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Scheme 1.
A series of 5-amino-1-aroylpyrazoles 3 are synthesized directly by the reaction of b-aminocrotononitrile
1 with some structures containing the hydrazine moiety (X-NHNH2) 2 by refluxing ethanol in presence
of sodium acetate. When semicarbazide 3i was used (X = CONH2), the reaction afforded the unexpected
7-aminopyrazolo[1,5-a]pyrimidine 4.

� 2008 Elsevier Ltd. All rights reserved.
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Examples of natural products containing pyrazole nucleus are
very scarce, but many synthetic pyrazoles are biologically active,1

and some have shown pharmacological utility as antianxiety,2

antipyretic, analgesic, and anti-inflammatory agents,3 as well as
for their antimicrobial properties, especially antibacterial4 and
antifungal activities.5 Substituted pyrazoles are important syn-
thetic targets in the pharmaceutical industry as the pyrazole struc-
ture forms part of numerous biologically active compounds,6

including blockbuster drugs such as Celebrex�7 and Viagra�.8

The 5-aminopyrazoles having two or more adequate functional
groups are potential intermediates of useful polyheterocycles.9

Additionally, some pyrazole structures containing the aroyl group
present an important elastase inhibitory activity.10

It is known that the acylation of N-unsubstituted aminopyraz-
oles gives a mixture of structures I (exocyclic amino group) or II,
III (endocyclic amino group) (Scheme 1).11 In the course of this
work, some difficulties have been found in the structural determi-
nation, particularly for the N-unsubstituted compounds for which
ll rights reserved.
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tautomerism may occur. The tautomerism of N-unsubstituted
aminopyrazoles has been the subject of several studies.12

As part of our study using acrylonitriles as the starting material
for the preparation of aminoderivatives of pyrazole,12d,13 we have
now designed a simple method for the synthesis of novel 5-ami-
no-1-aroylpyrazoles by the reaction of b-aminocrotononitrile 1
with compounds containing the hydrazine moiety (X-NHNH2) 2.
The reaction of 1 with 2a–h in equimolecular amounts was carried
out in refluxing ethanol in the presence of sodium acetate to afford
the 1-aroyl-5-aminopyrazoles 3a–h in good yields (Scheme 2).14,15

It is important to point out that when semicarbazide 2i was
used (X = H2NCO) the reaction afforded the 7-aminopyrazolo[1,5-
a]pyrimidine 4 (yield 38%). Compound 4 is probably formed
through the intermediate pyrazole 3i, which would suffer
X
1   reflux, 2 h

3a-h

3 X Yield (%)
a C6H5C(O) 94 
b  (2-O2NC6H4)C(O) 97 
c  (4-O2NC6H4)C(O) 96 
d  (2-FC6H4)C(O) 97 
e  (2-ClC6H4)C(O) 98 
f  (4-ClC6H4)C(O) 85 
g  (4-CH3OC6H4)C(O) 90 
h H2NC(S) 80 

Scheme 2.
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hydrolysis and later cyclocondensation with a second molecule of
1 (Scheme 3).

In order to corroborate the formation of unexpected compounds
4 according to the above suggestion and based on our studies on
the application of solvent-free cyclocondensation procedures in
the synthesis of fused pyrazoles,16 we carried out the reaction
between 1 and 5-amino-1H-pyrazoles 5 in equimolecular amounts
by fusion method heating in an oil-bath at 150 �C for 1.5 min or
irradiated in a microwave oven for 2.5 min (at 600 W), that suc-
cessfully afforded the desired 7-aminopyrazolo[1,5-a]pyrimidine
4 (Scheme 3).17

It is also important to mention that when isoniazid 2j was used
in this reaction, under the same conditions described above, a new
product was formed, whose molecular weight did not correspond
to the expected pyrazole 3j. The spectroscopic results enabled us
to propose a structure that is consistent with mass spectral find-
ings, and corresponding to N,N0-bis(isonicotinoyl)hydrazine 3j0,
the product formed by reaction of two molecules of isoniazid 2j
with elimination of a hydrazine molecule (Scheme 4).18,19

The structures of all new compounds were appropriately
established by the usual spectroscopic methods. Single crystal
X-ray diffraction analysis of some selected compounds was used
to corroborate the postulated structures.15,17,19

In summary, we have established a short, practical, and simple
method for the synthesis of novel 1-aroyl-5-aminopyrazoles 3a-h
from b-aminocrotononitrile 1, resulting in promising substrates
for drug design. The chemical and biological interest of the
aminoaroylpyrazoles mainly obtained in these experiments are
under investigation.
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