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ABSTRACT

Objective: Objective of this research was to do synthesis and anti-inflammatory and
antiproliferative evaluation of new synthetic analogues. Method: Synthesis of novel pyrazole
derivatives from chalcone intermediates carried out using microwave. Compounds were
characterized using IR, NMR, LCMS spectra. Compounds with dimethyl-amino, chloro ring
substitution shown good yield whereas those with pyridine ring substitution and involving
diphenyl ring shown optimum yield. Microwave assisted synthesis is preferred as green
method for final step of reaction. Derivatives screened for in vitro anti-inflammatory
potential. As from some literature it is clear that compounds having anti- swelling property
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further may result in effective anticancer agent so we have checked series for anticancer
potential against MCF-7 cell line Result: Compound 1a,1f shown remarkable in vitro anti-
inflammatory score. These compounds carry -OCH3, -OCF3, ring substitution respectively.
As from literature review it was revealed that Cox inhibition is one of the mechanism for
anti-inflammatory activity; hence to predict probable mechanism for anti-inflammatory
activity docking interactions of synthesized compounds against COX | enzyme was studied.
For comparative analysis anti-inflammatory drug Ibuprofen used as a standard. Compound
1a, 1f ,1g exhibited a good degree of binding interactions in the selected binding site region
with binding score of -7.8, -8.8. -8.0, kcal/mol which is equal to and better than Ibuprofen (-
7.8 kcal/mol). 1f shows moderate cytotoxic activity against MCF7 cell line. Conclusion:
Compound 1f shown promising anti-inflammatory potential than Ibuprofen. Further moderate
anticancer activity is obtained for it (GI50- 78.4ug/ml) against MCF-7 cell line. Binding
interactions were checked by docking against EGFR.

Keywords: EGFR, Anti-inflammatory, Anticancer, Pyrazole.

Introduction

Pyrazole derivatives are pharmacologically popular active scaffold that flourished with
number of pharmacological activities (1-3). The presence of this moiety in various marketed
drugs of diverse therapeutic categories such as celecoxib, a potent anti-inflammatory (4), the
antipsychotic CDPPB (5), Rimonabant-anti obesity agent, Difenamizole-an analgesic,
Betazole-H2-receptor agonist and the antidepressant agent proved its pharmacological
importance (7-10). Owing to this diversity of pyrazole moiety led us to synthesize novel
pyrazole analogues from substituted chalcones and screened them for in vitro anti-
inflammatory activity and anti-neoplastic potential.

Methodology
Materials

Synthetic reagents and solvents were of analytical grade or of the highest quality
commercially available. The chemicals were purchased from Aldrich Chemical.

Instrumentation

Microwave: Catalyst

Solvent systems used were a- CHCI;—MeOH (7:3), b- Hexane: Ethyl Acetate (7.5:2.5),

c - Acetone: Pet ether (9:1).

IR- Brooker, NMR- Brooker 500 MHz, LCMS: Waters TOF US.

Procedure

Step 1-Chalcone derivatives were prepared by simple stirring of equimolecular quantity of
aldehyde and ketone derivatives in 40 to 60 % of basic alcohol under cold conditions.

Step 2-Chalcone derivatives (0.01Mol) and hydrazine hydrate (0.02Mol) with 2-3 drops of
HCI were kept in microwave at 250 to 350 W at 30s intervals periodically until product
formation confirmed. The reaction mixture was allowed to cool and poured in cold water.
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Mixture then filtered, dried and purified by recrystallization using suitable solvent to obtain
final compounds. Completion of reaction were checked with TLC. Yield reported and
Melting point detection was carried out. [10-15]

Scheme |
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Pyrazole Derivative

Anti-inflammatory Activity

In vitro anti-inflammatory activity testing was carried out by inhibition of albumin
denaturation. To the known concentration (10 pg/ml) of the synthesized compounds having
volume 2 ml, we have added 0.2ml of eggs albumin and 2.8ml of phosphate buffered saline
(pH 6.4). Control was prepared by taking same quantity of double distilled water. Above
matrix was incubated at temperature 37 £ 1 °C for 15 min. and then allowed to heat at 70°C
for 5 mins. Absorbances of matrixes were recorded after cooling at 660 nm wavelength by
using blank. Diclofenac sodium (standard drug) was used as reference drug and treated as it is
for determination of absorbance. Following formula is used for same [16-21].

Absorbance of sample — Absorbance of control

% Inhibition = '
Yo Inhibition Absorbance of sample '

Molecular Docking Studies

The protein preparation is carried out using Autodock 4.0 tool. Docking is carried using
Autodock Vina tool. The 3D crystallized COX1 in complex with NSAID downloaded from
RCSB Protein data bank. Desired binding site region is selected and saved in .pdbqgt format as
a default format. Ligand prepararion is carried out and geometrically optimized ligands were
further energy minimized. Finally, ligands were allowed to bind with binding site of protein,
multiple conformations generated. Conformation with the lowest energy and RMSD is
considered as an optimum outcome [22-27].

Anticancer activity

Cells were seeded in 96 well plate and temperature, Pressure conditions were maintained as
per standard protocol. i.e. body temperature (37 ° C), 95 % humidity and 5 % CO2 provided
overnight to microplate. Stock solution of experimental drug were diluted to 1mg/ml and
stored frozen. Aliquots of frozen concentrates were further utilized to prepare drug dilutions
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of 100 pg/ml, 200 pg/ml, 400 pg/ml and 800 pug/ml. 10 pl of these solutions were further
added to 90 pl of media already present in micrometer well so that final drug concentration
were achieved as 10 pg/ml, 20 pg/ml, 40 pg/ml, 80 pg/ml. further plate incubation done for
48 hrs. In situ cell fixation is done by 10 % TCA addition and incubated at 4 °C for 60 min.
In next step supernatant discarded followed by 5 times wash with tap water and air dried.
After that cells were added with 50 pl sulphorhodamine B solution (0.4 % w/v in 1 % acetic
acid) and incubated for 20 min at room temp. After staining with SRB solution again washing
given with 1 % acetic acid to remove excess dye, plates air dried and bound stain eluted with
10mM Trizma base and absorbance was read at wavelength of 540 nm with reference
wavelenth 690 nm. The ratio of average absorbance of test solution to the average absorbance
of control *100 give percent growth inhibition [28-31].

Molecular Docking for EGFR

Molecular docking was carried out using autodock vina tool by taking EGFR target [32-33]

RESULT

Synthesis of 7 pyrazole derivatives was carried out from substituted 1, 3-diphenylpropenone
in moderate to good yield using microwave. Reaction time, yield, melting point, TLC solvent
as given in table 1.

Table 1: Physical data of compounds

Sr. Co  Structure Molecular  Molecular  Reaction Melting  Yield TLC
No. mp. Formula Point Mobile
Cod Weight Time in (%) Phase
e microwav  (°C)
e (min)
1. la N~NH Cyi7HisBrN  359.2172 15 180 68 a
w4 )<
—
H3CO OCH,
2. 1b /N‘NH Ci7HigBrN  342.23304 10 200 75 a
w4 )~ :
Q. o,
1
HsC
3. 1c CieHo1N3O  319.35564 17 285 57 a
4
/NN
0 N _
/ OCH
HC0 OCH,
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1d CisHoN,O  272.3455 12 280 75 b

le CisHi7BrN  389.24318 14 290 52 b
203

1f CigHioBrF; 383.16260 18 292 57 a
N,O

19 Ci4sH1oBrN  300.1533 20 270 52 c

a- CHCI;-MeOH (7:3), b- Hexane: Ethyl Acetate (7.5:2.5), ¢ - Acetone: Pet ether (9:1)
Spectroscopy:

1. (4-bromophenyl)-5-(2,4-dimethoxyphenyl)-1H-pyrazole (1a)

Yield 65%, MP 180 °C, *H NMR (ppm, CDCls): 7.80 -7.79 (d, 2H), 7.54 - 7.49 (d, 2H), 7.09
(s, 1H), 6.69 (s, 1H), 6.47 (s, 1H), 6. 41 (s, 1H), 6.63 (s, 1H), 3.30-3.80 (s, 6H)

IR (cm™) 3338.67 (-NH, str, pyrazol), 3073.79(CH str arom), 2844-2944 (CH aliphatic) 1229
(N-N str, pyrazol), 1590(C=C str pyrazol) 1062(C-O str methoxy) 901,807. Mass:
C17H15BFN202 m/Z: 358

2. 4-[3-(4-bromophenyl)-1H-pyrazol-5-yl]-N, N-dimethylaniline (1b)

Yield 75 %, MP 200 °C, *H NMR (ppm, DMSO0-d6):7.82-7.80(2H, d), 6.81-6.79 (2H, d),
7.64-6.63 (4H, d), 7.02(s 1H, CH-pyrazol), 13.13(s, NH-pyrazol), 2.96 (S,6H)."*C NMR
(DMSO0-d6):64.03, 98.66, 112.78, 113.07, 120.86, 126.54,127.52,127.78, 131.92, 132.07,
151.28. IR (cm™) 3377 NH,str,pyrazol), 1228(N-N str, pyrazol), 1592( C=C str pyrazol),
2875 (CH str, CH3), 666 (C- Br str).

3. 4-[5-(2,4,5-trimethoxyphenyl)-1H-pyrazol-3-yl] morpholine (1c)

Yield :57 % MP 285 °C, NMR (ppm): 6.68-6.66 (s, 1H), 6.35-6.32 (s, 1H), 6.62 (s, 1H),2.89-
2.86 (m,4H), 2.50-2.48 (m, 4H), 3.33-3.90 (s, 9H). Mass: C16H21N30,m/z: 319

IR (cm™): 3408 (-NH-, str, secondary amine), 3073 (=C-H str arom.), 2944 (-CH str, aliph),
2190 (ring =C-N, str, imine), 1630 (C=C str, arom), 1022(C-O, str, ether)

4. N, N-dimethyl-4-(3-morpholin-4-yl-1H-pyrazol-5-yl) aniline (1d)
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Yield: 75 %, MP 280 °C, NMR (ppm): 9.99 (1H, s, -NH) 8.57- 6.67 (9H, m, aromatic), 3.02--
2.86 (m,4H), 3.05 (6H, s, -CHs). IR (cm™): 3108 (NH- Str, Sec. amine) 3073(=CH - str
aromatic) 2944 (CH str aliphatic), 2190 (ring =C-N str imine), 1630(C=C str aromatic), 1010
(C-Fstr.)

5. 3-(4-bromophenyl)-5-(2,4,5-trimethoxyphenyl)-1H-pyrazole (1e)

Yield: 52%, MP 290 °C, NMR (ppm): 10.57 (1H, s, -NH) 7.70- 6.71 (4H, m, aromatic), 8.5-
7.68 (2H, s, aromatic), 3.0 (9H, s, three -OCHj3).

IR (cm™): 3330 (-NH-, str, sec amine), 2830 (-CH str, aliphatic), 2262 (ring =C-N, str,
imine), 1505,1454 (C=C str, aromatic), 1028(C-O, str)

6. 3-(4-bromophenyl)-5-[4-(trifluoromethoxy) phenyl]-1H-pyrazole (1f)

Yield 57 %, MP 292 °C.*H NMR: (ppm, DMSO-d6):7.98- 7.48(8H, aromatic), 7.30 (1H, s,
olefinic  =CH-  pyrazole),13.53(1H, s,  -NHPyrazole).*CNMR(400MHzDMSO-
d6):100.97,121.24,121.94,127.43,127.62, 128.34, 129.17, 130.79, 132.01, 132.31.
ClSHloBI’F'g,Nzo.+ m/z:383 CleHloBrF3N203'+Exact Mass: 381.

IR (cm™) 3105(NH- Str, sec amine), 2890 (=CH - str aromatic), 2150(ring =C-N str imine)
,1049 (C-O str ether), 1010 (C-F str.)

7. 2-[3-(4-bromophenyl)-1H-pyrazol-5-yl] pyridine (1g)

Yield: 52 %, MP 270 °C, NMR: (ppm):8.5- 6.67 (8H, m, aromatic),6.706 (1H, s, olefinic
=CH- pyrazole ) 3.05(1H, s, -NH Pyrazole), Mass: C1sH10BrNsm/z: 300. IR (cm™): 3332 (-
NH-, str, secondary amine), 3030 (=C-H str aromatic), 2232 (ring =C-N, str, imine), 1588
(C=C, str aromatic), 748 (C-Br str). C14H10BrN3 m/z: 300

DISCUSSION

Compound l1a shows sharp band at 3310-3330 corresponds to C=N and NH bond
respectively. other bands are (N-N str, pyrazol) at 1229 cm™, (C=C str pyrazol) at 1590 cm™,
C-O str. (methoxy group) at 1062 cm™ it supports formation of pyrazole ring. Absence of
Signal at 1670 cm™ in final compound indicates absence of a-f unsaturated ketone of chalone
which further confirms formation of pyrazole ring. NMR spectra shows signal at 7.7 to 6.7 6
for 4 hydrogens of phenyl group at 5 position. Whereas at & 7.2(1H, S, olefinic =CH-
pyrazol), similarly for aromatic ring at third position of pyrazole signal is obtain for two
protons, 7.69 (d, =CH,aromatic). Ci7H15sBrN,O, M/z: 358. Similarly, other compounds give
singlet for the pyrazolyl proton at 8.57 to 10.99 ppm range. Further mass data of compounds
supports formation of newer derivatives of pyrazole.

PHARMACOLOGICAL ACTIVITY

Anti-inflammatory activity

Compound 1f shows promising percent inhibition when compared with diclofenac sodium.
Inhibition score given in table 2.

Table 2 Anti-inflammatory data

Compound Concentration Absorbance Absorbance Percent
(Hg/ml) of control of sample inhibition
la 10 0.4 0.63 57.5
1b 10 0.4 0.43 7.5
10641
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1c 10 0.4 0.49 225
1d 10 0.4 0.41 2.5
le 10 0.4 0.62 55
1f 10 0.4 0.72 80
1g 10 0.4 0.42 05
Diclofenac sodium 10 0.4 0.71 77.5

Fig 1: Graph of percent inhibition by 1a-1g with standard

Percent inhibition by Albumin denaturation

8
7
B0
50
40
30
1d le 1f 1g

1la 1b 1c Diclafenac

sodium

Molecular Docking

Docking interaction of standard drug with target are shown in fig2. ARG 120 of target is
forming hydrogen bonding with oxygen of Ibuprofen. Similarly, carbonyl oxygen of
Ibuprofen involved in H-bonding with TYR355 of target. Phenyl ring and two methyl groups
of lbuprofen involved in pi bond interactions with target. Further drug covering majority of
amino acids of target by Van der Waals interaction. In case of 1f it shows binding energy of -
8.8 kcal/mol and is showing hydrogen bonding interactions by amino acid residues like
TYR355, TYR385, pi bond interactions through ILE89, VAL116, ARG120, VAL349,
ILE523, ALAS27 and majority of amino acid residues involved in Van der Waals interaction
e.g ARG83, LEU93, LEU115, VAL119, VAL344, TYR348, LEU352, SER353, LEU357,
LEU359, PHE381, TRP387 as shown in fig.3
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Table 3 % control growth against MICF-7 cancer cell line

Human Breast Cancer Cell Line MCF-T

% Control Growth
Drug Concentrations (ng/ml)

Experiment 1 Experiment 2 Experiment 3 Average Values

10 20 40 80 10 20 40 80 10 20 40 80 10 20 40 80
la 1248 1279 1102 1260 1002 994 832 B47 868 1011 961 1152 1039 10935 972 1086
Ib 1074 958 959 1040 1198 BE18 998 B48 1207 1020 953 1104 1190 932 970 998
le 1137 1180 1206 1314 1088 942 900 1032 245 1127 1080 1326 1023 1083 1063 1224
1d 11646 837 8§72 431 1036 1053 632 41353 1135 973 938 735 1119 553 820 327
le 1090 224 1033 610 913 1043 670 838 1100 1006 791 814 1034 938 839 734
1f 706 393 933 407 872 733 Bl1 343 T41 773 687 3T TI3 TOO 817 4309
lg 666 763 1236 1160 1021 1401 1051 B840 883 268 1080 1168 837 1011 1129 1036

ADE -337 -37.1 392 202 337 5371 5382 -202 337 371 592 202 33T O-RT 392 202

Fig 2- 2D and 3D plot of interaction of Ibuprofen with Target Protein
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Anticancer activity: Compound 1f shows lowest IC50 value in this series of compound. It
has para -OCF3 —phenyl substitution at 3" position of pyrazole ring. Followed by 1f, le
shows 52.7 % control growth inhibition. However, IC50 value is >80 pg/ml. Result reveal
that derivatives with morphonyl, Trimethoxy substituted phenyl ring at 5" position of
pyrazole ring not shown significant effect on growth of MCF 7 cancer cell (fig5).

ADR — Adriyamycin

Growth Curve: Human Breast Cancer

Cell Line Table4  Activity data
150 - MCF-7
100 .
g MCF 7  Drug concentrations (ug/ml) from
s 50 cell line graph
*
_g LC50 TGl GI50
0 .
c
Q 10 20 40 la NE NE >80
o
2 .50 | W i 1b NE NE >80
1c NE NE >80
-100 1d NE NE >80
Drug Concentrati |
, doodiiis S i) le NE NE >80
[ =1 —+—1b ——1 ‘
—“‘—1; = i ‘ 1f NE NE 78.4
19 ~— ADR 1g NE NE >80
ADR <10 <10 <10
Fig 4: Growth Curve of lato 1f\ NE- Non evaluable data. ADR- Adriamycin,

MCEF 7 treated with control, standard, and pyrazole derivatives are shown below pictures (fig
5)

Fig 5 a: MCF 7 Control b: MCF 7 Standard c: MCF 7 1f
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Molecular docking against EGFR: To understand the binding of compound 1f with target,
it was docked against EGFR target (PDB id-1M17) and docking interactions were compared
with Doxorubicin Standard. Common amino acid involved in hydrophobic interaction with
EGFR are LEU694A and ALA719A other amino acids are LEU768A, LEU820A at distance
of 3.76, 3.47 A° respectively. 1f is involved in hydrogen bond interactions through GLN767A
at a distance of 3.92 and 336 respectively. Docked poses of 1f are seen as given below in fig
6.

Fig 6. 2D and 3D docking interaction of 1f with 1M17 protien

CONCLUSION: Some Pyrazol analogues were successfully synthesized from 1,3-diphenyl
propenones. Compound 1f have found to shows good anti-inflammatory potential and same
was confirmed by observing good binding of compound with COX | target. Compound 1f
shows comparable in vitro anti-inflammatory potential which is 80 and 77.5 for 1f and
Diclofenac Sodium respectively. Docking interactions supported the practical findings and
therefore activity of compound may be because of inhibition of COX1 enzyme. Hence it
encouraged to check anticancer activity of series. Anticancer potential was checked against
MCF 7 cell line using SRB assay method. Further compound 1f shows lowest 1C50 value
(78.4ug/ml) against MCF 7 cell line in this series. In docking 1f shows some common amino
acid involved in binding interactions with target protein as that of Doxorubicin. Saturated
substituents not shown any significant effect on anticancer activity of derivatives. Compound
have p-trifluoromethoxy phenyl group on 5 th position of pyrazole moiety hence such kind of
substitution will result in potentially active therapeutic agents and serve as a good template
for potent anticancer compounds.
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