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Nickel(I1) norcorrole (NiNC) which exhibits characteristic antiaromatic
properties and a reasonable chemical-stabiltiy has been synthesised in our research group, and
further investigated to study its interesting magnetic features created by molecular stacking. The
molecular staking induces aromaticity on antiaromatic molecules was experimentally proved.

NiNC was also applied for an active electrode material of Li-organic and Li-free organic
batteries. The batteries performed remarkably charge/discharge processes over 100 cycles and showed
high discharge capacity with great efficiencies.

Furthermore, various functional porphyrinoids and their hybrid molecules were synthesized through

our research, and interesting ﬁroperties of the molecule and application aﬁproaches were reported
through conferences and research papers. Some of the publications were highly cited, selected as
hot papers, and invited to the journal frontispieces.
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O Expanded porphyrins comprising large -
conjugation pathways have shown enhanced
optical, electrochemical, and coordination
properties. Their usefulness in various
practical applications has led to a flurry of
research activity on their structures, synthetic
methods, and representative chemical/
physical properties.

@ 1In 2001, applicant and prof. Osuka have
reported a facile synthesis of a series of meso-
aryl substituted expanded porphyrins,
including an acid-catalyzed condensation of
pentafluorobenzaldehyde and simple pyrrole
(JACS 2001, 12, 7190; ACIE 2001, 40, 619).
Since their distinct physical/electrochemical
properties have been exceedingly studied (7L
2003, 44, 2505; ACIE 2003, 42, 78; EJOC
2008, 1341; CEJ 2009, 12955), and some
molecules have been reported as powerful
suppliers of specific magnetism (JACS 2008,
130, 1824), investigation of the novel types of
functional expanded porphyrins has been the
aim of the applicant’s research.

@ The applicant has reported a facile synthetic
method of Ni(IT) norcorrole, ‘metal-templated
intramolecular coupling’ (ACIE 2012, 51,
8542, The article has been selected for a
highlight in SAYNFACTS). Also, the applicant
found that the 32m-electron containing meso-
aryl substituted Ni(I), octaphyrin(1.0.1.0.1.0.
1.0) is isolable. Accordingly, the metal-
templated intermolecular coupling is a
challengeable synthetic method to produce
octaphyrin(1.0.1.0.1.0.1.0) and it is probably
the appropriate method to improve the
synthetic yield. The reasonably stable
antiaromatic character of the octaphyrin is also
quite attractive. In principle, Pd(II) ion forms
a square-planar complex where the
consequent C-C coupling to complete its
cyclic structure from the initial C-C bond
formation occurs within a longer distance.
Consequently, Pd(II) dipyrrin complex can
form a dimeric structure which forces an
intermolecular coupling to get a larger
macrocycle having eight pyrrole units. Our
preliminarly research has proved the selective
formation of Pd(II) octaphyrin(1.0.1.0.1.0.
1.0) from the Pd(II) precursor (4CIE 2013, 52,
13727).

@ Interruption of heteroatoms in the main
skeleton of porphyrin analogues creates useful
functions. Also, investigation of the reactivity
of the heteroatom-containing porphyrinoids is
an attractive research topic related to the
formation of enhanced functional materials.
In early stage, we found that treatment of 5,15-
diazoporphyrin with alkyl lithium in toluene at

low temperature regioselectively provides
monoalkylated diazachlorins. Interestingly,
the resulting products exhibited
bathochromically shifted and intensively
enhanced Q-band (Chem. Commun. 2003, 49,
5046).

(® Antiaromatic  porphyrinoides  exhibiting
intriguing properties such as small HOMO-
LUMO gaps and high redox activity would be
manipulated for practical applications.
However, most antiaromatic compounds are
unstable or difficult to prepare in large
quantity for use in practical applications.
Since a facile and large-scale synthesis of
antiaromatic, dimesityl-substituted norcorrole
Ni(I) (NiNC) has been accomplished with
over 90% yield. The applicant applied the
antiaromatic NiNC to electrode-active
materials in rechargeable batteries. The Li-
NiNC and Li-free NiNC batteries well
performed their charge/discharge processes
enough to prospective battery materials. On
the basis of the results, the antiaromatic
expanded porphyrins are also applicable in
high performance batteries as the electrode-
active materials.
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This research aimed to establish practical
synthesis of functional porphyrin analogues.
Porphyrinoids have interesting properties such as
multi-redox and unique coordination behavior, but
the synthesis of them is not effective. In the early
research, the applicant has found the formation of
an expanded porphyrin by metal-template strategy.
Based on this finding, the applicant challenged to
synthesize expanded porphyrins efficiently.
Investigation of their structure, properties,
and functions was another goal of this research
with the approaches in practical applications.
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In the research, the applicant focused on @
establishing facile synthetic procedures for
expanded porphyrins by using dipyrrin metal
complexes. @ Synthesis of hetero-atom-
containing porphyrin analogues was another
goal. Investigation of the sequential procedures
for functional porphyrin analogues was tried to
stimulate @ the study of their significant
chemical/physical properties. The artificial
compounds were approached for practical
applications.
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We succeeded in investigations of new functional
porphyrin analogues having interesting molecular
properties and approaches for their practical



applications.

<Synthetic approaches towards functional
porphyrin analogues>

@ Investigation of synthetic method of bisNi"

expanded porphyrinoid complexes: It was
found that Ni"-metallation of dicyanovinyl-
ene-bis(meso-aryl)dipyrrin 12 under refluxed
toluene conditions resulted in the formation of
a bicyclic pyrrolizine ring to afford two
isomeric  bisNi" expanded porphyrinoid
complexes 13a and 13b. Furthermore, acyclic
Ni" dipyrrin complex 14 was also isolated.
The respective structures for 13a, 13b, and 14
were elucidated by X-ray diffraction analysis.
Macrocycles 13a and 13b exhibited typical
features of aromatic porphyrinoids showing
their longest wavelength absorption bands in
the near infrared region from 1100 to 1600 nm.
The result was reported through CSJ
conference (A AALF25 97 FEFFER).
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@ Investigation of hetero-atom-containing

functional porphyrin analogues: A metal
porphyrinoid containing a hetero-atom
(nitrogen), nickel(Il) 3-pyridyl-5,15-diaza-
porphyrin  was used as a bidentate
metalloligand platform for platinum(II),
ruthenium(II), and rhenium(I) cations which
provided great chemical properties. Single
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crystal structures showed the presence of a
dative bond between the outer metal center
and the meso-nitrogen atom and due to the
outer-metal  coordination, the UV/Vis
absorption bands were substantially red-
shifted (ACEI 2014, 53, 13924).
Investigation of functional NiNC family
molecules: Introduction of phenylthio groups
to NiNC dramatically decreased HOMO-
LUMO gap of the norcorrole unit and
enhanced its optical property near IR range
(ACEI 2015, 54, 8454). Reactivity of NiNC
was also investigated to provide reduced
forms of NiNC (CC 2016, 52, 7104).
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@ Investigation of functional NiNC molecules

and their attractive magnetic properties:
Antiaromatic NiNC molecules exhibiting both
characteristic antiaromatic behaviors and
reasonable stability have been investigated to
produce new magnetic features by molecular
stackings: the molecular stacking that has
been indued by bridging groups sequentially
created aromaticity on antiaromatic molecules.
This marvelous system was published in
Nature Communications (2016, 13620).

Antiaromatic NiNC was treated with a
kinetically stabilized silylene, which gave
ring-expansion products in excellent yields.
The reaction happened through highly regio-
and stereoselective insertions was investigated
on NiNC and the results were published in



Angewandte Chemie (ACIE. 2014, 53, 1506,
frontispiece)
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Near-IR Absorbing Nickel(II) Porphyrinoids Prepared
by Regioselective Insertion of Silylenes into

A ic Nickel(II)

Uchida, Young Mo Sung, Ji-Young Shin, Shintaro Ishida,

<Approaches for practical applications>

D Use as an active electrode material in
artificial batteries: Antiaromatic NiNC was
applied to an active electrode for Li-organic
and Li-free organic batteries. Those batteries
remarkably  performed  charge/discharge
processes in high discharge capacities (207
mAhg” over 100 cycles for the Li-NiNC
battery and about 200 mAhg™ over 100 for the
NiNC-NiNC battery) and showed great
efficiencies. These results were reported and
highlighted in Angewandte Chemie (4ACIE
2014, 53, 3096, hot paper & frontispiece).
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An Antiaromatic Electrode-Active Material Enabling
High Capacity and Stable Performance of Rechargeable
Batteries**
Ji-Young Shin,* Tetsuya Yamada, Hirofumi Yoshikawa,* Kunio Awaga,* and
Hiroshi Shinokubo*

@ Approach towards antenna  system
(photochemical study): To examine
photoinduced energy transfer (PET) process
from bodipy (energy donor) to hexaphyrins
(26 and 28 m-clectrons pathways, energy
acceptors), a set of hybrids having gradual
variations in the distance between hexaphyrin
and bodipy segments were synthesized. The
PET processes associating with their center-
to-center distances were observed efficiently
in the hybrids, without any other disruption
(Chem. Eur. J. 2014, 20, 4574, frontispiece).
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@ Application as a chemosensor: Chemo-
sensoring behaviors (either quenching or
enhancing its fluorescence origin) of ethynyl
bodipy having pyridyl terminal units toward
various transition metal isons were
investigated. A large fluoresce enhancement
was observed upon treatment of Zn>" whereas
additions of Fe’, Co®', and Cu*" caused
fluorescence quenhing. This behavior would
be capable for its potential application as a
turn-on fluorescent chemosensor for Zn*".
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