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Microwave assisted synthesis of 3-amino 1H-pyrazoles catalyzed
by p-toluenesulphonic acid

INTRODUCTION

Pyrazole nucleus is an important pharmacophore in
medicinal chemistry. Among pyrazoles, the 3-amino 1H-
pyrazoles are very significant class of compounds as
they posses large no of pharmacological properties such
as, anti-hypertensive[1], anti-bacterial[2], anti-inflamma-
tory and muscle relaxant[3-4], and inhibitor of cyclin de-
pendent kinases(CDK) like CDK

2
/cycling A-E as new

anti-tumor agents[5]. They are also potent and selective
aurora kinase inhibitors[6-7]. In addition the 3-amino 1H-
pyrazoles also have industrial appliance in inhibition of
corrosion on metals like Zn, Cu, Al and Brass[8]. This
has led to development of new synthetic methodolo-
gies. In general the 3-amino 1H-pyrazole are obtained
by the condensation of hydrazines with -keto-nitriles[9],
-formyl nitriles[4], -methoxy vinyl nitriles[10], -nitrilo
ethyl acetate and a solid supported condensation of aryl
hydrazine with -keto-nitriles[11]. However, most of them
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suffers from one or other limitations such as incomple
tion of starting materials even on prolonged reaction
time, unavailability of the reagents, tedious workup pro-
cedures with unsatisfactory yields. Thus an efficient and
general procedure for the synthesis of 3-amino 1H-
pyrazole is highly desirable.

The driving force for microwave developments in
organic synthesis[12-19] have many facts. The organic re-
actions assisted by microwaves in particular have been
gained special attention, because the use of microwave
activation in organic synthesis can increase the purity of
the resulting products and shorten the reaction time.
The increasing requirement for environmentally clean
technology that minimizes the production of waste at
source, microwave may offer cleaner reactions by im-
proving product yields and selectivities, enhancing the
product recovery. Herein we report an efficient synthe-
sis of 3-amino 1H-pyrazoles under microwave irradia-
tion using p-toluenesulphonic acid as a catalyst.
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ABSTRACT

An efficient synthesis of 3-amino 1H-pyrazoles is described. Reaction of
-keto-nitriles with hydrazines in the presence of catalytic amount of p-
toluenesulphonic acid under microwave irradiation afforded the corre-
sponding 3-amino 1H-pyrazole in excellent yields. The method is general
for the preparation of a wide variety of 3-amino 1H-pyrazole.
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RESULTS AND DISCUSSION

In this report (SCHEME 1), we have described an
efficient and general procedure for the synthesis of 3-
amino 1H-pyrazole. The present method do not involve
tedious reaction conditions, on simple microwave irra-
diation in the presence of catalytic amount of p-
toluenesulphonic acid gives the corresponding 3-amino
1H-pyrazole in excellent yields. And the obtained prod-
ucts were completely free from starting materials which
are left remain in conventional method as impurities.
The p-toluenesulphonic acid was removed by simple
washing of 5% ethyl acetate in hexane and on filtration
to gave the desired product in >95% HPLC purity. Ini-
tially, we carried out the reaction of benzoylacetonitrile
i.e. -keto-nitriles[20-21] with p-hydrazino benzoic acid and
p-toluenesulphonic acid as a catalyst under microwave
irradiation to yield the corresponding 3-amino 1H-
pyrazole in 95%. This success has encouraged us to
carry out the reaction in the presence of p-
toluenesulphonic acid as a catalyst under microwave
irradiation. In order to optimize the reaction conditions
we carried out the above reaction in the presence of
different catalysts such as FeCl

3
, Bi(OTf)

3
, ZrCl

4
, La

(NO
3
)

3
.6H

2
O and p-TSA. We found that p-toluenesul

phonic acid is to be most effective catalyst in terms of
reaction time as well as yield(>95) for the synthesis of

3-amino 1H-pyrazoles, whereas other catalysts formed
the products with varying yields 30-70%. The experi-
mental procedure for this reaction is remarkably simple
and no dry conditions are required. Further we carried
out the reaction in conventional method under refluxing
temperature for 16h, which also gave the corresponding
3-amino 1H-pyrazole. Under above conditions, in many
cases it is noticed that in the absence of p-toluenesulphonic
acid, the reaction is incomplete and uncyclized product
was isolated along with 3-amino 1H-pyrazole.

EXPERIMENTAL

Typical experimental procedure (Microwave)

A mixture of -keto-nitile(10mmol), hydrazine
(10mmol), p-TSA(0.1mmol) and toluene(5 mL) were
mixed in a test tube, and the mixture was irradiated in
laboratory microwave(Ethos 1600, 650W) at 1000C
for appropriate minutes. After complete conversion, as
monitored by TLC, the solvent was evaporated, added
5% ethyl acetate in hexane(10mL) and stirred for 10min
for washing, filtered to give corresponding pure 3-amino
1H-pyrazoles in excellent yields.

Typical experimental procedure(Conventional)

A solution of -keto-nitrile(10mmol), hydrazine
(10mmol), p-TSA(0.1mmol) in toluene(5mL), was
stirred at refluxing temperature for 1-6 h. After comple-
tion of the reaction, as monitored by TLC, the solvent
was evaporated, added 5% ethyl acetate in hexane
(10mL), and stirred for 10min for washing, and filtered
to give corresponding pure 3-amino 1H-pyrazoles.

3-amino 4-phenyl 5-methyl 1H-pyrazole(Entry 1)

IR(KBr): 3420, 1620, 1520, 750cm-1.  1H NMR(200
MHz, DMSO+CDCl

3
): =2.26(s, 3H), 4.75(s, 2H br),

7.40(s, 5H). EIMS:  m/z, 173.

3-amino 5-phenyl 1H-pyrazole(Entry 2)

IR(KBr): 3415, 1618, 1124, 613cm-1. 1H NMR(200
MHz, DMSO+CDCl

3
) =4.25(b s, 2H), 5.75(s, 1H),

7.30(m, 5H). EIMS: m/z, 157.

3-amino 5-(tolyl) 1H-pyrazole(Entry 3)

IR(neat): 3448, 1636cm-1. 1H NMR(200MHz, DMSO
+CDCl

3
): =2.65(s, 3H), 5.5(s, 1H), 7.25(d, 2H), 7.35

(d, 2H). EIMS:  m/z, 191, 193, relative intensity 1:3.

O

CN NHNH2 N
N

H2N

Ph

(2)(1)

+ p-TSA/Toluene

Microwave 
irradiation

(3)

TABLE 1 : Optimization of reaction conditions on reaction of
benzoylacetonitrile with p-hydrazino benzoic acid using dif-
ferent catalysts under microwave irradiation conditions

Entry Catalyst (equiv.) Time(min) Yield(%) 
1 FeCl3 (0.5) 5 30 
2 Bi(OTf)3 (0.5) 5 50 
3 ZrCl4 (0.5) 5 70 
4 La(NO3)3.6H2O (0.5) 5 30 
5 p-TSA (0.5) 5 95 
6 p-TSA (0.4) 3 95 
7 p-TSA (0.3) 3 95 
8 p-TSA (0.1) 3 95 
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3-amino5-(2-furyl) 1H-pyrazole(Entry 4)

IR(KBr): 3415, 1694, 1615, 1179, 616cm-1.  1H NMR

(200MHz, DMSO+CDCl
3
): =5.68(s, 1H), 6.41(s,

1H), 6.59(s, 1H), 7.4(s, 1H). EIMS: m/z, 149.

Entry -Keto-nitrile Hydrazine Product Time (min) Yield (%) 

1 
O

CN

Ph  

 
NH2NH2H2O NN

CH3

H2N
H

Ph

 

3 90 

2 
O

CNPh  

 
NH2NH2H2O NNH2N

H

Ph

 

3 92 

3 

 
O

CN

Cl  

 
 
 

NH2NH2H2O 
N

NH2N

H

Cl

 

3 95 

4 O
O

CN

 

 
 

NH2NH2H2O 
N

NH2N
H

O

 

3 95 

5 
O

CNPh  

 

COOHNHNH2
 

N
N

NH2

COOH

Ph

 

3 93 

6 
 

O
CNPh  

 
NHNH2

COOH  

N
N

NH2

Ph COOH

 

5 93 

7 
 

O
CNPh  

 

S COOEt

NHNH2

 
 

S

COOHN
N

NH2

Ph

 

3 95 

8 
O

CNPh  

 
NH2NHCH2COOEt 

CH2COOEt

NNH2N

Ph

 

5 95 

9 

 
O

CN

Cl  

 

COOHNHNH2
 

N
N

NH2

Cl

COOH

 

3 95 

10 

 
O

CN

Cl  

 
NHNH2

COOH  

N
N

NH2

Cl

COOH

 

5 92 

11 

 
O

CN

CH3  

 

COOHNHNH2
 

 

N
N

NH2

CH3

COOH

 

3 
 

95 

TABLE 2 : Synthesis of 3-amino 2H-pyrazole catalyzed by p-toluenesulphonic acid under solvent and solvent free conditions

aIsolated yields after column chromatography/crystallization and all products gave satisfactory spectral and analytical data
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3-amino 5-phenyl 1-(4-benzoic acid) 1H-pyazole
(Entry 5)

IR (KBr): 3414, 1616, 1091cm-1. 1H NMR(200MHz,
DMSO+CDCl

3
):=6.60(s, 1H), 7.40(m, 5H), 7.8(d,

2H), 8.40(d, 2H). EIMS: m/z, 279.

3-amino 5-phenyl 1-(3-benzoic acid) 1H-
pyrazole(Entry 6)

IR(KBr): 3414, 1617, 1383, 618cm-1. 1H NMR(200
MHz, DMSI+CDCl

3
): =5.9(s, 1H), 7.15(m, 5H),

7.35(d, 1H), 7.60(t, 1H), 7.85(d, 1H), 7.9(d, 1H),
8.30(s, 1H). EIMS: m/z, 279.

.3-amino 5-phenyl 1-(3-thiophene 2-methyl car-
boxylate) 1H-pyrazole(Entry 7)

IR(KBr): 3415, 1618, 1285, 761cm-1. 1H NMR(200
MHz, DMSO+CDCl

3
):=3.90(s, 3H), 6.25(s, 1H),

7.40(m, 5H), 7.7(d, 2H), 8.05(d, 2H). EIMS: m/z, 287.

3-amino 5-phenyl 1-(ethyl acetate) 1H-pyrazole
(Entry 8)

IR (KBr): 3415, 1657, 1615, 1384, 1121, 758cm-1.
1H NMR(200MHz, DMSO+CDCl

3
): =1.25(t, 3H),

4.25(q, 2H), 4.925(s, 2H), 5.85(s, 1H), 7.5(m, 5H).
EIMS: m/z, 245.

3-amino(5-(4-chloro phenyl) 1-(4-benzoic acid))
1H-pyrazole(Entry 9)

IR(KBr): 3416, 1650, 1384, 1120, 758cm-1.1H NMR
(200MHz, DMSO+CDCl

3
) =6.02(s, 1H), 7.15(d,

2H), 7.35(d, 2H), 7.60(d, 2H), 8.10(d, 2H). EIMS:
m/z, 303, 305, relative intensity 1:3.

3-amino(5-(4-chloro phenyl) 1-(3-benzoic acid))
1H-pyrazole(Entry 10)

IR(KBr): 3415, 1650, 1090cm-1.1H NMR(200MHz,
DMSO+CDCl

3
) =6.8(s, 1H), 7.4(d, 2H), 7.6(t, 1H),

7.8(d, 3H), 8.1(d, 1H), 8.3(s, 1H), 9.93(s, 1H). EIMS:
m/z, 303, 305, relative intensity 1:3.

3-amino(5-(4-tolyl) 1-(4-benzoic acid)) 1H-
pyrazole(Entry 11)

IR(KBr): 3415, 1617, 1384, 764, 619cm-1. 1H NMR
(200MHz, DMSO+CDCl3) =2.37(s, 3H), 3.75(s, 2H
broad), 7.1(d, 2H), 7.4(d, 2H), 7.7(d, 2H), 8.0(d, 2H).
EIMS: m/z, 291.

CONCLUSION

In Conclusion, we have described a novel and
highly efficient methods for the synthesis of 3-amino1H-
pyrazole. The present procedure has the advantage of
high efficient reduced reaction time with high yields of
products and simple work-up procedure, which makes
it is a useful and important addition to the present exist-
ing methods.
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