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Abstract

A series of 3, S-disubstituted-4, 5-dihydro-1H-pyrazoles have been synthesized under solvent free
microwave irradiation method by the condensation of o, f-unsaturated ketones with hydrazine and its
differently substituted derivatives. The chemical structures of the compounds were characterized by
elemental analysis and spectroscopic data. All the synthetics were evaluated for their anti-inflammatory
activity under 7in vivo conditions. The present study describes the potential of these pyrazole ring
containing scaffolds to assess the TNF o (Tumor Necrosis Factor-alpha) and IL-13 (Interleukin-1 beta)
inhibitory potential. TNF-o and IL-1f are inflammatory cytokines that are pro-inflammatory in nature
and play a major role in inflammatory cascades of many pathologically dreadful diseases ranging from
neurodegenerative disorders to autoimmune diseases such as rheumatoid arthritis.
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Introduction

Inflammation is the natural defense mechanism which keeps
the body healthy and free of infections, but if go unchecked
(chronic inflammation) can lead to various dreadful diseases
ranging from neurodegenerative disorders to autoimmune
diseases. The researchers during past decades have provided
enough evidence in which cytokines have been implicated in
diseases related to chronic inflammation and afterward several
researches and scientists all over the world have targeted
cytokines as a therapeutic target in autoimmune diseases such
as rheumatoid arthritis [1]. Nowadays, the inhibition of
cytokines production has also become a major focus of current
drug development and therefore, an important method for
evaluating bioactivity of drugs particularly in the field of
inflammation [2,3].

On the other hand, during the last twenty years pyrazole ring
has attracted continued attention, as it has become fairly
accessible and has shown diverse biological attributes.
Compounds with these ring systems have found to possess
varied pharmacological activities such as anti-fungal [4], anti-
bacterial [5,6], anti-inflammatory [7], anti-oxidant [8], anti-
convulsant [9], anti-depressant [10], antiviral [11], anti-cancer
([12], anti-microbial [13], antitumor [14], anti-diabetic [15],
anti-malarial [16], anesthetic, analgesic [17], anti-tuberculosis
[18], pesticides and fungicide [19] activities. Apart from the
aforementioned biological activities, pyrazoles and their
reduced forms, pyrazolines are extensively useful synthons in
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organic synthesis [20] and serve as suitable building blocks to
synthesize some other biologically active compounds such as
natural products and constitutes a relevant synthetic target in
the pharmaceutical industry.

A systematic investigation of this class of heterocyles revealed
that many pyrazoline derivatives have found their clinical
application as Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs). Antipyrine, 2, 3-dimethyl--phenyl-3-pyrazolin-5-
one, was the first pyrazolone derivative used in the
management of pain and inflammation. Phenyl butazone and
its potent metabolite oxyphenbutazone, a prototype of
pyrazolinedione NSAIDs, are potent anti-inflammatory agents
[21]. Feprazone, the 4-(methyl butenyl)-analogue, is
comparable to phenylbutazone in efficacy, but with fewer side
effects on GI tract. Several related pyrazolidine-3, 5-diones,
pyrazolin-3-ones and pyrazolin-5-ones are also available as
NSAIDs; examples are felcobuzone, mefobutazone, morazone,

famprofazone, and ramifenazone [22]. Besides these,
pyrazoline derivatives such as N-acetyl-3, 5-diaryl-A2-
pyrazolines [23], 1-acetyl-5-substituted aryl-3-(b-

aminonaphthyl)-2-pyrazolines [24], 3-(1-Acetyl-5-(p-
hydroxyphenyl)-2- pyrazolin-3-yl) indole, [25], bis (3-aryl-4,
5-dihydro-1H-pyrazol-1 carboxaldehydes) [26], 1-
Thiocarbamoyl-3-substituted ~ phenyl-5-(2-pyrrolyl)-4,  5-
dihydro-(1H)-pyrazole  [27],  5-(Substituted)  aryl-3-(3-
coumarinyl)-1-phenyl-2-pyrazolines [28], 5-(4
Fluorophenyl)-1-phenyl-3-(thiophen-2-yl)-4, 5-dihydro-1H
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pyrazole, 5-(4-Chlorophenyl)-1-phenyl-3-(thiophen-2-yl)-4, 5-
dihydro-1H pyrazole, 3-(4-biphenyl)-5 substituted phenyl-2-
pyrazolines, 1-benzoyl-3-(4-biphenyl)-5-substituted phenyl-2-
pyrazolines [29], 1-((Benzoxazole/Benzimidazole-2-yl)
thioacetyl) pyrazoline [30], 3, 2-(4, 5-dihydro-5-(4-
morphilinophenyl)-1H-pyarazol-3-yl) phenols, N-
phenylpyrazol-1-carbothioamide [31], 1-(2°, 4’-
Chloroacridine-9’-yl)-3-(5’-pyridine-4-yl)-(1, 3, 4-oxadiazol-2-
ylthiomethyl)-pyrazole-5-one [32] and 1-substituted-5-aryl-3-
(3-coumarinyl)-2-pyrazolines reported in the literature are
found to possess good to excellent in vivo dose-dependent anti-
inflammatory activities [7]. Moreover, the recent success of
pyrazole COX-2 inhibitor has further highlighted the
importance of these heterocycles in medicinal chemistry.

Thus the enormous anti-inflammatory potential of pyrazolines
and a plethora of biological activities as aforementioned
prompted us to design an easy and convenient new synthetic
route that will give high yield and rapid access to different
pyrazolines to further explore in-depth anti-inflammatory
activity associated with these heterocyles. Our present study
reports specifically microwave-assisted synthesis of 3, 5-
disubstituted-4, 5-dihydro-1H-pyrazoles via reaction of o, -
unsaturated ketones with hydrazine hydrate and its differently
substituted methyl/phenyl derivatives under solvent free
conditions, which have been found to possess an interesting
profile of anti-inflammatory potential. All the synthetics were
tested in vivo for their anti-inflammatory activity using
carrageenan induced rat paw oedema model, the widely
accepted acute model of inflammation [33]. Carrageenan
induced oedema is a non-specific inflammation resulting from
a complex of diverse mediators and since oedema of this type
is highly sensitive to NSAIDs, carrageenan has been accepted
as a useful agent for studying new anti-inflammatory drugs.
Moreover our present findings also demonstrated the
comparison between microwave and conventional method.

Materials and Methods

Chemistry

Melting points were measured on Buchi melting point B-545
and are uncorrected. Infrared spectrum was recorded on
Hitachi 270-30 spectrophotometer in KBr pellets and values
have been represented in cm™!. Mass spectra were recorded on
JEOL JMS D-300 mass spectrometer at 70 ev. 1H and '3C
NMR spectra were determined on Bruker DPX-200
spectrometer in CDCl3/CD3;0D. Chemical shifts have shown in
0 values (ppm) with Tetramethylsilane (TMS) as an internal
reference. Elemental analytical data have been determined on
Carlo Erba, Model 1106, elemental analyser. Column
Chromatography (CC): silica gel (Merck, 60-120 mesh). Thin
Layer Chromatography (TLC) cards from Merck (silica gel
pre-coated aluminium cards with fluorescent indicator at 254
nm) were used for thin layer chromatography and TLC zones
were visualized either by exposure to vanillin sulphuric acid,
iodine vapour, or under UV light. Microwave irradiation was
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carried out in BPL BMC 900T commercial microwave oven
operated at a frequency of 2450 MHz.

Synthesis and characterization of 3, 5-disubstituted-4,
S-dihydro-1H-pyrazoles (1-12)

Synthesis of a-p-unsaturated ketones (I): The o-f-
unsaturated ketones were generated by Claisen-Schmidt
condensation of vanillin with acetone or substituted
acetophenones in presence of alkali following earlier
established procedure [34] with suitable modifications.

Synthesis of 3, S-disubstituted-4, 5-dihydro-1H-pyrazoles:
The title compounds 3, 5-disubstituted-4, 5-dihydro-1H-
pyrazoles II (1-12) were synthesized by cyclocondensation of
o-B-unsaturated ketones I with hydrazine hydrate and its
differently substituted methyl/phenyl derivatives. In a typical
procedure, equimolar amounts of a-B-unsaturated ketones I and
hydrazine hydrate substituted methyl/phenyl derivatives were
taken in 100 ml of conical flask and mixed thoroughly. The
reaction mixture was irradiated with microwaves (BPL BMC
900T commercial microwave) at 60% power (400 Watt) for 2-5
minutes, with short interruption of 10-20 sec to record the
temperature and to monitor the reaction. Temperatures were
recorded in the range of 50-68°C. On completion of reaction
(TLC), the reaction mixture was cooled to room temperature,
acidified with dilute HCL. The product (3, 5-disubstituted-4, 5-
dihydro-1H-pyrazoles) was separated, filtered, washed with
cold water, dried and re-crystallized with ethanol. All the other
compounds were synthesized (1-12) following the same
procedure.

3-(2’-hydroxy-4’-methoxyphenyl)-5-(3’-methoxy-4-

hydroxyphenyl)-4-5-dihydro-1H-pyrazole) (1): MS (m/z) [M
+H]": 315, caled for C;7H;gsN,Oy; C, 65.20; H, 5.80; N, 8.85;
Found: C, 64.96; H, 5.77; N, 8.91%.; 'HNMR (CDCls): & 3.12
(dd, 1H, J=4.42 Hz, Ha-4), 3,43 (dd, 1H, J=4.42 Hz, Hb-4),
3.93 (dd, 1H, J=4.45 Hz, H-5), 3.73 (S, 3H, -OCHj3), 3.71 (S,
3H, -OCH3), 6.94 (m, 6H, Ar-H); 3CNMR: § 146.43 (C-3),
40.69 (C-4), 74.71 (C-5), 114.53 (C-1"), 153.51 (C-2’), 108.47
(C-3%), 166.59 (C-4’), 113.92 (C-5%), 135.54 (C-6), 128.56
(C-17), 114.12 (C.2”), 148.31 (C-37), 140.18 (C-4"), 116.32
(C-57), 121.59 (C-6”), 55.96 (-OCH3), 55.35 (-OCHj3).

3-(2’-hydroxy-4’-methoxyphenyl)-5-(3’-methoxy-4-
hydroxyphenyl)-4-5-dihydro-1-methyl-pyrazole (2): MS
(m/z) [M+H]*: 329, calcd for C;gH,yN,O4; C, 65.96; H, 6.14;
N, 8.53; Found: C, 65.84; H, 6.14; N, 8.53; IHNMR (CDCl5):
6 3.08 (dd, 1H, J=4.42 Hz and 4.42 Hz, Ha-4), 3,23 (dd, 1H,
J=4.42 Hz and J=4.42 Hz, Hb-4), 3.54 (dd, 1H, J=4.45 Hz,
H-5), 3.62 (S, 3H, -OCH3), 3.71 (S, 3H, -OCHj3), 6.91 (m, 6H,
Ar-H); BCNMR: § 146.51 (C-3), 40.52 (C-4), 72.82 (C-5),
116.12 (C-17), 155.56 (C-2°), 109.12 (C-3°), 166.53 (C-4"),
113.64 (C-5°), 134.96 (C-6), 128.51 (C-17), 114.14 (C.2"),
148.43 (C-37), 140.21 (C-4"), 116.30 (C-57), 121.92 (C-6"),
55.98 (-OCH3), 55.39 (-OCH3), 43.58 (-NCH3).

3-(2’-hydroxy-4’-methoxyphenyl)-5-(3’-methoxy-4-
hydroxyphenyl)-4-5-dihydro-1-phenyl-pyrazole (3): MS
(m/z) [M+H]*: 391, calcd for Co3H,,N,O4; C, 70.86; H, 5.56;
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N, 7.09; Found: C, 70.75; H, 5.68; N, 7.17; HNMR (CDCl5):
6 3.10 (dd, 1H, J=4.42 Hz and J=4.42 Hz, Ha-4), 3, 41 (dd, 1H,
J=4.42 Hz and J=4.42 Hz, Hb-4), 3.54 (dd, 1H, J=4.45 Hz,
H-5), 3.91 (S, 3H, -OCH3), 3.73 (S, 3H, -OCH3), 6.12 (bs, 2H,
H-3°, H-5") 7.01 (m, 3H, H-6’, H-4”, H-5”), 6.12 (bs, 2H,
H-3’, H-5), 6.92 (m, 2H, H-2”, H-6°"), 7.21 (m, 2H, H-3”,
H-5"); BCNMR: & 146.32 (C-3), 40.39 (C-4), 76.71 (C-5),
115.01 (C-17), 153.51 (C-2’), 108.52 (C-37), 166.51 (C-4"),
113.19 (C-5’), 135.56 (C-6%), 128.53 (C-17), 114.83 (C.2”),
148.90 (C-3”), 140.45 (C-4”), 116.31 (C-57), 121.83 (C-6"),
143.74 (C-1°”), 113.17 (C-2°”), 129.93 (C-3"”), 116.62
(C-4°"), 129.93 (C-5°7), 113.17 (C-6""), 55.9 (-OCH3), 55.39 (-
OCHy).

3-(3’-hydroxy-5’-methoxyphenyl)-5-(3’-methoxy-4’-
hydroxyphenyl)-4-5-dihydro-1H-pyrazole (4): MS (m/z) [M
+H]": 315, caled for C;7H;3sN,Oy; C, 65.20; H, 5.80; N, 8.85;
Found: C, 64.96; H, 5.77; N, 8.91; 'HNMR (CDCly): § 2.93
(dd, 1H, J=4.41 Hz and J=4.41 Hz, Ha-4), 3,48 (dd, 1H, J=4.41
Hz and J=4.41 Hz, Hb-4), 3.67 (dd, 1H, J=4.43 Hz, H-5), 3.80
(S, 3H, -OCHj3), 3.93 (S, 3H, -OCHj3), 6.84 (m, 6H, Ar-H);
BCNMR: § 159.52 (C-3), 43.54 (C-4), 72.27 (C-5), 131.24
(C-17), 101.23 (C-2’), 153.52 (C-3’), 114.30 (C-4’), 161.53
(C-5%), 120.95 (C-6’), 109.92 (C-17), 128.16 (C.2”), 146.88
(C-37), 145.51 (C-4”), 106.15 (C-5"), 109.17 (C-6), 55.31 (-
OCHj3), 55.94 (-OCH3).

3-(3’-hydroxy-5’-methoxyphenyl)-5-(3’-methoxy-4’-

hydroxyphenyl)-4-5-dihydro-1-methyl-pyrazole (5): MS
(m/z) [M+H]*: 329, calcd for C;gH,oN,04; C, 65.96; H, 6.14;
N, 8.85; Found: C, 65.84; H, 6.14; N, 8.53; HNMR (CDCl5):
82.96 (dd, 1H, J=4.41 Hz and J=4.41 Hz, Ha-4), 3,48 (dd, 1H,
J=4.41 Hz and J=4.41 Hz, Hb-4), 3.69 (dd, 1H, J=4.43 Hz,
H-5), 3.84 (S, 3H, -OCHj;), 3.93 (S, 3H, -OCH3), 2.78 (s, 3H, -
NCH3), 5.64 (s, 1H, Ar-OH), 6.44 (dd, 1H, J=2.51 and 2.52 Hz
H-4%), 6.71 (bs, 2H, H-2’, H-6"), 6.55 (d, 1H, H-2”), 7.03 (m,
2H, H-4", H-5”) 3CNMR: § 159.52 (C-3), 43.54 (C-4), 72.27
(C-5), 131.27 (C-1°), 101.28 (C-2’), 153.03 (C-3°), 114.27
(C-4), 161.53 (C-57), 120.96 (C-6"), 109.92 (C-17), 128.18 (C.
2”), 146.87 (C-3”), 145.50 (C-4”), 106.16 (C-5"), 109.17
(C-67), 55.33 (-OCHy), 55.95 (-OCH3), 41.89 (-NCH3).

3-(3’-hydroxy-5’-methoxyphenyl)-5-(3’-methoxy-4’-
hydroxyphenyl)-4-5-dihydro-1-phenyl-pyrazole (6): MS
(m/z) [M+H]*: 391, calcd for C,3H,,N,04; C, 70.86; H, 5.56;
N, 7.09; Found: C, 70.75; H, 5.56; N, 7.17; 'HNMR (CDCl5):
0291 (dd, 1H, J=4.41 Hz and J=4.41 Hz, Ha-4), 3,48 (dd, 1H,
J=4.41 Hz and J=4.41 Hz, Hb-4), 3.62 (dd, 1H, J=4.43 Hz,
H-5), 3.82 (S, 3H, -OCHj3), 3.93 (S, 3H, -OCHj3), 5.64 (s, 1H,
Ar-OH), 6.41 (dd, 1H, H-4"), 6.62 (bs, 2H, H-2’, H-6"), 6.43
(m, 1H, H-2"), 7.03 (m, 2H, H-4”, H-5"); 3CNMR: § 159.32
(C-3), 43.52 (C-4), 72.17 (C-5), 131.48 (C-17), 101.25 (C-2),
153.58 (C-3°), 114.29 (C-4’), 161.50 (C-5), 120.96 (C-6"),
109.91 (C-17), 128.29 (C.2”), 146.74 (C-37), 145.32 (C-4"),
106.15 (C-57), 109.14 (C-6”), 144.01 (C-1""), 112.23 (C-2""),
129.13 (C-3’7), 11690 (C-4’”), 129.13 (C-5’), 112.23
(C-6’), 55.31 (-OCH3), 55.94 (-OCHy), 41.89.

3-(2’-hydroxy-4’-methylyphenyl)-5-(3’-methoxy-4’-
hydroxyphenyl)-4-5-dihydro-1H-pyrazole (7): MS (m/z) [M
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+H]": 299, caled for C;7H;gsN,O3; C, 68.53; H, 6.12; N, 9.25;
Found: C, 68.44; H, 6.08; N, 9.25; lTHNMR (CDCl;): § 3.08
(dd, 1H, J=4.42 Hz and, J=4.42 Hz, Ha-4), 3, 51 (dd, 1H,
J=4.42 Hz and, J=4.42 Hz, Hb-4), 3.95 (dd, 1H, J=4.45 Hz,
H-5), 2.26 (S, 3H, -CH3), 3.86 (S, 3H, -OCHj3), 6.95 (m, 6H,
Ar-H); 13CNMR: § 145.43 (C-3), 41.79 (C-4), 62.74 (C-5),
114.55 (C-17), 155.53 (C-2’), 108.58 (C-3°), 119.47 (C-4’),
133.84 (C-5%), 127.82 (C-6%), 128.09 (C-17), 131.12 (C.2”),
154.55 (C-3”), 146.88 (C-47), 116.32 (C-57), 119.47 (C-6"),
20.49 (-CHj3), 55.97 (-OCHy3).

3-(2’-hydroxy-5’-methylphenyl)-5-(3’-methoxy-4’-
hydroxyphenyl)-4-5-dihydro-1-methyl-pyrazole (8): MS
(m/z) [M+H]*: 313, calcd for C;gH,(N,03; C, 69.34; H, 6.35;
N, 8.87; Found: C, 69.21; H, 6.45; N, 8.97; HNMR (CDCl,):
83.00 (dd, 1H, J=4.42 Hz and, J=4.42 Hz, Ha-4), 3,51 (dd, 1H,
J=4.42 Hz and, J=4.42 Hz, Hb-4), 3.71 (dd, 1H, J=4.45 Hz,
H-5), 2.26 (S, 3H, -CHj3), 2.79 (3, 3H, -CHj3) 3.90 (S, 3H, -
OCHj3), 6.91 (m, 6H, Ar-H); > CNMR: § 145.52 (C-3), 41.66
(C-4), 72.28 (C-5), 116.10 (C-1), 155.59 (C-2’), 109.10
(C-3%), 114.33 (C-4’), 131.27 (C-5), 127.42 (C-6"), 128.03
(C-17), 130.92 (C.2”), 152.77 (C-3”), 146.90 (C-4”), 116.30
(C-57), 120.91 (C-6), 20.50 (-CH3), 55.98 (-OCH3y), 43.49 (-
NCH3).

3-(2’-hydroxy-5’-methylphenyl)-5-(3’-methoxy-4’-
hydroxyphenyl)-4-5-dihydro-1-phenyl-pyrazole (9): MS
(m/z) [M+H]*: 375, calcd for C,3H,,N,05; C, 73.78; H, 5.82;
N, 7.48; Found: C, 73.78; H, 5.92; N, 7.48; 'HNMR (CDCl5):
83.06 (dd, 1H, J=4.42 Hz and, J=4.42 Hz, Ha-4), 3.45 (dd, 1H,
J=4.42 Hz and, J=4.42 Hz, Hb-4), 3.90 (dd, 1H, J=4.45 Hz,
H-5), 2.24 (S, 3H, -CHj3), 3.84 (S, 3H, -OCHj3), 6.66 (d, 1H,
H-3%), 7.21 (m, 3H, H-4’, H-6’, H-5”), 6.45 (m, 2H, H-2”,
H-4), 6.41 (m, 2H, H-2’", H-6’”), 7.02 (m, 2H, H-3’”, H-5"");
IBCNMR: § 145.00 (C-3), 40.39 (C-4), 61.74 (C-5), 117.03
(C-1°), 154.83 (C-2), 110.71 (C-3’), 119.86 (C-4’), 132.67
(C-5%), 127.64 (C-6’), 128.04 (C-17), 130.83 (C.2”), 154.32
(C-37), 146.63 (C-4”), 116.31 (C-57), 120.74 (C-6”), 143.71
(C-1"”), 11241 (C-2°), 129.62 (C-3’”), 117.01 (C-4’"),
129.62 (C-5""), 112.41 (C-6’"), 20.52 (-CH3), 55.95 (-OCH3).

3-(2’-hydroxy-5’-methoxyphenyl)-5-(3’-methoxy-4’-

hydroxyphenyl)-4-5-dihydro-1H-pyrazole (10): MS (m/z)
[M+H]": 315, calcd for C;7H;gN,Qy4; C, 64.83; H, 5.79; N,
8.82; Found: C, 64.96; H, 5.79; N, 8.91; 'HNMR (CDCls): &
3.07 (dd, 1H, J=4.41 Hz and, J=4.41 Hz, Ha-4), 3.50 (dd, 1H,
J=4.42 Hz and J=4.42 Hz, Hb-4), 3.91 (dd, 1H, J=4.45 Hz,
H-5), 3.76 (S, 3H, -OCH3), 3.87 (S, 3H, -OCHj3), 4.84 (s, 1H,
OH), 6.82 (m, 6H, Ar-H); 3CNMR: § 145.56 (C-3), 41.86
(C-4), 62.93 (C-5), 116.24 (C-1°), 152.33 (C-2’), 114.59
(C-3%), 117.09 (C-4’), 154.06 (C-5"), 119.57 (C-6), 112.66
(C-17), 133.76 (C.2”), 151.97 (C-3”), 146.93 (C-4"), 116.60
(C-57), 108.62 (C-6), 55.97 (-OCH3), 56.03 (-OCHj3).

3-(2’-hydroxy-5’-methoxyphenyl)-5-(3’-methoxy-4’-

hydroxyphenyl)-4-5dihydro-1-methyl-pyrazole (11): MS
(m/z) [M+H]*: 329, calcd for C;gH,oN,Oy4; C, 65.78; H, 6.14;
N, 8.53; Found: C, 65.84; H, 6.14; N, 8.53; ITHNMR (CDCls):
8 3.04 (dd, 1H, J=4.41 Hz and J=4.42 Hz, Ha-4), 3.21 (dd, 1H,
1H, J=4.42 Hz and J=4.42 Hz, Hb-4), 3.83 (dd, 1H, J=4.45 Hz,
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H-5), 3.80 (S, 3H, -OCH;), 3.87 (S, 3H, -OCH3), 2.74 (s, 3H, -
NCH3), 4.95 (s, 1H, OH), 6.95 (m, 6H, Ar-H); 3CNMR: &
145.51 (C-3), 41.73 (C-4), 65.74 (C-5), 116.52 (C-1°), 152.37
(C-2%), 114.62 (C-3’), 117.12 (C-4), 153.93 (C-5"), 119.32
(C-6), 112.24 (C-17), 130.93 (C.2”), 151.94 (C-3”), 146.73
(C-47), 116.59 (C-57), 108.39 (C-6"), 55.98 (-OCH3), 56.03 (-
OCH3), 43.43 (-NCH;).

3-(2’-hydroxy-5’-methoxyphenyl)-5-(3’-methoxy-4’-
hydroxyphenyl)-4-5-dihydro-1-phenyl-pyrazole) (12): MS
(m/z) [M+H]*: 391, calcd for Cy3H»,N,Oy; C, 70.63; H, 5.45;
N, 8.84; Found: C, 70.75; H, 5.68; N, 7.17; THNMR (CDCls):
8 2.97 (dd, 1H, J=4.41 Hz and J=4.40 Hz, Ha-4), 3.24 (dd, 1H,
J=4.42 Hz and J=4.42 Hz, Hb-4), 3.57 (dd, 1H, J=4.44 Hz,
H-5), 3.80 (S, 3H, -OCHs3), 3.87 (S, 3H, -OCH3), 6.52 (d, 1H,
H-3%), 6.47 (dd, 1H, H-4"), 7.02 (m, 3H, H-6’, H-4”, H-57),
6.51 (m, 2H, H-2”, H-4”), 6.54 (m, 2H, H-2"”, H-6’"), 7.03 (m,
2H, H-3", H-5""); BCNMR: § 145.27 (C-3), 41.64 (C-4),
62.52 (C-5), 116.72 (C-1°), 152.40 (C-2’), 115.65 (C-3),
117.22 (C-4’), 154.09 (C-5°), 119.51 (C-6’), 112.62 (C-17),
133.86 (C.2”), 151.61 (C-37), 146.89 (C-4”), 116.58 (C-5),
108.52 (C-67), 143.31 (C-1""), 112.35 (C-2’"), 129.42 (C-3*"),
116.83 (C-4’"), 129.42 (C-5"7), 112.35 (C-6’”), 5597 (-
OCHy;), 56.03 (-OCHj3).

Biological evaluation

Animals: The experiments were performed on male Wistar
rats (weighing 130-150 g each) after obtaining the clearance
from Institutional Animals Ethics Committee. All the animals
were kept in standard cages and maintained under standard
laboratory conditions (temperature 22 + 2°C with 12 h light/12
h dark cycle) with free access to pellet food (Lipton India Ltd)
and water and libitum throughout the study. According to
ethical regulations on animal research, all animals used in
experimental work received humane care. Test materials have
been prepared as a homogenized suspension in distilled water
and orally administered to the experimental animals for the
duration of experiment. Chemicals used; Carrageenan (Sigma
Chemical Co. (St Louis, MO, USA), Mycobacterium
Tuberculli (Difco, USA), TNF-a and IL-1p ELISA kits (R&D
systems). All other reagents used were of analytical grade.

In vivo inhibition of the carrageenin-induced oedema

The acute anti-inflammatory effect was evaluated by
carrageenan induced rat paw oedema according to the method
of Winter et al. [35]. Oedema was induced by injection of 1%
suspension of carrageenan in 0.9% sterile saline solution into
the right plantar region of the rats. Compounds 1-12 (5 mg/kg)
or Ibuprofen (100 mg/kg body weight), was administrated
orally 1 h before injection of carrageenan. The paw volumes
(up to the tibiotarsal articulation) were estimated by
plethysmography after 4 h of carrageenan injection. Oedema is
reported as the difference between the initial and final paw
volumes. The inhibitory activity was calculated using the
following formula.

Inhibition (%)=Control-Treated/Control x 100
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In vivo adjuvant-induced arthritis

Adjuvant arthritis [36] was induced by the subplantar injection
of 0.1 ml freshly prepared suspension (5.0 mg/ml) of steam
killed Mycobacterium tuberculli in liquid paraffin. The volume
of the injected paws was quantitated before and on day 13 after
the adjuvant injection. Drug administration (compounds 1, 2
and 12 at multiple doses) was started 1 day before the adjuvant
injection and continued till the termination of the experiment.
After the termination of experimental period, blood was
collected from the retro-orbital plexus of animals and allowed
to clot for 1 h. After 1 h serum was separated and used for the
estimation of TNF-a and IL-1f, using commercially available
ELISA Kkits, according to the manufacturer’s instructions.

Ibuprofen (100 mg/kg body weight) was administered as a
standard comparative drug.

Statistical analysis

All the data was analysed as mean + S.EMM and the
significance determined by applying the student’s-‘t’ test.

Results and Discussion

Chemistry

The sequence of the reactions employed for the development
of title compounds (1-12) and their intermediates is depicted in
Scheme 1.

2, reflux
Hof r:m N
tEuDK — R\‘j{\‘ﬂ

1=R=”=:\(D:-H_ R=H /QE
w© on /@:

R'=CH3

R'= CH; 10=R= Ve

Cx
o
" ;
&

R=H
o : oH
R'=Fh 11=R=Me0 R'=CH.
: oH

Scheme 1. The sequence of the reactions employed for the
development of title compounds (1-12) and their intermediates.

12=R= M0 R'=Ph

a, P-unsaturated ketones I were synthesized according to
reported method by Clasein-Schmidt condensation, i.e.
reaction of wvanillin with acetone or various substituted
acetophenones in the presence of the alkali [34] produced
above compounds in quantitative yields. The o, B-unsaturated
ketones I thus prepared were further treated with hydrazine
hydrate and its various substituted derivatives under
microwave irradiation without the use of solvent, led to the
formation of title compounds 3, S5-disubstituted-4, 5-
dihydro-1H-pyrazoles II (Scheme 1) in excellent yields
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(80-90%). The structures of these compounds were confirmed
by IR, NMR, and mass spectroscopy. The IR spectrum of a, -
unsaturated ketones I showed a strong band around 1665 cm!
which indicates the presence of conjugated carbonyl group. In
'H NMR spectra the olefinic protons gave a singlet signal at
7.21 ppm and were in agreement with assigned structure and
reported data [37]. For pyrazolines, 'H NMR spectra showed
the presence of two doublet signals, at & 2.91-3.12 (1H, Ha),
3.23-3.51 (1H, Hb) for prochiral CH, protons, a double of
doublet signal at & 3.54-3.96 (1H, H5) for CH proton due to
vicinal coupling with two non-equivalent geminal protons of
adjacent carbon atom, for all the compounds. Further,
disappearance of absorption band at 1665 cm™ (C=0) of a, p-
unsaturated ketones and appearance of absorption band at 1650
cm! (C=N) in IR spectra, confirms the presence of pyrozoline
ring. Based on spectral studies, the structure of II was

confirmed as 3, 5-disubstituted-4, 5-dihydro-1H-pyrazoles and
is consistent with the reported data [37]. As a result of our
studies related to the development of synthetic protocols using
microwave irradiations, we report here a novel and easy access
to 3, 5-disubstituted-4, 5-dihydro-1H-pyrazoles using a one-pot
procedure. Moreover, synthetics prepared using microwave
and classical methods on comparison (Table 1) gave us
surprising results. The result shows that in microwave the
formation of pyrazolines can be achieved in significant shorter
time and in better yields. It was observed that the average
reaction time between the two methods is 1:90 for the synthesis
of 3, 5-disubstituted 4, 5-dihydro-1H-pyrazoles. Thus the
present study is in favor of the microwave method and
describes its superiority over previously reported classical
heating method.

Table 1. Comparison of reaction time and yield of 3, 5-disubstiuted-4, 5-dihydro-1H-pyrazoles by microwave and conventional methods.

Time taken Yield "A

Compound No. Molecular formula Conventional Microwave Conventional Microwave
1 C17H1gN204 3h 2 min 68.83 90.12
2 C1gH20N204 3h 2 min 58.24 81.24
3 C23H2oN204 3h 2 min 65.58 90.41
4 C17H1gN204 3h 2 min 89.82 90.12
5 C1gH20N204 3h 2 min 45.78 86.34
6 C23HoN204 3h 2 min 63.54 86.27
7 Cq7H1gN203 3h 2 min 66.87 89.34
8 C1gH20N203 3h 2 min 66.86 80.34
9 C23H2oN203 3h 2 min 65.58 90.41
10 Cq7H1gN204 3h 2 min 47.34 80.67
11 C1gH20N204 3h 2 min 54.67 81.26
12 C23H2oN204 3h 2 min 45.67 82.57

Biological evaluation

The compounds (1-12) were tested for their anti-inflammatory
profile at the dose of 5 mg/kg p.o. and it was observed that
compounds 1, 2, 3, 10, 11 and 12 showed maximum activity
with the inhibition of 36.70%, 39.87%, 31.01%, 29.11%,
33.54% and 41.77% respectively which is indicative of their
potent anti-inflammatory activity. Compound 12 showed most
significant activity as compared to others. These results
prompted us to further test the efficacy of these compounds at
multiple doses in chronic model of inflammation. Since
compounds 1, 2 and 12 showed highly significant activity they
were selected for further studies. Adjuvant induced arthritis is
the most widely used chronic model of inflammation for the
screening of new anti-inflammatory drugs [38]. We first
determined the paw swelling as reflection of rat paw
inflammation and after treatment with compounds 1, 2 and 12
at the doses of 1, 2.5, 5 and 10 mg/kg p.o. for 13 days, highly
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significant inhibition of the paw swelling was obtained. The
most significant inhibition of inflammation was exhibited by
compound 12 at the dose of 10 mg/kg p.o. We also tested the
effect of compounds 1, 2 and 12 on serum levels of TNF-a and
IL-1B in arthritic control and treated groups, as blockade of
these pro-inflammatory cytokines has been shown to be
effective in both experimental and human arthritis [39]. Our
results showed that compounds 1, 2 and 12 suppressed the
TNF-a and IL-1. Once again, the most significant suppression
was shown by compound 12. These results clearly indicate that
the as-synthesized compounds are potent natural anti-
inflammatory agents and therefore, could be suggested for
possible further development for therapeutic usefulness.

Carrageenan induced oedema

The anti-inflammatory activity of compound 1-12 (5 mg/kg)
was evaluated in the paw oedema model induced by
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carrageenan in male Wistar rats (n=6/group). As observed in
(Table 2), the single oral administration of compounds 1-12
resulted in the inhibition of oedema, but the most significant
anti-inflammatory activities were shown by compounds 1, 2, 3,
10, 11 and 12 (36.70%, 39.87%, 31.01%, 29.11%, 33.54% and
41.77% inhibition). However standard drug Ibuprofen was able
to produce most significant inhibition of paw oedema at the
dose of 100 mg/kg (50.63%).

Table 2. Effect of compound 1-12 (5 mg/kg/body weight) and
Ibuprofen (100 mg/kg/body weight) on the oedema in the acute model
of inflammation induced by carrageenan. Values represented the mean
+ S.E.M, which were analysed by Student’s t-test, n=6, p-value:
*<0.01,""<0.001.

Groups Concentration (mg/kg) Mean £ S.E. Activity (%)
Control 1.58 £0.10

Compound 1 5 1.00 + 0.09 36.70%|
Compound 2 5 0.95+0.12 39.87%"
Compound 3 5 1.09+0.11 31.01%)"
Compound 4 1.19+0.16 24.68%)
Compound 5 1.32+£0.10 16.45%)
Compound 6 1.27 £0.19 19.62%)
Compound 7 1.20 £ 0.09 24.05%
Compound 8 1.31+0.12 17.08%]
Compound 9 5 1.25+0.13 20.88%)
Compound 10 5 1.12£0.11 29.11%)"
Compound 11 5 1.05 + 0.09 33.54%]"
Compound 12 5 0.92+0.15 41.77%)"
Ibuprofen 100 0.78 £ 0.14 50.63%"

Adjuvant-induced arthritis

Effect on paw oedema: Figure 1 shows that groups of animals
treated with compound 1, 2 and 12 showed suppression of
oedema induced by adjuvant as compared to control in a dose
dependent manner. Compound 1 decreased the paw volume
from 2.65 £ 0.08 to 1.61 = 0.06 (39.24% inhibition), compound
2 from 2.65 £ 0.08 to 1.59 £+ 0.10 (40.00% inhibition) and
compound 12 from 2.65 + 0.08 to 1.46 + 0.03 (44.90%
inhibition) at the dose of 10 mg/kg p.o. which is suggestive of
its anti-inflammatory activity.

Effect on TNF-a and IL-1

Figure 2 shows the effect of oral administration of compounds
1, 2 and 12 on the serum levels of cytokines. It was found that
there was a significant suppression of TNF- aand IL-1p in the
group of animals treated with compounds 1, 2 and 12 as
compared to control. However highly significant suppression
was obtained in the group of animals treated with compound
12. Compound 12 showed 48% suppression of TNF-o (Figure
2A) and 45% suppression of IL-1B (Figure 2A).
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Figure 1. Effect of compound 1-12 (5 mg/kg/body weight) and
Ibuprofen (100 mg/kg/body weight) on the oedema in the chronic
model of inflammation induced by Mycobacterium tuberculli. Values
represented the mean S.E.M, which were analysed by Students t-test,
n=6, p-value: *<0.01, **<0.001.
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Figure 2. Effect of compounds 1, 2 and 12 (1, 2.5, 5 and 10 mg/kg/
body weight) and Ibuprofen (100 mg/kg/body weight) on the serum
levels of cytokines. A: TNF-alpha and B: IL-1 beta in the chronic
model of inflammation induced by Mycobacterium tuberculli. Values
represented the mean S.E.M, which were analysed by Students t-test,
n=6, p-value: *<0.01, **<0.001.

Conclusion

In conclusion, we have described an expedient, highly efficient
and convenient procedure for the synthesis of 3, 5-disubstituted
4, 5-dihydro-1H-pyrazoles in excellent yields using o, B-
unsaturated ketones with hydrazine and its differently
substituted derivatives under solvent free conditions. This
method offers significant advantages over reported
conventional method [37]; featuring a simple reaction
procedure and mild conditions, very short reaction time and
high product yields. The screening results revealed that the
compounds (1-12) exhibited moderate to considerable activity
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when compared with the standard Ibuprofen. The synthesized
compounds showed anti-inflammatory activity in the range of
20-49% whereas standard drug showed 50% inhibition in paw
oedema. The results of anti-inflammatory activity indicated
that compounds 1, 2 and 12 possess maximum anti-
inflammatory potential as well as highly significant suppressor
of TNF-a and IL-1 B. In the light of above results, it might be
concluded that these compounds are potent anti-inflammatory
in nature and thus further studies are required to evaluate and
elucidate the mechanism of action in order to develop new
natural anti-inflammatory agents.
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