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ABSTRACT

COX-2 inhibitors are used to treat pain due to Rhatoid arthritis. NSAID’s is one such category Hue to the
ulcerogenic and thromboembolic effect of some e$ahdrugs the search for new compound is alwaysTbe.
present approach of synthesizing (Z)-N-(4-(4-(suldsd-benzylidene)-5-0xo0-2-phenyl-4,5-dihydroinziolal-
yl)phenyl)acetamid€¢3.1-3.10) as selective COX-2 inhibitors is directed towarlle sameTen compounds were
synthesized using the principle of Erlenmeyer-Plagithesis for synthesis of oxadiazole and consgigue
imidazole derivatives. The synthesized compounds avealyzed using docking studies, for various pasters like
hydrophobicity, hydrogen bonding, sitemap intematsi. The structures of synthesized imidazole divaswere
proved by means of their IRJ-NMR, (El) mass. Among the synthesized compo@ridsexhibited significant glide
score as an analgesic using 5COX as receptor.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAID’'S) ate main therapeutic agents for the treatment afuRtatoid
arthritis. It is understood that these drugs acintmbition of enzyme cycloxygenase (CON) 2]. Although these
drugs are used globally, they are associated withad the major side effects of GIT-ulcerationd8E to their non-
selectivity. The existing therapy of NSAIDs is rReglective towards COX-2 inhibitors, which therefgave rise to

a new class of anti-inflammatory agents, in thenfaf coxibs (Celecoxib, Rofecoxib etc.), havingestive activity
towards COX-2 enzyme. Unfortunately, Rofecoxib weened due to the thromboembolic adverse effect it
produced. Lot of research is being done since thethe development of new agents which can lefisesensation

of pain, especially chronic pain, which is stilldertreated. The following study is indented for saene.

Rationale

A large number of research studies aimed at findilgctive COX-2 inhibitors have been reported J[4Mfany of
these have synthesized using CADD techniques teldpwa new COX-2 inhibitor containing oxazoles,grgles
and imidazoles as core moiety [8-14]. In a FujiemBnodifiedde Novaapproach, three series of diaryl heterocycles
namely, diaryl imidazoles [15] diarylpyrazoles [16]d diaryloxazolones [17] were studied and it inéarred from
the studies that diarylimidazoles posses bettexctieé activity towards COX-2. Therefore, it waseasial to
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synthesize some new derivatives of diarylimidazodesl study those using computational techniquesréef
performing related pharmacological studies.

Chemistry

Synthesis of oxazolone involves the condensatioaromatic aldehydes and hippuric acid with a sfoictetric
amount of fused sodium acetate in the presenceaticeanhydride; as the dehydrating agent, thisti@ais known
as the Erlenmeyer Plochl reaction. The method wre@preparation of azlactones (oxazolones) in ardiguration
(originally assigned to the E configuration) by densation of aromatic aldehyde with hippuric acidhe presence
of acetic anhydride [18].It is observed that aldehyde condenses under thgente of a base with reactive
methylene group in the azlactone which is formedhgydehydration of benzoylglycine, when the latezrcts with
acetic anhydride in the presence of sodium acdi#e 20]. Synthesis of substituted imidazol@s1¢(3.1Q was
carried out according to scheme-2. The reactioogeds when lone pair of nitrogen attacks carboasthan. Upon
restoration of carbonyl group as amide, the oxadieadng breaks and the oxygen accepts a proton fhe reaction
mixture. The hydroxyl was removed as water withsale of ring to form and imidazole. The imidazolesre
characterized on the basis of IR, NMR and Masstsgleanalysis

MATERIALS AND METHODS

Experimental

Synthesis

All the melting points were determined by open tapi tube method and are uncorrected. |. R. spestre
recorded on Perkin-Elmer-Spectrum RX-IFTIR spedimipmeter*H-NMR spectra were recorded on Avance |l
(Bruker) (400 MHz) spectrometer in DMSO using TMSiaternal standard and chemical shifts are inditat &
(ppm). Mass Spectra were recorded using Watersadtiass Q-Tof Micro which is hybrid quadrupole tinfeflight
mass spectrometer equppied with ESI. Chemicals puehased from commercial suppliers and were usénut
any further purification.

Step-1

Equimolar quantities of hippuric acid (2 g, 0.01blnredistilled benzaldehyde (0.011 mol) and acetihydride
(1.12 g, 0.011 mol) were mixed together in a cdnfleesk. To the above mixture anhydrous sodium aee(2 g)

was added and the flask was heated under microisacgation at 40W for 40-50 seconds. The liquefieikture

was then cooled, stirred well and heated agai@oseconds at intervals, for a total of 3 minukhkanol (g.s.) was
then added to the above mixture in the conicakflasd the mixture was then allowed to stand ovérmnighe

crystalline product so obtained was filtered attismcand washed with boiling water and dried. Thedpict was
then recrystallized with benzene. The physical dathe compoundgl.1-1.0)are given in table 1.

Step-2

Two grams (0.005mol) of product obtained in steftll) and acetanilide (1 g, 0.0066 mol) were takeran

Erlenmeyer flask with 1 ml of pyridine and dimetioymamide (DMF) (g.s.). The flask was heated iflififor 50

seconds and then for total of 3 minutes at 40Wh witervals of stirring and cooling in between eatise. The
product formed was recovered by adding the reactibture to ice-water mixture. The product wasefitd, dried
and recrystallized with ethanol. The reaction sahésnshown as scheme-2 and the physical data afoiimpounds
(3.1-3.10) are shown in table 2.

In silico molecular docking studies

Molecular docking studies were carried out usingeSR012: Maestro, version 9.3, Schrédinger, LL@wNYork,
NY, 2012. The enzyme cycloxygenase, obtained frombefn data bank was used as a receptor (ID: 5CQigand
preparation was done using LigPrep, version 2.85y@&finger, LLC, New York, NY, 2012. Docking studie®re
carried out using Glide, version 5.8, SchrodinddrC, New York, NY, 2012. For docking studies theeegy
minimized ligands were docked at the selected gfithe receptor having X, Y, Z scale at 60.33126424 and
76.0573 A, respectively.
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RESULTS AND DISCUSSION

Synthesis

The IR spectra of the synthesized compounds reddzdads for different functional grouviz. aromatic, olefinic
and ketonic. In the IR spectra@mpound (1.1-1.10)the presence of aromatic ring was confirmed by tiesgnce
of weak bands between 31884%0cm* due to aromatic Gt str. The olefinic double bond introduces v
important bands in the spectra for confirmatiorstoficture. In the sucture of the synthesized compounds it ca
visualized that the double bond is in conjugatiothvthe aromatic ring as well as ketonic grouphef bxazole ring
The olefinic bond stretching vibration for suchanjigated system, without a centre cmmetry, appears between
3090-3000 cm. Apart from olefinic bondhe important band which confirms the formation piaatone ring is th
band for ketonic functional group. TB-y type atactone ring; a five membereg) (actone ring with double bond
B to carbonyl functional group ow to —O- , obtainsan intense carbonyl absorption bébetween 1782-1800 ch
Lastly, the band for C=N str is obtained betweeB89-1471 cn¥, confirming the formation of oxazole ring. T
results for individual compoundse discussed itable 2.

In the IR spectra of synthesized compoui3.1-3.10,apart from the peaks obtained for aromatic andirote
functional groups, as seen above in -1, several other peaks were obtained for confironatif the compound. |
the IR spectra of secondary amides fre-H stretching vibration is observed near 3-3400 cnt, which was
observed in all synthesized compounds-3.10) as given below in the description of indivadeompounds. Tw
other peaks for carbonyl functional gps were obtained at for acyclic (Amide I) band agdlic imidazolone ring
between 1780-1700 chand 166-1650 cnt, respectively. The carbonyl absorption band of damioccurs ¢
longer wavelengths than normal carbonyl absorpdios to resonance effe This also confirms the absence of bi
at 1790 crit for azlactonesThe other band for amides (Amide II) occurs dudl-H bending and is usually of hz
to one third the intensity of amiddsand. In secondary acyclic amides as with thélegized comgunds the peaks
appeared in the region of 157645 cn™. This band results from interaction betwee-H bending and C-N
stretching of the C-NH group. Other indiidual peaks are discussed in table-3.

In the proton NMR spectra different types of prat@an be accounteviz. aromatic, olefinic and amine and protc
of acetanilide moiety. Asinglet was obtainefor olefinic proton betweeild6.66-7.4,as there are nneighboring
protons to couple. A wealglet is also obtained for the proton attachebeterocyclic nitrogen which is attribut
to the protorexchange rate on nitrogen al. The aromatic protons appear as a multiplet a= thee three aromat
rings, with different substitutiongCompound3.1 is only mono substituted, compound 3.4 andaBesorth-para
substituted and metaara disubstituted while other are substitutedath hhe para positio. Multiplets are also
obtained for the third aromatigng, containing only four protons, of aeailide group. The calculated valt
appeared in the region 8%6.47-7.17 which are in agreement with the observed gatixtained from the specti

Stereochemistry

It was discussed previously that the compowwere synthesizeth Z configuration. It can be visualized that b
the high priority groups in the synthesized commtsulie on one side of theouble bond i.e. on left sic directly
attached to carbon argving priority over H (C>H) and on the right s, doublebond«d nitrogen having priority
over carbon (N>C), according to the C-Ingold-Prelog convention for a given stereocen

e A
O

/

~ A
)

{

www.scholarsresearchlibrary.com



Mayank Bapna and Lalit Singh Chauhar Der Pharma Chemica, 2014, 6 (4):1-9

Docking Studies

Molecular docking studies were carried out usingtisgsized compounds as liga’ and enzyme ycloxygenase as
receptor (PDB ID: 5COX)lt was found that only one of the compou (3.10) could be docked at the bindi
pocket of the receptor, obtainireghighglide score of = 9.9, the ligand-receptoteraction can bwisualized in
figure 1. The lignd forms hydrogen bonds with leucine and argimiita a bond distance of 2.222 and 2.21°
and it was rewarded fdrydrophobic enclosure of its aromatic and doubleddinkage by resues of valine (523,
349), tyrosing(355, 348), phenylalanii (518, 381), isoleucine (517), tryptoph¢87) leucine (384) and alanine
(527) as seen in figure Hydrophobic atoms on the protein that are neceskaryecognition of hydrophobi
enclosure are displayed in CPK representation &y.cThe molecule wapenalized for having two free rotatc
bonds at aromatic positiomghich increase the entropy of the system and hdrec& scor (figure 3).
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Figure 1: Ligand interaction diagram for receptor and compound (3.10)
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Figure 3: Rotatory penalty for -CH,- molecule attached to pyridine ring
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Table 1 Physical data of compounds synthesized inep-1 (1.1-1.10)

C. M.P.
No. Name cC) IR
167. 3078 crt (Ar-H), 3090 (Ar-CH=C-), 1790 cth (C=0
1.1  (2)-4-benzylidene-2-phenyloxazol-5(4H)-one 169 Oxazole), 1652 ci(C=N oxazole), 1630, 1591 cm
(conjugated olefins).
179. 3073 cnt (Ar-H), 3015 cnt (Ar-CH=C-), 1795 cri
1.2 (2)-4-(4-fluorobenzylidene)-2-phenyloxazol-5(4Hgon 182 (C=0 oxazole), 1652 cMm(C=N oxazole), 1628 , 1594
cm’ (conjugated olefins), 1235 ¢hC-F).
187 3088cnt (Ar-H), 3015 cni (Ar-CH=C-), 1800 crit (C=0
1.3  (2)-4-(4-chlorobenzylidene)-2-phenyloxazol-5(4Heon 188 oxazole), 1655 cth (C=N oxazole), 1632, 1597 ¢m
(conjugated olefins) 1090 c¢hiC-Cl).
3085 cnt (Ar-H), 850 cnt (C-N, ArNO,), 1550, 1335
. . 135-  cmi' (N=0, ArNQy), 3020 (Ar-CH=C-), 1638 cih 1594
1.4  (2)-4-(2-nitrobenzylidene)-2-phenyloxazol-5(4H)-one 140 om® (conjugated olefins), 1790 ¢hC=0 oxazole), 1655
cmi* (C=N oxazole).
3045 cnt (Ar-H), 3016 crif (Ar-CH=C-), 1625, 1600 cin
. ) 163- ! (conjugated olefins), 1792 ¢iC=0 oxazole), 1650 cm
1.5 (2)-4-(3-nitrobenzylidene)-2-phenyloxazol-5(4H)-one 165 !(C=N oxazole), 1520, 1345 chiN=0, ArNO,), 855 cm
1 (C-N, ArNO,).
170. 3215 cnt (br, O-H str, Ar-OH), 3045 crh (Ar-H), 3020
1.6  (2)-4-(4-hydroxybenzylidene)-2-phenyloxazol-5(4H§-0 172 (Ar-CH=C-), 1792 crit (C=0 oxazole), 1650 cm(C=N
oxazole), 1630, 1596 chiconjugated olefins).
3062 cn (Ar-H), 3010 crif (Ar-CH=C-), 2950, 2830 cin
i 158- ! (C-H, CH), 1790 cnit (C=0 oxazole), 1652 ci(C=N
L7 (2)-4-(4-methoxybenzylidene)-2-phenyloxazol-5(4ft-o 160 oxazole), 1632, 1600 ch(conjugated olefins), 1245,
1030 cnt (Ar-O-CHzasym and syrstr).
138- 3068 cn (Ar-H), 3000 crit (Ar-CH=C-), 2910, 2860 cm
1.8  (2)-4-(4-methylbenzylidene)-2-phenyloxazol-5(4H¢-on 140 1 (Ar-CHs), 1785 crit (C=0 oxazole), 1650 ci(C=N
oxazole), 1630, 1600 ch{conjugated olefins).
158. 3070 et (Ar-H), 3012 cnt (Ar-CH=C-), 1782 cm
1.9 (2)-4-(4-(dimethylamino)benzylidene)-2-phenylox&ddH)-one 160 (C=0 oxazole), 1655 cfr(C=N oxazole), 1628, 1598 ¢m
! (conjugated olefins), 1325 EngAr-N-(CHs),).
3057 cmt (Ar-H), 3010-3000 cr (multiple bands for
158- Furan), 3015 cfh (Ar-CH=C-), 1640, 1594 cth
110 (2)-4-(furan-2-ylmethylene)-2-phenyloxazol-5(4Hjeon 162 (conjugated olefins), 1785 ¢hfC=0 oxazole ring), 1655
cm*(C=N oxazole).
Table 2 Physical data of compounds synthesized inep-2 (3.1-3.10)
C. . M.P.
No. Name M. F. Yield °C) R¢
(Z)-N-(4-(4-benzylidene-5-oxo-2-phenyl-4,5-dihydraiazol-1- B
3.1 yi)phenyl)acetamide Co4H19N30; 98% 198-202 0.56
(Z)-N-(4-(4-(4-fluorobenzylidene)-5-oxo-2-phenyd-djhydroimidazol-1- B
3.2 yi)phenyl)acetamide CoaHigFN3O,  92% 222-224 0.56
33 (Z)—N—(4—(4—(4—chlprobenzylldene)—5—oxo—2—pheny6-d|hydr0|m|dazo|—1— CauHiCIN:O,  94% 220-222 0.58
yl)phenyl)acetamide
(Z)-N-(4-(4-(2-nitrobenzylidene)-5-oxo-2-phenyl-jfydroimidazol-1- )
3.4 yi)phenyl)acetamide Co4H1gN4O4 82% 108-110 0.58
35 (Z)—N—(4—(4—(3—n|trpbenzyl|dene)—5—oxo—2—pheny|-d;ﬁydr0|m|dazol—1— CoaH1sNLO; 86% 154-156 0.56
yl)phenyl)acetamide
. } - 190
36 (IZ))F;E(;E]4—I()£;—C(gt—;}'/ﬁcrj%xybenzyl|dene)—5—oxo—2—phenﬁl—é|hydr0|m|dazo|—1— CaaHiN:Os 89% (decompose) 0.5
y Y 230 (melts)
37 (Z)-N-(4-(4-(4-me'thoxybenzyI|dene)-5-oxo-2-phensjl-dihydrmmldazol-l- CosHaiN:Os 9206 138-142 0.57
yl)phenyl)acetamide
(Z)-N-(4-(4-(4-methylbenzylidene)-5-oxo-2-phengHdihydroimidazol-1- )
3.8 yphenylacetamide CosH21N30; 90% 108-110 0.6
(Z)-N-(4-(4-(4-(dimethylamino)benzylidene)-5-oxpt#enyl-4,5-dihydroimidazol- o
39 1-yl)phenyl)acetamide Cott2aNaO,  92% 06
(Z)-N-(4-(4-(furan-2-ylmethylene)-5-oxo-2-phenyd-dijhydroimidazol-1- }
3.10 yi)phenyl)acetamide CpH17N305 97% 120-122 0.8
7
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Table 3 Spectral data of compounds synthesized ine®-2

NC c; IR NMR Mass
. " R . _ 'H NMR (DMSO0):5 2.13 (s, 3H, -CO-85), § 6.92 (s, MS (m/e): 381.15
31 '1%5((??2{ (343?0%”—110()'\'-1%55;26’1 %7,\11?_1 ;’;ﬁng"’)‘cy‘:"c >C=0). 11, ArC=CH-), 5 7.28-7.79 (m, 14H, Ad), 5 8.04 (s,  (100.0%), 382.15
yele-L=0), : 1H, -NH). (26.3%)
] ] ) . _ . 1H NMR (DMSO):6 2.10 (s, 3H, -CO-CH3) 7.0 (s,
39 3420_ cm_l (N-H str), 1703 cm-1 (acyclic >C=0), 1658-1 1H, ArC=CH-),5 6.9-7.61 (m, 13H, ArH) 8.0 (br, s,
(cyclic-C=0), 1515cm-1 (-N-H bend). 1H, -NH)
33 IR (KBN): 3423 cm-1 (N-H str), 1700 cm-1 (acycli€=0), i: '\A'\r"CR:g_?f')Sg:g;_?%;s(n?Hl'éﬁoA'?HH;)g ;(()b7r (2’
’ 1654 cm-1 (cyclic-C=0), 1512 cm-1 (-N-H bend). 1HY “NH) T ’ ' ' ’ e
a4 R (KB): 3430 cm-1 (N-H str), 1690 cm-1 (acycli€=0), 11 '\/i';”g_é‘i'“gsf;:282_5?2(5('m3H1'3'§OAﬂ)§’§ 1767(§>Sr' MS (m/e): 426.13
’ 1652 cm-1 (cyclic-C=0), 1520 cm-1 (-N-H bend). s iH -N_H) o ' ’ ' ' ' (100.0%)
a5 IR (KB): 3430 cm-1 (N-H str), 1690 cm-1 (acycli€=0), 11 “L"r"CR:éDH“f')SBO%:g_%lzé ((fn 3féﬁcgr'§)g%ﬁlé'?gr(ss’
’ 1652 cm-1 (cyclic-C=0), 1520 cm-1 (-N-H bend). 1HY “NH) o ' ' ' T
IR (KBr): 3402 cm-1 (N-H str), 3205 (br —O-H stf)790 cm- 1H NMR (DMSO):5 2.06 (s, 3H, -CO-CH3% 6.97 (s, MS (m/e): 397.14
3.6 1 (acyclic >C=0), 1656 cm-1 (cyclic-C=0), 1528 cng-N-H 1H, ArC=CH-),8 6.8-7.62 (m, 13H, ArH)5 8.16 (br, s,  (100.0%), 398.15
bend). 1H, -NH),5 12.9 (br, 1H, Ar-OH). (26.3%)
IR (KBr): 3435 cm-1 (N-H str), 1704 cm-1 (acycli€=0), 1H NMR (DMSO0):5 2.12 (s, 3H, -CO-CH3) 3.89 (s,
3.7 1652 cm-1 (cyclic-C=0), 1520 cm-1 (-N-H bend), 1240-1 3H, Ar-O-CH3),5 7.7 (s, 1H, ArC=CH-)j 6.79-7.69
(asym Ar-O-CH3 str), 1023 (sym Ar-O-CH3 str). (m, 13H, ArH),8 8.12 (br, s, 1H, -NH).
IR (KBr): 3432 cm-1 (N-H str), 1692 cm-1 (acyclic=0), .H NMR (DMS0):5 2.06 (s, 3H, -CO-CH3) 2.39 (s,
38 1653 cm-1 (cyclic-C=0), 1520 cm-1 (-N-H bend) H, AI-CH3), 6 6.98 (s, 1H, ArC=CH-); 7.26-7.59 (m,
' . 13H, ArH),5 8.10 (br, s, 1H, -NH).
IR (KBr): 3430 cm-1 (N-H str), 1702 cm-1 (acycli€=0), 1H NMR (DMSO0):$ 2.09 (s, 3H, -CO-CH3)} 3.06 (s,
3.9 1660 cm-1 (cyclic-C=0), 1517cm-1 (-N-H bend), 1328-1 H, Ar-N-(CH3)2),5 7.01 (s, 1H, ArC=CH-)$ 6.7-7.67
(Ar-N-(CH3)2). (m, 13H, ArH),8 8.02 (br, s, 1H, -NH).
10 'R (KBN): 3430 cm-d (N-H str), 1695 cm-1 (acycli€=0), éqZN(%RSEI\g—Squr):I%zé()Ggﬁ—(?S'6§|-(|r,n-(igl-lci§|§)57ézl7&'; MS (m/e): 371.13
' 1658 cm-1 (cyclic-C=0), 1510cm-1 (-N-H bend). . N Y ' ’ ’ ’ ' (100.0%).
(br, s, 1H-NH).
Table 4 Docking scores of compound (3.10) with itsomers
i Lipophilic ¢ d e . g .
ligand | Isomer | Gscoré Evdw® PhobEr® | HBond® | Electro® | Sitemag | LowMW Penaltied | RotPenal
3.10 1 -9.91 -5.74 -2.44 -0.53 -0.35 -0.77 -0.26 0 0.18
2 -9 -5.87 -2.24 -0.62 -0.37 -0.81 -0.26 1 0.18
3 -3.8¢€ -6.4¢ -2.42 0 0 -0.9 -0.2¢ 6 0.1¢

3Glide Score;LipophilicEvdW- Lipophilic term derived from hydiugbic grid potential and fraction of the total pein-ligand vdW energy
“PhobEn- Hydrophobic enclosure rewaféiBond- Chem core H bond terfiElectro- electrostatic rewardSitem_ap- ligand complementarity
terms;®LowMW- reward for ligand with low molecular weigiitenaltie$- Penalty for polar atom burial ; RotPehaPenalty for roation about
C-C bond

CONCLUSION

Ten imidazole derivatives were successfully syriteessas COX-2 inhibitors and it was found that oohe of the
compounds could be docked at the receptor siteCai» The docking studies revealed that the dockedpound
3.10scores well and could be used for further for glesig potent analgesic agents.
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