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Since their discovery in the 1980s, fullerenes have attract­
ed much attention as a molecular form of carbon allotrope. 
Owing to their curved structure and rich π-electron density, 
fullerenes exhibit a wealth of interesting phenomena and 
properties and thus have been studied and tested for appli­
cations in various research fields such as electronics, catalysis, 
and gas storage. Fullerenes have also been an important target 
of bottom-up synthesis for synthetic chemists. Although the 
synthesis of C60 from small polycyclic aromatic precursors was 
achieved,1 fullerenes of different shapes and sizes are still dif­
ficult to synthesize selectively. The group of Professor Shingo 
Ito at Nanyang Technological University (Singapore) has been 
studying this synthetic challenge, leading to the title paper in 
Nature Communications.

“Aside from altering the size and shape of fullerenes, in
troducing one or more heteroatoms into the fullerene cage can 
be used as an alternative approach to tune its physiochemical 
properties, thus changing the photochemical and electronic 
character of the fullerene clusters,” explained Professor Ito. 
“However, in contrast to hydrocarbon-based fullerenes, the 
synthesis of heterofullerenes has been much more of a chal­
lenge. The successful example of solution-based synthesis 
thus far is Wudl’s synthesis of C59N.2 Despite this, the synthes­
is of multiple heteroatom-embedded fullerenes has not been 
achieved on a macroscopic scale. There are two major challen­
ges for this synthesis,” continued Professor Ito: “Firstly, syn­

thetic methods for heteroatom-embedded polycyclic aromatic 
molecules with large π-surfaces are still lacking, compared to 
hydrocarbon molecules consisting of only carbon and hydro­
gen atoms. Secondly, the ‘isomeric problem’, whereby intro­
ducing multiple heteroatoms into fullerene skeletal structure 
could generate numerous possible isomers, is a serious issue. 
Hence, the synthesis and isolation of a single isomer becomes 
much more of a challenge.”

Encouraged by the above-mentioned bottom-up synthes­
is of C60,1 researchers have shown tremendous interest in the 
bottom-up synthesis of multi-azafullerenes from polycyclic 
aromatic precursors. This synthetic approach allows for the 
controlled and selective introduction of nitrogen atoms into 
fullerenes. However, suitable synthetic protocols for nitrogen-
embedded polycyclic aromatic molecules as large azaful
lerene fragments have not yet been developed.

Professor Ito said: “In 2015, we reported the efficient syn­
thesis of aza-pentabenzo-corannulene (Scheme 1; left), where 
the key to the successful synthesis is the use of a polycyclic 
aromatic azomethine ylide.3 This compound has attracted 
considerable attention from the community, as it represents 
the first example of a heteroatom-embedded corannulene. 
Additionally, the molecule can be regarded as a partial struc­
ture of mono-azafullerene C79N. However, the surface area this 
compound covers is not large enough to be used as a precur­
sor for azafullerene synthesis. Shinokubo et al. have reported 
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Scheme 1  (a) Azacorannulene reported in 2015. (b) Synthesis of azacorannulene dimer via difunctional azomethine ylide.

https://doi.org/10.1038/s41467-022-29106-w


© 2022. Thieme. All rights reserved. Synform 2022/08, A123–A125 • Published online: July 19, 2022 • DOI: 10.1055/s-0040-1720567

Literature CoverageSynform

azacorannulene dimers linked via carbon–carbon single 
bonds;4 nevertheless, molecular fragments of azafullerene 
with larger π-surfaces are relatively rare, due to the limited 
number of synthetic approaches known.”

In the present study the group decided to synthesize a 
fully conjugated azacorannulene dimer (Scheme 1, right). “To­
wards the end, we employed a difunctional azomethine ylide 
derived from 2,7-diaminopyrene as a vital synthetic precur­
sor,” revealed Professor Ito. He continued: “The first primary 
challenge we encountered was due to the low solubility of 
fully conjugated difunctional azomethine ylides. At the in­
itial trial, we synthesized the compound without any bulky 
substituents, but it was found to have an extremely poor so­
lubility, thus preventing us from performing basic structural 
characterization. Meanwhile, a drastic improvement in its so­
lubility was observed following the introduction of multiple 
tert-butyl groups.

Professor Ito revealed that, following the first submission 
of this manuscript to Nature Communications, the authors 
received several critical comments and feedback from the 
reviewers. “One potential drawback raised by the reviewers 
was regarding the lack of any practical application,” said Pro­
fessor Ito, continuing: “To address this issue, a reviewer sug­
gested examining our molecule’s ability to act as a host mo­
lecule for selective association with C120, which motivated us 
to investigate its intermolecular association with fullerenes, 
C60 and C120. It was discovered that our azacorannulene dimer 
exhibits a higher association constant with C120 than with C60. 
This indicates that the boat-shaped azacorannulene dimer has 
superior recognition of the dumbbell-like C120 molecule than 
of the spherical C60 (Figure 1). Thanks to this reviewer’s out­
standing suggestion, we successfully managed to observe an 
interesting phenomenon that is difficult to achieve by other 
systems.”

“We believe that this method provides an important step 
towards the selective synthesis of diazafullerenes. The utili­
zation of difunctional azomethine ylide provides a feasible 

approach for the synthesis of large multi-azafullerene frag­
ments,” said Professor Ito. He concluded: “In the future, we 
will be trying to further extend the π-surface of this azacoran­
nulene dimer. Our ultimate goal is to synthesize azafullerene 
precursors that cover 100% of the atoms of multi-azafullerenes 
and to succeed in the total synthesis of multi-azafullerene.”
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Figure 1  One of the possible modes of association between azacorannulene dimer and C120 determined by DFT calculations.
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