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One-pot synthesis of highly functionalized pyrazoles
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Abstract—The reactive 1:1 intermediate produced in the reaction between isocyanides and dialkyl acetylenedicarboxylates was
trapped with 1,2-diacylhydrazines to yield highly functionalized pyrazoles in good yields.
� 2005 Elsevier Ltd. All rights reserved.
Nitrogen heterocycles are of synthetic interest because
they constitute an important class of natural and non-
natural products, many of which exhibit useful biologi-
cal activity.1 The interest in five-membered systems with
two adjacent nitrogen atoms stems from the occurrence
of saturated and partially saturated pyrazoles in biolog-
ically active compounds and natural products.2,3 Some
examples are used in supramolecular and polymer chem-
istry, pharmaceuticals, agrochemicals, food, cosmetic
colorings, complexing agents for the synthesis of hydro-
genation catalysts, and UV stabilizers, whilst some have
liquid crystal properties.3–9

By far the most common synthetic methods for the prep-
aration of pyrazole ring systems involve ring synthesis
from non-heterocyclic precursors by formation of one
bond (between the two heteroatoms [N–N], adjacent
to a heteroatom [C–N], or b to a heteroatom [C–C]),
and by formation of two bonds from [4+1] atom frag-
ments ([CCNN+C] or [CCCN+N]), or from [3+2] atom
fragments ([CCC+NN] or [CNN+CC]), and also by
transformation of another ring.3–16 To date, we know
of no published report concerning the synthesis of pyra-
zole ring systems by formation of three new bonds. In
this letter, we report a facile synthesis of highly function-
alized pyrazoles by formation of three new bonds from
[1+2+2] atom fragments [C+CC+NN]. Thus, isocya-
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nides 1 and dialkyl acetylenedicarboxylates 2 in the pres-
ence of 1,2-diacylhydrazines 3 undergo a smooth 1:1:1
addition reaction in acetone at ambient temperature,
to produce the highly functionalized pyrazoles 4 in 68–
85% yields (Scheme 1).

The structure of 4a was assigned on the basis of
elemental analysis, IR, high-field 1H and 13C NMR
spectra, and mass spectrometric data.17 The mass spec-
trum of 4a displayed the molecular ion (M+) peak at
427 m/z, which is consistent with the 1:1:1 adduct of
cyclohexyl isocyanide, dimethyl acetylenedicarboxylate,
and diethyl hydrazine-1,2-dicarboxylate. The 1H NMR
spectrum of 4a exhibited three sharp singlets readily
recognized as arising from the two methoxy (d = 3.53
and 3.54 ppm) and methine (d = 5.20 ppm) protons. A
broad signal (d = 7.17 ppm) corresponded to the NH
proton, along with the characteristic multiplets with
appropriate chemical shifts and coupling constants for
the 11 protons of the cyclohexyl moiety and 10 protons
of the two ethoxy groups. The proton decoupled 13C
NMR spectrum of 4a showed 19 distinct resonances in
agreement with the proposed structure.17

Although we have not established the mechanism of the
reaction between isocyanides and acetylenic esters in the
presence of hydrazine derivatives 3 in an experimental
manner, a possible explanation is proposed in Scheme
2. On the basis of the well-established chemistry of iso-
cyanides,18–22 it is reasonable to assume that the func-
tionalized pyrazoles 4 may result from initial addition
of the isocyanide to the acetylenic ester and subsequent
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protonation of the 1:1 adduct 5 by compound 3, fol-
lowed by attack of the anion of the NH-acid 7 on the
positively charged ion 6 to form the ketenimine 8. The
ketenimine intermediate 8 can then isomerize to produce
the heterocyclic system 4.

In summary, the reaction between isocyanides and dial-
kyl acetylenedicarboxylates in the presence of acyl
hydrazines provides a simple one-pot entry into the syn-
thesis of polyfunctional pyrazoles of potential synthetic
and pharmaceutical interest. The present method carries
the advantage of being performed under neutral condi-
tions and requires no activation or modification of the
educts.
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