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The novel transition metal free synthesis of 1,1 0-biazulene
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Abstract—Reaction of 1-azulenyl methyl sulfoxide (1) under acidic conditions gave the 1,1 0-biazulene derivative 3. Methylmercapt
groups of 3 were readily converted to formyl groups by Vilsmeier reaction to afford 3,3 0-diformyl-1,1 0-biazulene (4), which reacted
with pyrrole in the presence of acetic acid to give the parent 1,1 0-biazulene (5). Reaction of 5 with pyridine in the presence of Tf2O
gave 3,3 0-dihydropyridyl-1,1 0-biazulene derivative 6. 3,3 0-(4-Pyridyl)-1,1 0-biazulene (7) was obtained by the reaction of 3 with KOH
in EtOH at room temperature in good yield.
� 2007 Elsevier Ltd. All rights reserved.
Recently, a number of transition metal-mediated aryl–
aryl coupling reactions such as Stille-,1 Suzuki-,2 and
Ullmann-type reactions3 have been developed for the
facile synthetic methodologies to construct the biaryl
compounds. In case of azulene derivatives, Morita and
Takase reported the synthesis of biazulenes using Ull-
mann reaction. However, the reaction required very
high temperature.4 In 1985, Iyoda and co-workers also
reported nickel-mediated synthesis of the parent 1,1 0-
biazulene (5), but the procedure afforded 1,1 0,3 0,1 0 0-
ter- and 1,1 0:3 0,100:300 1000-quaterazulenes as by-products.5

Razus and co-workers reported the reaction of N-(azul-
enyl-1-yl-methylene)arylamines with FeCl3 afforded the
1,1 0-biazulene derivatives in mild condition and reaction
mechanism was supposed as a radical reaction.6 Re-
cently, we have reported the transition metal-catalyzed
synthesis of arylazulenes.7 However, transition metal-
catalyzed synthesis of 1,1 0-biazulenes might be difficult
because of instability of 1-haroazulenes required. More-
over, preparation of metal reagents for the coupling
reaction is not easy and the most promising borane re-
agent is unstable to exhibit easy hydrolysis to afford
hydrocarbon derivative.8 Herein, we report the transi-
tion metal and coupling metal reagent free synthesis
and pyridinylation of 1,1 0-biazulene (5).
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Recently, we have reported the synthesis and properties
of tri(1-azulenyl)methyl cations9 and di(1-azulenyl)-p-
tolylamines.10 As the part of these studies, we have
attempted the preparation of (1-azulenyl)sulfonium ion.
Previously, the preparation of triphenylsulfonium ion
has been reported by reaction of diphenylsulfoxide and
benzene derivatives in the presence of trifluoromethane-
sulfonic anhydride (Tf2O).11 We examined the synthesis
of di(1-azulenyl)methyl sulfonium ion (2) using the sim-
ilar reaction conditions as described in the literature. At
first, the reaction of 1-azulenyl methyl sulfoxide (1)12

with acid anhydride such as Tf2O, trifluoroacetic anhy-
dride, and acetic anhydride was investigated. In these
cases, we expected the formation of di(1-azulenyl)methyl
sulfonium ion (2). However, the reaction of 1 with azul-
ene in the presence of trifluoromethanesulfonic anhy-
dride or trifluoroacetic anhydride did not afford the
desired product 2, but decomposition of 1 was observed.
Furthermore, the sulfoxide 1 did not react with azulene
in the presence of acetic anhydride and starting materi-
als were recovered. However, we found that the unex-
pected compound, 1,1 0-biazulene derivative 3, was
obtained by changing the acid anhydrides to the corre-
sponding acids. Reaction of 1 with trifluoroacetic acid
at 0 �C afforded 3,3 0-methylmercapt-1,1 0-biazulene
(3)13 as a sole product in 89% yield. Similarly, sulfoxide
1 reacted with 60% HPF6 and HCl to give 3 in 87% and
75% yield, respectively. However, trifluoromethane-
sulfonic acid and sulfuric acid were revealed not to be
efficient for this coupling reaction because of the decom-
position of the azulene under these reaction conditions.
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Table 1. Synthesis of 3,3 0-methylmercapt-1,10-biazulene (3)

Entry Acid Reaction time Yield (%)

1 CF3CO2H 5 min 89
2 60% HPF6 5 min 87
3 37% HCl 5 min 75
4 CF3SO3H 5 min 39
5 H2SO4 5 min Decomp.
6 CCl3CO2H 24 h No reaction
7 CH3CO2H 24 h No reaction
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No reaction was observed when trichloroacetic acid and
acetic acid were used as an acid (Scheme 1 and Table 1).
Although the detail reaction mechanism of this reaction
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is unclear, reaction was might be radical mechanism
such as Razus et al. previously reported (Scheme 2).

There are several reports for the preparation of 1,1 0-
biazulenes, but those methodologies require high tem-
perature or transition-metal reagents.4,5 In this method,
the reaction proceeds under much milder conditions and
very short reaction time within 5 min. Furthermore, this
method does not require prior modification of azulene
such as halogenation, borylation, or stannylation.
Therefore, this synthetic strategy may have great advan-
tage comparing with the transition metal-mediated syn-
thesis of 1,1 0-biazulenes.

To evaluate this methodology, we attempted the conver-
sion of product 3 to the parent 1,1 0-biazulene (5). In
1962, Hafner et al. have reported that 1,3-dialkyl-substi-
tuted azulene derivatives undergo the electrophilic
ipso-substitution such as Friedel–Crafts acylation and
Vilsmeier formylation at the 1 and/or 1,3-positions.14

We found that as similar to the reaction of 1,3-dialkyl-
substituted azulenes, 3,3 0-formyl-1,1 0-biazulene (4)6

was obtained by Vilsmeier formylation of 3 in 90% yield.
This is the first example that the methylmercapt group
behaved as a leaving group in electrophilic ipso-substitu-
tion in the azulene chemistry. Thus, the methylmercapt
group can be regarded as a synthon of the formyl group,
which is useful functional group in organic synthesis.
Conversion to the parent 1,1 0-biazulene (5) from the for-
myl compound 4 was established by the reaction with
pyrrole in acetic acid.15 The reaction of 4 with pyrrole
in acetic acid gave the corresponding 1,1 0-biazulene (5)
in 71% yield (Scheme 3).16
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For the further expansion of the never reported p-elec-
tron system and heteroarylation of 1,1 0-biazulene (5),
pyridinylation of 1,1 0-biazulene (5) at the 3- and 3 0-posi-
tions was also investigated. Recently, we have demon-
strated that the reaction of azulene with the triflate of
N-containing heterocycles, which are readily available
from the reaction of N-containing heterocycles with
Tf2O, gives 1-(dihydroheteroaryl)- and 1,3-bis(dihydro-
heteroaryl)azulene derivatives.17 The transformation
from the dihydroarylazulene derivatives to 1-hetroaryl-
and 1,3-bis(heteroaryl)azulene derivatives opened a
new two-step strategy for the heteroarylation of azul-
ene.18 The pyridinylation of 1,1 0-biazulene (5) was
established by the procedure similar to the other azulene
derivatives reported. The reaction of 5 with pyridine in
the presence of Tf2O gave 3,3 0-dihydropyridyl-1,1 0-
biazulene derivative 6 in 85% yield. The desired 3,3 0-
(4-pyridyl)-1,1 0-biazulene (7)19 was obtained by the
reaction of product 6 with KOH in EtOH at room
temperature in 95% yield (Scheme 4).

In conclusion, we have established the novel synthesis of
the parent 1,1-biazulene (5). Reaction of 1-azulenyl
methyl sulfoxide (1) with an acid gave 1,1 0-biazulene
derivative 3. Methylmercapt groups of 3 were readily
converted to formyl groups by Vilsmeier reaction. 3,3 0-
Formyl-1,1 0-biazulene (4) reacted with pyrrole in acetic
acid to afford the parent 1,1-biazulene (5). We also
established the further transformation of the pyridinyl-
ation of 1,1-biazulene (5) to expand the p-electron con-
jugation system of 5. Reaction of 5 with pyridine in the
presence of Tf2O gave 3,3 0-dihydropyridyl-1,1 0-biazul-
ene derivative 6, which reacted with KOH in EtOH at
room temperature to afford the presumed 3,3 0-(4-pyr-
idyl)-1,1 0-biazulene (7). Further expansion of p-electron
systems using the 1,1 0-biazulene core and physical prop-
erties of these new compounds are now investigated in
our laboratory.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/
j.tetlet.2007.05.109.
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