnetic field sensors1. Compared to traditional inorganic magnetic-optic materials, 
polymeric materials are far more superior in their flexibility and robustness, allowing the fine-
tuning to meet specific device requirements. We report our very recent discovery of a new 
kind of sulfone containing helical polymer, which is demonstrated to be a new magnetic-optic 
material with giant Faraday effect to the order of 106 deg T-1 m-1 in Verdet constant in the 
UV-vis region. Different from the previous research2, we showed that helical structure 
polymers could perform better than the reported lamellar arranging structures. Full 
characterizations of these new polymers shed light on understanding the underlying 
mechanism of intrinsic Faraday phenomenon with its supramolecular structures. 

 
 

Figure 1: Faraday rotation measurement and Micro-photonic device fabrication. 
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Hexabenzocoronene (HBC) derivatives, which are consisted of 13 fused benzene rings, are 
polycyclic aromatic hydrocarbon (PAH) molecules and outstanding organic semiconductor. 
The HBC molecular core has a large π-conjugated region exhibiting strong π-π stacking 
interactions to lead to strong tendency in self-assemblies with high charge mobility in 
columnar phases. These properties are important in optoelectronic applications. However, 
most HBC derivatives exhibited columnar phases with high isotropic temperatures (> 350 °C) 
accompanied by thermal decomposition.1 The high isotropic temperature with decomposition 
makes HBCs unsuitable in applications of optoelectronics where a large ordered domains are 
required, e.g. field-effect transistors, since the self-assembling process cannot be annealed 
around isotropic temperature. In 2005, the first fluorine-substituted hexakisalkoxy HBC 
derivative were reported to result in a much lower isotropic point at 310 °C.2 Herein, through 
the design of molecular synthesis, a eutectic mixture (1) of various possible rotational isomers 
of HBC derivatives are obtained in one reaction to lead to a significantly low eutectic 
isotropic temperature of 176 °C. As a result, a large domain with ordered molecular packing is 
achieved, evidenced by its optical texture (Figure 1), which is ideal for practical applications 
in field-effect-transistors.  
 

 
 

Figure 1: The transition temperatures the eutectic HBC mixture (1) of various possible 
rotational isomers, and the polarizing optical microscopic texture of the columnar phase of 1 
between crossed polarizers at 140 °C on cooling. (Scale bar of the texture: 100 µm) 
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Nanographenes, which are nanoscale (>1 nm) polycyclic aromatic hydrocarbons, have 
attracted much attention in organic synthesis, materials chemistry, and nanoscience.[1] 
Periacenes are an important type of zigzag-edged nanographenes, but are difficult to make 
because of their high instability, especially for higher homologues. Here we introduced a 
heteroatom-doping strategy to achieve stable periacenes with OBO segments on their zigzag 
edges (Figure 1, right). The first peritetracene heteroanalogue[2] was synthesized in solution 
and the longest periacene analogue, i.e. OBO-doped perihexacene[3] was generated via 
surface-assisted cyclodehydrogenation. These results indicate new possibilities for the 
construction of a novel type of heteroatom-doped zigzag-edged nanographenes and graphene 
nanoribbons with excellent stability. Furthermore, the self-assembled superstructures through 
hydrogen bonding and/or metal coordination at the OBO units on the edges demonstrate a 
potential heteroatom-doping strategy for fabricating tailor-made graphene nanoarchitectures. 
During the trip in the flatland, we were also inspired by the rich properties of the nonplanar 
precursors, i.e. double [5]helicenes, to pursue a new record in the synthesis of double 
helicenes. Along this line, the first double [7]helicene with all ortho-fused six-membered 
rings was achieved by a tandem demethylation-borylation chemistry.[4] Enantiomers were 
successfully separated and exhibited high chiral stability, which is important for future 
applications in chiroptical devices. 
 

 
 

Figure 1: Synthesis of OBO-fused planar nanographenes and nonplanar double helicenes. 
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Thermally activated delayed fluorescence (TADF) is an important emission pathway for 
OLED device photophysics. Conversion of triplet excited states within a device to singlet 
excited states, allows for high efficiency OLED devices using pure organic materials for the 
emissive layer of the device. A series of molecules with variations on the donor were 
synthesised to investigate how the TADF emission varies with subtle changes to a known 
efficient TADF emitter.[1] The main aim was to assess how rigidifying the molecule would 
affect the emission properties. (Figure 1).[2]   
  

 
 

Figure 1. Structure of synthesised series of molecules 
 
Introduction of bulkier groups in the 1-position of the phenothiazine donor unit gave 
unexpected strong room temperature phosphorescence (RTP) in the solid state, which could 
have interesting further applications, especially coming from an organic molecule with no 
heavy atoms. Recent work by Penfold and co-workers has shown how certain molecular 
vibrations are essential to the reverse intersystem crossing process[3], and it appears that the 
restriction in these molecules switches off those vibrations, which then results in room 
temperature phosphorescence.  
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π-Expanded coumarins have attracted considerable attention in recent years due to their 
potential applications in many fields such as two-photon fluorescence microscopy, organic 
light emitting diodes (OLEDs), dye-sensitized solar cells, energy and electron transfer in 
systems and fluorescent probes.  Synthesis of novel types of π-expanded coumarins herein has 
been developed. Modified Knoevenagel bis-condensation afforded 3,9-dioxa-perylene-2,8-
diones. Subsequent oxidative aromatic coupling or light driven electrocyclization reaction 
(Mallory reaction) led to dibenzo-1,7-dioxacoronene-2,8-dione [1]. The proposed synthetic 
method is operationally easy and leads to analogs of perylene and pentacene in 2 to 3 steps. 
Examination of spectroscopic properties of all new synthesized compounds, which are 
formally π-expanded coumarins, showed that they displayed intense fluorescence. Due to their 
great optical properties and their general structural formula suggests that strong π-π stacking 
in the solid state could lead to effective charge transport. Herein we show how using 
biscoumarin-containing acenes can be applied as semiconducting small molecules with 
exceptional stability and tunable electrochemical and electrical properties [2]. 

 
 

Figure 1: Synhtesis of π-expanded biscoumarins 
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Over the past two decades, research efforts towards organic electronics have flourished in 
hopes of reducing the manufacturing costs of current inorganic devices while also improving 
device flexibility.  One such area that has been widely researched is host material for organic 
light-emitting diodes (OLEDs). For host materials, it is desirable to have high-band gaps (≥ 
2.80 eV) and a HOMO energy lower than that of the emitter material.1  However, among the 
multitude of systems that fit this criteria, the ability to pinpoint molecules with great potential 
plays a critical role in reducing time and cost in the synthetic efforts.  To effectively guide the 
project, density functional theory (DFT)/time-dependent DFT (TD-DFT) computations using 
the mPW1PBE functional, and SV basis set were performed on various tetraphenylmethane 
(TPM) and tetraphenylsilane (TPS) benzobisoxazole (BBO) cruciforms (Figure 1).  From the 
computations, these systems were shown to have band gaps surpassing 3.19 eV and maximum 
HOMO energies of -6.08 eV.  Each cruciform was synthesized using a combination of Stille-
coupling and C-H activation techniques and finally characterized to determine thermal 
stability, optical properties, and ground-state HOMO, LUMO, and band gap energies.  The 
ground-state data was then compared to the theoretical findings and used to evaluate the 
computational methodology. 
 

 

 
 
Figure 1: Aryl groups used for extending conjugation along the 2,6- and 4,8- axis of the BBO 

core. 
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The first synthesis of biphenylene was documented around 75 years ago,1 but only some 
synthetic methods have been developed thereafter. Among them, the cobalt-catalyzed 
cycloaddition of o-dialkynylbenzene with an alkyne (the so-called Vollhardt protocol)2 should 
be the most efficient. An attempt was made to develop a new synthetic protocol, which could 
be applied for preparing the classical biphenylene homologue, antikekulene 11. Our recent 
investigations demonstrated that a series of biphenylenes 1 can be easily prepared at low 
temperature from the corresponding halobiphenyls 4 by the cyclization of in-situ generated 
aryne 3.3 Two remarkable advantages of this synthetic protocol include 1) No transition metal 
catalysts or reagents were required for the cyclization process, and 2) The C-1 functionalized 
product 1 was obtained directly from biphenyls by treating the reaction intermediate 2 with an 
electrophilic reagent. p-Extended derivatives, such as benzobiphenylenes 5/6, 
dibenzobiphenylene 7, linear [3]phenylene 8, angular [3]phenylene 9, and biphenyleno[2,3-
b]biphenylene 10, were synthetized similarly using suitable biaryls or terphenyls. 
 

 

 
 

Figure: Retrosynthetic analysis for biphenylene and examples of p-extended biphenylenes. 
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Efficient conversion of sunlight into chemical or electrical energy requires exquisite energetic 
control and spatial arrangement of the photoreceptors and catalysts.  Using G-quadruplex as 
the electron-rich structural motif to direct chromophore self-assembly, we investigate how 
light capture and charge transport are promoted and controlled in these mono-dispersed, self-
ordering electron donor–acceptor systems by time-resolved optical and EPR spectroscopies.[1]  
Extending this supramolecular approach, we create two-dimensional G-quadruplex organic 
frameworks (2D GOF) with high degree of crystallinity and porosity.[2]  Stacking of 2D 
GOFs enables charge migration through the segregated chromophore π-stacks and formation 
of long-lived photo-generated charge carriers.  Endowed with the unique structural and 
chemical features, these materials hold potential for photosensitizers in artificial 
photosynthesis and organic cathode materials in Li-ion batteries. 
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The construction of stable high-spin states in organic molecules is crucial for the development 
of materials possessing ferromagnetic properties. Herein, we report the synthesis, isolation, 
and characterization of a series of conjoined X-shaped pyromellitic diimide oligomers (Xn-R, 
n = 2–4, R = Hex or Ph) linked together by single C–C bonds between their benzenoid cores. 
We hypothesize that these oligomers might form high-spin ground states in their reduced 
forms because of the nearly orthogonal conformations adopted by contiguous diimide units. 
1H and 13C nuclear magnetic resonance (NMR) spectroscopies confirmed the isolation of the 
dimeric, trimeric, and tetrameric homologues from a crude reaction mixture. Unlike typical 
aromatic diimides, these compounds exhibit good solubilities in organic solvents, most likely 
as a consequence of the presence of R groups and the criss-crossed conformations enforced 
upon neighboring pyromellitic diimides by steric interactions between near-neighbor carbonyl 
groups. X-Ray crystallography shows that X2-Ph crystallizes into a densely packed 
superstructure, despite the criss-crossed conformations adopted by the molecules. 
Electrochemical experiments, carried out on the oligomers Xn-Hex, reveal that the reductions 
of the imide units are observed to occur at multiple distinct potentials, highlighting the 
communication between the closely located redox centers in the molecules. Finally, the 
chemically generated radical anion and polyanion states, Xn-Hex•– and Xn-Hexn(•–), 
respectively, were probed extensively by UV-Vis-NIR absorption, electron paramagnetic 
resonance (EPR) and electron nuclear double resonance (ENDOR) spectroscopies. The 
ENDOR spectra of the radical monoanion Xn-Hex•– reveals that the unpaired electron is 
largely localized on a single diimide unit. Further reductions of Xn-Hex•– yield EPR signals 
(in frozen solutions) which can be assigned to a triplet state of X2-Hex2(•–), a quartet state of 
X3-Hex3(•–) and quintet state of X4-Hex4(•–). Taken together, the findings of this research 
demonstrate that direct conjoining of pyromellitic diimides is a viable method for generating 
stabilized high-spin organic anionic radicals. 
 

 
 

Scheme 1: Synthesis of Xn-R. Ullman coupling of the monobromide 1-R alone yields X2-R whereas 
exposing a mixture of mono- and dibromides 1-R and 2-R to the same conditions yields oligomers Xn-

R (n = 2–4). R = C6H13 or Ph. Reaction conditions: (i) Activated Cu Bronze, NMP, 150 °C for 3.5 h. 
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Expanded porphyrins consisting of more than five pyrrole units are fascinating and 
challenging synthetic targets as a fundamental work in porphyrin chemistry due to their 
unique structures, NIR absorption and emission, non-linear optics, electronic states and 
multinuclear metal complexes in the present tense. The most of expanded porphyrinoids 
consist of only one carbon atom at each meso position such as [26]hexaphyrin(1.1.1.1.1.1). In 
addition, the number of carbon atoms at meso positions of expanded porphyrins plays key role 
to determine the molecule structures [1, 2]. It is expected that change of the number of meso 
carbons makes high impacts to generate the new class of expanded porphyrins. Herein, we 
report the synthesis of hexaphyrins(2.1.2.1.2.1) with different conformations on ethylene 
bridges by simple condensation reactions from regionisomeric dipyrrolylethene derivatives. 
    
Hexaphyrin(2.1.2.1.2.1) 1, which was synthesized from 1,2-diphenyl-1,2-dipyrrolylethenes 
(DPDPyEs) as starting materials, gave two different molecular geometries between free-base 
and copper complexes revealed by X-ray crystallography (Figure 1). The mono copper 
complex Cu-1 has figure-of-eight structure with an aromatic characteristic, while the free-
base compound 1 has a distorted structure without macrocyclic aromatic characteristic. On the 
other hand, the hexaphyrin(2.1.2.1.2.1) 2 was prepared from 1,2-dipyrrolylethenes (DPyEs) 
as starting materials. Compound 2 exhibited a planar molecular geometry with an aromatic 
characteristic. The electronic states, optical and electrochemical properties, single crystal 
structures and DFT calculations of these hexaphyrins (2.1.2.1.2.1) will be discussed. 
 

 
Figure 1: Synthesis schemes of three conformations hexaphyrin(2.1.2.1.2.1)s, C6F5 at meso positions and phenyl 

rings at ethylene bridges are omitted for clarity. 
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Self-assembled fibers composed of low-molecular-weight gelators having π-conjugated 
moieties have received much attention as one-dimensional functional materials such as 
photoluminescent, conductive and redox-active soft materials [1-3]. Macroscopic control of 
fiber orientation is key to obtain anisotropic functions of one-dimensional fibrous materials. 
We have developed a new methodology to orient functional self-assembled fibers in aligned 
liquid-crystalline fields as templates for anisotropically oriented aggregation [2,4]. The 
purpose of this study was to control of macroscopic alignment of semiconductive fibers by 
using an oriented liquid crystal template for development of electro-optical materials such as 
organic field-effect transistors. We designed and synthesized low-molecular-weight gelators 
having anthracene moieties. The introduction of semiconductive π-conjugated core may allow 
carrier transport in the fibrous network. The compounds gelate organic solvents and fibrous 
aggregates has been observed by scanning electron microscopy (Figure 1). Infrared 
spectroscopic analysis revealed that intermolecular hydrogen bonds contribute to the fiber 
formation. We measured the π-electronic properties in gel and sol sates by UV-vis and 
fluorescence spectroscopic measurements. In the fibrous aggregate state, intermolecular 
interactions of π-conjugated moieties have been confirmed. Macroscopic alignment control of 
the self-assembled fibers in homogeneously aligned smectic liquid-crystalline cells has been 
achieved. The photocurrent along the π-conjugated fibers has been monitored under UV 
irradiation. 

 
Figure 1: (a) Photograph of dodecylbenzene gel of the gelator (5 g L-1) and (b) scanning electron 

micrograph of the xerogel obtained after removal of the solvent. 
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Heterospin systems consisting of stable organic radicals and paramagnetic transition metals 
are attracting much attention in terms of the unique magnetic properties. From a structural 
viewpoint, large π-conjugated macrocyclic ligands (e.g., expanded porphyrins) can serve as 
effective building blocks for the stabilization of open-shell radical species by the delocalizing 
resonance effect of the π-scaffold.[1] In addition, such porphyrin-based ligands have an ability 
to form diverse multi-metal complexes, so that the system can be considered as useful 
platforms for investigation of magnetic interaction between π-radical and paramagnetic metal 
centers. Considering our recent finding that a dipalladium complex of contracted doubly N-
confused dioxohexaphyrin derivative (1-Pd2) possesses stable π-radical character,[2] further 
extension to the three-spin centered hybrids with paramagnetic divalent coppers, (i.e., (CuII)2-
π-radical), could realize the unique heterospin system containing metal-radical moieties. 
   In this study, we have prepared a corresponding dicopper complex (1-Cu2) and investigated 
its electronic structure, magnetic interaction, and redox behaviors (Figure 1). The neutral 
complex 1-Cu2 has a ground doublet state as the result of the antiferromagnetic interaction 
between unpaired electrons on two copper centers and non-innocent norhexaphyrin radical 
ligand. The valence states of the paramagnetic divalent copper species were analyzed by 
XANES and XPS spectroscopies. The magnetic behavior of 1-Cu2 was modulated by facile 
one-electron redox reaction to give formally a 24π cation and 26π anion species, respectively.  
 

 
 

Figure 1. Facile redox conversion between neutral 1-Cu2 and its anionic / cationic species 
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A ladder polydiacetylene consists of two PDA chains connected by linking rungs. The 
conjugated linkers in a ladder PDA can increase the p-electron density in the polymer chains. 
Theoretical study (B3LYP/6-31G*) predicted that ladder PDA will have significantly lower 
energy bandgap than the comparable PDA chains. We have focused on monomers 1-4 as 
precursors of ladder PDAs, working to form ordered assemblies of each monomer with 
bis(pyridyl) or bis(nitrile) oxalamide hosts based on halogen bonds between the monomer 
iodine and host nitrogen. Topochemical polymerization of monomer 1 in such co-crystals has 
been studied by using heat, pressure, or light. However, attempts to analyze the polymer co-
crystals through single-crystal X-ray diffraction were not successful, due to increased 
mosaicity. Enetetrayne monomers 3 and 4 has also been synthesized. Co-crystals of these 
monomers give Raman signals consistent with polydiacetylene formation. Efforts continues 
towards the synthesis of monomer 2, with fluorinated benzene as the ladder PDA linker. 
Further experiments focus on characterizing the structure of monomer co-crystals and 
improving the topochemical polymerizations. 
 

  
Figure 1: Monomer 1-4 as precursors for ladder PDAs. 

 
 

 
 
 



 
 

  
 

  P-176    

	

Precise Synthesis of Graphene Nanoribbon by Annulative π-
Extension Polymerization 

 
Yuuta Yano1, Nobuhiko Mitoma1, 2, Feijiu Wang1, 2, Hideto Ito1, Yuhei Miyauchi2, 3,  

Kenichiro Itami1, 2, 4 

 
1Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya, 

Japan 
2JST-ERATO, Itami Molecular Nanocarbon Project, Nagoya University, Nagoya, Japan 

3Institute of Advanced Energy, Kyoto University, Kyoto, Japan 
4Institute of Transformative Bio-Molecule (WPI-ITbM), Nagoya University, Nagoya, 

Japan 
E-mail: itami@chem.nagoya-u.ac.jp 

 
Graphene nanoribbons (GNRs), nanometer-wide strips of graphene, are attracting significant attention 
as a powerful candidate for next-generation carbon materials. The physical properties of GNRs depend 
mainly on their width and edge structures. Therefore, bottom-up synthesis of GNRs in atom-by-atom 
precision is highly desired to control their tremendous properties. Although their methodology is 
useful, multi-step synthesis causes many side reactions and low yields. One-step synthesis using 
unfunctionalized aromatic components as starting materials is considered to be an ideal way toward 
the efficient and rapid access to structurally uniform GNRs. 
 
Toward achieving more efficient and rapid access to GNRs from small π-components, we recently 
reported single-step annulative π-extension (APEX) reaction.[1] APEX reaction can be defined as a 
single step π-extension reaction from small template aromatics with π-extending reagent, thereby 
constructing one or more new fused aromatic rings. In the presence of a palladium catalyst with 
dibenzosilole derivatives as a π-extending unit, APEX reaction exclusively occurs at the K-region of 
PAHs such as phenathrene to form dibenzocrycnene derivatives in the high yield. This APEX 
methodology potentially offers novel one-step bottom-up synthesis of structurally uniform GNRs if 
the suitable PAH template and π-extending agents were employed. Herein, we report the bottom-up 
synthesis of structurally well-defined GNRs using palladium-mediated APEX polymerization using 
silicon-bridged PAHs.[2] We prepared silicon-bridged phenanthrenes for APEX polymerization. After 
optimization of reaction conditions, the desired APEX polymerization occurred to provide 
corresponding cove-type GNRs. In the presentation, details of modification of reaction conditions, 
photophysical properties, and structural analysis as well as microscopic observations of GNR will be 
discussed. 
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Polyaromatic hydrocarbons attracts so much attention, due to their unique optical 
properties, chemical stability, high carrier transport mobility and so forth.1 
Dibenzo[g,p]chrysene has already been studied to learn about the relationship between 
intermolecular packing and physical chemistry properties, as it has twisted structure.2 The 
introduction of heteroaryls into conjugation system might offer us intriguing building blocks 
for organic materials.   Our laboratory has longstanding interest in synthesizing novel 
polyaromatics in an efficient pattern.3 Previous method is not compatible with heterocycles. 
Herein, we present an efficient pathway to access (hetero)aryl fused chrysenes. This 
transformation starts with a transition metal catalysed annulation reaction from easily 
accessible alkyne starting material, following by an oxidative Scholl reaction. This method 
provides us an efficient pathway to create interesting heteroaryl fused chrysene building 
blocks, which can be promising candidate for OFET application. 
 
 

 
 

Figure 1: Retrosynthetic pathway to heteroaryl fused chrysenes. 
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A supramolecular polymer is defined as a large molecular aggregate constructed by non-
covalent interactions. Recently, supramolecular polymers with fullerenes based on host-guest 
interactions have been extensively reported. However, supramolecular polymerization with 
the pristine C60 molecule has remained challenging due to its weak association constant to 
various host molecules. 
 
Buckybowls, such as corannulene and sumanene, are bowl-shaped π-conjugated molecules. 
Such curved polycyclic aromatic hydrocarbons associate with fullerenes by concave–convex 
π-π interaction. Recently we have succeeded in the synthesis of an azabuckybowl and its 
dimer 1.1 Due to the electron-rich nature of the pyrrolic nitrogen atom, the association 
constant of 1 with C60 reaches 1.0 x 105 M–1 in toluene, which is the largest value among 
buckybowls. Here, we present the association behavior of 1 with C60. The X-ray crystal 
structure of 1 and C60 exhibited a 1:2 stoichiometric binding in the crystal. On the other hand, 
1:1 complex was formed in the solution state. In this case, a precipitate was formed under the 
concentrated conditions. Variable-temperature 1H NMR measurement revealed that the 
precipitate consists of 1 and C60 in a 1:1 ratio. Furthermore, scanning electron microscopy 
(SEM) measurement of this precipitate showed fiber-like aggregates, indicating the formation 
of supramolecular assembly with 1D chain-like orientation. The formation of supramolecular 
polymers with 1 and C60 was also supported by MALDI-TOF MS measurement. This is the 
first example of a supramolecular polymer with a buckybowl and pristine C60. 
 
Scheme 1: Association behavior of 1 with C60. 

 
 
References  
1. H. Yokoi, Y. Hiraoka, S. Hiroto, D. Sakamaki, S. Seki, H. Shinokubo, Nat. Commun. 

2015, 6, 8215. 
 

 
  

N
N

tBu
tBu

tBu
tBu

tBu

tBu

tBu
tBu

C60

1

Con
ce

ntr
at

ed

Supramolecular assembly

with 1D chain-like orientation

Figure 1: SEM image of precipitate

N
N

tBu
tBu

tBu
tBu

tBu

tBu

tBu
tBu

N
N

tBu
tBu

tBu
tBu

tBu

tBu

tBu
tBu

N
N

tBu
tBu

tBu
tBu

tBu

tBu

tBu
tBu



 
 

  
 

  P-179    

	

Synthesis of meso-Aryl β-Alkyl Hybrid Pentaphyrins 
 

Tomoki Yoneda, Daiki Mori, Tyuji Hoshino, Saburo Neya 
 

Graduate School of Pharmaceutical Sciences Chiba University, Chiba, Japan 
E-mail: yoneda@chiba-u.jp 

 
 
Pentaphyrins are expanded porphyrins with five pyrrole units. This time, we present three 
types of pentaphyrins with meso-pentafluorophenyl groups and β,β-disubstituted pyrroles to 
enhance their chemical stability. Each of these pentaphyrin(1.1.1.1.0)(Sapphyrin) 1, 
pentaphyrin(1.1.1.1.1) 2, and pentaphyrin(2.1.1.1.1) 3 shows characteristic properties. 

 
Figure 1. meso- and β-substituted hybrid pentaphyrins. 
 
Pentaphyrin(1.1.1.1.0)(Sapphyrin) 1 was synthesized. Sapphyrins are well-known molecules, 
but their metal complexes are limited because of their low stability. However, 1 was a stable 
platform to obtain some novel metal complexes of sapphyrin. A unique rearrangement was 
induced by metalation with silver(II) ion and an N-C(α) directly linked sapphyrin-Ag(I) 
complex was obtained. 
 
Pentaphyrin(1.1.1.1.1) 2 with a free meso-position was obtained in a non-fused form. 2 is 
stable, allowing its characterization by NMR and UV/Vis spectroscopies, and X-ray 
crystallography. 2 displays strong aromaticity due to 22π-electronic circuits. In methanol, 2 
underwent an N-fusion reaction to give N-fused pentaphyrin 4 (Scheme 1).[1] 

 
 
 
 
 
Scheme 1. 
N-fusion reaction 
of pentaphyrin 2 
 

[24]Pentaphyrin(2.1.1.1.1) 3, which has a novel conjugation circuit of the pentaphyrin 
analogues, was synthesized by oxidation of the intramolecular ethylene-bridged 
dihydropentaphyrin(2.1.1.1.1). 3 displays strong antiaromaticity arising from its 24π planar 
conjugation circuit. 
 
[1]T. Yoneda, T. Hoshino, S. Neya, Chem. Asian. J. 2017, 12, 405. 
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Norcorrole (Nc, Figure 1a) is an easily preparable and stable antiaromatic porphyrinoid with a 
16π-electron conjugation system.1 The exceptional stability of Nc allowed us to design a 
variety of novel antiaromatic porphyrinoids with unique structures and properties.2,3 In this 
work we have synthesized benzo-fused Ncs “tetrabenzonorcorrole (TBNc)” and 
“dibenzonorcorrole (DBNc), to investigate effects of benzene-fusion on the structure and 
properties of the antiaromatic porphyrinoid. For the synthesis of benzonorcorroles, we applied 
the synthetic methodology of benzoporphyrins, in which peripheral benzene rings are formed 
by retro Diels-Alder reaction of bicyclic skeletons.4 TBNc and DBNc could be synthesized by 
heating a solid sample of the precursors 1 and 2, respectively (Figure 1b). The 1H NMR 
spectra of two benzonorcorroles showed their peripheral protons in significantly high field 
region (3.5 to –4 ppm), which suggested strong antiaromaticity of these molecules. More 
interestingly, further NMR analyses and SQUID measurements disclosed delocalized 
biradicaloid character of benzonorcorroles. Spectrochemical, electrochemical, and theoretical 
studies suggested that the strong antiaromaticity and biradical characters were attributed to 
considerably narrower HOMO–LUMO gaps of TBNc and DBNc than that of Nc. 

 
Figure 1: (a) Structure of norcorrole (Nc) and (b) synthesis of benzonorcorroles. 
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Armchair graphene nanoribbons (AGNRs) with a width of N = 3p + 2 are theoretically 
predicted to be metallic or half-metallic with a very small bandgap. However, so far, all 
experimental studies on this type of AGNRs have been only limited to 5-AGNR synthesized 
on Au(111) surface, and wet-chemistry synthesis would allow us to investigate their intrinsic 
electronic properties. In this work, based on a newly developed cyclopenta-fused perylene 
building block, a series of soluble and stable 5-AGNR model molecules, namely rylenes, up 
to dodecarylene are successfully synthesized. It is found that from hexarylene onward, these 
long rylene molecules show an open-shell singlet ground state with a small singlet-triplet 
energy gap. Their energy gaps (Eg) show clear chain-length dependence, and a linear 
exploration of the Eg ∼ 1/n plot predicts that the infinite 5-AGNR fused by CP rings has a 
small bandgap of 0.21 eV. 

 

 
 

Figure 1: Retrosynthetic analysis for scaffold-directed buckybelt synthesis. 
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Perylene diimide and its derivatives (PDI) are widely studied because they can be easily 
functionalised to achieve desirable properties including the tuning of photon absorption and 
emission while maintaining good photo- and thermal stability. The planar perylene core in 
PDI may cause a negative effect called aggregation caused (photoluminescent) quenching 
(ACQ) which limits the performance of PDIs in many applications. Molecular insulation was 
proved to be an effective approach to reduce the ACQ effect on PDIs. By protecting the 
perylene cores of PDIs with bulky substituents, one can prevent the π-π stacking during 
aggregation.  

Herein, four molecularly insulated PDI with the perylene core being protected by bulky 
substituents in different sizes had been designed and synthesized in this research. The PDI 
compounds containing di-tert-butylphenyl and trityl substituents showed near unity 
photoluminescence quantum yield (PLQY) up to 20 mM in PMMA compared to 10% PLQY 
for the reference compound without molecular insulation. Surprisingly, high concentrations 
(>40 mM) of phenyl substituted PDI compound with moderate molecular insulation formed 
emissive aggregates that showed higher PLQY compared to the PDI derivatives with greater 
steric bulk. By examining the molecular structure and solid state packing in conjunction with 
a series of photophysical measurements, new insights into designing highly fluorescent dyes 
particularly in solid state were obtained. In the last part of the study, the trityl substituted PDI 
compound was used in a luminescent solar concentrator with optical quantum efficiency of 54% 
and flux gain of 6.4 at geometric gain of 45. 
 

 
 

Figure 1: PDI derivatives with increasing steric bulk and their photoluninescent behavior. 
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The development of new two-dimensionally fused heteroaromatics with precisely controlled 
electronic properties requires efficient and versatile synthetic strategies capable of producing 
complex conjugated ring systems [1]. Looking for appropriate heterocyclic building blocks, 
we recently synthesized a new donor—acceptor hybrid, combining naphthalenediamide (NDA) 
and pyrrole motifs, which was prepared in an effective way starting from acenaphthene [2]. 
Starting from the diamide functionality of this NDA-pyrrole, a family of derivatives were 
prepared using functional group interconversion and annulation reactions. These pyrroles 
show highly variable fluorescence properties and can be used as building blocks for the 
synthesis of electron-deficient oligopyrroles [2,3]. The latter application is demonstrated 
through the development of π-extended porphyrins containing naphthalenediamide or 
naphthalenediimide units. These new macrocycles exhibit simultaneously tunable visible and 
near-IR absorptions, an ability to accept up to 8 electrons via electrochemical reduction, and 
high internal molecular free volumes. Such features make these systems of interest as 
functional chromophores, charge-storage materials, and tectons for crystal engineering. 
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The research on bottom-up synthesis of large polycyclic heteroaromatics gained new impetus 
with the discovery of graphene and with the prospect of its application in molecular 
electronics. Extensively fused heterocyclic systems can be seen as heteroatom-doped 
analogues of nanographenes, combining structural uniformity with tunable electronic structure 
[1]. 
 
Hexapyrrolohexaazacoronenes (HPHACs) [2a] can be prepared from star-shaped precursors 
via oxidative cyclodehydrogenation. Modifications of the HPHAC core reported to date 
encompass the replacement of pyrrole subunits [2b], introduction of peripheral bridges [2c], 
and embedding of a conjugated 7-membered ring [2d].  
We present here another member of the hexapyrrolohexaazacoronene family containing 37 
fused rings [3], the biggest such system to date. This large heterocycle is electron-deficient 
and shows extended redox activity, spanning at least 13 oxidation levels, but is otherwise 
chemically stable. Radial expansion of the π system creates a chromophore characterized by 
strong fluorescence and solvatochromism in the neutral state, and strong near-infrared 
absorption in the charged states. Additionally, the enlarged and ruffled aromatic surface 
supports a unique self-assembly mode in the crystal, leading to the formation of highly 
solvated organic clathrates. 
 

 
 

Figure 1: Synthesis of a radially extended HPHAC analog. 
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