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ABSTRACT

Twelve new 4-(substituted phenylsulfamoyl)-2-hygpbenyl acetate derivatives have been synthesizddanti-
inflammatory andcyclooxygenase (COX-1 and COX-Ripitory activities have been evaluated. Structwethese
compounds were established by {R, NMR, Mass, and Elemental microanalyses data. &fesnpounds also
exhibited significant anti-inflammatory activity,high is comparable to that of celecoxib in the eg@enan-
induced rat paw edema method. The selected compowede evaluated for their preliminary in vitro
cyclooxygenase inhibitory activity against COX-2a80X-1 enzymes. The compounds tested showediveelect
inhibitory activity toward COX-2(72-5%) over COX{B.4%)., amongst them compounds 3c and 3i showed
appreciable COX-2 selective inhibitory activity.

Key words: 2-hydroxyphenyl acetate, NSAIDs, cyclooxygenasediihitors, anti-inflammatory, rat paw edema
assay.

INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) stiémain among the most extensively used drugsdwode
and have been used in the treatment of inflammatonglitions like rheumatoid arthritis, osteoarilribrthopedic
injuries, post-operative pain, etc. [1,2].Howeuwbe use of conventional NSAIDs have been restricieel to their
adverse effect especially gastrointestinal toxieity renal insufficiency [3,4]. A major discovery the search of
novel anti-inflammatory agents without deleterigide effects exhibited by the conventional NSAIRsne from
the identification of two different isoforms of theyclooxygenase (COX) enzyme known as COX-1 and €0X
Cyclooxygenase (COX) or prostaglandin endoperosidghase (PGHS) catalyzes the First step in theybtbesis

of the prosta- glandins (PGs) from the substratetadonic acid (AA) [1] .COX enzyme possesses tugbirttt
catalytic activities: (1) cyclo- oxygenase activitthat catalyzes the oxidation of AA to produce
hydroperoxyendoperoxide (PGG2) and (2) peroxidastivity that reduces the hydroperoxide PGG2 to the
hydroxyendoperoxide (PGH2). The PGH2 is transforrbgda range of enzymic and nonenzymic mechanisms
intothe primary prostanoids. In addition, arachidacid is a substrate for a variety of additioogidative enzymes
such as lipoxygenase, which generates biologicatliive lipids: hydroperoxyeicosatetraenoic acid EHE),
hydroxyeico- satetraenoic acid (HETE), and leuleoigis (LTA4, LTB4, LTC4, and LTE4). The cyclooxygeaa
(COX) enzymes, were identified as the moleculargats of all nonsteroidal anti-inflammatory drugs
(NSAIDs)[2e4]. COX-1 is the constitutive isoformdais mainly responsible for the synthesis of cybbective PGs
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in gastrointestinal (Gl) tract whereas COX-2 isuaithle and plays a major role in PG biosynthesigilammatory
cells[5e7]. It is believed that the inhibition 0O&-1 causes unfavorable Glside effects [8]. Themfdevelopment
of novel compounds having anti-inflamatory actiwtith an improved safety profile is still a necégsLiterature
survey revealed that many acetyl salicylic derixegi [9] have found their clinical application as
NSAIDs.Salicylates are the class of compounds dhatwidely valued for their pain killing, antipyietand anti-
inflammatory properties. The most commonly knowrd arsed salicylates are salicylic acid (also calkd
hydroxybenzoic acid), aspirin (acetylsalicylic aekSA) and sodium salicyclates. They are used aktety for the
relief of headache, inflammation, arthritis paindasome are employed in the treatment of heartksttand strokes
in the elderly. Their mode of action is the inhitnit of the synthesis of prostaglandin and its deies that cause
inflammation pain rise in temperature and relatBecently, salicylic acid has been used primarily aas
intermediate in the production of agrochemicalgsdgnd colorants products. Salicylate toxicity pogoning are
rare in recommended doses; however, salicylateopivig and its side effects are prominent problerdeneloping
countries where they are used as antipyretic imtAragement of infectious malaria, both in childzed in elderly
people. Meanwhile, there are development and iottion of new analgesic, antipyretic and anti-inftaatory
agents that compete with aspirin. This has madenighe to search for a better tolerable drug whiehdevoid of
toxic and side effects of aspirin has been showthénCNS, respiratory, gastro-intestinal tract,dtiep metabolic
and coagulation systems of the body. This workhes first stage in evaluating the various biologiaativities
produced by twelve derivatives of salicylic acichi#esized in ourlaboratories. These compounds ested to
examine their potency, efficacy and cytotoxicityttwa view of developing a compound having loweridibx and
less side effects. Researchers have recently fdcoseselective COX-2 inhibitors which are believedreduce
inflammation without influencing normal physiolodienctions of COX-1.figure 1.and figure 2.

FIGURE 1: Selective cox-2 inhibitors
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5,6-diarylimidazo[2,1-b]thiazole(9) 4-(substituted phenylsulfamoyl)-2-hydroxyphenyl aetate derivatives(10)

Motivated by the aforesaid findings, and pursuing studies on acetyl salicylate moiety, we wereigiesi to
synthesize a new series of 5-(N substituted phsalfamoyl) acetyl salicylic acid derivatives andtedl them as
COXs inhibitors.

MATERIALS AND METHODS

Melting points were determined with a Reichert—Jtmogrstage microscope and are uncorrected. Infrapedtra
were recorded on a Nicolet Magna 550-FT spectromietélMR (400 MHz) spectra were measured on a Varian
Unity plus 400 spectrometer in CD'@r DMSO-d with TMS as the internal standard, where J (dogptonstant)
values are estimated in Hertz. Spin multiples arergas s (singlet), d (doublet), dd (doublet ofilblets), t (triplet),

g (quartet), m (multiplet), and br (broad). Massapa were obtained with a Finnigan Mat TSQ-70 speteter.
Elemental microanalyses were carried out with &iReElmer 240-C apparatus and were within +0.4%thad
theoretical values for C, H, and N. All solventdameagents were purchased from the Fluka, AldriciMerck
Chemical Company.Albino rats, used in the anti@nfinatory screens, and experiments were carriedusiog
protocols approved by the Ethics Committee of S&@klagwan Singh Post Graduate Institute of Biomedica
Sciences and Research, Balawala, Dehradun, India.

Table 1 :Lead structure of 2, 5-diphenyl-1,3,4-oxadzole derivatives:

OH
R\ S OCOCHj3
/ NHSO5
compound R

4-(phenylsulfamoyl-2-hydroxyphenyl acetat(3a H
4-(2-fluorophenylsulfamoy-2-hydroxyphenyl acetate (& 2-F
4-(3-hydroxyphenylsulfamoyl)-2-hydroxyphenyl acetésc): 3-OH
4-(2 chlorophenylsulfamoyl)-2-hydroxyphenyl acetgd) 2-Cl
4-3-fluorophenylsulfamoyl)-2-hydroxyphenyl acetéde) 3-F
4-(4-aminophenylsulfamoyl)-2-hydroxyphenyl acet@§ 4-NH,
4-(4-hydroxyphenylsulfamoy-2-hydroxyphenyl acetate (< 2-OH
4-(4-acetoxy phenylsulfamoy-2-hydroxyphenyl acetate (= 4-COOH
4-(2-hydroxyphenylsulfamoyl)-2-hydroxyphenyl acetési) 4-OH
4-(2,3-dihydroxyphenylsulfamoyl)-2-hydroxyphenylegate (3j)| 2,3-dihydroxy

Chemistry

General procedure for the preparation of of5-(N subktituted phenyl sulfamoyl) acetyl salicylic acid
derivatives(3a—j)

6gm of salicylic acid ,8.5ml of acetic anhydridedalx2 ml of Con. sulphuric acid was refluxed undehydrous
conditions for 1 hours. The reaction was monitdogdTLC, using chloroform and methanol (95:5) asobvent,
crude product washed with cold water and driedy¢ésadicylate14.0ml (0.1moles) was placed withZ&8ml
(0.5moles) of chlorosulfonic acid at 12-15 °C. Tergiure is maintained at approximately 15 °C, ttoeeelarge
volume of HCI are evolved and then reflux the migtto 60 °C for 3 hrs. The solid sulphonyl chlorigiich
separates is collected and washed with water. 2090168 moles )of 2- substituted- 5-chlorosulpho
intermediate 2 is added with stirring during abbuhinutes to 3.31ml (0.07moles) amine derivativestaining the
mixture is allowed to heat up to 80-90°C on moltamdition on mechanical stirrer and then mixtureshisken
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vigorously., 10 ml of the NaOH solution is addeatefully with stirring at 10 minutes time intervalhe liquid
phase of the final mixture should be alkaline. Té&ction is completed by heating the mixture otears bath for 1
hour with vigorous mechanical stirring. The mixtuvas poured into ice (20g) and extracted with aftonm. (2 x
25ml) The organic layers were collected and washigld brine (2 x 10ml) dried sodium sulfate anddikd and
concentrated under vacuum.purification by flash oofatography,eluting with CH3CL/MeOH (20:1) and
crystallisation from suitable solvent gave 3a-jestie 1

COOH COOH

o cons HSO, OCOocH,
+  (CHL0)0

Salicylic acid 2.acetoxybenzoic acid
CISOH
}
OCOCH,
oM OCOCH,;
NH,CHR OH
R /\ \ subsituted aniline X
HNO.S -

/

C:S

5-(N phenyl subsituted sulfamoyl) acetyl salicylate 4-(chlorosul fom‘!)—“-huﬁ:ox\mm\i acetate

Scheme 1: outline of synthesis

4-(phenylsulfamoyl)-2-hydroxyphenyl acetate (3a) Yield 67%; mp236 C (n- butanol); IR (KBr): 1278151
(S0) cm® M NMR(CDCI3,300Hz) 2. 24(s,3H,-GH4.45(m,1H,-NH)5.67(s,1H,-OH),6.26(m,2H,-
CH),7.16(m,6H,-CH) ESIMS m/z 374(w+ 1), Anal Calcd for GH1sN3OsS, : C, 54.67; H, 4.05; N, 11.25; O,
12.85; S, 17.17, Found: C, 54.77; H, 4.15; N, 11.32

4-(2-fluorophenylsulfamoyl)-2-hydroxyphenyl acetate (3b): 4-(2-fluorophenylsulfamoyl)-2-hydroxyphenyl
acetate(3b): Yield 76%; mp 236 C (n- butanol); IR (KBr): 1278151 (SQ) cm’; 'H NMR (CDCI3,300Hz)
2.12(s,3H,-CH),4.23(m,1H,-NH)5.35(s,1H,-OH),6.36(m,2H,-CH),7.&16H,-CH), ESIMS m/z 325 (k4 1), Anal
Calcd for G4H1.FNGsS : C, 51.69; H, 3.72; F, 5.84; N, 4.31; O, 24.599.86 found C, 50.02; H, 3.21; F, 5.12; N,
4.78; O, 24.11; S, 9.01

4-(3-hydroxyphenylsulfamoyl)-2-hydroxyphenyl aceta¢ (3c)¥ield 56%; mp 357 C (n- butanol); IR (KBr):
1278, 1151 (S§ cm®; *H NMR (CDCk,300Hz) 2.02(s,3H,-CH),4.23(m,1H,-NH)5.35(s,2H,-OH),6.12(m,2H,-
CH),7.34(m,6H,-CH), ESIMS m/z 323 (M 1), Anal Calcd for ©H;sNOgS C, 52.01; H, 4.05; N, 4.33; O, 29.69;
S, 9.92 found: C, 51.98; H, 4.01; N, 4.03; O, 29939.12

4-(2chlorophenylsulfamoyl)-2-hydroxyphenyl acetat€3d): Yield 46%; mp337° C (n- butanol); IR (KBr): 1278,
1151 (SQ) cm’ 'H NMR(CDCL,300Hz) 2.13(s,3H,CH,4.21(m,1H,-NH)5.04(s,2H,-OH),6.32(m,2H,-
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CH),7.64(m,6H,-CH) ESIMS m/z 341 (W 1), Anal Calcd for GH;,CINOsS : C, 49.20; H, 3.54; Cl, 10.37; N,
4.10; O, 23.41; S, 9.38 Found: C, 50.12; H, 3.121Q.23; N, 4.01; O, 23.12; S, 9.01

4-3-fluorophenylsulfamoyl)-2-hydroxyphenyl acetatg(3e):Yield 76%; mp 278° C (n- butanol); IR (KBr): 1278,
1151 (SQ) cm® 'H NMR (CDCk,2300Hz) 2.03(s,3H,-CH,4.13(m,1H,-NH)5.05(s,1H,-OH),6.16(m,2H,-
CH),7.16(m,6H,-CH), ESIMS m/z 325 GM- 1), Anal Calcd for @H,,FNOsS : C, 51.69; H, 3.72; F, 5.84; N, 4.31;
0, 24.59; S, 9.86 found C, 50.02; H, 3.56; F, 5M24.78; O, 24.35; S, 9.34

4-(4-aminophenylsulfamoyl)-2-hydroxyphenyl acetat€3f): Yield 58%; mp 328° C (n- butanol); IR (KBr): 1278
1151 (SQ cm?; *H NMR (CDCk,300Hz) 2.03 (s,3H,CH,4.13(m,1H,-NH)5.05(s,1H,-OH),6.16(m,2H,-
CH),7.16(m,6H,-CH), ESIMS m/z 322 {\ 1), Anal Calcd for @H.4N,OsS : C, 52.17; H, 4.38; N, 8.69; O, 24.82;
S, 9.95, Found: C, 52.12; H, 4.10; N, 8.12; O, 24% 9.01

4-(4-hydroxyphenylsulfamoyl)-2-hydroxyphenyl acetag (3g): Yield 62%; mp 212° C (n- butanol); IR (KBr):
1278, 1151 (S® cm®; 'H NMR (CDCI3,300Hz) 2.14 (s,3H,-Gj{4.15(m,1H,-NH)5.15(s,2H,-OH),6.32(m,2H, -
CH),7.69(m,6H,-CH), ESIMS m/z 374(M 1), Anal Calcd for @H13NOGS : : C, 52.01; H, 4.05; N, 4.33; O, 29.69;
S, 9.92 Found C, 51.34; H, 4.01; N, 4.01; O, 29%19.02

4-(4-acetoxy phenylsulfamoyl)-2-hydroxyphenyl aceta (3h): Yield 67%; mp348° C (n- butanol); IR (KBr):
1278, 1151 (S@ cm’; *H NMR(CDCk,300Hz) 2.34 (s,3H,-C,4.45(m,1H,-NH)5.01(s,2H,-OH),6.42(m,2H,-
CH),7.64(m,6H,-CH), ESIMS m/z 374w 1), Anal Calcd forGH;sNO,S : C, 52.60; H, 4.14; N, 3.83; O, 30.65;
S, 8.78 Found: C, 51.50; H, 4.04; N, 3.13; O, 30917.90

4-(2-hydroxyphenylsulfamoyl)-2-hydroxyphenyl aceta¢ (3i): Yield 47%; mp345° C (n- butanol); IR (KBr):
1278, 1151 (S@ cm™; '"H NMR (CDCI3,300Hz) 2.34 (s,3H,-G}{4.45(m,1H,-NH)5.01(s,2H,-OH),6.42(m,2H, -
CH),7.64(m,6H,-CH) ESIMS m/z 323(M 1), Anal Calcd for §H;sNOgS : C, 52.01; H, 4.05; N, 4.33; O, 29.69;
S, 9.92, Found: C, 52.09; H, 3.65; N, 4.12; O, 99% 9.42

4-(2,3-dihydroxyphenylsulfamoyl)-2-hydroxyphenyl aetate (3)): Yield 43%; mp 324° C (n- butanol); IR (KBr):
1278, 1151 (S§ cm’; *H NMR(CDCI3,300Hz) 2.0 (m,2H,amine), 2.01(s,3H,~J4.45(m,1H,-NH)5.01(s,3H,-
OH),6.23(m,2H,-CH),7.14(m,6H,-CH),ESIMS m/z 322(M 1), Anal Calcd for GH;sN;OsS, : C, 54.67; H, 4.05;
N, 11.25; O, 12.85; S, 17.17, Found: C, 54.77; H54N, 11.32

RESULTS AND DISCUSSION

In vivo anti-inflammatory activity .

The preliminary in vivo anti-inflammatory activityas evaluated using carrageenan- induced rat pamaessay
model of inflammation by adopting the method of Wmet al.[36] for the selected compounds listedrable
2.Male albino rats (170-220 g) were fasted witle fagcess to water at least 12 h prior to experisnamd divided
randomly into nine groups of six each. Control greaceived 1 mL of vehicle (0.5% methyl cellulosel #.025%
Tween 20), standard group received 10 mg/kg ofcoelb, and test groups received 10 mg/kg of syritlkes
compounds. The rats were dosed orally, 1 h latds@antar injection of 0.05 mL of 1% solution ofiicgeenan in
0.9% sterile solution was administered to the hdfid foot pad of each animal. The paw edema voluasew
measured with a digital plethysmometer (Ugo-Badiialy) at 0, 2, 4 h after carrageenan injectiomRadema
volume was compared with vehicle control group pactent reduction was calculated asl - (edema wwianthe
drug treated group/edema volume in the control gred 00

In vitro cylcooxygenase inhibition studies

The selected compounds listed in Table 3 wereddstetheir ability to inhibit in vitro COX-1 and @X-2 using a
colorimetric COX (ovine) inhibitor screening kit &&log No. 760 111, Cayman Chemicals Inc., Ann Arbo
MI,USA) using the previously established method][37
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Table2: % inhibition of different compounds

S.No | compound | No.ofanimals used.| Average Body Weight (gms) (n?gollieg) Sva:ﬁirrlgPtavaD Inh|(l:)J/Lt|0n
1. Control 5 264 50 0.286+0.052 |  --------
2. Ibuprofer 5 23C 50 0.0€6+0.017% 76.63%
3. Compound 3 5 20C 50 0.0€7+0.027% 68.23%
4. Compound3b 5 268 50 0.097+0.017 | 67.43%
5. Compound 3c 5 224 50 0.074+0.036 | 72.42%
6. Compound 3d 5 212 50 0.103+0.033 | 65.64%
7. Compound 3e| 5 270 50 0.101+0.024 65%
8. Compound3 5 22C 50 0.0€3+0.02¢ 71.63%
9. Compound3 5 25€ 50 0.0€8+0.01¢ 68.23%
10. | Compound3h 5 245 50 0.111+0.033 61.1%
11. Compound3i 5 237 50 0.053+0.016 79.4%

Table 3: In vitro inhibition of purified COX-2 by 2 ,5-diphenyl-1,3,4-oxadiazole derivatives

s.no COX-2 inhibition (%J | COX-1 inhibition (%f
3a 5.23+8.23 nt®
3b 42.82+ 3.34 nt
3.46 £ 8.03
10 mM
3c 71.24+1.34 1§3.27J_r7.g)5
(100 mM)
3d 47.61+ 2.37 nt
3e 27.55+2.30 nt
3f 34.76+ 5.28 nt
3g 35.60+ 2.31 nt
3h 48.1¢+ 5.31 nt
3.34+7.01
. 10 mM
3i 79.13+ 1.31 1;25 J_rs.)oz
(100 mM)
indomethacin 90.44+0.24 72.8916.31
Celecoxib 61.78+2.83 12.66 +6.66

Data are indicated as percentage of inhibition &trtM_SEM (n %44).
Pcelecoxib was assayed at 100 mM and 1 mM for CAHeICOX-2, respectively.
°nt: not tested.

The compounds reported herein were tested for #iality to inhibit COX-2 and/or COX-1 using the nified
colorimetric COX (ovine) method. The in vitro adtivresults are reported as a percentage of inbibibf the
purified enzymes at 10 mM (Table 2). In this prefiary study towards new potential COX-2 selectivenpounds
as novel drug candidates for inflammatory and eelatiseases, we have introduced systematic mdiliinsato the
4-(substituted phenylsulfamoyl)-2-hydroxyphenyl tate core structure. It is well established 2-hygiphenyl
acetate derivativesis a good template for antamfhatory and selective COX-2 inhibition . Thus,ingkinto
account this structural feature, we planned a 8trae activity relationship study using the 4-(ditbted
phenylsulfamoyl)-2-hydroxyphenyl acetatecore asmaplate. In particular, we envisaged a series lb$tiution on
the 2 and 5 position aryl ring in order to introdumore flexibility to the template, while keepinget 4-
(phenylsulfamoyl)-2-hydroxyphenyl acetate which waquired to maintain COX-2 selectivity. Resulte ahown
in Table 2 In general, none of the newly synthesized dexieatproved to be endowed with the desired activity
profile at COX-2, as none but two of the compoufmsmpound 3c and 3i ) inhibited at least 50% of @@X-2
isoform during preliminary screening. Compound 8d &8 are endowed with a 3 and 4 hydroxy on thenghring.
We found that chloro,fluoro and acetoxysubstitutigth phenyl ring had a low COX-2 activity witlespect to the
hydroxy analogs. This preliminary results indicathdt the presence of hydroxy is important for C@Xetivity
and acetoxy on the phenyl ring was less effed®@30] Within the sulfonamide analogs, introduction ofadler
substituents on the p-phenyl position, i.e., 3esedwa decrease in the observed COX-2 activity anl¥0screening.

CONCLUSION

The synthesis of a series 4-(substituted phengsdf/l)-2-hydroxyphenyl acetate derivatives subtgduat R and
R, is described along with their preliminary evaloatas potential COX-2 inhibitors. Most of the comapds show
no significant COX-2 inhibitory activity. Only cgmound 3c and 3j displayed potent and selective QOX-
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inhibition. In conclusion, we feel that the prelimary in vitro activity results of this class of cpounds may possess
potential for design of future molecules with machtions on the aryl substituents inhibit one asrenof these
enzymes. Further studies are in progress.
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