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Triethylphosphite induced reductive cyclisation of 1-(2-nitrophenyl)-3,5-di(2-thienyl)pyrazole 6 affor-
ded the expected 1,3-di(2-thienyl)pyrazolo[1,2-a]benzotriazole 7 (14%) together with an unexpected
product which was shown to be a 2-(2-thienyl)pyrazolo[1,5-a]pyrrolo[2,1-c]quinoxaline 8 derivative
(27%). A mechanism for the extrusion of sulfur during the transformation of heterocycle 6 into product
8 is proposed.

� 2012 Elsevier Ltd. All rights reserved.
The synthesis and properties of thiophene-containing conduct-
ing polymers have attracted considerable interest.1–4 We recently
reported the synthesis of monomer 1 and have studied its electro-
polymerisation which yielded a polymer with optical and electro-
chemical band-gaps of 2.35 and 2.34 eV, respectively.5 Monomer 1
is an example of a Type B heterocyclic mesomeric betaine (HMB)6

and as such, is associated with the general core structure in which
the heteroatoms X and Y are located at the bridge-head positions
and formally contribute a pair of electrons to the p-system as
depicted in formula 2. The polymer derived from monomer 1 is, to
our knowledge, the first example of a thiophene-containing mate-
rial built upon a Type B HMB scaffold. In contrast to Type B HMBs,
the Type A HMBs are associated with heteroatoms X and Y that
are located at non-bridgehead positions as shown in formula 3. Sev-
eral examples of thiophene-containing conducting polymers which
possess this structural motif have been reported such as polymers
derived from the thienyl-substituted thieno[3,4-c][1,2,5]thiadia-
zole 4 (Eg = 0.9 eV)7 and related systems.8 An important feature of
both Type A and Type B HMBs is that their highest occupied molec-
ular orbital is topologically and energetically similar to a non-
bonding molecular orbital.6 Consequently, the frontier molecular
orbital energy separation in these systems is relatively small and
this property can be used beneficially for the construction of low
band-gap polymers such as those noted above.
ll rights reserved.
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k (S.P. Stanforth).
In view of our interest in thiophene-containing Type B HMBs as
precursors to potential low band-gap polymers, we report in this
Letter an investigation of the reductive cyclisation of compound
6 as a potential route to the Type B HMB 7.
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The reaction of compound 59 with 2-nitrophenylhydrazine afforded
1-(2-nitrophenyl)-3,5-di(2-thienyl)pyrazole (6) (Scheme 1).10 In
view of several known examples of the triethylphosphite mediated
reductive cyclisations of 1-(2-nitrophenyl)pyrazole derivatives
yielding Type B HMBs based upon the pyrazolo[1,2-a]benzotriazole
ring system,11 heterocycle 6 was treated with hot triethylphosphite
with the expectation that the required Type B HMB 7 would be
formed. However, two products were formed from this reaction;
the required pyrazolo[1,2-a]benzotriazole HMB derivative 7 was
produced as anticipated together with an unexpected product which
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Figure 1. X-ray crystal structure of heterocycle 8 (ORTEP representation). Ellipsoids are shown at the 50% probability level.
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Scheme 1. Synthesis of heterocycles 7 and 8. Reagents and conditions: (i) 2-nitrophenylhydrazine, AcOH, EtOH, concd H2SO4 (cat.), reflux (33%); (ii) P(OEt)3, 110 �C, 28 h [7
(14%) + 8 (27%)].
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was identified as 2-(2-thienyl)pyrazolo[1,5-a]pyrrolo[2,1-c]quinox-
aline (8).12 The structure of compound 8 was confirmed by X-ray
crystallography (Fig. 1).13 The asymmetric unit consists of two crys-
tallographically independent molecules, in an approximately copla-
nar arrangement. Both molecules are completely planar and pack
with a herringbone style arrangement, forming five intermolecular
C–H� � �p interactions.

A plausible mechanism which accounts for the formation of
heterocycle 8 is depicted in Scheme 2. Reduction of the nitro com-
pound 6 by triethylphosphite gives a putative intermediate nitrene
9 (or an equivalent species) from which the HMB 7 is formed by
nitrogen–nitrogen bond formation. In order to account for the for-
mation of heterocycle 8, the electrophilic nitrene 9 might also have
reacted at the 2-position of the appositely located electron-rich
thiophene ring yielding a dipolar intermediate 10 from which the
bridged sulfide 11 is formed (Scheme 2). Extrusion of sulfur from
compound 11, presumably by its reaction with triethylphosphite,
then affords the heterocycle 8.

To our knowledge, compound 8 is the first example of a
derivative of the novel pyrazolo[1,5-a]pyrrolo[2,1-c]quinoxaline
heterocyclic ring system 12. The dipyrrolo[1,2-a:20,10-c]quinoxa-
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Scheme 2. Proposed mechanism for
line 13 and some related derivatives have been reported re-
cently as conformationally restricted 2,20-bipyrrole analogues.14

In conclusion, we have prepared a novel heterocyclic ring
system which has been formed by an unexpected mechanism.
A thiophene ring has effectively been converted into a
pyrrole-ring during this process. The Type B HMB 7 has been
successfully prepared but in view of its relatively low yield
and the requirement of chromatography for its purification,
this heterocycle is unlikely to find use as a polythiophene
precursor.
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the formation of heterocycle 8.
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