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Previous work7
The pyrazole ring system is considered to be of great signifi-
cance because it is represented in several compounds ascribed
with pharmacological and agricultural properties.1 In recent times
there has been considerable interest in the development of newer
strategies to obtain substituted and annulated pyrazoles.2 Among
the strategies for preparing annulated pyrazole systems, haloge-
nated pyrazoles are regarded as important building blocks because
of their potential to undergo a variety of transition-metal based
coupling reactions.3,2c,f,1e In a project directed toward studies re-
lated to development of strategies for generating annulated pyra-
zoles via transition metal-mediated coupling reactions we have
achieved significant success. Whereas copper-mediated intramo-
lecular C–N coupling in pyrazoles gives easy access to pyrazol-
o[4,3-b]pyridin-5-ones, pyrazolo[4,3-b]pyridines, pyrazolo-fused
benzodiazepines and benzoxazoazepines, pyrazolo[4,3-d]pyrimi-
dines and pyrazolo[4,3-d]pyrimidin-7(6H)-ones,4 palladium medi-
ated heteroarylation of the heteroarene C–H bond in pyrazoles
leads to a variety of pyrazolo fused-azepines.5 In continuation of
our exploration related to copper mediated C–N coupling reactions
in halogenated pyrazoles we envisaged that a reaction between
4-iodopyrazolecarbaldehyde and ethylisocyanoacetate would re-
sult into pyrrole-fused pyrazole derivatives. Our reasoning
stemmed from the previous report of Cai et al. where they have
synthesized indole-2-carboxylic acid esters using similar strategy.6
ll rights reserved.
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The pyrrole-fused pyrazoles were earlier prepared by treating the
pyrazolecarbaldehyde with ethyl azoacetate followed by thermal
cyclization (Fig. 1).7 However as the copper-promoted tandem pro-
cess for heterocyclic synthesis is of current interest8 and we were
interested in exploring the participation of the halogenated pyra-
zoles for C–N coupling we decided to proceed to investigate our
strategy. We report herein straightforward synthesis of a variety
of pyrrolopyrazoles via sequential condensation, coupling, and
deformylation process.

We initiated the investigation by studying the reaction of 1,5-
biphenyl-4-iodo-3-pyrazolecarbaldehyde 1 and ethylisocyanoace-
tate 2 as a model under the reported conditions. It was gratifying
This work
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Figure 1. Strategies for the synthesis of pyrrole-fused pyrazoles.
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Table 1
Optimization of reaction conditions with respect to catalyst, base, and solventa

N NPh

Ph
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I

CHO + CN CO2Et

Cu-source,
base, solvent

90 oC, 12 h

1 2 3

Entry Catalyst Base Solvent Yieldb (%)

1 CuI Cs2CO3 DMSO 70
2 CuI Cs2CO3 DMF 75
3 CuI Cs2CO3 Toluene 12
4 CuI K2CO3 DMF 43
5 CuI K3PO4 DMF 36
6 Cu2O Cs2CO3 DMF 56
7 CuCl Cs2CO3 DMF 59
8 CuBr Cs2CO3 DMF 62

a Reaction conditions: 4-iodo-3-pyrazolecarbaldehyde (0.67 mmol), ethyl-
isocyanoacetate (0.67 mmol), Cu-source (0.13 mmol), base (1.34 mmol), solvent
(4 mL), 90 �C, 12 h under nitrogen atmosphere.

b Isolated yields.
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Table 2 (continued)
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a Reaction conditions: halo pyrazolecarbaldehyde (1.0 mmol), ethylisocyanoacetate
(1.0 mmol), Cu-source (0.2 mmol), base (2.0 mmol), solvent (4 mL), 90 �C, 12 h
under nitrogen atmosphere.
b Isolated yields.
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to note that the required product 3 was isolated in 70% yield in the
presence of 10% of CuI (Table 1, entry 1). The reaction was unsuc-
cessful in the absence of copper. Optimization with respect to sol-
vent and base indicated that the reaction proceeded efficiently in
the presence of Cs2CO3 as base and DMF as solvent (Table 1, entry
2). Other Cu(I) salts including Cu2O, CuCl, and CuBr though were
effective, gave inferior results (Table 1, entries 6–8). Hence the
optimized reaction conditions were CuI (10 mol %), Cs2CO3

(2.0 equiv) in DMF at 90 �C for 12 h under nitrogen atmosphere
(Table 1, entry 2).

Under these optimized conditions,9 we set out to investigate the
scope of the protocol and the results are presented in Table 2. It is
noteworthy that all halogenated pyrazolecarbaldehydes undergo
the reaction to afford the respective pyrrolo-fused pyrazole prod-
ucts. It was observed that the substitutions on the pyrazole have
no bearing on the outcome of the reaction. The regioisomeric pyr-
azole derivatives gave comparable yields (entries 1–3 and 11–13).
It was also observed that the nature of halo group (I or Cl) present
on the pyrazole nucleus reacted with almost equal efficiency (for I
entries 1–14, for Cl entries 15 and 16).
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Figure 2. Plausible mechanism for the formation of pyrrolo-fused pyrazoles.
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Mechanistically, first the condensation reaction between the
aldehyde and ethylisocyanoacetate takes place followed by addi-
tion of water to the isonitrile moiety. Subsequent Cu-mediated
C–N cross coupling and deformylation afforded the pyrrolo-fused
pyrazole (Fig. 2). We presume that here too the Cu-catalyzed cou-
pling reaction was successful because it was intramolecular in
nature.

In summary, we have demonstrated the synthesis of a variety of
pyrrolo-fused pyrazoles from halogenated pyrazolecarbaldehydes
via a Cu-mediated cascade process in one-step. The strategy is ver-
satile as all types of halogenated pyrazoles irrespective of substitu-
tions and type of halogen gave products in comparable yields.
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