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Abstract — Novel thiophene-fused 1,1’-biazulene derivative was prepared by the
reaction of azuleno[l,2-b]thiophene with N-iodosuccinimide. The electronic
properties of the new 1,1’-biazulene derivative obtained by the reaction were

characterized by CV, DPV, and UV/Vis spectroscopy.

N-Iodosuccinimide (NIS) is one of the efficient reagents for the iodation of organic compound. Thus, in
the azulene chemistry, several 1-iodoazulene derivatives have been prepared by the reaction with NIS.'
Recently, Abe ef al. have reported the generation of 1,1’-biazulene and 1,1°:6°,1”-terazulene derivatives
by the reaction of ethyl 2-aminoazulene- 1-carboxylate with NIS.? They proposed a radical mechanism for
the oxidative-coupling reaction quoted our previous reports.™® Several synthetic methodologies of
1,1'-biazulenes have been reported in the literatures.” However, in most cases the methodologies require
metal catalyst, high temperature reaction, and/or longer reaction period. Thus, the reaction reported by
Abe et al. could become one of the innovative synthetic methodologies from the viewpoint of metal-free
synthesis of 1,1’-biazulene derivatives. Azulene-fused heterocycles have attracted the interest owing to its
unusual chemical properties. Thus, preparation and reactivities of a number of azulene-fused

heterocycles have already been revealed by many research groups.” However, 1,1°-biazulene derivatives
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fused by heterocycles have never been reported so far, although several synthetic methodologies of
1,1°-biazulene derivatives have been found in the literatures as described above.

Herein, we report the synthesis of thiophene-fused 1,1°-biazulene by the reaction of
azuleno[1,2-b]thiophene (3) with NIS. The electronic property of the new 1,1'-biazulene derivative
obtained by this reaction was also characterized by CV, DPV, and UV/Vis spectroscopy.
Azuleno[1,2-b]thiophene (3) was prepared using a similar procedure reported by Fujimori and Yasunami
etal.} starting from methyl 1,2-dihydro-9-(azuleno[1,2-b]thiophene)carboxylate (1) as shown in Scheme
1. We have examined the reaction of 3 with NIS to obtain iodine derivative of 3. In this case, we have
expected a usual iodation of azulene ring by the electrophilic substitution reaction to afford a
I-iodoazulene derivative as described in the literatures. However, contrary to the expectation, we found
the reaction produced novel 1,1'-biazulene derivative 4’ in 74% yield (Scheme 1). The reaction of 3 with
N-bromosuccinimide (NBS) and N-chlorosuccinimide (NCS) did not afford 4, but lead to the
decomposition of 3. Although the reaction of 1,2-dihydro-9-azuleno[1,2-b]thiophene (5) with NIS was
also examined under the similar reaction conditions, only decomposition of the starting compound was
observed instead of the formation of the corresponding 1-iodoazulene or 1,1'-biazulene derivative 6. Thus,
this homo-coupling reaction might be specific reactivity for 3 with NIS. Previously, we have reported the
facile preparation of the 1,1’-biazulene derivatives by the treatment of 1-azulenyl methyl sulfoxides with
Bronsted acid.” Therefore, the formation of 4 might be attributable to NIS, which should act as an oxidant

for the generation of 4, although detail of the reaction mechanism is currently unclear.
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Scheme 1. Synthesis of thiophene-fused 1,1'-biazulene derivative 4.

UV/Vis spectra of 3 and 4 in CH,Cl, are compared in Figure 1. Compounds 3 and 4 in CH,Cl, showed
characteristic weak absorption bands in the visible region arising from the azulene system. Although the
longest absorption band of 4 displayed larger absorption coefficients than that of 3, the absorption
maxima were observed at almost the same wavelength. The similarity of the absorption maxima of 3 and

4 suggests less effective conjugation due to the low planarity of the two azulene rings of 4. To clarify the
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electrochemical properties, the redox behavior of 3 and 4 was also examined by CV and DPV.
1,1’-Biazulene derivative 4 exhibited a reversible and following an irreversible oxidation waves (Figure
2), of which potentials were identified at +0.22 V and +0.49 V by DPV. These results could be
attributable to the instability of dicationic species generated by electrochemical oxidation owing to the
electrostatic repulsion of two azulenium ions. In the case of the electrochemical analysis of 3, an
irreversible oxidation wave (+0.42 V) was observed by DPV, due to the generation of instable radical
cationic species. Thus, the 1,1°-biazulenyl structure of 4 should stabilize a radical cationic species, rather

than that of 3.
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Figure 1. UV/Vis spectra of 3 (red line) and 4 (blue Figure 2. Cyclic voltammogram of 4 in (1 mM) in
line) in CH,Cl,. benzonitrile containing Et4NCIO4 (0.1 M) as the

supporting electrolyte; scan rate = 100 mVs™.

In conclusion, we have described generation of novel thiophene-fused 1,1°-biazulene derivative 4 by the
reaction of 3 with NIS, as well as the electronic properties of 4 which were characterized by CV, DPV,
and absorption spectroscopy. Although the scope of this reaction is unclear up to now, these results should
be an important finding in the chemistry of azulene, because NIS is frequently used as a reagent for the

iodination of azulene derivatives.
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Typical procedure: To a solution of 3 (368 mg, 2.00 mmol) in CH,Cl, (10 mL) was added
N-iodosuccinimide (540 mg, 2.40 mmol) at room temperature. The resulting mixture was stirred at
the same temperature for 10 min under an Ar atmosphere. After the solvent was removed under
reduced pressure, the crude product was purified by column chromatography on silica gel with
CH,Cl; to give 4 (271 mg, 74%) as brown crystals. Mp 255.0—257.0 °C (CH,Cl,/MeOH); MS (EI):
m/z (%)=366 (100), 332 (19), 319 (8), 183 (13); '"H NMR (500 MHz, CDCl3): &y = 8.41 (d, 2H, J =
10.0 Hz, H-8), 8.12 (d, 2H, J = 10.0 Hz, H-4), 7.77 (d, 2H, J = 5.0 Hz, H-Th), 7.50 (t, 2H, J = 10.0
Hz, H-6), 7.31 (d, 2H, J = 5.0 Hz, H-Th), 7.19 (t, 2H, J = 10.0 Hz, H-7), 6.96 (t, 2H, J = 10.0 Hz,
H-5) ppm; *C NMR (125 MHz, CDCls): 8¢ = 153.18 (C-2), 137.74 (C-8a), 136.45 (C-4), 136.35
(C-6), 134.12 (C-3a), 132.77 (C-Th), 130.84 (C-8), 130.12 (C-1), 123.30 (C-7), 121.87 (C-5), 119.86
(C-Th), 117.35 (C-3) ppm.





