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A b s t r a c t
For ortho-fused benzenoid hydrocarbons with three or more 

rings, replacing the three hexagons with a set of two pentagons 
and one octagon is also possible. Following this concept, we de-
signed pentacyclic cyclooctadiindene with a 5–8–5 tricyclic skel-
eton. Five examples of cyclooctadiindenes were synthesized and 
characterized as stable closed-shell molecules.

 ▍ Background & Results

The chemistry of non-alternant hydrocarbons has recently expe-
rienced a considerable resurgence. As the relationship between 
naphthalene and azulene shows, an important design concept for 
a nonalternant framework is to replace the two hexagons of an al-
ternant system with a pentagon and heptagon pair. For ortho-fused 
benzenoid hydrocarbons with three or more rings, another design 
for their nonalternant isomers is possible: replacing the three ortho-
fused hexagons with a set of two pentagons and one octagon. 
However, in contrast to abundant azulenoid (5–7) nonalternant 
hydrocarbons, the related 5–8–5 tricyclic molecules are limited. 
Thus, nonalternant hydrocarbons containing an ortho-fused 5–8–5 
tricyclic framework merit further exploration.

 To unveil the electronic and structural effects of the 5–8–5 nonal-
ternant framework on the π-extended backbone of ortho-fused hy-
drocarbons, we designed cyclooctadiindene. The target can enjoy 
the aromatic stabilization from the two hexagons. To confirm the hy-
pothesis and unveil the electronic structure of cyclooctadiindene, 
we synthesized novel hydrocarbon as a nonalternant isomer of 
ortho-fused pentacyclic benzenoid aromatic systems, such as pen-
tacene, and picene. Optoelectronic measurements clearly showed 
the nonalternant character. Heating or photoirradiation of a solution 
afforded a formal [6 + 4] cycloadduct. Theoretical calculations 
and mechanistic investigations revealed the occurrence of a step-
wise formation of two C–C bonds, in which the hidden open-shell 
character emerges with the two molecules in close contact. The 
increased spatial overlap of the frontier orbitals and the reduction 
of the energy gap facilitate the diradical-based bond formations.

 ▍ Significance of the research and Future perspective

The scientifically most important point of this work is the reactivi-
ty of the title compound. Heating or photoirradiating afforded a for-
mal [6+4] cycloadduct. Theoretical calculations and mechanistic 
investigations revealed that the stepwise formation of C–C bonds 

proceeds via two-fold radical–radical couplings, in which the hid-
den open-shell character emerges when the two molecules are in 
close contact. The changes in the electronic configuration promote 
the formation of bonds based on diradicals. Our findings demon-
strate that the open-shell electronic structure of a π-stacked ar-
rangement can be adjusted, even when the open-shell character-
istics of the monomer are negligible. Since tuning these open-shell 
characteristics is essential for developing efficient optoelectronic 
materials, our results can be expected to aid in establishing design 
strategies for innovative open-shell functional molecular materials 
derived from the condensed states of closed-shell nonalternant hy-
drocarbons.
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