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Abstract—A series of 2-(pyrazolo[1,5-a]pyrimidin-5-yl)benzoic acids 5 has been prepared by a novel protocol that uses the fusion
method between 5-amino-1H-pyrazoles 4 and 3-(3-oxo-2-benzofuran-1(3 H)-ylidene)pentane-2,4-dione 3. The use of this novel pro-
tocol renders good to excellent yields along with short reaction times. In addition, this solvent-free cyclocondensation proceeds in a
regiospecific fashion by intramolecular ring opening of the furane ring in a Michael-type reaction.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Pyrazolo[1,5-aJpyrimidines are purine analogues with
useful properties as antimetabolites in purine biochemi-
cal reactions, that have displayed wide pharmacological
applications due to their antitrypanosomal' and antis-
chistosomal? activities, their sedative and anxiolitic-like
properties® and their potential as HMG-CoA reductase
inhibitors,* COX-2-selective inhibitors,> AMP phospho-
diesterase inhibitors,® KDR kinase inhibitors’ and selec-
tive peripheral benzodiazepine receptor ligands.® These
interesting biological properties have prompted the
development of new procedures for the synthesis of pyr-
azolo[1,5-alpyrimidine derivatives.” Various methods of
synthesis that have been described in the past involved
the reaction between S-aminopyrazoles with 1,3-bise-
lectrophilic compounds, such as B-dicarbonyl, alkoxy-
methylene-B-dicarbonyl and B-enaminone compounds.'?

On the other hand, benzoic acid or benzoate salts, which
remain widely used as food preservatives,!' have exhib-
ited some biological properties and drug-drug interac-
tions.'> The benzoic residue is also present in a variety
of pharmacologically active compounds. For example,
5-aminosalicylic acid has shown inhibition of thiopurine
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methyltransferase, as well as drug—drug interaction with
sulfasalazinem'? and has been used as a anti-lipidemidic
agent'4 or as a modulator in drug pharmacokinetics.'>

Here, we report a new synthetic procedure that incorpo-
rates both systems, that is, pyrazolo[l,5-aJpyrimidine
and benzoic residues, into a single molecule. Compared
to those compounds having either functionality, the new
molecule is expected to exhibit enhanced biological
activity. In this way, while using a friendly environmen-
tal protocol,!® we have adapted the known method
using B-enaminones and aminopyrazol to the prepara-
tion of pyrazolo[l,5-aJpyrimidines, but including this
time a cyclic bivalent leaving group that would result
in a benzoic residue after condensation. We hypothesize
that the condensation adduct of phthalic anhydride and
a 1,3-dicarbonyl derivative could fulfil such expectation,
and hence 3-(3-ox0-2-benzofuran-1(3 H)-ylidene)pentane-
2,4-dione was prepared as described recently (see
Scheme 1).!7

2. Results and discussion

Continuing our studies on the application of solvent-free
cyclocondensation procedures in the synthesis of fused
pyrazoles,'® our early efforts involved the use of a fusion
method between 3-(3-ox0-2-benzofuran-1(3 H)-ylidene)-
pentane-2,4-dione 3 and aminopyrazoles 4 in equimole-
cular amounts by heating in an oil-bath at 150 °C, that
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Scheme 1.

afforded successfully the desired 2-(6-acetyl-2-R-7-meth-
ylpyrazolo[1,5-aJpyrimidin-5-yl)benzoic acids 5a-h after
just a few minutes'® (Scheme 2). It is worth mentioning
that the goodness and simplicity of this process is due to
the fact that the new compounds were obtained in excel-
lent yields as stable crystalline solids and easily purified
by recrystallization from ethanol. In addition, com-
pounds 5 were prepared in a regioselective fashion with
participation of the new reagent 3, which allows the intro-
duction of polyfunctionality in the pyrazolo[1,5-a]Jpyrim-
idines, such as the benzoic acid residue. No evidence of
the regioisomer derivative 6 was found.

The structure of compound Sa-h was appropriately
established by spectroscopic and analytical methods.
NMR data were consistent with structures 5 and, for
example, the '"H NMR spectrum for compound 5a
exhibits a sharp singlet at 6.57 and another wide singlet
at 13.01 ppm, corresponding to the =CH-pyrazolic pro-

NH,
ﬁ

R—\ +
N/NH

4a-h

ton at positions 3 and to the CO,H-group, respectively.
The presence of these signals agrees with the proposed
structure reaction route, discarding the possible forma-
tion of pyrazolo[3,4-b]pyridine 6 (Scheme 2). The whole
carbon skeleton was assigned using '*C NMR spectra,
combining with DEPT and two dimensional 'H, "*C
shift correlation HMQC and HMBC experiments.

We consider that compounds 5 result from a Michael-
type nucleophilic addition of NH,-group of amino-
pyrazole to C=C bond of compound 3 with intramolec-
ular ring opening of the furane ring to give intermediate
A (Scheme 3). Such intermediate can then evolve either
by cyclization via attack of the nucleophilic nitrogen at
the pyrazole to a carbonyl with elimination of a water
molecule to form the obtained compounds 5, or via at-
tack of the C-4 at the pyrazole instead of the N-1 to give
regioisomer 6. The higher nucleophilicity!*®!° of this
nitrogen agrees with the findings (see Scheme 3).

Entry R Yield (%)
5a CH; 90
5b (CH,):C 92
5c C¢H; 85
5d 4-CH,C,Hs, 87
Se 4-CH,0C4Hs, 9
5f 4-O,NC,H; 82
Sg 4-C1C6H5 92
Sh 4-B rC6H5 90

Scheme 2.
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Figure 1. Molecular structure, showing 50% of probability ellipsoid, of
one of the two residues that form the asymmetric unit for 5¢:DMF.
Atom numbering is different from that used previously.

Structure of compounds 5 was established unambigu-
ously by single-crystal X-ray crystallographic analysis
of compound 5S¢ (see Fig. 1).

3. Conclusions

A simple, efficient and versatile one-step method for the
synthesis of polyfunctionally substituted pyrazolo[l,5-a]-
pyrimidines under solvent-free conditions is described.
The use of a biselectrophilic reagent 3-(3-oxo-2-benzo-
furan-1(3 H)-ylidene)pentane-2,4-dione has provided a
highly regioselective cyclocondensation along with the
introduction of a 2-benzoic acid residue that, because
of their potential biological activity, may increase the
scope and applications.
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