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INTRODUCTION

In survey conducted by Arthritis Fountion of USA, more
than 50 million peoples (approximately 22 %) of the US adult
population have been diagnosed with arthritis and related
diseases. Among the US adults, an estimated 12.4 million, 1.5
million and 3.0 million were diagnosed with osteoarthritis,
rheumatoid arthritis and gout, respectively [1]. Globally, an
estimated 23.7 million people have rheumatoid arthritis [2].
Adults usually develop these diseases in their productive years,
between the age of 20 and 40 years [3]. For past 50 years, the
mortality rates of patients with rheumatoid arthritis has been
approximately 1.5 times higher than those of general popu-
lation [4].

The most widely used drugs for arthritis medication are
non-steroidal anti-inflammatory drugs (NSAIDs). The anti-
pyretic, analgesic and anti-inflammatory properties of NSAIDs
prove to be beneficial in reducing symptomatic and inflam-
matory conditions [5]. Approximately 30 million people world-
wide use NSAIDs [6]. However, NSAIDs cause some serious
side effects such as digestive tract irritation, cardiovascular
disorders, hypersensitivity reactions and kidney disturbances
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[7]. Hence, research for discovering novel anti-inflammatory
agents is of interest.

Pyrazole, a five-membered heterocyclic aromatic group,
is present in several bioactive compounds. In some pyrazole
derivative compounds, various biological activities have been
identified, including anticancer, anticonvulsant, antimicrobial,
anti-inflammatory and analgesics [8-10]. Pyrazole derivatives
have been developed to afford anti-inflammatory drugs. They
include 1,5-diarylpyrazole compounds such as celecoxib,
rimonabant, and phenylbutazone [11]. However, to the best of
our knowledge, no studies are available on the synthesis and
anti-inflammatory activities of its aminomethyl derivatives.
Introducing an aminomethyl group to aromatic moiety modifies
biologically active compounds. Moreover, biological activity
exhibited by some aminomethyl derivatives of anti-inflam-
matory agents, such as 2,5-disubstituted indoles, 6-substituted
2-aminobenzothiazole, dehydrosingerone (DHZ), chalcones,
5-methyl-2-benzoxazolinones, curcumin mono-carbonyl
analogues and ibuprofen, are better than the respective parent
analogues [12-18].

Herein, we described the synthesis and anti-inflammatory
potential of a series of novel 1,5-diarylpyrazole compounds,
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namely 2-methoxy-4-(1-phenyl-3-methyl-1H-pyrazol-5-
yl)phenol (1) and its aminomethyl derivatives (2a-e).

EXPERIMENTAL

Chemicals were bought commercially from Sigma-Aldrich,
USA, E. Merck, Germany and Mallinckrodt, USA. For the
purification technique, TLC preparative on silica gel 60 Fs,
plates (Merck, Germany) were used. Using Fourier-transform
infrared spectrophotometer (8400S, Shimadzu, Japan), nuclear
magnetic resonance (NMR) spectrometer (Agilent, USA) and
high-resolution mass spectrometer ESI-TOP LCT Premier XE
(Waters Corp., USA), infrared, NMR and mass spectra, respec-
tively, of the synthesized compounds were recorded.

Synthesis of 2-methoxy-4-(1-phenyl-3-methyl-1H-
pyrazol-5-yl)phenol (1): An earlier reported method for the
synthesis of l-acetyl-5-aryl-4,5-dihydro-1H-pyrazoles was
adopted with some modifications [19]. To a 100 mL of glacial
acetic acid solution containing dehydrozingerone (47 mmol),
phenylhydrazine hydrochloride (53 mmol) was added and heated
under reflux for 7 days. After the reaction was completed based
on TLC monitoring, a blackish green solution was formed.
Crushed ice was added to this mixture with constant stirring,
and then the substrate was extracted thrice into a hexane and
ethyl acetate mixture (7:1). After the evaporation of organic
solvent, oil residue was allowed to solidify at room temperature
(Scheme-I). TLC preparative purification was done to afford
pure 1,5-diarylpyrazole (1).

General synthesis of aminomethyl derivatives of 2-
methoxy-4-(1-phenyl-3-methyl-1H-pyrazol-5-yl)phenol
(2a-e): Mannich reaction of 1,5-diarylpyrazole (1) was used
for synthesizing compounds by slightly modifying the method
reported previously for the synthesis of hydroxybenzaldehyde
derivatives [20]. Compound 1 (1.5 mmol) was added to a mixture
of formaldehyde (37.5 %, 1.5 mmol) and corresponding 2°
amines (1.5 mmol) in ethanol, and the solution was stirred for
30 min and refluxed for 3 h at 79 °C, followed by constant
stirring at 25 °C until the reaction was complete based on TLC
monitoring. Using a rotary vacuum evaporator, solvent was
evaporated to obtain a crude product. TLC preparative purifi-
cation of the crude product afforded pure 2a-e.

N
N
NH,
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Spectral data

2-Methoxy-4-(1-phenyl-3-methyl-1H-pyrazol-5-yl)-
phenol (1): Dark yellow powder, yield 15.8 %. FT-IR (KBr,
Vmae, cm™): 3500-2500 (broad, OH), 1724 (C=N), 1595 and
1512(C=C), 1261 (C-0), 1124-1033 (C-N). 'HNMR (500 MHz,
CDCls), & ppm: 2.37 (s, 3H, CHa), 3.64 (s, 3H, CH;-O-Ar),
6.26 (s, 1H, CH=C), 6.61 (d, 1H, J = 1 Hz, HAr), 6.77 (d, 1H,
J=1Hz, HAr), 6.82 (d, 1H, J = 1 Hz, HAr), 7.30 (m, 5H, HAr).
“C NMR (125 MHz, CDCl;), 8 ppm: 13.72 (1C), 55.86 (1C),
106.85 (1C), 107.17 (1C), 111.46 (1C), 111.67 (1C), 114.59
(1C), 125.41 (2C), 127.12 (1C), 128.82 (2C), 140.42 (10),
143.89 (1C), 147.24 (1C), 147.66 (1C), 149.42 (1C). HR ESI-
MS (m/z) found 281.1295 (M+H)*, calcd. mass 281.1290 for
C7H7N2O: (error ~1.8 ppm).

2-[(Dimethylamino)methyl]-6-methoxy-4-(3-methyl-1-
phenyl-1H-pyrazol-5-yl)phenol (2a): Brownish yellow
viscous liquid, yield 29.2 %. FT-IR (KB, Vi, cm™): 3000-2850
(C-H aliphatic), 1579 (C=N), 1250 (C-0), 1502, 1460 (C=C),
1165, 1088 (C-N). 'H NMR (500 MHz, CDCls), 4 ppm: 2.27
(s, 6H, N-(CHs3),), 2.34 (s, 3H, CH3), 3.52 (s, 2H, Ar-CH,-N-),
3.61 (s, 3H, CH3-O-Ar), 6.23 (s, 1H, CH=C), 6.45 (s, 1H, HAr),
6.55 (s, 1H, HAr),7.21-7.29 (m, 5H, HAr). "C NMR (125 MHz,
CDCly), 8 ppm: 1 3.67 (1C), 44.5 (2C), 55.75 (1C), 62.54
(1C), 106.80 (1C), 111.67 (1C), 121.13 (1C), 122.02 (10),
125.34 (20), 125.43 (2C), 127.04 (1C), 127.19 (1C), 128.77
(2C), 140.40 (1C), 143.98 (1C), 147.60 (1C), 147.63 (10),
149.37 (1C). HR ESI-MS (m/z) found 338.1862 (M+H)", calcd.
mass 338.1869 for C,0Hx4N;0; (error ~2.1 ppm).

2-Methoxy-4-(3-methyl-1-phenyl-1H-pyrazol-5-yl)-6-
[(morpholin-4-yl)methyl]phenol (2b): Brown viscous liquid,
yield 15.6 %. FT-IR (KB, Vi, cm™): 3000-2850 (C-H aliphatic),
1692 (C=N), 1597, 1500 (C=C), 1261 (C-0), 1094 (C-N). 'H
NMR (500 MHz, CDCls), 8 ppm: 2.36 (s, 3H, CH3), 2.53 (t,
4H, -CH»-CH,-N-morpholine), 3.61 (s, 2H, Ar-CH,-N-), 3.66
(s, 3H, CHs-O-Ar), 3.73 (t, 4H, J = 10 Hz, -CH,-CH,-O-), 6.24
(s, 1H, CH=C), 6.50 (d, 1H, J =1 Hz, HAr), 6.57 (d, 1H, /=1
Hz, HAr), 7.23-7.32 (m, HAr). *C NMR (125 MHz, CDCl5),
d ppm: 13.71 (1C), 52.94 (2C), 55.80 (1C), 61.51 (1C), 66.88
(2C), 106.90 (1C), 111.80 (1C), 120.86 (1C), 121.35 (10),
121.65 (1C), 125.43 (2C), 127.18 (1C), 128.85 (2C), 140.40
(1C), 143.82 (1C), 146.96 (1C), 147.69 (1C), 149.46 (1C).
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Scheme-I: Synthetic route of 2-methoxy-4-(1-phenyl-3-methyl-1H-pyrazol-5-yl)phenol) (1) and its aminomethyl derivatives (2a-e)
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HR ESI-MS (m/z) found 380.1976 (M+H)*, caled. mass 380.1974
for C5,H,6N30;3 (error ~0.5 ppm).

2-[(Diethylamino)methyl]-6-methoxy-4-(3-methyl-1-
phenyl-1H-pyrazol-5-yl)phenol (2¢): Brown viscous liquid,
yield 31.1 %. FT-IR (KBr, Vi, cm'): 3000-2850 (C-H aliphatic),
1597 (C=N), 1246 (C-0), 1499 and 1456 (C=C), 1300-1000
(C-N). "HNMR (500 MHz, CDCl;), 8 ppm: 1.08 (t, 6H, CH3),
2.05 (s, 2H, -CH,-N-diethylamine), 2.36 (s, 3H, CHs), 2.59
(q,4H, J=7Hz, 7.2 Hz, CH,-CH3-diethylamine), 3.63 (s, 3H,
CH;-0O-Ar), 3.67 (s, 2H, Ar-CH,-N-), 6.24 (s, 1H, CH=C), 6.45
(d, 1H,J=2Hz, HAr), 6.57 (d, 1H, J=2 Hz, HAr), 7.22-7.31
(m, 5H, HAr). "C NMR (125 MHz, CDCl5), 8 ppm: 11.88 (2C),
11.23 (1C), 55.78 (1C), 46.44 (2C), 56.50 (1C), 106.82 (1C),
111.50 (1C), 120.96 (1C), 121.50 (1C), 121.95 (1C), 125.40
(20), 127.08 (1C), 128.82 (2C), 140.41 (1C), 144.11 (1C),
147.78 (1C), 148.01 (1C), 149.42 (1C). HR ESI-MS (m/z)
found 366.2183 (M+H)*, calcd. mass 366.2182 for C»HasN;0,
(error ~0.3 ppm).

2-Methoxy-4-(3-methyl-1-phenyl-1H-pyrazol-5-yl)-6-
[(4-methylpiperazin-1-yl)methyl]phenol (2d): Pale yellow
powder, yield 32.4 %. FT-IR (KB, Vi, cm™): 3000-2850 (C-H
aliphatic), 1730 (C=N), 1597 and 1500 (C=CAr), 1247 (C-0O),
1165-1082 (C-N). '"H NMR (500 MHz, CDCl;), 8 ppm: 2.28
(s, 3H, CHs), 2.35 (s, 3H, CH3), 2.50 (m, 8H, CH, piperazine),
3.61 (s, 3H and 2H, CH;-O-Ar overlap with Ar-CH»-N), 6.26
(s, 1H, CH=C), 6.50 (d, 1H, J =1 Hz, HAr), 6.55 (d, 1H, J =
1 Hz, HAr), 7.25 (m, 5H, HAr). "C NMR (125 MHz, CDCl;),
S ppm: 13.71 (1C), 45.97 (1C), 52.50 (2C), 54.96 (2C), 55.77
(1C), 61.07 (1C), 111.67 (1C), 113.40 (1C), 121.20 (1C),
106.85 (1C), 125.41 (2C), 128.87 (2C), 128.91 (1C), 127.12
(1C), 140.42 (1C), 143.89 (1C), 147.24 (1C), 147.66 (1C),
149.42 (1C). HR ESI-MS (m/z) found 393.2295 (M+H)", calcd.
mass 393.2291 for C,3H»N4O; (error ~1.0 ppm).

2-Methoxy-4-(3-methyl-1-phenyl-1H-pyrazol-5-yl)-6-
[(pyrrolidin-1-yl)methyl]phenol (2e): Brown viscous liquid,
yield 52.5 %. FT-IR (KBr, Vinax, cm™): 3000-2850 (C-H aliphatic),
1724 (C=N), 1595, 1504 (C=CAr), 1246, 1167 (C-0), 1085,
1000 (C-N). '"H NMR (500 MHz, CDCls), & ppm: 2.35 (s, 3H,
-CHz), 1.82 (p, 4H, -CH,- pyrrolidine), 2.59 (t,4H, J = 12.3 Hz
-CH,- pyrrolidine), 3.60 (s, 3H, CHs-O-Ar), 3.72 (s, 2H, Ar-
CH,-N), 6.23 (s, 1H, CH=C), 6.48 (s, 1H, HAr), 6.54 (s, 1H,
HAr), 7.22(t,J=1Hz, 1H, HAr), 7.26 (t, J = 1 Hz, 2H, HAr),
and 7.29 (d,J= 1 Hz, 2H, HAr). *C NMR (125 MHz, CDCl5),
S ppm: 13.70 (1C), 23.71 (2C), 53.48 (2C), 55.76 (1C), 58,34
(10), 106,82 (1C), 111.52 (1C), 113.42 (1C), 120.69 (1C),
121.01 (1C), 122.42(1C), 125.39 (2C), 127.06 (1C), 128.80 (2C),
140,45 (1C), 144.06 (1C), 147.61 (1C), and 149.4 (1C). HR
ESI-MS (m/z) found 364.2028 (M+H)", calcd. mass 364.2025
for C5,H,6N30; (error ~0.8 ppm).

Anti-inflammatory activity: The inhibition of a heat induced
protein denaturation technique [21-23] was used for evaluating
the anti-inflammatory potential of synthesized compounds.
Diclofenac sodium was used as a positive standard. The tested
solution in methanol (0.5 mL) was mixed with bovine saline
albumin (4.5 mL, 0.5 %, pH 6.3) solution prepared in tris-
buffer saline and adjusted to the required pH using glacial acetic
acid. After heating the mixture for 10 min in a water bath at
70 = 2 °C, it was cooled to room temperature and measured

spectrophotometrically at 660 nm. For control, a similar mixture
was used but without the test compound. Each experiment
was performed in triplicate and the percentage of the inhibition
of protein denaturation was calculated as follows:

Inhibition (%) =

A=A 100

AC
where, A, = absorbance of control solution; A, = absorbance
of test compound.

The percentage inhibition of the synthesized compounds
was plotted versus final concentration of the compounds to
determine the capacity of each test compound to inhibit denatu-
ration (expressed as an ICs, value).

RESULTS AND DISCUSSION

The methods used for the synthesis of the title compounds
(1 and 2a-e) are summarized in Scheme-I. Phenylhydrazine
hydrochloride was used to condense dehydrozingerone in glacial
acetic acid at reflux condition to provide a 1,5-diarylpyrazole
(1). Treatment of compound 1 with formaldehyde and corres-
ponding amines in ethanol under reflux conditions afforded
its aminomethyl derivatives (2a-e). The infrared spectrum of
compound 1 shows the peak of OH phenolic, C=N, C=C,
aromatic C-O ether and C-N at 3650, 1724, 1595, 1512, 1261,
and 1124-1033 cm’', respectively [24]. The '"H NMR showed
three singlet peaks of CHs, OCH; and CH=C of the pyrazole
ring at 2.37, 3.64 and 6.26 ppm, respectively. Three doublet
peaks and one multiplet of the aromatic ring appearred at 6.61,
6.77, 6.82 and 7.30 ppm. The infrared spectra of compounds
2a-e showed the peak disappearance of OH phenolic compared
with that of compound 1. The data indicated that aminomethyl
substitution is at the ortho-position relative to the phenol group,
and intramolecular hydrogen bonding OH-N was formed [19].
These were supported by their 'H NMR spectra, where at the first
aromatic ring, only two protons appeared as singlet peaks at &
6.45-6.55 ppm (1H) and 6.55-6.57 ppm (1H) [25].

The structure of compounds 1 and 2a-e were also eluci-
dated through “C NMR spectral analysis, which confirmed
the number and types of carbons of pyrazole, aromatic and
aliphatic moieties of the synthesized compounds and also by
mass data, which further confirmed the accurate molecular
weight of the compounds.

Anti-inflammatory activity: The anti-inflammatory
potential of the synthesized compounds (1 and 2a-e) was also
evaluated using a heat-induced protein denaturation technique.
Decreased absorbance with the addition of test compounds
compared with the control indicated the ability of the comp-
ound to inhibit protein denaturation [21-23]. The inhibition
of heat-induced protein denaturation of the synthesized comp-
ounds indicates concentration-response relation (Fig. 1), with
ICs values in the range of 4.70-127.12 uM (Table-1). Their
activities were 1.3-43 fold higher than those of the parent comp-
ound 1 and 0.06-1.7-fold higher than the standard diclofenac
sodium and 1.6-106-fold higher than dehydrozingerone. Thus,
aminomethyl group improves the anti-inflammatory property
of the parent compound, as reported earlier [12-18]. It indicated
that the aminomethyl moiety acts as a new pharmacophore in



610 Hayun et al.

Asian J. Chem.

an
oY

S
°
>
o
c
o
i}
<
£
©
0 10 1000
Concentration (uM)
-o-Diclofenac sod-0-DHZ -4 1 —x-2a *x2b © 2c +-2d —=2e

Fig. 1. Inhibitory activity against heat-induced protein denaturation of the
synthesized compounds

TABLE-1
INHIBITORY ACTIVITY OF HEAT-INDUCED PROTEIN
DENATURATION OF THE SYNTHESIZED COMPOUNDS

1G5, £ SD log 1/ICs, Calculated
Compound (M)’ (uM) pKa’
1 170.22 +2.97 -2.23100 -
2a 4.70+0.12 -0.67210 8.90
2b 114.57 + 4.09 -2.05910 6.90
2¢ 5.25+0,20 -0.72020 9.46
2d 127.12 +2,58 -2.10420 7.67 &1.55
2e 475 +0.34 -0.67670 9.18
Dehydrozingerone  201.94 +5.37 -2.30520 -
Diclofenac sodium 7.81 +0.04 -0.89265 —

*Mean of n = 3; ®pKa of N atom of the Aminomethyl moiety,
MarvinSketch 17.17.0 [Ref. 31]

the drug interaction, altering the binding interaction involved
in the mechanism of protein denaturation [26,27].
Protecting endogenous proteins from denaturation is one
of the action mechanisms of NSAIDs in rheumatoid arthritis.
Moreover, anti-inflammatory activity has also been observed
in agents showing protective effects against heat-induced protein
denaturation [28-30]. In this series, aminomethyl derivatives
of 2-methoxy-4-(1-phenyl-3-methyl-1H-pyrazol-5-yl)phenol
bearing dimethylaminomethyl, diethylaminomethyl and
pyrrolidinomethyl groups (2a, 2¢ and 2e, respectively) were
more active than standard drug viz. diclofenac sodium. Studies
on the structure-activity relationship have shown that the pKa
value of aminomethyl moiety of the compound influences the
inhibitory activity against protein denaturation (Fig. 2).

0
0.5
s
3410
$ y = 0.6582x — 6.7896
< R’ = 0.8864
=, 15
ke)
2.0
25
0 2 4 6 8 10
pKa

Fig. 2. Calculated pKa - activity relationship as heat-induced protein
denaturation inhibitor of the synthesized compounds

Conclusion

A series of novel 1,5-diarylpyrazoles, consisting of
2-methoxy-4-(1-phenyl-3-methyl-1H-pyrazol-5-yl)phenol and
its aminomethyl derivatives, were synthesized and screened
for their anti-inflammatory activity by using the inhibitory heat-
induced protein denaturation technique. Compounds 2a, 2¢
and 2e, containing dimethylamine, diethylamine and pyrrolidine
moieties, respectively, were more active than standard diclofenac
sodium. Thus, 1,5-diarylpyrazole compounds act as a potential
anti-inflammatory agents. Further studies are necessary to
evaluate their in vivo activity, toxicity and action mechanism.
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