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An indeno[2,1-b]fluorene derivative, a 20x electron hydrocarbon, was synthesized to clarify novel
properties associated with singlet diradical characters. The moderate amplitude diradical character of the
indeno[2,1-b]fluorene  derivative =~ was theoretically and  experimentally proved. The
indeno[2,1-b]fluorene derivative exhibits an extremely low-energy light absorption band whose
absorption end extends to 2000 nm despite its small conjugation space consisting of only 20 & electrons.
The present knowledge is useful for the design of new classes of materials based on small molecules
with low-energy light absorption.
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Figure 1. Structures of indenofluorenes 1-4. a)
Resonance  structures of 1. Mes =
2,4,6-trimethylphenyl.  The arrows in the

biradical structure represent antiparallel spins. b)
Structures of 2—4.
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Figure 2. Spin density distribution of 1la
calculated at the UB3LYP/6-31G(d) level.
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Scheme 1. Synthesis of 1b. Mes =
2,4,6-trimethylphenyl, TFA = trifluoroacetic acid.
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Figure 3. Crystal structure of 1b. a) Top view
and b) side view of the crystal structure of 1b
measured at 113 K. Displacement ellipsoids are
drawn at the 50% probability level.
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Figure 4. Temperature-dependent 'H NMR
spectra of 1b in CD,Cl,. Peaks at 5.3 ppm, and
5.55, 5.1 ppm are due to CDHCI,, and the
sidebands of CDHCI,, respectively. Peaks at
1.55—-1.75 ppm may be due to H,O.
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Figure 5. ESR spectra of 1b. a) Simulated (red)
and observed (black) spectra (AMs = 1) at 290
K, where the baseline is not corrected. Inset: an
observed spectrum (AMs = £2) at 290 K, where
the  baseline is not corrected. b)
Temperature-dependent ESR spectra. The central
signal of the observed spectrum is due to the
monoradical impurity. The microwave frequency
used was 9.103 GHz. The experimentally
determined zero-field splitting parameters are |D|
=18.637 mT and |E| = 0.6 mT (g = 2.002).
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Figure 6. ypT-T plot of the solid 1b. Open
circles denote the experimental values.
Theoretical curves are drawn using singlet-triplet
model with the parameter of g = 2.000 (fixed),
2J/kB = —2120 K, impurity spin contamination =
0.57%, and diamagnetic susceptibility =
—261-10"° emu mol ™.
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Figure 7. Cyclic voltammogram of 1b.
Conditions; in CH,CI, at rt, 0.1 M BuyNCIQ,,
working electrode: glassy carbon, counter
electrode: Pt, reference electrode: Ag/AgNO;,
scan rate = 0.1 V/s.
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Figure 8. Ultraviolet-visible-near infrared
absorption spectrum of hydrocarbon 1b. The
spectrum was recorded in CH,CIl, at room
temperature. Inset: a magnified view. The
background absorbance at ~1700 nm may arise
from the overtone of C—H vibration of the
solvent.
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Figure 9. Representative hydrocarbons which
exhibit low-energy light absorptions which
decrease with increasing m-conjugation space.
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Figure 10. Structures of biradicaloid compounds
7 and 8. The arrows in the biradical structure
represent antiparallel spins.
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