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Sulphonation of 5-(2-ethoxyphenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d) pyrimidin-7-one 1 with 
chlorosulphonic acid affords 5-[(5-chlorosulphonyl-2-ethoxy) phenyl]-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d] 
pyrimidin-7-one 2. Further, compound 2 is condensed with different β-diketones/β-ketoesters 3a-e, to obtain new β-
diketones/β-ketoesters 4a-e. The synthesized new β-diketones/β-ketoesters and ethylenediamine (EDA) gives biologically 
active 1H-1,4-diazepines 5a-e. All the newly synthesized compounds are characterized by elemental analysis and spectral 
studies. The compounds 5a-e have been screened for antimicrobial, antifungal and anthelmintic activity. 
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1,4-Diazepines have been the object of intense studies 
since the early 1960s because of their biological 
activities such as anticancer1,2, antibacterial3, psycho-
topics4, anticonvulsant5 and antiviral6. Various diaze-
pines have been reported as fungicidal and herbi-
cidal7. Substituted 1,4-diazepine and their derivatives 
possess anti-HIV8 activity which is lesser than that of 
zidovudine (3′-azidothymidine = AZT). They also 
show platelet activating factor (PAF) antagonistic9 
and serotoninergic S3 antagonistic10,11 activity. 

The target of the present work was the synthesis of 
pyrazolo[4,3-d] pyrimidin-7-one containing 1,4-diaze-
pines due to their importance in medicinal 
chemistry12-15. To achieve this target, β-diketones/β-
ketoesters 4a-e were synthesized which were 
condensed with ethylenediamine (EDA) to the 
corresponding substituted 1H-1,4-diazepines 5a-e 
with high yields. Various methods are reported in 
literature for the synthesis 1H-1,4-diazepines16. 
However, these methods are associated with several 
drawbacks such as harsh reaction condition, complex 
and tedious experimental procedures and low yields. 
Herein, has been developed a method for the synthesis 
of 1,4-diazepines from the reaction of β-diketones/β-
ketoesters and ethylenediamine in the presence of 
lanthanum (III) nitrate hexahydrate. Lanthanum (III) 
nitrate hexahydrate was used as a catalyst for the 
deprotection of acetonides17 and in selective de-
protection of primary alcohols18. 

Results and Discussion 

5-(2-Ethoxyphenyl)-1-methyl-3-propyl-1,6-dihy-
dro-7H-pyrazolo[4,3-d] pyrimidin-7-one was sulpho-
nated with chlorosulphonic acid, to obtain compound 
2. Compound 2 was condensed with different  
β-diketones/β-ketoesters 3a-e in the presence of 
sodium methoxide (Scheme I). Newly synthesized 
β-diketone/β-ketoesters 4a-e were condensed with 
ethylenediamine under microwave irradiation, to 
obtain novel substituted 1H-1,4-diazepines 5a-e 
(Scheme II). 

Antimicrobial, antifungal and anthelmintic activi-
ties of compounds 5a-e 

The newly synthesized diazepine compounds 5a-e 
have been screened for antibacterial activity against 
Staphylococcus aureus and Klebsiella pneumoniae 
and antifungal activity against Aspergillus niger and 
Candida albicans by the cup-plate method19,20. 
Ciprofloxin and ciclopiroxolamine were used as 
standards for comparison of antibacterial and 
antifungal activities, respectively. The results indicate 
that these compounds were active against all the four 
organisms. The anthelmintic activity was carried out 
on earth worms Pherituma posthuma, by a technique 
described by Bagavant et al.21 with slight 
modification. Piperazine citrate was used as standard 
drug. The result of antimicrobial and anthelmintic  
 
 
 
 
 
 



KUMAR et al.: SYNTHESIS AND BIOLOGICAL ACTIVITY OF DIAZEPINE DERIVATIVES 
 
 

85

R1

R2

O

O

N

HN N
N

C3H7

O CH3

OC2H5 N

HN N
N

C3H7

O CH3

OC2H5

3a/4a  R1 = R2 = CH3

3b/4b  R1 = R2 = C6H5

3c/4c  R1 = CH3  R2 = C6H5
3d/4d  R1 = CH3,  R2 = OC2H5
3e/4e  R1 =  R2 = OC2H5

SO2Cl

N

HN N
N

C3H7

O CH3

OC2H5

O2S

R1

R2

O

O

1

2

4a-e

3a-e

MeONa

HOSO2Cl

 
 

Scheme I 
 
 
 
 

 

4a-e

H2N

H2N
+

5a-e

N

N
R1

R2

5a  R1 = R2 = – CH3
5b  R1 = R2 = C6H5

5c  R1 = CH3  R2 = C6H5
5d  R1 = CH3,  R2 = =O
5e R1 = R2 = =O

R1

R2

O

O

N

HN N
N

C3H7

O CH3

OC2H5

O2S

N

HN N
N

C3H7

O CH3

OC2H5

O2S

La(NO3)3 . 6H2O

 
 

Scheme II 
 



INDIAN J. CHEM., SEC B, JANUARY 2010 
 
 

86 

activity is reported in Table I. The compound 5c 
exhibited antimicrobial and antifungal activities 
higher than the standard drug but compounds 5d and 
5e showed significant anthelmintic activity. 

Experimental Section 

All the melting points were determined in open 
capillary tubes and are uncorrected. The IR spectra 
were recorded on a Nicolet-Megna-FT-IR-550 
spectrometer in KBr pellets. 1H NMR and 13C NMR 
spectra were run on model DRX 300 at 300.13 MHz 
and 75 MHz respectively in CDCl3 and mass spectra 
on a LCMS instrument. The homogeneity of the 
newly synthesized compounds was checked by TLC. 
Satisfactory CHN analyses were obtained for all the 
compounds. 

Synthesis of 5-[(5-chlorosulphonyl-2-ethoxy) phe-
nyl]-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo-
[4,3-d] pyrimidin-7-one, 2 

5-(2-Ethoxyphenyl)-1-methyl-3-propyl-1,6-dihydro-
7H-pyrazolo[4,3-d] pyrimidin-7-one (3.12 g, 0.01 
mole) was placed into a two neck round bottom flask, 
diluted with dichloromethane and chlorosulphonic 
acid (1.17 g, 0.01 mole) added dropwise at 0°C. After 
complete addition, the reaction-mixture was stirred on 
a magnetic stirrer at 50°C for 2 hr. The progress of 
reaction was monitored by TLC using 7:2:1 (benzene: 
ethanol:ammonia) upper layer as mobile phase. After 
completion of reaction, the reaction mass was poured 
into ice and extracted with dichloromethane (2 × 50 
mL). The dichloromethane layer was evaporated to 
get a white solid compound. The product was purified 
by column chromatography over silica gel using pet 
ether:ethyl acetate (50:50) as eluent. It was purified 
by recrystallization from methanol. Homogeneity of 
the compound was checked by TLC using 7:2:1 

(benzene:ethanol:ammonia) upper layer as mobile 
phase (m.p. 195°C, yield 2.8 g, 65%). 

Synthesis of 5-[2-ethoxy-5-(1,3-dimethyl/1,3-diphe-
nyl/1-phenyl-3-methyl/1-methyl-3-ethoxy/1,3-di-
ethoxypropane-1,3-dione-2-sulphonyl)phenyl]-1-me-
thyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d] pyri-
midin-7-one, 4a-e 

Sodium methoxide (0.54 g, 0.01 mole) and β-
diketones / β-ketoester (0.01 mole) were placed in a 
dry round bottom flask and the mixture stirred for 1 hr 
on a magnetic stirrer at 50°C, after which a creamy 
mass was obtained. The sulphonyl chloride derivative 
2 (3.885 g, 0.01 mole) was then added and dry toluene 
added as solvent to effect proper stirring of the 
reaction mass. The reaction-mixture was heated for 7 
hr at 80°C with stirring. The progress of the reaction 
was monitored by TLC. On completion of the 
reaction, the reaction mass was cooled to RT and 
toluene was removed. The reaction-mixture was 
extracted using chloroform and washed with water to 
remove salt. 

The chloroform layer was dried using anhydrous 
sodium sulphate. Chloroform was evaporated to get 
solid compound. The product was purified by column 
chromatography over silica gel using pet ether:ethyl 
acetate (50:50) as eluent. It was purified by 
recrystallization from chloroform and ethyl acetate. 
Homogeneity of the compound was checked by TLC 
using 7:2:1 (benzene:ethanol:ammonia) upper layer as 
mobile phase. 

General method for preparation of diazepine 
derivatives 5a-e 

To a stirred mixture of β-diketones / β-ketoesters 
(0.01 mole) 2a-e, ethylenediamine (0.01 mole) and 
lanthanum (III) nitrate hexahydrate (0.01 mole) were 

 

Table I — Antimicrobial, antifungal and anthelmintic activities of compounds 5a-e 
 

Antibacterial  
activity zone of  
inhibition in mm 

Antifungal activity  
zone of inhibition 

 in mm 

Anthelmintic  
activity in min 

Compd 

A. aureus K. pneumoniae A. niger C. albicans Paralysis Death 

5a 12 09 17 18 90 90 
5b 08 10 15 16 90 125 
5c 24 24 23 24 102 122 
5d 27 28 23 26 100 115 
5e 14 07 08 19 102 129 
Std 24 26 22 24 100 125 
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added in dichloromethane (50 mL). The reaction-
mixture was stirred at 50°C for 60 min. The progress 
of reaction was monitored by TLC using 7:2:1 
(benzene:ethanol:ammonia) upper layer as mobile 
phase. The mixture was extracted with CH2Cl2 (2×25 
mL) and the solvent was removed to obtain the crude 
product. The crude product was washed with dry ether 
to remove unreacted β-diketones/β-ketoesters. The 
crude product was then recrystallized from pet 
ether:ethyl acetate (1:1). The product was purified by 
column chromatography over silica gel using pet 
ether:ethyl acetate (40:60) as eluent. 

5-[2-Ethoxy)-5-(5,7-dimethyl-2,3-dihydro-1H-1,4-
diazepine-6-sulphonyl)-phenyl]-1-methyl-3-propyl-
1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, 5a. 
m.p.148°C, yield 77.5%; IR (KBr): 3330, 3040, 2950, 
1250, 1020, 1345, 1125, 1662 cm-1; 1H NMR 
(CDCl3): δ 1.02 (t, J = 8.46, 3H), 1.66 (m, J = 7.65, 
2H), 1.69 (t, J = 8.23, 3H), 2.07 (s, 6H), 2.50 (s, 4H,), 
2.55 (t, J = 7.98, 2H), 3.45 (s,1H), 3.80 (s,3H), 3.95 
(q, J = 7.56, 2H), 7.2-7.8 (m, J = 7.85, 4H), 8.50 
(s,1H); 13C NMR (CDCl3): δ 168.52, 162.23, 133.50, 
124-128, 65.12, 48.55, 33.70, 32.35, 24.92, 14.30, 
13.65; MS: m/z 499 (M+H+). Anal. Calcd for 
C24H30N6O4S: C, 57.81; H, 6.06; N, 16.86. Found: C, 
57.85; H, 6.01; N, 16.83%. 

5-[2-Ethoxy)-5-(5,7-diphenyl-2,3-dihydro-1H-1,4-
diazepine-6-sulphonyl)-phenyl]-1-methyl-3-propyl-
1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, 5b. 
m.p.165°C, yield 72.3%; IR (KBr): 3320, 3045, 2945, 
1255, 1020, 1340, 1125, 1660 cm-1; 1H NMR 
(CDCl3): δ 1.02 (t, J = 8.26,3H), 1.60 (t, J = 8.25,3H), 
1.65 (m, J = 7.56,2H), 2.55 (s, 4H), 2.60 (t, J = 7.23, 
2H), 3.50 (s,1H), 3.80 (s,3H), 4.05 (q, J = 8.12, 2H), 
7.2-7.8 (m, J = 7.92,14H), 8.25 (s,1H); 13C NMR 
(CDCl3): δ 168.45, 162.56, 133.23, 124-128, 65.19, 
48.59, 33.73, 32.36, 24.97, 14.38, 13.67; MS: m/z 623 
(M+H+). Anal. Calcd. for C34H34N6O4S: C, 65.58; H, 
5.50; N, 13.80. Found: C, 65.54; H, 5.52; N, 13.83%. 

5-[2-Ethoxy)-5-(5-methyl-7-phenyl-2,3-dihydro-
1H-1,4-diazepine-6-sulphonyl)-phenyl]-1-methyl-3-
propyl-1, 6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-
7-one, 5c. m.p.157°C, yield 81%; IR (KBr): 3323, 
3025, 2945, 1260, 1029, 1348, 1126, 1669 cm-1; 1H 
NMR (CDCl3): δ 1.05 (t, J = 8.45,3H), 1.60 (t, J = 
7.56,3H), 1.68 (m, J = 7.26,2H), 2.15 (s, 3H), 2.50 (t, 
J = 8.46, 2H), 2.65 (s, 4H), 3.55 (s,1H), 3.80 (s,3H), 
3.95 (q, J = 8.15,2H), 7.2-7.8 (m, J = 7.85,9H), 8.65 
(s,1H); 13C NMR (CDCl3): δ 166.55, 163.45, 133.56, 
124-128, 65.17, 48.58, 34.05, 31.36, 24.98, 
14.89,14.65; MS: m/z 561(M+H+). Anal. Calcd for 

C29H32N6O4S: C, 62.12; H, 5.75; N, 14.99. Found: C, 
62.10; H, 5.73; N, 14.95%. 

5-[2-Ethoxy)-5-(7-methyl-2,3,4, 6-tetrahydro-
1H-1,4-diazepine-5-one-6-sulphonyl)-phenyl]-1-me-
thyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyri-
midin-7-one, 5d. m.p. 145°C, yield 69%; IR (KBr): 
3330, 3040, 2950, 1725,1250, 1020, 1345, 1125, 1662 
cm-1; 1H NMR (CDCl3): δ 1.02 (t, J = 8.23,3H), 1.66 
(m, J = 7.56, 2H), 1.68 (t, J = 7.89, 3H), 2.07(s, 3H), 
2.60 (s, 4H) 2.55 (t, J = 8.15, 2H), 3.45 (s, 1H), 3.80 
(s, 3H), 3.95 (q, J = 7.36, 2H), 7.2-7.8 (m, J = 7.86, 
4H), 8.50 (s, 1H); 13C NMR (CDCl3): δ 168.52, 
164.23, 132.74, 122-128.70, 68.12, 48.56, 33.78, 
25.04, 33.12,13.98,12.56; MS: m/z 501(M+H+). Anal. 
Calcd for C23H28N6O5S: C, 55.19; H, 5.64; N, 16.79. 
Found: C, 55.17; H, 5.65; N, 16.75%. 

5-[2-Ethoxy)-5-(1, 2, 3, 4,-tetrahydro-1H-1, 4-
diazepine-5,7-dione-6-sulphonyl)-phenyl]-1-methyl-
3-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-
7-one, 5e. m.p. 137°C, yield 78%; IR (KBr): 3265, 
3015, 2895, 1265, 1035, 1355, 1125, 1698, 1745 cm-1; 
1H NMR (CDCl3): δ 1.05 (t, J = 8.25, 3H), 1.62 (m, J 
= 7.88, 2H), 1.80 (t, J = 7.45, 3H), 2.54 (t, J = 7.85, 
2H), 2.80 (s, 4H), 3.40 (s, 1H), 3.80 (s, 3H), 4.05 (q, J 
= 8.25, 2H), 7.2-7.8 (m, J =7.98, 4H), 8.55 (s,1H); 13C 
NMR (CDCl3): δ 168.56, 163.52, 132.36, 123-
127.50,65.15, 48.25, 33.94, 31.59, 24.90, 13.56, 
12.98; MS: m/z 503(M+H+). Anal. Calcd for 
C22H26N6O6S: C, 52.59; H, 5.21; N, 16.72. Found: C, 
52.55; H, 5.23; N, 16.74%. 

References 
 

1 Krezel I, Mikiciuk Olasik E, Zurek E & Glowka M L, Pharm 
Pharmacol Commun, 5, 1999, 458. 

2 Chiba K, Yamamoto K, Miyamoto K, Nakano J, Matsumoto 
J, Nakamura S & Nakada K, Jpn Kokai Tokkyo Koho JP 03m 
223, 289 [91, 223, 289] (Cl CO7D 495/04), 02 Oct. 1991, JP 
Appl 89/320, 175, 08 Dec. 1989, 11 pp; Chem Abstr, 116, 
1992, 59403a. 

3 Antonie M, Barreau M, Desconclois J F, Girard P & Pieaut G, 
Eur Pat Appl EP 379, 412 (Cl CO7D 471/04), 25 Jul 1990; 
FR Appl 89/430, 16 Jan. 1989, 31 pp; Chem Abstr, 114, 1991, 
143393p. 

4 Childress S J & Gluckman M I, J Pharm Sci, 53, 1964, 577. 
5 Phillips O A, Murthy K S K, Ciakpui C Y & Knaus E E, Can 

J Chem, 77, 1999, 216. 
6 Stokbroekx R A, Vander Aa M J M, Luyckx M G M & 

Grauwels G A J, Eur Pat Appl EP 320, 032 (Cl CO7D, 
237.20), 14 Jun 1989, US Appl 124, 530, 23 Nov 1987, 52 pp; 
Chem Abstr, 112, 1990, 35876y. 

7 Vicentini C B, Guarneri M, Scatturin A, Giri P & Heilman W, 
Carmaco, 51, 1996, 609. 

8 Gorlitzer K, Wolpert C, Rubsmen-Waigmann H, Suhartono 
H, Klang L & Immelmann A, Arch Pharm, 328, 1995, 247. 

9 Casals J & Tenzel S, Lipids, 26, 1991, 1157. 



INDIAN J. CHEM., SEC B, JANUARY 2010 
 
 

88 

10 Kon T, Sato S, Morie T, Ito T & Noshida N, Jpn Kokai 
Tokkyo Koho JP 03, 223, 235 [91, 223, 265] (Cl CO7D, 
243/08), 01 Oct 1991, Appl 90/16, 851, 26 Jan 1990, 12 pp; 
Chem Abstr, 116, 1992, 59412c. 

11 Bunnage M K, Mathias J P, Street S D S & Wood A, PCT Int 
Appl WO 9954, 333, (Cl CO7D, 487/14) 28 Oct, 1999; GB 
Appl 1998/140. 187, 30 Jun. 1998; 221 pp; Chem Abstr, 131, 
1999, 310644f. 

12 Bell A S & Terrett N K, Eur Pat EP 526, 004 (Cl CO7D, 
487/04), 03 Feb. 1993; GB Appl 01/14, 760, 9 Jul 1991, 34 
pp; Chem Abstr, 118, 1993, 254957c. 

13 Doherty P C, Place Jr V A & Smith W L, PCT Int Appl WO 
9921, 558 (Cl A61K 31/485) 6 May 1999; US Appl, 181, 070, 
27 Oct. 1998, 31 pp; Chem Abstr, 130, 1999, 332908d. 

14 Yoo M, Kim W, Chang M S, Lim J I, Kim D S, Kim I Y, Lim 
T K, Ann B O, Kang K K, Son M, Doh H, Kim S, Shim H, 
Oh T, Kim H & Kim D G, PCT Int Appl WO 0027, 848, (Cl 

CO7D, 487/14) 18 May 2000; KR Appl 9, 949, 9 Nov. 1999; 
Chem Abstr, 132, 2000, 334469z. 

15 Lavecchia G, Berteina-Robin S & Guillaumet G, Tetrahedron 
Lett, 46, 2005, 5851. 

16 Unny R, Joshi P, Dobhal M P & Joshi Y C, Heterocyclic 
Commun, 9, 2003, 171. 

17 Reddy S M, Reddy Y V & Venkateswarlu Y, Tetrahedron 
Lett, 46, 2005, 7439. 

18 Reddy T S, Ravinder K, Suryakiran N, Narasimhulu M, 
Mahesh K C & Venkateswarlu Y, Tetrahedron Lett, 47, 2006, 
2341. 

19 Sundane A R, Rudresh K, Satynarayan N D & Hiremath S P, 
Indian J Pharm Sci,  60, 1989, 379. 

20 Giand K N, Dar R N, Chopra B M & Kaul R N, Indian J 
Pharm Sci, 27, 1965, 141. 

21 Bagvant G, Gole S R, Joshi V & Soni S B, Indian J Pharm 
Sci, 56, 1994, 80. 

 


