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ABSTRACT

A series of 3-phenyl-5-aryl-4,5-dihydro-1H-pyrazdlearbaldehydd(a-j) was prepared by
heating chalcone3(a-j) and hydrazine hydrate in presence of formic atlee synthesized
compounds were investigated for in-vivo anti-inflaatory activity in Carrageenan induced
rat paw edema model. Some of the synthesizedalems exhibited good anti-inflammatory
activity as compared to diclofenac, while some \aggives have shown comparable anti-
inflammatory activity to that of diclofenac. All ¢hsynthesized derivatives were found to be
potent anti-inflammatory agents. Some of the déikrea were evaluated for ulcerogenic
potential and their ulcer index was found to bes ldgan the standard drug diclofenac. The
molecular docking analysis was performed to undatsithe binding interactions of these
compounds to COX-2 enzyme. The results from thegmeinvestigation suggests that 3-
phenyl-5-aryl-4, 5-dihydro-1H-pyrazole-1-carbalddbyas a promising template for the
design of new anti-inflammatory agents.

KEYWORD: Pyrazole carbaldehyde; Anti-inflammatory; NSAID®at paw edema,
Molecular docking.




INTRODUCTION

Inflammation is defined as the local response whdj mammalian tissues to injury due to
any agent [1]. Non sterodial anti-inflammatory dsy§lSAIDs) are one kind of therapeutics,
widely used in the world because of their highaaitiy in reducing pain and inhibiting
inflammation. NSAIDs such as Celecoxib and Diclofena@n inhibit the enzyme
cyclooxygenase (COX-1 and COX-2), which catalyze liotransformation of arachidonic
acid to prostaglandins (PGs) and to Thromboxane These are the mediators of pain,
inflammation and fever. Hence, the developmentdisdovery of new agents that can inhibit
the COX-1 and COX-2 activity will be of importander the controlling inflammation.
Clinical studies have suggested that selective @OKhibitors could cause typical COX-
mediated side effects such as gastrointestinaiyinjugh blood pressure, and hypersensitivity
this may be due to the presence of carboxyl grdegrthermore, concerns have been raised
about the cardiovascular safety of selective COXHbitors and some of them, like Vioxx
or Bextra, have been withdrawn from the markebunsearch for synthesis of novel NSAID
with similar or greater efficacy than other NSAIBsd with little or no gastric side effects,
we synthesized a series of 3-phenyl-5-aryl-4, Sdiib-1H-pyrazole-1-carbaldehydia-j)
and evaluated their ability to inhibit carrageenaduced paw edema in ratdmong the
numerous 1,5-diarylpyrazoles studied as possildectee COX-2 inhibitors, only few are
substituted at the position 4 of the heterocydhg,rwhereas most have a substituent at the
position 3.Therefore, in the present work, nové, B-trisubstituted pyrazoline derivatives
were designed and synthesized havingl-carbaldeinds, 3-phenyl and 5-aryl gropig.

1) with the aim of improving their anti-inflammatoagtivity and reducing their ulcerogenic
properties. The aldehyde group is metabolized wo Wiy the NAD (P) dependent aldehyde
dehydrogenase (ALDH1) to corresponding carboxyb@s which are excreted from the
body as such or as conjugates [2]. The compounds designed in such a way to get the
butterfly structure, an essential feature, requifed anti inflammatory activity. The
synthesized compounds were investigated for in-vioti-inflammatory activity in
Carrageenan induced rat paw edema model. Somkeeofldrivatives were evaluated for
ulcerogenic potential and their ulcer index wasnfibuo be less than the standard drug
diclofenac. Molecular docking study was also perfed using VLife MDS 4.3 to understand
the binding interactions of these compounds. Fumbee pyrazole derivatives have a long
history of application in agrochemicals and phareugical industry as herbicides and active
pharmaceuticals [3]Pyrazolines have been reported to show a broadrapeof biological

activities including antibacterial [4], antifung@b], anti-inflammatory [6,7] analgesic[8],
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antipyretic [9], diuretic [10] and antidepressacti\aties[11]. They may prove to be clinically
useful compounds and extensive studies have bearedeto aryl pyrazole derivatives such

as Celecoxib, a well known COX-2 inhibitor.
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Celecoxib Diclofenac 4(a-j)

Fig.1 Structure of Celecoxib, Diclofenac and target coomub

CHEMISTRY

All the chemicals used for synthesis were of Me®@kma, Research lab, Qualigens and Hi
media. Infrared (IR), proton nuclear magnetic resme tH NMR) spectra and°C spectra
were recorded for the compounds on JASCO FTIR (B@Yusing KBr pallet, Brucker
Avance Il (400 MHz) instruments and AVANCE 300MHespectively. Chemical shifts are
reported in parts per million (ppm), using TMS asiaternal standard. The mass spectra
were recorded on 410 Prostar Binary LC with 500 MDA Detectors. Elemental analyses
(C, H, and N) were undertaken with a Shimadzu's EH&A112 analyzer and all analyses
were consistent with theoretical values (within 48@) unless indicated. Digital
plethysmometer (Ugo Basil 7140, Italy) was used éwaluation of anti-inflammatory
activity. The synthetic protocol employed for thenthesis of novel 3-phenyl-5-aryl-4, 5-
dihydro-1H-pyrazole-1-carbaldehyde is presenteSaneme 1

o CHy | R,
o C2H5OH NaOH
+
R Stirring at 250C
3
1 2

3(a—J)

A, HCOOHJ NH,-NH,.H,0

Ry

Where,
R;,R, =-H.-Cl
R‘; -CHj3, -N(CHj3),, -NO, , -CH,SH.-OCHj3,-Cl

| 4(a-j)

Scheme 1Scheme of synthesis



The chalcones3(a-j) were obtained via condensation reaction of acetophe and
substituted benzaldehyde, in presence of aquedadi.alhe synthesized chalcones were
refluxed with hydrazine hydrate in presence of fioracid to give the target compountia-

]). The purity of the synthesized compounds was daeeddly TLC and melting points were
determined in open capillary tubes and are unctaded he physical characterization data of
the synthesized compounds are presentdalinie 1 The data obtained from IRH NMR, =

C NMR Elemental analyses and Mass spectroscopyroted the proposed structures.

Table 1 Physical Characterization data of 3-phenyl-5-aryl54dihydro-1H-pyrazole-1-
Carbaldehyde4 (a-j)

Mol

Code R R2 Rs Mol. Formula Weig.ht R¢value
4a H H H CieH14N20 250 0.33
4b H OCH; H Ci17H16N20; 280 0.48
4c H CH; H Ci7H16N20 264 0.63
4d Cl Cl H  CHi2ClNO 319 0.61
4e  Cl H Cl  GgH12CILNO 319 0.83
4f H CHSH H G7H1eN20S 296 0.54
49 Cl H H  CieH13CINO 284 0.56
4h H Cl H  CigHisCINO 284 0.63
4i H N(CHg), H CisH19N3O 293 0.53
4j H NO, H CieH13N303 295 0.66

Solvent of recrystallization was ethanol; eluargsdiin TLC were benzene: methanol
(4.5:0.5) for all compounds

RESULT AND DISCUSSION

Anti-inflammatory activity

All the synthesized compounds were screened for anti-inflatory activity at a dose of 10
mg/kg intra peritoneally in carrageenan induced patv oedema model. Standard drug
(Celecoxib and Diclofenac) and test compounds wgezted intra peritoneally at dose 10
mg/kg. The activity assessed after 1, 2, 3, 6 Hdmifg administration. The synthesized
derivatives 4b, 4c, 4f and 4i showed excellent anti-inflammatory activity, motiean
diclofenac but less than celecoxib while the ddénes 4d, 4¢ 4h, and 4] showed



comparable anti-inflammatory with diclofenac. Allyrghesized compounds exhibited
moderate to good anti-inflammatory activity. Thetadaf percentage inhibition of anti-
inflammatory activity are presentedTiable 2

Table 2 Results of anti-inflammatory activity of title cgounds4 (a-j) against carrageenan

induced rat paw edema model in rats.

Compound Mean paw volume in ml £ SEM (% Inhibition)
Code
0 hr 1hr 2hr 3hr 6hr
Control 1.63+0.03 2.61+0.15 2.59+0.07 3.41+0.08 2.83+0.17
da 1.50+0.08 2.43+0.27 2.310.15 2.77+0.06** 2.50+0.08
(6.89) (11.19) (18.76) (11.66)
b 1.56+0.05 1.79+0.14** 1.96+0.08* 1.75+0.1** 1.56+0.20**
(31.41) (24.32) (46.68) (44.87)
4c 1.48+0.24 1.65+0.05** 1.89+0.05** 2.14+0.16** 1.78+0.13**
(36.78) (27.02) (40.44) (37.10)
4d 1.53+0.05 2.15+0.16 2.25+0.15 2.37+0.12** 1.7140.11**
(17.62) (13.12) (30.49) (39.57)
4o 1.49+0.03 2.27+0.02 2.41+0.1 2.35+0.03** 1.65+0.28**
(13.02) (6.94) (31.02) (41.69)
4f 1.53+0.06 1.55+0.02** 1.6+0.05** 1.67+0.04** 1.65+0.07**
(40.61) (38.22) (51.02) (41.69)
4 1.57+0.03 2.251+0.21 2.29+0.15 2.39+0.12** 2.45+0.24
g (13.79) (11.58) (29.91) (13.42)
ah 1.54+0.04 2.55+0.03 2.53+0.13 2.37+0.11* 2.08+0.11*
(2.29) (2.31) (30.49) (26.50)
4i 1.46+0.08 2.42+0.06 2.55+0.2 2.15+0.17** 2.24+0.11
(7.27) (1.54) (36.95) (20.84)
4 1.54+0.02 2.0610.12 2.45+0.09 2.38+0.05** 2.27+0.09
J (21.07) (5.40) (30.20) (19.78)
Celecoxib  1.53+0.06 1.73+0.16** 1.7240.13** 1.65+0.12** 1.63+£0.17**
(33.71) (33.59) (51.62) (42.40)
Diclofenac 1.53+0.03 1.90+0.05** 1.93+0.13** 2.25+0.22** 1.76+0.12**
(27.20) (25.48) (34.01) (37.80)




Those compounds which exhibited good -inflammatory activity were further tested f
ulcerogenic activity at dose level of 100 mg/l Graphical presentation of results of -

inflammatory activity is shown iFig. 2.
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Fig.2 Graph of anti-inflammatory activity

Ulcerogenic activity

The major side effect of NSAIDs is gastric ulcewatiThe ulcerogenic liability was evaluat
for 4b, 4c, 4fat dose level of 100mg/kThe gastric ulcerogenic potential was evaluate
calculating the ulcer index in treated and con#moimals. Diclofenac was used as stanc
drug for ulcerogenic potential studies. Results given in Table 3, which indicates that,
thesethree compounds caud less gastric ulceration at the above mentioned doak a
compared to diclofenac. Hence gastric toleranciése compounds was better than the
standard drug diclofenac.

Table 3UlIcerogenic effects of syntsized compounds in comparison to diclofe

Group Dose mg/kg Ulcer index (meanSEM
Control 0.5% sodium CMC 0

Diclofenac 100 18.95+1.214*

4f 100 13.18+1.206**

4b 100 8.286+1.171*

4c 100 10.63+0.314**

The results are expressed as mean + sem (Data analyzed by one way anc

followed by dunnett’s test. **p < 0.01, *p < 0.0@ysificant from contrc



The docking score along with number of hydrophobigdrogen bonding and the binding
energy of compounds with COX-2 enzyme is preseimdéble 4.
Table 4 Calculated binding docking score for COX-2

Compounds No. of Hydrogen No. of Hydrophobic Bonding Binding energy
Bonding

4a 10 0 -67.101875
4b 15 0 -69.416707
4c 13 0 -62.953476
4d 10 0 -62.689241
4e 10 0 -59.301272
4f 10 0 -72.321133
49 10 2 -65.656723
4h 11 0 -75.341679
4i 17 0 -55.139032
4j 7 2 -75.737225

Celecoxib 13 2 -73.205385

All synthesized compounds fitted well into the bl pocket displayed good binding
energies compared to the active celecoxib. The ocomgp4h (-75.34 kcal/mol) andlj (-
75.73 kcal/mol) had shown better binding when camegbavith celecoxib (-73.20 kcal/mol).
The compoundslg (TYR130), 4] (ASP125 and ALA151) and celecoxib (ASP125 and
ARG469) were showing two hydrogen bonding intemctieach. All the synthesized
compoundsd(a-j) have shown good hydrophobic interactions withvacsite residues like
ARG44, GLU46, ASP125, THR129, TYR130, ALA151, LEW5 PRO153 and
ARG469.The superimposition of COX-2 enzyme with poends4g, 4h, 4jand celecoxib
are inFigure 3.



Fig. 3. Docking of compounddg, 4h , 4j andcelecoxib(Lower right panel). Ligands are
shown in red color. Hydrogen bonds are shown iem@lor. Hydrophobic bonds are shown
in sky.

EXPERIMENTAL PROTOCOL

General procedure for synthesis of chalcones 3(a-))

Equimolar quantity of acetophenoh€0.01mole) and substituted aromatic aldehy@g8.01
mole) were dissolved in ethanol (30 ml) and-¢éoéd solution of NaOH (10 ml, 10%) was
added in portion keeping the temperature 25°C wathtinuous stirring on magnetic stirrer.
The reaction mixture was corked and kept in icestbgernight. The completion of reaction

was monitored by TLC. The product obtained wa®rdt, washed with cold water until



neutral to litmus paper and finally washed with bafsolute ethanol. The dried compounds
were recrystallized from absolute ethanol.

General procedure for synthesis of 3-phenyl-5-dryl- 5-dihydro-1H-pyrazole-1-
carbaldehyde 4(a-j) [12]

A mixture of chalcone8(a-j) (5.0 mmoles), hydrazine hydrate (15.0 mmoles)resence of

formic acid (25 ml) was refluxed for 3 hr in hegtimantle. The completion of reaction was
monitored by TLC. The reaction mixture was thennpduinto crushed ice and water. The
precipitate obtained was separated by filtratioasked with water and crystallized from

absolute ethanol to obtain 3-phenyl-5-aryl-4, Sydito-1H-pyrazole-1-carbaldehyde(a-j).

Representative spectral data for some compounds
3,5-diphenyl-4,5-dihydro-1H-pyrazole-1-carbaldehyda)

Yield, 90%; mp. 169-170C. IR (KBr) vma/cm™* 3084 (C-H of aromatic), 2806 (C-H of
aldehyde), 1656 (C=0), 1604 (C=N), 1219 (C-Nj;NMR (CDCk, 400 MHz)s ppm: 3.21-
3.88(dd, 2H, Ch)), 5.59-5.54(dd, 1H, CH), 7.27-7.78(m,10H,Ar-H)s 9{H, CHO);*CNMR
(CDClg) 6:158.8(CH of aldehydes),151.8{@yrazole), 140.2(GArs), 135.9( G-Ary),
131.2(G-Ar3), 128.8(G,5-Ars), 128.5(G,5-Ars), 128.2( G,6-Ars), 126.9(G,6-Ars),40(C-
pyrazole), 65(gpyrazole) MS: m/z: 251(M+1); Anal Calcd. Forga14N,O: C, 76.78; H,
5.64; N, 11.19; Found C, 76.75; H,5.60; N,11.13
3-phenyl-5-p-tolyl-4,5-dihydro-1H-pyrazole-1-cardahydg4c)

Yield, 80%; mp. 79-80C. IR (KBr) vma/cm® 3061(C-H Aromatic), 2905(C-H aliphatic),
2734(C-H aldehyde), 1654(C-H aldehyde), 1654 (CAB95 (C=N), 1240(C-N)*H NMR
(CDCls, 400 MHZz)d ppm: 2.35(s, 3H, C§), 3.17-3.72(dd, 2H, C}), 5.47-5.52(dd, 1H, CH),
6.59-7.72(m, 9H, Ar-H), 8.48(s, 1H, CHGJCNMR (CDCk) 6:159.8(CH of aldehydes),
151.7(G-pyrazole), 138.7(¢Ars),136.4(G-Ars),136.4(G-Arg), 131.0(G-Arz), 128.8(G,s-
Arg), 128.8( G,5-Ars),128.2(G,6-Ars), 125.3( G,-Ars), ,64.8(G-pyrazole), 40(G
pyarazole) 21.3 (CHArs) MS: m/z: 265(M+1); Anal Calcd. For@&H;6N,O: C 77.25; H,
6.10; N, 10.60; Found C,77.30; H,6.13; N,10.02.

5-[4’-(Mercapto methyl) phenyl]-3-phenyl-4,5-dihydiH-pyrazole-1-carbaldehydéf)

Yield, 88%; mp. 129-136C. IR (KBr) vma/cm* 3033(C-H aromatic), 2920(C-H aliphatic),
2875(C-H of aldehyde), 1670(C=0), 1597(C=N),1245(;-753(C-S);*H NMR (CDCE,
400 MHz) 6 ppm: 1.4(s, 1H, SH), 3.42-3.61(dd, 2H,H5.44(s, 1H, CH), 7.30-
7.7.61(m,9H,Ar-H), 8.92(s, 1H, CHO)**CNMR (CDCk) &:159.8 (CHO), 151.7 (&
pyrazole), 140.1( GArs), 137.6 (G-Ars), 137.4 ( G-Arg), 136.4 (G-Ars), 131.1( G-Arj),



128.8(G,s5-Arz), 128.7(Gs-Ars), 128.2( Ge-Arz), 125.4 (Ge-Ars), 64.8(G-pyrazole),
39.9(C-pyrazole), 28.0(CkH of CH,SH-Ars)MS: m/z: 297(M+1); Anal Calcd. For
C17H16N20S : C, 68.89; H, 5.44; N, 9.45; Found C,68.91;.415N,9.42.
5-(2’-Chlorophenyl)-3-phenyl-4, 5-dihydro-1H-pyrded. -carbaldehydé4q)
Yield, 72%:; mp. 109-11FC. IR (KBr) vma/cmi*3056(C-H of aromatic), 2930(C-H of
aliphatic), 2880(C-H of aldehyde), 1670(C=0), 1895K), 1240(C-N), 740(C-CI)*H NMR
(CDCl3, 400 MHZz)6 ppm: 3.45-3.65(dd, 2H, G} 6.2(s, 1H, CH),7.29-7.70(m, 9H, Ar-H ),
8.72(s, 1H, CHO)*CNMR (CDCk) $:159.8(CHO), 151.7(¢pyrazole), 138.3(GArs ),
136.4( G-Arg), 132.2( G-Ars), 131.0(G-Ar3), 128.8(G,s-Ars), 128.6( G-Ars), 128.2(G,6-
Ars), 128.3(G-Ars),128.1( G-Ars), 114.1(G,s-Ars), 59.7(G-pyrazole) 39.4(@pyrazole),
MS: m/z: 285(M+1); Anal Calcd. For6H13CIN,O: C, 67.49; H, 4.60; N, 9.84; Found C,
67.51; H,4.61; N,9.82
MOLECULAR DOCKING STUDY

To identify potential anti-inflammatory lead compaols among compound&(a-j),
docking calculations were performed using VLifeMES3 into the 3D structure of the
catalytic site of COX-2 enzyme (PDB code: 6COX).ckiag procedure was followed using
the standard protocol implemented in VLifeMDS 413][ The conformers thus obtained,
were optimized (MMFF) till they reached a rms geadi energy of 0.001 kcal/mol A.
Docking of the conformers of each molecule, inte @0X-2 modeled protein was done by
positioning with the active site of cavity 1. Thentplexes were then minimized using the
MMFF method, till they reached an rms gradient df Kcal/mol/ A. The binding energy in
kcal/mol and the ligand—receptor interaction enesbtained after docking the ligands into
the enzyme active site can be defined as:
E = InterEq + InterEvdW + IntraEq + IntravdW + laEtor
Where,
InterEq: Intermolecular electrostatic energy of ptex,
InterEvdW: Intermolecular vdW energy of complex,
IntraEqQ: Intramolecular electrostatic energy oahg,
IntraEvdW: Intramolecular vdW energy of ligand and
IntraEtor: Intramolecular torsion energy of ligand.
PHARMACOLOGICAL SCREENING
The new derivatives obtained by the above mentiqggrededure were undertaken for the
anti-inflammatory studies by the carrageenan indue¢ paw edema model. Celecoxib and

diclofenac were used as standard drugs. The sthralad test compounds were given
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intraperitoneally at dose level of 10 mg/kg. Caeegan induced rat paw edema is a non-
specific inflammation resulting from a complex dfetrse mediators. Since edema of this
type is highly sensitive to NSAIDs, carrageenarugedl rat paw edema has been accepted as
a useful model for studying new anti-inflammatogeats. This model reliably predicts the
anti-inflammatory efficacy of the NSAIDs. [14]

Anti-inflammatory activity

The animals were procured under the CPCSEA numb&CSEA/IAEC/Pharm
.Chem/14/2011-12/56 approved by Institutional Arirkghics Committee (IAEC). Swiss
Albino rats (150-200 g) were supplied by Wockhdrtt Aurangabad. The animals were
housed in stainless steel cages, divided into grofifive animals each and deprived of food
but not water 24 h before the experiment. The iaffammatory activity of the compounds
under investigation was studied using carrageendunced rat paw oedema. A suspension of
the test compound$ (a-j) and standard drugs (celecoxib and diclofenachibaxy methyl
cellulose (CMC) solution (0.5% wi/v in water) wasradistered intraperitoneally in a dose
level of 10 mg/kg. Control animals were treatediksirty with CMC solution (0.5% w/v in
water). After 1 h, 0.1 mL of freshly prepared 1%rageenan solution was injected into the
sub plantar region of the left hind paw of ratscading to the method of Winter et al [15].
The volume was measured before and after carragaezament at 1,2,3,6 h with the help
of digital plethysmometer (Ugo Basil 7140, Italf9aw edema volume was compared with
vehicle control group and percent reduction wasutated by formula (Vc-Vt/Vc) x 100,
Where Vc = paw volume of control group, Vt = pawuwroe of test group

Ulcerogenic activity

Adult albino rats weighing 150-200 g were dividetbidifferent groups consisting of five
animals in each group. Animals were deprived ofdfdmt not water 24 h before the
experiment.

Ulcerogenic activity was evaluated after oral adstration of a suspension of test
compounds4b, 4c, 4f and standard drug diclofenac in carboxy methylutese solution
(0.5% wlv in water) in a dose level of 100 mg/kgn@ol animals were treated similarly with
CMC solution (0.5% w/v in water). After 5 h the satvere sacrificed by decapitation, the
stomachs were removed, collected, opened alongrdaer curvature, washed with distilled
water and cleaned gently by dipping in saline. Tiecosal damage of each stomach was
examined. The mucosal damage was assessed acctwdiodpwing formula and scoring
system [16].
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Formula: Ul= UN+US+UPx16

Where,

Ul= Ulcer index; UN= Average number of ulcers peimaal

US= Average of severity score ; UP= Percentagaiofas with ulcers

Severity Score:

0 = Normal colored stomach; 0.5 = Red coloration.

1 = Spot ulcer ; 1.5 = Hemorrhagic streak.

2 = Ulcers> 3 but<5; 3 =ulcers > 5.

CONCLUSION

In the present research work total 10@ivdéves of 3-phenyl-5-aryl-4, 5-dihydro-1H-
pyrazole-1-carbaldehyde were synthesized in goeldl yising moderate reaction conditions,
as per the scheme of synthesis. The synthesizegpaords were evaluated for anti-
inflammatory activity and ulcerogenic activity.vWias observed that electron donating groups
like -OCHs, -CHs, -CH,SH and -N (CH), as in compound ndlb, 4c, 4f, and4i attached to
phenyl ring (B) showed excellent anti-inflammatastivity. Derivatives that have electron
withdrawing groups as in compound dal, 4e, 49, 4h having -Cl, andlj having nitro group,
attached to phenyl ring (B), exhibited moderata-mftammatory activity. Derivative with
unsubstituted phenyl ring (B), as in compouladshowed least activity. In summary, a new
series of pyrazole carbaldehyde derivatives wenthegized and have been identified as anti-
inflammatory agents. Biological evaluation reveatledt all the target compounds displayed
potent anti-inflammatory activity. The docking syuaf synthesized compounds also revealed
good binding energy and shows good interaction$ wittive site of COX-2 enzyme.
Therefore, our finding may aid in the strong futysetential of new and safe anti-
inflammatory agents for the further investigation.
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