
Tetrahedron Letters 47 (2006) 7557–7561
Synthesis of new diheteroarylcarbazoles: a facile and simple route
of 3,6-di(pyrazol-4-yl)carbazoles
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Abstract—A short and facile route to the synthesis of new 3,6-di(pyrazol-4-yl)carbazoles is reported. Dipyrazolylcarbazoles were
synthesized in two steps from 3,6-diacetylcarbazoles through a Vilsmeier reaction which led to the formation of carbazolyl-b-chloro-
vinyl aldehydes, followed by cyclization with hydrazine hydrate. The reaction of the Vilsmeier reagent with hydrazones of diacetyl-
carbazoles yielded the corresponding pyrazole dicarbaldehydes in good yields.
� 2006 Elsevier Ltd. All rights reserved.
Figure 1. ORTEP diagram of 3-chloro-3-[6-(1-chloro-3-oxo-prop-
enyl)-9-butyl-9H-carbazol-3-yl]propenal 2c.
Natural products comprising a carbazole skeleton fused
with another heterocycle have received significant atten-
tion due to the promising antitumor properties of sev-
eral of their representatives. Numerous total syntheses
of these natural compounds have been accomplished
as well as structural modifications for annulating vari-
ous heterocyclic systems to carbazole.1 The rapidly
growing class of heteroaryl-condensed carbazoles has
begun to attract increasing interest because of their
broad spectrum of useful biological activities.2

Most heteroarylcarbazoles reported in the literature
contain a heteroaryl moiety fused with a carbazole;
however, there are few reports where the heteroaryl moi-
ety is substituted with a carbazole unit. Hence, a practi-
cal method for the preparation of such compounds is
desirable (see Figs. 1–3).

Pyrazole derivatives have been reported as pharmaceuti-
cals for the treatment of cerebrovascular disorders3 and
for their antiarrhythmic, sedative, and platelet
anti-aggregating activities.4 This promising biological
activity prompted us to introduce pyrazoles in the 3,6-
positions of 9-alkylcarbazoles. Biologically active 3-
substituted and 3,6-disubstituted carbazoles have been
reported in the literature.5
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A survey of the literature revealed that the main meth-
ods for the construction of pyrazole rings consist of
the reaction between hydrazines and b-difunctional
compounds6 or 1,3-dipolar cycloadditions of diazo com-
pounds onto triple bonds.7 We herein report a short
synthesis of 3,6-di(pyrazol-4-yl)carbazoles from 3,6-
diacetylcarbazoles.

The carbazolyl-b-chlorovinylaldehydes8 were readily
prepared from 9-alkyl-3,6-diacetylcarbazoles9 using
the Vilsmeier reagent, for example, reaction of 9-
methyl-3,6-diacetylcarbazole 1a with DMF/POCl3 gave
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Figure 2. ORTEP diagram of 3-[6-(4-formyl-1-phenyl-1H-3-pyrazolyl)-9-methyl-9H-3-carbazolyl]-1-phenyl-1H-4-pyrazolecarboxaldehyde 5a.
Asymmetric unit of the crystal showing two molecules. Hydrogen atoms are omitted for clarity.

Figure 3. ORTEP diagram of 3-[6-(4-formyl-1-phenyl-1H-3-pyrazolyl)-9-benzyl-9H-3-carbazolyl]-1-phenyl-1H-4-pyrazolecarboxaldehyde 5d.
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carbazolyl-b-chlorovinylaldehyde 2a in 72% yield. Con-
densation followed by cyclization with hydrazine
hydrate in acetic acid at reflux for 1 h gave
dipyrazolylcarbazole 3a10 in 76% yield (Scheme 1).
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The 1H NMR spectrum of 2a showed the aldehyde sig-
nal at d � 10.11 as a doublet (J = 7.2 Hz). The structure
of product 2c was also confirmed by the single crystal X-
ray analysis.11 The 1H NMR spectrum of compound 3a
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showed the N–H signal at d � 12.93 as a broad singlet.
The reaction also worked well for several other 9-alkyl
carbazoles (Scheme 1).

The cyclization of iminium species under Vilsmeier con-
ditions is an important synthetic tool in organic chemis-
try which provides entry to a large number of
heterocyclic systems. The classical Vilsmeier–Haack
reaction involves electrophilic substitution of an acti-
vated aromatic ring with a halomethyleneiminium salt
to yield the corresponding iminium species.12 However,
the scope of this reagent is not restricted to aromatic
formylation and a wide variety of alkene derivatives,13

activated methyl and methylene groups14 and oxygen
and nitrogen nucleophiles15 react with the Vilsmeier
reagent to yield the corresponding iminium salts.

In connection with this, we describe the cyclization of
phenylhydrazones of N-alkyl-3,6-diacetylcarbazoles
under Vilsmeier–Haack reaction conditions. The hydra-
zones were easily prepared from the corresponding
diacetylcarbazoles by the reaction with the phenylhydr-
azine in acetic acid at room temperature.16

Hydrazone 4a of 9-methyl-3,6-diacetylcarbazole 1a on
reaction with an excess Vilsmeier reagent resulted in
the formation of pyrazole dicarboxaldehyde 5a17 in
89% yield (Scheme 2). The reaction was also carried
out with other 9-alkyl (ethyl, butyl and benzyl) substit-
uents and the products were obtained in good yields.
The structures of products 5a and 5d were also con-
firmed by the single crystal X-ray analysis.18

A possible mechanism for the formation of compounds
5a–d is given in Scheme 3. The methyl group of phen-
ylhydrazones 4a–d reacts with the in situ generated halo-
methyleneiminium salt to form the intermediate I which
loses a molecule of dimethylamine to yield pyrazole II.
This further reacts with the halomethyleneiminium salt
to afford iminium salt III, which is hydrolyzed to pyra-
zole dicarbaldehydes 5a–d.

In summary, we have prepared an interesting class of
heterocyclic compounds from easily available starting
materials via a new synthetic procedure. The methods
are simple and straightforward starting from easily
accessible starting materials.
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