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Abstract : Reaction of substituted pyrazole-1-acetyl chloride (3) with acetophenone derivative (4) in presence of sodium
methoxide in dry toluene led to the synthesis of substituted -diketones containing pyrazole moiety (5a-l). All the newly
synthesized compounds were confirmed by elemental analysis and IR, 1H, 13C NMR and mass spectral studies. The
compounds (5a-l) were evaluated for their antibacterial and antifungal activities.
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Introduction

Pyrazoles are five member ring heterocyclic com-
pounds, having two nitrogen atoms in adjacent position
and are also called as azoles1.  Pyrazole derivatives are
known to exhibit a wide range of biological properties,
such as anti-inflammatory2–6, antioxidant7, antimicrobial8,
anticancer,9 fungicidal10 and antiviral activities11. Some
pyrazole derivatives were reported to possess high affi-
nity and selectivity towards A 2b adenosine receptor an-
tagonists12. Recently pyrazole derivatives have been found
in nature1 namely -[1-pyrazolyl]alanine was isolated from
the seeds of water melons (Citrullus lanatus). Particu-
larly, aryl pyrazoles are important in medicinal and pes-
ticidal chemistry13. Some aryl pyrazoles were reported to
have non-nucleoside HIV-1 reverse transcriptase inhibi-
tory activity14. Also, it was reported that pyrazole-4-car-
boxylic acid hydrazides and corresponding hydrazones
possess antimicrobial activity15. Several pyrazole deriva-
tives are also effective against the metabolism
sehistosomiasis in snozils16,17. Their derivatives have got
significant biological properties as antithrombotic medi-
cament (treatment of angina, pulmonary, hypertension,
congestive heartfailure, arteriosclerosis, peripheral vas-

†In honour of Professor K. C. Joshi on the occasion of his 88th birthday.

cular disease, stroke bronchitis, alvegia)18, antiproliferative
agents19, antidiabetes and also useful in Alzheimers dis-
ease20. They are useful intermediates for many industrial
products21,22.

-Diketones serve as precursors for the synthesis of
large number of pharmacologically active heterocyclic
compounds such as diazepines23, benzodiazepines24,
benzothiazepines25, benzothiazines26, pyrazoles27, imida-
zoles and benzimidazole28. -Diketones are powerful na-
ture antioxidant29, anticoagulant30 and possess prominant
anticancer properties with minimal toxicity31,32. In this
report some new 1,3-diketone compounds containing
pyrazole moiety were prepared with this hope that they
may be have some potential antibacterial and antifungal
properties.

Results and discussion

1,3-Diketone compounds containing pyrazole moiety
(5a-l) were prepared by the reaction of pyrazole-1-acetyl
chloride (3) with substituted acetophenones (4) in pres-
ence of sodium methoxide in dry toluene (Scheme 1).
The structures of these compounds (5a-l) were determined
by elemental analysis and IR, 1H NMR, 13C NMR and
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mass spectral studies. The physical data of these com-
pounds (5a-l) are shown in Table 1.

The IR spectrum of compound (5a) showed characte-
ristic absorption at 1740 cm–1 due to one carbonyl group
and 1690 cm–1 due to another carbonyl group, which is
downfield compared to normal >C=O stretching band.
This downfield shift is due to extended conjugation of the
carbonyl group with the aryl group. Other characteristic
absorption peaks are observed at 3050 cm–1 (Ar-H stretch),
2890 cm–1 (C-H stretch of CH2 group) and 1585 cm–1

due to C=N stretch. The 1H NMR spectrum of 5a showed
multiplets between  8.16–6.50 due to eight aromatic pro-
tons, a singlet at  6.47 for two protons of methylene
group which is attached to carbonyl groups and another
singlet at  4.80 accounted for another methylene pro-
tons. The 13C NMR spectrum of 5a showed two peaks at
 196.9 and 192.0 due to carbonyl carbons. Other peaks
between  105–141 were observed due to aromatic car-
bons and peaks at  47.2,  65.7 were due to methylene
carbons. The mass spectrum of compound 5a showed a
molecular ion peak at m/z 228 which is in conformity
with the molecular formula C13H12N2O2.

Antimicrobial  activities of compound (5a-l) :

The newly synthesized -diketones have been screened
for antibacterial activity against Staphylococcus aureus
and Klebsiella pneumoniae and antifugal activity against
Aspergillus niger and Candida albicans at concentration
of 1000 g by cup-plate method33,34. Ciprofloxin and
Ciclopiroxolamine were used as standards for compari-
son of antibacterial and antifungal activities, respectively.
The results indicate that these compounds were moder-
ately active against various bacteria such as (S. aureus,
K. pneumoniae) and fungi (A. niger, C. albicans). Com-
pounds (5b, 5d, 5f, 5h, 5j, 5l) showed good activity
against S. aureus, K. pneumoniae and compounds (5b,

Table 1. Physical and analytical data of compounds (5a-l)

Compd. R X M.p. Yield

(ºC) (%)

5a H H 168 56

5b H CH3 175 51

5c H OCH3 181 58

5d H Cl 183 49

5e H Br 180 54

5f H NO2 165 50

5g CH3 H 170 54

5h CH3 CH3 165 50

5i CH3 OCH3 175 55

5j CH3 Cl 190 52

5k CH3 Br 180 51

5l CH3 NO2 183 50

Scheme 1. Synthesis of substituted 1-phenyl-4-(pyrazol-l-yl)-butane-1,3-diones.



Neetu Kumari et al. : Synthesis and biological activity of some novel -diketones containing pyrazole moiety

1579

5d, 5f, 5h, 5j, 5l) showed good activity against  A. niger

and C. albicans. The results of antibacterial and antifun-
gal studies are given in Table 2.

Experimental

All the melting points were determined in open glass
capillary tubes and are uncorrected. All the compounds

were subjected to elemental analysis (CHN) by Perkin-
Elmer 2400 CHN analyser. The IR spectra (vmax in cm

–1)

were recorded on FT IR model SHIMADZU-8400S grat-
ing infrared spectrophotometer in KBr pellets. 1H NMR
spectra were measured on JEOL-AL 300 spectrophotom-

eter at 300 MHz and 13C NMR spectra were recorded at
75.45 MHz using TMS as an internal standard (chemical

shift in  ppm), CDCl3 was taken as a solvent. The IR
and 1H NMR were recorded at Department of Chemis-
try, University of Rajasthan, Jaipur. The purity of newly

synthesized compounds were checked by TLC using silica
gel G as adsorbent and visualization was accomplished

by UV light or iodine.

General method for the synthesis of substituted 1-phe-
nyl-4-(pyrazol-1-yl)-butane-1,3-dione (5) : It was synthe-

sized by following procedure, which involves three steps.

(i) Synthesis of pyrazole-1-acetic acid (2) :

Pyrazole (0.01 M) with equivalent quantity of CH3ONa

in methanol were stirred at room temperature on a mag-

netic stirrer for half an hour, until a creamy mass was
obtained. Now -chloroacetic acid (0.02 M) was added
to the reaction mixture in small portions and the reaction
mass was stirred continuously for four hours at 60 ºC.
The progress of the reaction was monitored by TLC.
After completion of the reaction, reaction mixture was
cooled and solvent was removed under reduced pressure.
Now the compound was extracted with chloroform :
ethylacetate (1 : 1). It was crystallized from chloroform
(m.p. 110 ºC, yield 60%).

(ii) Synthesis of pyrazole-1-acetyl chloride (3) :

Pyrazole-1-acetic acid (0.01 M) was taken in a two
necked round bottom flask fitted with a dropping funnel
and condenser. Thionyl chloride (0.01 M) was added
dropwise in order to dissolve the solid and it was re-
fluxed for three hours. After completion of the reaction,
reaction mixture was cooled and excess of thionyl chlo-
ride was distilled off under reduced pressure. The com-
pound was crystallized from chloroform (m.p. 125 ºC,
yield 56%).

(iii) Synthesis of 1-phenyl-4-(pyrazol-1-yl)-butane-1,3-
dione (5a) :

A mixture of sodium methoxide (0.01 M) and acetophe-
none derivative (0.01 M) was stirred for one hour on a
magnetic stirrer at 50 ºC, to obtain the sodium salt of
acetophenone. Pyrazole-1-acetyl chloride (3) (0.01 M) was

Table 2. Antibacterial and antifugal activity of compounds (5a-l)

Antibacterial activity Antifungal activity

(zone of inhibition in mm) (zone of inhibition in mm)

Compd. S. aureus K. pneumoniae A. niger C.  albicans

  5a 12 09 17 15

  5b 23 25 23 24

  5c 12 09 16 18

  5d 23 22 23 26

  5e 12 09 14 13

  5f 22 24 21 25

  5g 11 09 17 18

  5h 23 25 22 26

  5i 13 09 14 18

  5j 23 26 21 26

  5k 12 08 16 18

  5l 23 25 23 26

  Std. 24 26 22 24
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added in small portions and dry toluene (15 ml) was added
as a solvent to effect proper stirring of the reaction mass.
The reaction mixture was refluxed at 80 ºC for about
twenty hours. After completion of the reaction, the reac-
tion mixture was kept overnight in refrigerator and tolu-
ene was removed under reduced pressure. The reaction
mixture was then extracted with chloroform and washed
several times with water. The crude product was recrys-
tallized from absolute alcohol. Compound 5a obtained as
crystalline solid. Purity of -diketone was checked through
TLC using benzene : ethanol : ammonia (7 : 2 : 1).

Spectral  data :

1-Phenyl-4-(pyrazol-1-yl)-butane-1,3-dione (5a) :

Yield 56%, m.p. 168 ºC; Anal. Calcd. for
C13H12N2O2 : C, 68.42; H, 5.26; N, 12.28. Found : C,
68.41; H, 5.25; N, 12.27; IR (KBr) max (cm

–1) : 3050,
2890, 1740, 1690, 1585, 1494, 1449; 1H NMR (300 MHz,
CDCl3)  : 6.50–8.16 (8H, m, Ar-H), 6.47 (2H, s,
>CH2), 4.89 (2H, s, -NCH2); 

13C NMR (75.45 MHz,
CDCl3) : 65.7 (NCH2), 47.2 (CH2), 105–141 (Ar-C),
196.9, 192.0 (C=O);  MS : m/z 228 [M]+.

1-(4-Methylphenyl)-4-(pyrazol-1-yl)-butane-1,3-dione
(5b) :

Yield 51%, m.p. 175 ºC; Anal. Calcd. for
C14H14N2O2 : C, 69.42; H, 5.78; N, 11.57.  Found : C,
69.40; H, 5.76; N, 11.56; IR (KBr) max (cm

–1) : 3045,
2895, 1740, 1690, 1580, 1495, 1475, 1375; 1H NMR
(300 MHz, CDCl3)  : 6.62–8.13 (7H, m, Ar-H), 6.31
(2H, s, >CH2), 5.03 (2H, s, -NCH2), 2.12 (3H, s,
-CH3); 

13C NMR (75.45 MHz, CDCl3)  : 20.9 (CH3),
69.2 (NCH2), 49.5 (CH2), 108–135 (Ar-C), 196.9, 191.9
(C=O); MS : m/z 242 [M]+.

1-(4-Methoxyphenyl)-4-(pyrazol-1-yl)-butane-1,3-dione
(5c) :

Yield 58%, m.p. 181 ºC; Anal. Calcd. for
C14H14N2O3 : C, 65.11; H, 5.42; N, 10.85. Found : C,
65.10; H, 5.41; N, 10.83; IR (KBr) max (cm

–1) : 3025,
2885, 1740, 1685, 1580, 1490, 1450, 1058, 1248; 1H
NMR (300 MHz, CDCl3)  : 6.87–7.91 (7H, m, Ar-H),
6.32 (2H, s, >CH2), 4.70 (2H, s, -NCH2), 3.70 (3H, s,
-OCH3); 

13C NMR (75.45 MHz, CDCl3) : 68.2 (NCH2),
56.5 (OCH3), 48.1 (CH2), 106–139 (Ar-C), 198.5, 194.0
(C=O); MS : m/z 258 [M]+.

1-(4-Chlorophenyl)-4-(pyrazol-1-yl)-butane-1,3-dione

(5d) :

Yield 49%, m.p. 183 ºC; Anal. Calcd. for

C13H11N2O2Cl : C, 59.42; H, 4.19; N, 10.66. Found :

C, 59.42; H, 4.18; N, 10.65; IR (KBr) max (cm
–1) :

3035, 2880, 1740, 1692, 1590, 1492, 1454, 600; 1H

NMR (300 MHz, CDCl3)  : 7.10–7.91 (7H, m, Ar-H),

6.41 (2H, s, >CH2), 4.95 (2H, s, -NCH2); 
13C NMR

(75.45 MHz, CDCl3)  : 68.9 (-NCH2), 49.2 (CH2),

104–145 (Ar-C), 196.2, 191.1 (C=O); MS : m/z 262

[M]+.

1-(4-Bromophenyl)-4-(pyrazol-1-yl)-butane-1,3-dione

(5e) :

Yield 54%, m.p. 180 ºC; Anal. Calcd. for

C13H11N2O2Br : C, 50.98; H, 3.59; N, 9.15. Found : C,

50.96; H, 3.58; N, 9.14; IR (KBr) max (cm
–1) : 3040,

2905, 1740, 1685, 1590, 1490, 1454, 500; 1H NMR (300

MHz, CDCl3)  : 6.58–7.86 (7H, m, Ar-H), 6.50 (2H, s,

>CH2), 4.85 (2H, s, -NCH2); 
13C NMR (75.45 MHz,

CDCl3)  : 50.1 (CH2), 70.2 (-NCH2), 102–105 (Ar-C),

194.9, 190.9 (C=O); MS : m/z 306 [M]+.

1-(4-Nitrophenyl)-4-(pyrazol-1-yl)-butane-1,3-dione

(5f) :

Yield 50%, m.p. 165 ºC; Anal. Calcd. for
C13H11N3O4 : C, 57.14; H, 4.02; N, 15.38. Found : C,

57.12; H, 4.01; N, 15.36; IR (KBr) max (cm
–1) : 3050,

2915, 1740, 1700, 1580, 1494, 1450; 1H NMR (300 MHz,

CDCl3)  : 6.95–8.30 (7H, m, Ar-H), 6.50 (2H, s,

>CH2), 4.82 (2H, s, -NCH2); 
13C NMR (75.45 MHz,

CDCl3)  : 47.8 (CH2), 65.8 (NCH2), 105–152.8 (Ar-
C), 192, 196.5 (C=O); MS : m/z 273 [M]+.

1-Phenyl-4-(3-methylpyrazol-1-yl)-butane-1,3-dione

(5g) :

Yield 54%, m.p. 170 ºC; Anal. Calcd. for
C14H14N2O2 : C, 69.42; H, 5.78; N, 11.57. Found : C,

69.41; H, 5.75; N, 11.54; IR (KBr) max (cm
–1) : 3025,

2885, 1735, 1690, 1580, 1480, 1454, 1345; 1H NMR

(300 MHz, CDCl3)  : 6.54–7.89 (7H, m, Ar-H), 6.39

(2H, s, >CH2), 4.78 (2H, s, -NCH2), 2.70 (C-CH3);
13C NMR (75.45 MHz, CDCl3)  : 13.8 (CH3), 48.5
(CH2), 66.1 (NCH2), 104–139 (Ar-C), 190.0, 192.5

(C=O); MS : m/z 242 [M]+.
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1-(4-Methylphenyl)-4-(3-methylpyrazol-1-yl)-butane-
1,3-dione (5h) :

Yield 50%, m.p. 165 ºC; Anal. Calcd. for
C15H16N2O2 : C, 70.31; H, 6.25; N, 10.93. Found : C,
70.29; H, 6.23; N, 10.91; IR (KBr) max (cm

–1) : 3048,
2898, 1740, 1690, 1580, 1478, 1454, 1370; 1H NMR
(300 MHz, CDCl3)  : 6.58–7.48 (6H, m, Ar-H), 6.48
(2H, s, >CH2), 4.84 (2H, s, -NCH2), 2.79 (3H, s, CH3),
2.15 (3H, s, CH3); 

13C NMR (75.45 MHz, CDCl3)  :
13.8 (CH3), 20.9 (CH3),  65.2 (NCH2), 48.5 (CH2), 108–
149.5 (Ar-C), 190.1,  193.5 (C=O); MS : m/z 256 [M]+.

1-(4-Methoxyphenyl)-4-(3-methylpyrazol-1-yl)-butane-
1,3-dione (5i) :

Yield 55%, m.p. 175 ºC; Anal. Calcd. for
C15H16N2O3 : C, 66.17; H, 5.88; N, 10.29. Found : C,
66.15; H, 5.87; N, 10.28; IR (KBr) max (cm

–1) : 3025,
2895, 1720, 1685, 1585, 1472, 1454, 1375, 1248, 1058;
1H NMR (300 MHz, CDCl3)  : 6.65–7.75 (6H, m, Ar-
H), 6.42 (2H, s, >CH2), 4.84 (2H, s, -NCH2), 2.75
(3H, s, CH3), 3.75 (3H, s, -OCH3); 

13C NMR (75.45
MHz, CDCl3)  : 14.8 (CH3), 56.2 (OCH3), 66.4 (NCH2),
47.9 (CH2), 106–150 (Ar-C), 191.9, 194.5 (C=O); MS :
m/z 272 [M]+.

1-(4-Chlorophenyl)-4-(3-methylpyrazol-1-yl)-butane-
1,3-dione (5j) :

Yield 52%, m.p. 190 ºC; Anal. Calcd. for
C14H13N2O2Cl : C, 60.75; H, 4.70; N, 10.12. Found :
C, 60.73; H, 4.69; N, 10.11; IR (KBr) max (cm

–1) :
3087, 2885, 1725, 1692, 1590, 1475, 1454, 1365, 600;
1H NMR (300 MHz, CDCl3)  : 6.80–7.87 (6H, m, Ar-
H), 6.38 (2H, s, >CH2), 4.85 (2H, s, -NCH2), 2.70
(3H, s, CH3); 

13C NMR (75.45 MHz, CDCl3)  : 13.9
(CH3), 66.8 (NCH2), 49.8 (CH2), 105.7–149 (Ar-C),
190.8, 194.0 (C=O); MS : m/z 276 [M]+.

1-(4-Bromophenyl)-4-(3-methylpyrazol-1-yl)-butane-
1,3-dione (5k) :

Yield 51%, m.p. 180 ºC; Anal. Calcd. for
C14H13N2O2Br : C, 52.50; H, 4.06; N, 8.75. Found : C,
52.49; H, 4.05; N, 8.73; IR (KBr) max (cm

–1) : 3067,
2875, 1740, 1685, 1585, 1450, 1415, 1350, 500; 1H
NMR (300 MHz, CDCl3)  : 6.89–7.92 (6H, m, Ar-H),
6.41 (2H, s, >CH2), 4.90 (2H, s, -NCH2), 2.72 (3H, s,
CH3); 

13C NMR (75.45 MHz, CDCl3)  : 13.8 (CH3),

69.8 (NCH2), 50.40 (CH2), 105–141 (Ar-C), 190.0, 194.6
(C=O); MS : m/z 320 [M]+.

1-(4-Nitrophenyl)-4-(3-methylpyrazol-1-yl)-butane-1,3-
dione (5l) :

Yield 50%, m.p. 183 ºC; Anal. Calcd. for
C14H13N3O4 : C, 58.53; H, 4.53; N, 14.63. Found : C,
58.51; H, 4.51; N, 14.62; IR (KBr) max (cm

–1) : 3060,
2870, 1735, 1700, 1595, 1470, 1455, 1425, 1360; 1H
NMR (300 MHz, CDCl3)  : 6.52–7.89 (6H, m, Ar-H),
4.88 (2H, s, -NCH2), 6.48 (2H, s, >CH2), 2.76 (3H, s,
CH3); 

13C NMR (75.45 MHz, CDCl3)  : 13.8 (CH3),
69.6 (NCH2), 50.8 (CH2), 105–141 (Ar-C), 191, 194.5
(C=O); MS : m/z 287 [M]+.
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