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The development of new methods for the synthesis of 
nitrogen-containing heterocycles is very important in organic 
chemistry. Among various biheterocyclic compounds, bicyclic 
imidazo[1,2-b]pyrazoles exhibit a wide range of biological and 
pharmaceutical activities such as antitumor,

1-3
 herbicidal,

4
 anti-

inflammatory,
5
 antiviral

6
 and antineoplastic

7
 activities.

 

Despite there being many literature reports on the synthesis of 

fused pyrazole derivatives, imidazopyrazoles have rarely been 

reported. However, there are a variety of methods for the 

synthesis of imidazo[1,2-b]pyrazoles,
8-21

 among which, many 

involve tedious and time-consuming multi-step procedures.
 

As part of our studies on the synthesis of tri- and tetracyclic 

heterocycles,
22-25

 herein we report a facile method for the 

synthesis of new derivatives of 1H-imidazo[1,2-b]pyrazole (5a-

h) with possible pharmaceutical applications. The synthetic 

procedure involves the cyclocondensation of 5-amino-1-(2-oxo-

2-arylethyl)-3-(arylamino)-1H-pyrazole-4-carbonitriles 4a-h, 

which were prepared by the reaction of 5-amino-3-arylamino-1H-

pyrazole-4-carbonitriles 3a-f and α-bromoacetophenone 

derivative 2a,b in the presence of K2CO3 using acetone as the 

solvent.
 

Bromination of acetophenones 1a,b in Br2/AcOH gave the 

corresponding α-bromoacetophenones 2a,b.
26

 Although the 

synthesis of 5-amino-3-arylamino-1H-pyrazole-4-carbonitriles 

3a-f derivaties have been reported,
27

 we prepared these by a 

different method.
28

 Reaction of α-bromoacetophenones 2a,b with 

pyrazole derivatives 3a-f gave the corresponding pyrazole 

intermediates (4a-h). Finally, cyclocondensation of compounds 

4a-h by refluxing in ethanol in the presence of hydrochloric acid 

gave the desired products 5a-h in 78-93% yields (Scheme 1). 

 

Scheme 1. Synthesis of 2-aryl-6-(arylamino)-1H- imidazo[1,2-

b]pyrazole-7-carbonitiles 5a-h 

 
Eight examples of the conversion of α-bromoacetophenones 

2a,b into the corresponding substituted 5-amino-1-(2-oxo-2-

arylethyl)-3-(arylamino)-1H-pyrazole-4-carbonitriles 4a-h and 2-

aryl-6-(arylamino)-1H-imidazo[1,2-b]pyrazole-7-carbonitiles 5a-

h along with reaction conditions, reaction times, melting points 

and yields are listed in Tables 1 and 2, respectively. 
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yields, via cyclocondensation of 5-amino-1-(2-oxo-2-arylethyl)-3-(arylamino)-1H-pyrazole-4-

carbonitriles, which are prepared by the reaction of 5-amino-3-arylamino-1H-pyrazole-4-

carbonitriles and α-bromoacetophenone derivatives in the presence of K2CO3 using acetone as 

the solvent. 
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     Table 1. The physical properties and reaction conditions for 

the synthesis of compounds 4a-h 
 

Entry Intermediate Temp Time (h) 

1 

 
4a 

reflux 

 

1 

 

2 

 
4b 

reflux 
 

1 

 

3 

 
4c 

r.t 8 

4 

 
4d 

r.t 10 

5 

 
4e 

r.t 4 

6 

 
4f 

r.t 4.5 

7 

 
4g 

r.t 7 

8 

 
4h 

reflux 2 

 

Table 2. The physical properties, yields and reaction times for 

the synthesis of compounds 5a-h 
 

Entry Product Time (h) Mp (oC) Yield (%) 

1 

 
5a 

1.5 
265-266 

(dec.) 
85 

2 

 
5b 

1 
285-286 

(dec.) 
93 

3 

 
5c 

1 
330 

(dec.) 
84 

4 

5d 

1 
280 

(dec.) 
78 

5 

 
5e 

0.5 
268-270 

(dec.) 
90 

6 

5f 

0.75 
275 

(dec.) 
88 

7 

 
5g 

1 
296-298 

(dec.) 
90 

8 

 
5h 

2 249 83 



  

The proposed mechanisms for the sequence are shown in 

Scheme 2. The first step involves the attack of the endocyclic 

nitrogen atom of 5-amino-3-arylamino-1H-pyrazole-4-

carbonitrile 3a-f, which is more nucleophilic due to the electron-

withdrawing effect of the pyrazole ring, onto α-

bromoacetophenone 2a,b to form intermediates 4a-h. These are 

converted into the desired products 5a-h through intramolecular 

cyclocondensation of the amino and carbonyl groups. 

 
 

Scheme 2. The proposed reaction mechanisms for the 

formation of 4a-h and 5a-h. 

 

The structures of all products were confirmed from their 
1
H 

NMR, 
13

C NMR and FT-IR spectral data and by elemental 

analysis.     

In summary, we have described a convenient and facile 

synthesis of 2-aryl-6-(arylamino)-1H-imidazo[1,2-b]pyrazole-7-

carbonitriles by reaction of 5-amino-3-arylamino-1H-pyrazole-4-

carbonitriles with α-bromoacetophenones in the presence of 

K2CO3, followed by the cyclocondensation of the resulting 5-

amino-1-(2-oxo-2-arylethyl)-3-(arylamino)-1H-pyrazole-4-

carbonitrile intermediates. The salient features of this procedure 

are mild reaction conditions, good yields, operational simplicity, 

ready availability of the starting materials and applications 

potential for the synthesis of other heterocyclic compounds.      

General procedure for the synthesis of 5-amino-1-(2-oxo-2-
arylethyl)-3-(arylamino)-1H-pyrazole-4-carbonitriles 4a-h: 

5-Amino-1-(2-oxo-2-phenylethyl)-3-(phenylamino)-1H-

pyrazole-4-carbonitrile (4a): A suspension of compound 3a (199 

mg, 1 mmol), α-bromoacetophenone 2 (199 mg, 1 mmol) and 

K2CO3 (140 mg, 1 mmol) in dry acetone (15 mL) and DMF (3 

drops) was refluxed for 1 h. The mixture was cooled to room 

temperature and poured into cold H2O (30 mL). The precipitate 

was filtered, washed with cold H2O (3×5 mL) and dried to give 

5-amino-1-(2-oxo-2-phenylethyl)-3-(phenylamino)-1H-pyrazole-

4-carbonitrile (4a) as a yellow solid  Mp. 197 
o
C. 

     FT-IR (KBr) (νmax, cm
-1

): 3426, 3335, 3242, 3058, 2920, 

2205, 1691, 1440, 1559, 1494, 1451, 1225, 745, 686, 561. 
1
H 

NMR (400 MHz, DMSO-d6) δH (ppm): 8.44 (1H, s, NH, 

exchanged by D2O addition), 8.04 (2H, d, J = 7.2 Hz, arom), 7.73 

(2H, t, J = 7.4 Hz, arom), 7.61 (2H, t, J = 7.8 Hz, arom), 7.48 

(2H, dd, J1 = 8.8 Hz, J2 = 1.2 Hz, arom), 7.72 (2H, t, J = 8 Hz, 

arom), 6.79 (2H, br s, NH2, exchanged by D2O addition), 5.50 

(2H, s, CH2). 
13

C NMR (100 MHz, DMSO-d6) δC (ppm): 193.26, 

153.42, 150.67, 142.85, 134.97, 134.33, 129.31, 128.89, 128.52, 

119.70, 116.73, 115.59, 63.82, 54.46. Anal. Calcd for 

C18H15N5O: C, 68.13; H, 4.76; N, 22.07. Found: C, 68.22; H, 

4.62; N, 22.21. 

 

 

Synthesis of derivatives 4b-h:  

The reaction procedure was as described for 4a, but the 

reaction time and conditions were as those reported in Table 1. 

Only the intermediate 4a was isolated in pure form and its 

structure was determined by FT-IR, 
1
H NMR, 

13
C NMR and 

elemental analysis. The other intermediates were not isolated and 

the subsequent reactions was carried out following evaporation of 

the solvent and addition of EtOH to the residue. 

 

     General procedure for the synthesis of 2-aryl-6-

(arylamino)-1H-imidazo[1,2-b]pyrazole-7-carbonitiles 5a-h: 

 

Synthesis of 2-phenyl-6-(phenylamino)-1H-imidazo[1,2-

b]pyrazole-7-carbonitrile (5a): 

     A suspension of 5-amino-1-(2-oxo-2-phenylethyl)-3-

(phenylamino)-1H-pyrazole-4-carbonitrile (4a) (317 mg, 1 

mmol) in absolute EtOH (15 mL) and concentrated HCl (4 drops) 

was refluxed for 1.5 h. The mixture was cooled to room 

temperature and poured in cold H2O (30 mL). The pH of solution 

was adjusted to 7-8 by addition of dilute NaOH and the 

precipitate was filtered and washed with cold H2O (3×5 mL) and 

dried to give the cyclocondensation product 5a as a white solid, 

Mp. 265-266 (dec.) 
o
C. 

     FT-IR (KBr) (νmax, cm
-1

): 3235, 3201, 3161, 3072, 2204, 

1622, 1555, 1482, 1301, 692.  
1
H NMR (400 MHz, DMSO-d6) δH 

(ppm): 12.74 (1H, br s, NH, exchanged by D2O addition), 8.88 

(1H, s, NH, exchanged by D2O addition), 8.22 (1H, s, arom), 

7.74 (2H, d, J = 8 Hz, arom), 7.59 (2H, d, J = 8.4 Hz, arom), 7.46 

(2H, t, J = 7.6 Hz, arom), 7.34 (1H, t, J = 7.2 Hz, arom), 7.26 

(2H, t, J = 7.6 Hz, arom), 6.84 (1H, t, J = 7.2 Hz, arom). 
13

C 

NMR (100 MHz, DMSO-d6) δC (ppm): 156.32, 142.03, 140.70, 

130.31, 129.12, 129.08, 128.69, 127.93, 124.24, 120.02, 116.82, 

115.29, 106.32, 55.57. Anal. Calcd for C18H13N5: C, 72.23; H, 

4.38; N, 23.40. Found: C, 72.32; H, 4.21; N, 23.49. 

 

Synthesis of 2-aryl-6-(arylamino)-1H-imidazo[1,2-b]pyrazole-

7-carbonitiles 5b-h: 

Absolute EtOH and concentrated HCl were added to the the 

residue 4b-h and the mixture was refluxed for appropriate 

amount of time (Table 2). The mixture was left to cold to room 

temperature. The resulting precipitate was washed with cold H2O 

(3×5 mL) and cold MeOH (5 mL) and dried to give the desired 

products 5b-h. 
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