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ABSTRACT

Some new imidazolyl pyrazole derivatives have been synthesized using benzil, ammonium
acetate, and heterocyclic aldehyde in ethanol and acetic acid under ultra sound irradiation. The
obtained products using this approach are having high purity and good in yield. By conducting the
reactions in ethanol, the solid products were precipitated out and could be isolated simply by
filtration. The synthesized compounds were characterized by various analytical techniques such as 'H
and C NMR and further supported by mass spectroscopy.
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1. INTRODUCTION

Multi-component reactions (MCRs) have emerged as an efficient and powerful tool for
drug discovery and modern synthetic organic chemistry due to their valued features such as
atom economy (describes the conversion efficiency of a chemical process in terms of all
atoms involved) and straight forward reaction design. Typically, purification of products
resulting from these reactions is simple since all the organic reagents employed are consumed
and incorporated into the target compound [5]. MCRs leading to interesting heterocyclic
scaffolds are particularly useful for the construction of diverse chemical libraries of ‘drug-
like’ molecules. The imidazole ring is a fertile source of biologically important molecules.
Compounds containing imidazole moiety have many pharmacological properties and play
important roles in biochemical processes [6-12].

They are well-known as fungicides, herbicides, anti-inflammatory agents, anti-
thrombotic agents, plant growth regulators, and therapeutic agents. Pyrazole, a five-
membered, two-nitrogen-containing heterocycles ring, is widely found as the core structure in
a large variety of compounds that possess important agrochemical and pharmaceutical
activities. Numerous methods have been reported for the synthesis of highly substituted
imidazoles using various catalytic systems such as L-proline, ZrCly, InCl;-3H,0,
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HCIO4-Si0;, BF;5-Si0;, KsCoW,040:-3H,0, heteropolyacids, silica gel, zeolite HY, silica
gel/NaHSO4, molecular i1odine, silica sulfuric acid [13-26] etc. However, the above
mentioned methods suffer from one or more disadvantages such as the use of hazardous
organic solvents, expensive moisture-sensitive catalysts, tedious work-up conditions, long
reaction time and large volume of catalyst loadings. So, from the above finding of biological
activities associated with pyrazole and imidazole rings we have decided to combine them in
one scaffold to synthesize some novel derivatives by using the simple and environmental
friendly synthesis using ultra sound irradiation.

2. RESULT AND DISCUSION

Here, we have presented an energy efficient, rapid, and mild method for the synthesis
of tri substituted imidazole derivative using acetic acid as acid catalyst under the ultra sound
irradiation at room temperature. Out of range of other acid catalyst, Acetic acid has attracted
much attention because of its suitable acidity, easy availability, and low cost thereby acting as
a promising table top reagent.

2. 1. Reaction Scheme

STEP —1

NH2 O CH3

N gla CH3COOH \N/ N
+ | —R » | R
7 MeOH 7

Reagents / Reaction Condition (a): Glacial acetic acid, Ethanol / Reflux, 5-6 hours.
where, R = H, 4-F, 4-Cl, 4-Br, 4-OH, 4-CH;, 4-NO,, 3-NO,.

HN"

STEP -2
Preparation of pyrazole aldehydes (1a-11)
R R\\

=

DME CHO
—> N
HsC™ =N POCI3 ‘N
HN \©

Reagents / Reaction Condition (b): DMF — POCI; / 70-80 °C, 5-6 hours.
where, R = H, 4-F, 4-Cl, 4-Br, 4-OH, 4-CHj3, 4-NO,, 3-NO,,
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STEP -3
Preparation of Imidazolyl-pyrazole derivatives (3a-31).

Q NH,OAc

gla CH;COOH

% o O EtOH

la 2a 3(a-1)

Table 1. Various pyrazole aldehyde used for the synthesis of Imidazolyl-pyrazole derivatives.

Compound code R Time (minute) Yield %
3a CeHs 30 92
3b 4-F-C¢Hy 25 90
3c 4-Br-C¢Hy 40 82
3d 3-CH;3-C¢Hy 25 88
3e 4-OH-C¢Hy 30 86
3f 4-CH;3-CgHy 25 91
3g 4-CI-C¢Hy4 40 85
3h 4-NO,-CHy 40 77
3i 3-NO,-C¢Hy 35 80

a = Isolated yield

2. 2. Experiment
2. 2. 1. Materials and methods

Melting points were determined in open capillary tubes and are uncorrected. Mass
spectra were recorded on Shimadzu GC-MS-QP-2010 model using Direct Injection Probe
technique. "H NMR was determined in CDCI3/DMSO solution on a Bruker Av II 400 MHz
spectrometer. Elemental analysis of the all the synthesized compounds was carried out on
Elemental Vario EL III Carlo Erba 1108 model and the results are in agreements with the
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structures assigned. Purity of the synthesized compounds was checked by merk precoated
thin layer chromatography Gjs4 and spots were visualized by iodine and UV.

2. 2. 2. Preparation of acetophenone phenyl hydrazones derivatives (Step - 1)

Appropriately substituted acetophenones (0.1 mole) was dissolved in 50 ml of ethanol
into 250 ml beaker. Phenyl hydrazine (0.1 mole) was added to above flask along with 3-4
drops of glacial acetic acid. The reaction mixture was refluxed for 3-6 hours, progress and the
completion of reaction were checked by TLC using ethyl acetate : hexane (6 : 4) as a mobile
phase. After the completion of the reaction, the reaction mixture was kept to room
temperature for 1 hours and the filtered the solid crystalline product. The product was washed
with ethanol and dried to give substituted acetophenone hydrazone in good yield which was
used without further purification in the next step.

2. 2. 3. Preparation of Pyrazole aldehydes derivatives (1a-1i) (Step - 2)

Dimethylformamide (0.032 mole) was transferred into 25 ml flat bottom flak.
Phosphorous oxychloride (0.032 mole) was added drop wise to above flask under stirring at
0-5 °C. After completion of the addition, the mixture was stirred at this temperature for 10-15
min. freshly prepared acetophenone hydrazones (0.015 mole) was added to above mixture
and the content was heated on oil bath for 6-9 hours.

The progress and the completion of reaction were checked by TLC using toluene: ethyl
acetate (6: 4) as a mobile phase. After the reaction was completed, the reaction mixture was
cooled to room temperature and poured on crushed ice. The separated solid was filtered off
and it was washed with cold water. It was dried at 65 °C and recrystallized from the mixture
of DMF-Methanol to give the pure product.

2. 2. 4. General procedure for the synthesis substituted Imidazolyl-pyrazole derivatives
(3a-i)

To a stirred solution of pyrazole aldehyde (la-1i) (1 mole) in ethanol: glacial
CH3COOH (1 : 1), benzil (1 mole) and ammonium acetate (3 mole) were added. The
reaction mass was subjected to ultra sound irradiation at room temperature for 20-40 minutes.
After completion of the reaction (confirmed by TLC), the obtained solid product was filtered
and washed with ethanol to give pure product. The isolated compounds were characterized by
'H NMR, "“C NMR, elemental analysis (C, H and N) and further supported by mass
spectroscopy.

2. 3. Analytical Data

4-(4,5-diphenyl-1H-imidazol-2-yl)-1,3-diphenyl-1H-pyrazole (3a)

Characteristic: white solid, M.P.: 168-170 °C, 'H NMR (400 MHz, DMSO-d6): 6 12.50
(1H,s, -NH), 8.98 (1H, s, Pyr-H), 8.05-8.10 (2H,s, Ar-H), 7.93-7.95 (2H, d, Ar-H), 7.19-7.60
(16H, m, Ar-H), BC NMR (100 MHz, DMSO-d6): 6 148.22, 146.97, 144.12, 142.94, 140.80
138.91, 133.74, 131.63, 129.88, 127.81, 126.74, 124.81, 121.33, 118.31, 104.48; MS(m/z):
438 Anal. calcd for (C30HoN4) C, 82.17; H, 5.06; N, 12.78. Found: C, 81.18; H, 5.11; N,
12.80.



International Letters of Chemistry, Physics and Astronomy Vol. 30 281

4-(4,5-diphenyl-1H-imidazol-2-yl)-3-(4-fluorophenyl)-1-phenyl-1H-pyrazole (3b)
Characteristic: white solid, M.P.: 182-185 °C, 'H NMR (400 MHz, DMSO-d6): 6 12.52(1H,s,
-NH), 9.0 (1H, s, Pyr-H), 8.21 (2H,s, Ar-H), 7.93-7.95 (2H, d, Ar-H), 7.22-7.58 (16H, m, Ar-
H), BC NMR (100 MHz, DMSO-d6): & 163.31, 160.88, 148.89, 139.34, 139.02, 136.29,
135.08, 131.00, 130.41, 130.33, 129.66, 129.29, 129.03, 128.63, 128.14, 128.00, 127.61,
127.20, 126.82, 126.70, 126.35, 118.28, 114.87, 114.66, 112.68; MS(m/z): 456 Anal. calcd
for (C30H21FNy) C, 78.93; H, 4.64; F, 4.16; N, 12.27 C, Found: C, 78.97; H, 4.61; N, 12.25.

3-(4-bromophenyl)-4-(4,5-diphenyl-1H-imidazol-2-yl)-1-phenyl-1H-pyrazole (3¢)
Characteristic: white solid, M.P.: 175-177 °C, "H NMR (400 MHz, DMSO-d6): & 12.52 (1H,
s, -NH), 9.01 (1H, s, Pyr-H), 8.14-8.16 (2H,d, Ar-H), 7.93-7.95 (2H, d, Ar-H), 7.20-7.68
(16H, m, Ar-H), >C NMR (100 MHz, DMSO-d6): & 148.67, 139.29, 139.04, 136.42, 135.11,
131.83, 131.04, 130.96, 130.30, 129.74, 129.54, 128.70, 128.23, 128.09, 127.71, 127.33,
126.92, 126.45, 121.61, 118.41, 112.94; MS(m/z): 516, (M) 518 Anal. caled for
(C30H21BrNy) C, 69.64; H, 4.09; Br, 15.44; N, 10.83, Found: C, 69.67; H, 3.99; N, 10.80.

4-(4,5-diphenyl-1H-imidazol-2-yl)-1-phenyl-3-(m-tolyl)-1H-pyrazole (3d)

Characteristic: white solid, M.P.: 161-163°C, "H NMR (400 MHz, DMSO-d6): & 12.51 (1H,
s, -NH), 8.96 (1H, s, Pyr-H), 8.03-8.05 (2H,d, Ar-H), 7.92-7.94 (2H, d, Ar-H), 7.21-7.60
(15H, m, Ar-H), 2.33 (3H, s, Ar-CHs), °C NMR (100 MHz, DMSO-d6): & 149.80, 139.61,
139.21, 137.55, 136.41, 136.38, 135.58, 135.25, 131.12, 129.77, 129.72, 129.48, 128.71,
128.62, 128.24, 128.06, 128.03, 127.65, 127.22, 126.94, 126.65, 126.42, 118.27, 112.75;
MS(m/z): 452 Anal. calcd for (C3;H24Ny4) C, 82.27; H, 5.35; N, 12.38, Found: C, 82.15; H,
5.43; N, 12.34.

4-(4-(4,5-diphenyl-1H-imidazol-2-yl)-1-phenyl-1H-pyrazol-3-yl)phenol (3¢)
Characteristic: creamy white solid, M.P.: 192-195 °C, "H NMR (400 MHz, DMSO-d6): 6
12.54(1Hs, -NH), 9.69 (1Hs, Ar-OH), 8.95 (1H, s, Pyr-H), 6.84-7.96 (19H, m, Ar-H), Bc
NMR (100 MHz, DMSO-d6): 6 157.63, 150.19, 139.74, 139.20, 129.68, 129.59, 129.26,
128.47, 127.46, 127.24, 127.01, 126.46, 123.42, 118.15, 114.79, 112.15; MS(m/z): 454 Anal.
caled for (C30H2oN4O) C, 79.27; H, 4.88; N, 12.33; O, 3.52, Found: C, 79.35; H, 4.69; N,
12.30.

4-(4,5-diphenyl-1H-imidazol-2-yl)-1-phenyl-3-(p-tolyl)-1H-pyrazole (3f)

Characteristic: white solid, M.P.: 165-167 °C, "H NMR (400 MHz, DMSO-d6): 6 12.50 (1H,
s, -NH), 8.97 (1H, s, Pyr-H), 8.01-8.03 (2H,d, Ar-H), 7.93-7.95 (2H, d, Ar-H), 7.20-7.59
(15H, m, Ar-H), 2.34 (3H, s, Ar-CH3), °C NMR (100 MHz, DMSO-d6): & 149.92, 139.58,
139.16, 137.54, 136.38, 135.23, 131.09, 129.76, 129.71, 129.46, 128.70, 128.60, 128.22,
128.05, 128.02, 127.63, 127.20, 126.93, 126.63, 126.42, 118.26, 112.74; MS(m/z): 452 Anal.
calcd for Anal. calcd for (C3;Ha4Ny) C, 82.27; H, 5.35; N, 12.38, Found: C, 82.38; H, 5.32; N,
12.39.

3-(4-chlorophenyl)-4-(4,5-diphenyl-1H-imidazol-2-yl)-1-phenyl-1H-pyrazole (3g)
Characteristic: white solid, M.P.: 207-209 °C, "H NMR (400 MHz, DMSO-d6): 6 12.56 (1H,
s, -NH), 9.02 (1H, s, Pyr-H), 8.20-8.22 (2H, d, Ar-H), 7.93-7.95 (2H, d, Ar-H), 7.21-7.61
(15H, m, Ar-H), >C NMR (100 MHz, DMSO-d6): & 148.61, 139.31, 139.02, 136.38, 135.09,
132.92, 131.44, 131.02, 130.01, 129.75, 129.53, 128.72, 128.25, 128.07, 127.72, 127.32,
126.91, 126.46, 118.38, 112.91, ; MS(m/z): 472, (M*?) 474 Anal. calcd for (C3oH,CINy) C,
76.18; H, 4.48; Cl, 7.50; N, 11.85, Found: C, 76.31; H, 4.26; N, 12.14.
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4-(4,5-diphenyl-1H-imidazol-2-yl)-3-(4-nitrophenyl)-1-phenyl-1H-pyrazole (3h)
Characteristic: yellow solid, M.P.: 201-204 °C, '"H NMR (400 MHz, DMSO-d6): § 12.63
(1H, s, -NH), 9.09 (1H, s, Pyr-H), 8.51-8.54 (2H, d, Ar-H), 8.34-8.36 (2H, d, Ar-H), 7.95-
7.97 (2H, d, Ar-H), 7.21-7.63 (13H, m, Ar-H),"’C NMR (100 MHz, DMSO-d6): & 147.51,
146.91, 139.10, 138.98, 138.86, 136.48, 134.97, 130.93, 129.88, 129.81, 129.24, 128.74,
128.27, 128.10, 127.79, 127.51, 127.25, 126.94, 126.52, 123.31, 118.58, 113.64; MS(m/z):
483 Anal. calcd for (C3oH21N50,) C, 74.52; H, 4.38; N, 14.48; O, 6.62, Found: C, 74.88; H,
4.51; N, 14.39.

4-(4,5-diphenyl-1H-imidazol-2-yl)-3-(3-nitrophenyl)-1-phenyl-1H-pyrazole (3i)
Characteristic: light yellow solid, M.P.: 196-198 °C, '"H NMR (400 MHz, DMSO0-d6): &
12.64 (1H, s, -NH), 9.47 (1H, s, Pyr-H), 9.12 (1H, s, Ar-H), 8.64-8.66 (2H, d, Ar-H), 8.28-
8.30 (2H, d, Ar-H), 7.21-7.97 (16H, m, Ar-H), >C NMR (100 MHz, DMSO-d6): & 147.68,
147.41, 139.15, 138.87, 136.36, 134.91, 134.57, 134.16, 130.97, 129.80, 129.52, 128.75,
128.16, 127.82, 127.46, 127.13, 126.90, 126.50, 123.35, 122.98, 118.52, 113.19; MS(m/z):
483 Anal. calcd for (C30H21NsO») C, 74.52; H, 4.38; N, 14.48; O, 6.62, Found: C, 74.81; H,
4.54; N, 14.28.

3. CONCLUSION

We demonstrated an efficient method for the synthesis of highly substituted imidazoles
using acetic acid which is inexpensive and competent acid catalyst as compare to previous
reported methods. The reaction is proceed in sonicator which gives short reaction times, high
yields and operationally simple are some advantages of this method. Overall, this method is
very rapid with use of simple starting material and obtained high yield and purity of products
without use of any further purification.
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