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ORIGINAL ARTICLE

Synthesis of 3-amino 1H-pyrazoles catalyzed by p-toluene sulphonic acid using polyethylene
glycol-400 as an efficient and recyclable reaction medium

N. Suryakiran, D. Ramesh and Y. Venkateswarlu*

Organic Chemistry Division-1, Indian Institute of Chemical Technology, Hyderabad, India
(Received 8 August 2007, final form 20 September 2007)

An efficient synthesis of 3-amino 1H-pyrazoles is described. The reaction of B-keto nitriles with hydrazines in the
presence of a catalytic amount of p-toluene sulphonic acid using polyethylene glycol-400 as an efficient and
recyclable reaction medium afforded the corresponding 3-amino 1H pyrazoles excellent yields.

Keywords: Polyethylene glycol-400; p-toluene sulphonic acid; B-keto nitriles; hydrazines; 3-amino 1H-

pyrazoles

Introduction

Pyrazoles, in particular 3-amino 1 H-pyrazoles, are an
important class of compounds in medicinal chemis-
try, possessing a large number of pharmacological
properties, such as being anti-hypertensive (1), anti-
bacterial (2), anti-inflammatory, muscle relaxants
(3,4) and acting as inhibitors of cyclin-dependent
kinases (CDK), such as CDK,/cycling A-E (5). They
are also potent and selective aurora kinase inhibitors
(6,7). In addition, 3-amino 1H-pyrazoles have an
industrial application in the inhibition of corrosion
on metals, such as Zn, Cu, Al and brass (8). Despite
their importance from pharmacological, industrial
and synthetic points of view, comparatively few
methods for the preparation of 3-amino 1 H-pyrazoles
have been reported. These include condensation of
hydrazines with B-keto nitriles (9), B-formyl nitriles
(4), B-methoxy vinyl nitriles (/0), o-nitrilo ethyl
acetate (/7), and solid supported condensation of [-
keto nitriles (/2). However, reported procedures
involve one or more limitations, such as incomplete
conversion of the starting materials, long reaction
times, and tedious work-up procedures with unsatis-
factory yields. Thus, an efficient and general method
for the synthesis of 3-amino 1H-pyrazoles is highly
desirable.

In recent years, polyethylene glycol promoted
reactions (/3) have attracted the attention of organic
chemists due to their solvating ability and apti-
tude to act as a phase transfer catalyst, negligible
vapor pressure, easy recyclability, reusability, ease of
work-up, eco-friendly nature, and economical cost.

Additionally, p-toluene sulphonic acid is cheap,
commercially available in its anhydrous forms, and
is used in various organic transformations (/4). In
this context, we report here an efficient and facile
method for the synthesis of 3-amino 1H-pyrazoles
by the condensation of B-keto nitriles and hydra-
zines in the presence of p-toluene sulphonic acid
using polyethylene glycol as an efficient and recycl-
able reaction medium.

Results and discussion

In this report (Scheme 1), we describe an efficient and
facile method for the synthesis of 3-amino 1H-
pyrazoles in the presence of p-toluene sulphonic acid
using PEG-400 as an efficient and reusable reaction
medium. This method does not require expensive
reagents or special care to exclude the moisture from
the reaction medium. We first examined the reaction
of benzoyl acetonitrile, i.e. B-keto nitrile (/5) with
4-hydrazinobenzoic acid in PEG-400 using p-toluene
sulphonic acid (0.01 equiv.) as a catalyst at 80°C to
yield the corresponding 3-amino 1H-pyrazoles in
98%. In order to optimize the reaction conditions,
we carried out the above reaction in different
solvents, such as acetonitrile, ethanol, dichloro-
methane, isopropyl alcohol, benzene and PEG-400,
using 0.01 equiv. of p-TSA. We found the PEG-400
an efficient reaction medium in terms of reaction time
as well as yield (98%) (Table 1). Furthermore,
increasing the amount of p-TSA from 0.01 to 1.0
equiv. had no effect on the rate of the reaction or the
yield of the product, and we believe that the p-toluene
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Table 1. Solvent effect on the reaction of benzoyl acetonitrile and 4-hydrazino benzoic acid catalyzed by p-toluene sulphonic
acid.

Entry Solvent (°C) p-TSA (equiv.) Time Yield (%)
1 CH3CN (80) 0.01 1 90
2 EtOH (80) 0.01 1 92
3 DCM (40) 0.01 2 60
4 C6H6 (80) 0.01 2 50
5 TPA (80) 0.01 2 92
6 PEG-40 (80) 0.01 1 98
7 PEG-400 (80) 0.1 1 99
8 PEG-400 (80) 0.5 1 98
9 PEG-400 (80) 1 1 98

Table 2. Synthesis of 3-amino 1H-pyrazoles catalyzed by p-toluene sulphonic acid using PEG-400 as an efficient reaction
medium.

Entry B-Keto nitrile Hydrazine Product® Time (h) Yield (%)
3a Q NH,NH,H,0 1 98
CN
|
_N
HNT N
H
o Ph CH,
3b CN NH,NH,H,0 | /lN 1.5 98
HNT N
Ph H
Ph
3c kCN NH,NH,H,0 N 1 98
Ph HN '}‘
H
Ph
NHNH
0 g | |

_N
3d Jv oN H N 1 99
Ph

N
COOH i

NHNH,
0 Ph

3e kc’\' T 3 93
Ph

COOH H,N
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Table 2 (Continued)

Entry B-Keto nitrile Hydrazine Product?® Time (h) Yield (%)
3f NHNH, Ph 1 99
CN .
H,N
Ph s~ ~CcooMe 2 N
S COOH
Ph
(0] | [
3g )& oN NH,NHCH,COOEt N 2.5 98
Ph RN N
CH,COOEt
3h o NH,NH,H,0 cl 1 96
CN
A
cl H,N l}l/
H
3i o NHNH, 1 99
@JvN
cl
COOH
. cl
3 3 94
! 0 NHNH,
CN
X
cl COOH HNT N7
f COOH
o)
CN CH
3k NH,NH,H,0 8 1 98
H,C
| |
_N
H_ N
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Table 2 (Continued)

Entry B-Keto nitrile Hydrazine Product?® Time (h) Yield (%)
3l o NHNH, Me 1 97
CN
A
H,C HNT N7
COOH
O COOH
NHNH,
CN
3m | | CH, 1 99
H,C S COOMe
[ |
N
H,N" N
S”~ "COOH
3n NH,NHCH,COOEt 2 98
O Me
/©)ch /,\_p
H,C |
s | N
HNT N
CH,COOEt
O

eN NHNH,
30
H,C

Me
Fg 3 96
N
H,N N~

2
COOCH @\
COOH

solated yields after column chromatography and all products gave satisfactory spectral (HNMR, EIMS) data.

sulphonic acid facilitates the reaction by donating the
proton throughout the reaction (Scheme 3). This
result encouraged us to carry out the reaction on
several B-keto nitriles with different hydrazines in the
presence of p-toluene sulphonic acid (0.01 equiv.) in
PEG-400 to afford the corresponding products ex-
cellent yields (Table 2). In addition, it is noticed that
the PEG-400 was recovered and reused for six runs
without loss of its activity (Table 3). From the
forgoing results, it is evident that the p-toluene

sulphonic acid is an excellent catalyst for the synthesis
of 3-amino 1H-pyrazoles and PEG-400 as an efficient
and recyclable reaction medium.

Experimental section
Typical experimental procedure

A stirred solution of B-keto nitrile (1 mmol), hydra-
zine (1 mmol) in polyethylene glycol-400 (10 ml), was
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Table 3. Synthesis of 3-amino 1H-pyrazoles using p-toluene sulphonic acid (0.01 equiv.) in PEG-400 as an efficient and

reusable reaction medium.

Entry Substrates Time (h) Yield (%)
1 o NHNH, 1 98

CN

+

COOH

2 2nd run 1 97
3 3rd run 1 98
4 4th run 1 98
5 5th run 1 97
6 6th run 1 97

added to p-TSA (0.01 mmol) and stirred at 80°C for
an appropriate time (Table 1). On completion of the
reaction, as monitored by TLC, the product was
extracted into ethyl acetate (3 x 20 ml). The combined
organic layer was washed with saturated sodium
bicarbonate followed by brine solution, then dried
over anhydrous sodium sulphate. The solvent was
removed under reduced pressure to afford crude
product and purified by silica gel column chromato-
graphy. The polyethylene glycol (PEG)-400 was
recovered and reused without loss of activity. Spectral
data for selective compounds Table I, 3d: IR (KBr):
3414, 1616, 1091 cm~'; '"H NMR (200 MHz,
DMSO +CDCl3): & 6.60 (s, 1H), 7.40 (m, 5H), 7.8
(d, 2H, J =8.50), 8.40 (d, 2H, J =8.50); EIMS: m/z
279. 3e: IR (KBr): 3414, 1617, 1383, 618 cm ™~ '; 'H
NMR (200 MHz, DMSO+CDCly): 8 5.9 (s, 1H),
7.15 (m, 5H), 7.35 (d, 1H, J=8.15), 7.60 (t, 1H,
J=3.15), 7.85 (d, 1H, J=8.25), 7.9 (d, 1H, J =38.15),
8.30 (s, 1H); EIMS: m/z 279. 3f: IR (KBr): 3415,
1618, 1285, 761 cm~'; 'H NMR (200 MHz,
DMSO+CDClIy): 6 3.90 (s, 3H), 6.25 (s, 1H), 7.40
(m, 5H), 7.7 (d, 2H, J =8.25), 8.05 (d, 2H, J =8.25);
EIMS: m/z 287. 31: IR (KBr): 3415, 1617, 1384, 764,
619 cm~'; '"H NMR (200 MHz, DMSO +CDCl;): §
2.37 (s, 3H), 3.75 (b s, 2H), 7.1 (d, 2H, J=8.22), 7.4
(d, 2H, J=8.15), 7.7 (d, 2H, J=8.15), 8.0 (d, 2H,
J=28.22); EIMS: m/z 291. 3m: IR (KBr): 3415, 1618,
1384, 1216, 1047, 816, 619, 476 cm ~'; "H NMR (200
MHz, DMSO+CDCls) 6 2.1 (t, 3H) 2.35 (s, 3H), 3.9
(q, 2H) 6.25 (s, 1H), 7.1 (d, 2H, J =8.25), 7.6 (d, 2H,
J=8.25), 7.7 (d, 2H, J=8.15), 8.1 (d, 2H, J =8.15);
EIMS: m/z 299, 301.

Conclusion

In conclusion, we have described the efficient synthesis
of 3-amino 1H-pyrazoles by the condensation of

B-keto nitriles and hydrazines in the presence of a
catalytic amount of p-toluene sulphonic acid in PEG-
400. The present procedure has the advantage of less
reaction time, improved yields of the products, and
recyclability of the reaction medium, thus making it a
useful and important addition to the existing methods.
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