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ABSTRACT

All NSAIDs are suffering from deadlier GIT toxicifjhe free carboxylic group is thought to be resplole for this
toxicity. The main aim of the present study wasldégelop new chemical entities as prodrug of poaéranti-

inflammatory agents with no gastric toxicity. Var®substituted derivatives of Mefenamic acid wgrghesized in
good vyield by esterification. All structures of thewly synthesized compounds were elucidated byeelal

analyses, spectral data like infrared, proton magneesonance and mass spectroscopy. Prodrugs ake
characterized by solubility studies, partition do@ént and hydrolytic studies. The synthesizedvdéives are
screened for their anti-inflammatory and Ulcerogesiudy which show retention of anti-inflammatocgivaty with

reduced Ulcerogenicity.
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INTRODUCTION

Non Steroidal Anti-Inflammatory Drugs (NSAIDs) isv@ of the most extensively used categories of feriic
agents. NSAIDs are used in the management of painvarious acute and chronic inflammatory disordies
rheumatoid arthritis, inflammatory bowel disease[2t3]. The mechanism of pharmacological action of thetrod
the NSAIDs is by peripherally blocking the prodoctiof prostaglandins (PG) through non-selectivebitibn of
enzyme Cyclo-Oxygenases (COX-1 and COX-2) to varwrtents [4]. In chronic conditions, NSAIDs areiaity
recommended in a long term dosage regimen. Howéver,observed that the prolonged consumptionhesé
drugs causes gastrointestinal and renal side sffébese effects are due to inhibition of constieuCOX-1 which
is responsible for the production of PGs that ampdrtant for gastro-protection and vascular honzsist In
addition, a direct contact of the drugs having iacgtoups with gastric mucosa also plays a majée o the
development of gastrointestinal lesions [5]. Aseault, the gastric disturbance due to NSAIDs isbphly a
combination of local irritations produced by theedr carboxyl group in NSAIDs and by inhibition ofeth
cytoprotective PGs on gastric mucosa. Hence itéballenge for the researchers to develop the NSAHat are
biologically effective but devoid of the above seféects.

Kalgutkar et al [6-8] reported that ester and amdimivatives of certain NSAIDs like Indomethacindan
Meclofenamic acid selectively inhibited COX-2 arftbwed that certain amide derivatives of Indomethacére
potent non-ulcerogenic anti-inflammatory agentshi@ acute inflammation studies. These common appesato
overcome the gastrointestinal side effects of kndN8AIDs were also used by many other researchess e
years and has been reviewed recently. For exan@sfermylphenyl esters of Indomethacin, Ketoprofemd a
Ibuprofen were shown to have more potent anti-infleatory activity than the parent drugs [9]. In aidah,
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morpholinoalkyl esters of Naproxen, Indomethacid &iclofenac were reported to have better bioabditsg and
be less irritating to the gastric mucosa than theemt compounds [10,11]The proline amides of Ibfgrovere
reported as neuroprotective agents and were showpos$sess anti-inflammatory activity without ulageaic
potential. The L-cysteine ethyl ester of a serieN®AIDs including Ibuprofen and Ketoprofen wascafeund to be
a potent anti-inflammatory and antioxidant agentlevdemonstrating considerably reduced gastroimaistoxicity
[12] Based on the above findings, it is evident thaivdéization of the free carboxylic acid group irSNIDs
represents a suitable strategy for obtaining ne@eshpounds with an improved therapeutic index anehethe
conversion of non selective COX inhibitor NSAIDsdrselective COX-2 inhibitor drugs.

In the present study, an attempt was done to peepater derivatives of Mefenamic acid with incezhs
pharmacological activity and low Ulcerogenicity.

MATERIALS AND METHODS

All the chemicals used were procured from Merc#t parity of starting materials used for reactiorsswonfirmed

by checking their melting point or boiling pointdaby thin layer chromatography. Mefenamic Acid (M#gas
supplied by Micro Labs Bangalore. Melting pointsreveletermined by open capillary tube method oningeftoint
apparatus LABIN and are uncorrected. The progréseaction was monitored by thin layer chromatpira
(TLC) carried out on precoated silica gel aluminiptate 60 ks, from Merck and detection was done either by
observing in UV light or exposure to iodine vapoassrequired. IR spectra (in KBr pellets) were rded using
KBr on “JASCO FT-IR 460 plus” instrument by DRIFTethod.*H-NMR spectra were recorded in CR@blution

on “FTNMR VARIAN MERCURY YH-300" using tetramethydilane (TMS) as internal standard. Mass Spectra
were recorded on “Shimadzu GC-MS QP-5050" instrummndirect injection method. The synthetic strasg
adopted to obtain the target compounds are depict®dheme 1.

Scheme 1:-
A] Synthesis of 4’-methyl biphenyl-2—carboxyl chloide:

CHg
CHg
N

CHj
CHg3
CH,COCI
-H T— N-H

Mefenamic acid Mefenamic acid chloride

In a dry round bottom flask equipped with refluxndenser and calcium chloride guard tube, Mefenamwid (0.1
moles) acetyl chloride and thionyl chlori@.2 moles) were refluxed for 5 hour. The viscagsii wasvacuum
dried to remove excess acetyl chloride. Yellow aodal crude Mefenamic acid chloride was obtained

B] Generalized procedure for synthesis of Mefenamiacid ester derivatives):-
CHg CHs
<: %i—CH3
N-H — N-H
cocCl

Mefenamic acid chloride Mefenamic acid ester deviatives

CHj3

In a three-necked flask fitted with a reflux conslenequipped with a calcium chloride drying tubd ardropping
funnel, Phenols (0.012 moles) dissolved in 25 mbefhzene were placed. Mefenamic acid chlo(@é1 moles)
diluted with dry benzene was added gradually toviér the period of approximately 1 hour under istyrwith
cooling in an ice bath. The mixture was stirred &or additional 30 minutes and then set aside prexteby a
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calcium chloride guard tube for approximately 1Quiso The progress of reaction was monitored by thyer
chromatography. The hydrochloride salt of phenas wemoved by filtration with suction and washedhwivo 25
ml portions of benzene. The benzene layer was dned anhydrous magnesium sulphate. The dryingtages
removed by filtration and the solvent was removgdlistillation to give crude product which was ngstallized
from acetonitrile / methanol.

VEG6-Phenyl (2, 3-dimethylphenyl) Anthranilate:-

Yield 60% white colourless compound;: ®54 (n-Hexane: Ethyl acetate) ; IR 1573 (C=C, 016 (C-H str), 752
(C-Hbend), aromatic ring; 2970 (C-H str),1444 ((éhd), CH Aliphatic; 1651 (C=0O Str), 1157 (C-O str), COO
ester; 3312 (N-H str), 1262 (Ar C-N stif NMR (CDCI3): 6 2.182 (s, 3H,-Ch), 2.350 (s, 3H,-Ck), 6.658-8.044
(m, 12H,-aromatic proton), 9.390(s, 1H,-NH), Ma§9 eV) m/z 317.

VE7-3, 5 dimethylphenyl (2, 3-dimethylphenyl) Anth@anilate:-

Yield 70% white colourless compound; ®50 (n-Hexane: Ethyl acetate); IR 1575 (C=C, &0)19 (C-H str), 752
(C-H bend), aromatic ring; 2977 (C-H str), 1450H@end), CH Aliphatic; 1658 (C=0 Str), 1157 (C-O str), COO
ester; 3317 (N-H str), 1254 (Ar C-N st NMR (CDCI3): § 2.184 (s, 3H,-CKl),2.338 (s,3H,-CH), 2.610
(s,6H,CH),6.660-8.036 (m,10H,-aromatic proton),9.386 (s;M\H); Mass: (70 eV) m/z 345.

VES8-4-methylthiophenyl (2, 3-dimethylphenyl) Anthranilate:-

Yield 55% white colourless compound. 64 (n-Hexane: Ethyl acetate) ; IR 1573 (C=C &062, 3023 (C-H str),
752 (C-H bend), aromatic ring; 2981 (C-H str), 94€-H bend), CH Aliphatic; 1653 (C=0 Str), 1157 (C-O str),
COO ester; 3306 (N-H str), 1257 (Ar C-N stf}; NMR (CDCI3): 8 2.188 (s, 3H,-CHl), 2.346 (s,3H,-C}), 2.718
(s,3H,-SCH), 6.651-8.059 (m,11H,-aromatic proton),9.384 (s;lH); Mass: (70 eV) m/z 363.

RESULTS AND DISCUSSION

The prodrugs Mefenamic acid ester were synthedigaasing aromatic phenols. Purity of synthesizeatlprg was
ascertained by melting point and thin layer chrageaphy (TLC). The synthesized compounds were noefi by
FTIR, ITHNMR

and Mass spectroscopy. IR spectra were recorded) &dr on “JASCO FT-IR 460 plus” instrument by DRIF
method. The characteristics peaks for Mefenamid aeirivatives of substituted molecules were obgkrFor
aromatic ring C-=C str. at 1570-1578¢n€C-H str. at 2965-2981chiC-H bend at 1442-1450¢hCH; aliphatic C-H
str at2965-2981chC-H bend at 1445-1450¢hiCOO ESTER C=O0 str. at 1650¢p€-O str.1160;-NH- str at 3305-
3420cni,Ar C-N str at 1254-1260cm

The 1H NMR spectrum of synthesized prodrugs shémschemical shift value for the anticipated compisuThe
mass spectroscopic analysis gives the parent paafirraing molecular weight of the targeted compaaintihe
synthesized ester prodrugs of Mefenamic acid welgested to solubility studies. Prodrugs were fourabluble in
water and in 0.1 M HCI. Solubility studies showédttthe synthesized prodrugs were found slightlytde in 0.1
M NaOH. It showed moderate to high solubility inrieais solvents such as methanol, ethanol, chlonofand
benzene. The greater solubility of the standardydvifA in 0.1 M NaOH is mainly due to the presencefreke
carboxyl group, which forms a sodium salt and makescompound ionic. But prodrug showed moderateigh
solubility in various organic solvents, which indies lipophilic behaviour of the compound.. The tiBan
coefficient of Mefenamic acid and prodrugs werenidun octanol-aqueous buffer (pH 7.4) system. Témult
indicates that synthesized esters were found todre lipophilic than parent drug, Mefenamic acitalfle 1)

Thein vitro hydrolysis studies were designed in a manner toieniine gastrointestinal tract pH, hence as a pymar
requirement, calibration curve in the experimeptdlvalue related for the study were made. The Hydi®studies
were carried out in simulated gastric fluid at p2 for representing the condition of stomach, mugated intestinal
fluid at pH 7.4 and in 80 % human plasma at pHt@.4imulate the conditions of physiological pH ¢ddd. The
results from the hydrolysis studies carried ouS®F and SIF and 80 % human plasma at pH 7.4 asemesl in
Table 2-4.

The minimum reversion was observed at gastric pBIHSH 1.2) suggesting the stability of synthesipeatrugs
in gastric pH. However at higher pH values i.e.SiF representing intestine, the percentage reversias
significantly higher, thereby making the free daw@ilable for absorption in the intestine. A mudéfher value was
observed in 80 % human plasma due to the enzymendapt hydrolysis taking place in blood. Also thegess of
reversion increases almost linearly with time &stinal pH and physiological pH of blood.
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Tablel: Characterization data of compounds from VEseries

Sr.

Comp. . Molecular Mol. o % # Partition
No. Code Amine RIAr Formula W. M-PC 1 yielg | R coefficient
122-
1 VE6 Phenol Cy1H1NO, 317 60 0.54 2.57
\ / 125
3,5 dimethyl 145-
2 VE7 Phenol CoaH23NO, 345 148 70 0.50 2.81
4-methylthio 120-
3 VES8 Phenol \ }—SCH3 C22H21NO,S 363 123 55 0.64 2.67
Table 2: Percentage release of Mefenamic acid ondplysis in SGF
Hr |0 | 05 1 2 3 4 5 6 7 8
VE6 | 0| 2.74| 5.06] 10.12 1118 13.16 14.17 17[20 2Q.24 262p.
VE7 | 0| 3.85| 7.08] 11.13 1518 18.22 20.24 2429 27.32 363].
VE8 | 0 | 3.30| 6.07 8.10 141y 16.19 19.23 23{28 26.31 529.3
Table 3. Percentage release of Mefenamic acid ondmlysis in SIF
Hr 0 0.5 1 2 3 4 5 6 7 8
VE6 | O | 11.84| 13.07] 18.76 25.89 35.03 40.31 5229 57.99.09%
VE7 | 0| 14.21| 22.000 30.80 40.48 48.40 5720 6160 66.88.646
VE8 | 0| 19.36| 29.92 43.12 49.28 57.20 6248 7040 74.88.507|

Table 4. Percentage release of Mefenamic acid ondiglysis in human plasma

Hr |0 0.5 1 2 3 4 5 6 7 8
VE6 | 0| 10.28| 23.99] 33.76 46.21 5942 748 8685 9%.85.829
VE7 | 0| 10.38| 24.23] 34.1 46.67 60.01 75,02 87,72 96.88.809
VE8 | 0| 10.77| 22.91] 36.71 50.78 62.61 7443 8215 88.9D.429

Synthesized prodrugs were evaluated for anti-inffetory and Ulcerogenic activity. The following coouymds
were screened for anti-inflammatory activity of 8ysized compound (ester derivatives) was detednine
carrageenan-induced hind paw oedema method. Thisochéndicated that prodrugs have comparable ayttei
parent drugs shown in (Table.5) The Ulcerogenidviagtscreened by One way ANOVA followed by Dunnéts
Test. The synthesized prodrugs showed lower uludex value than Mefenamic Acid thus indicating éase in
gastrointestinal side effects through successfugking of free carboxylic group of drug (Table 6).

Table 5.Anti-inflammatory activity

Summary: MEAN DISPLACE MENT VALUE +SEM

Code no 0 min 3hr 6hr 24hr
Control | 1.89 #0.041] 2.88 +0.071 3.93+ 0.064 13.8+0.049
VE/6-20 | 1.93 #0.070 2.68 +0.031* 3.54 +0.050%* 68. =+0.046*
VE/6-40 | 1.91 #0.054 2.70+0.03®M(0.036* | 3.55 +0.026**| 3.57 +0.044**
VE/7-20 | 1.82 #0.049 2.73 +0.025* 3.07£0.096** | 3.56 +0.026* 0.029*4
VE/7-40 | 1.84 #0.053 2.47+0.0320.041** 3.42 +0.034* | 359 +0.026* 0.0
VE/8-20 | 1.85 #0.040 2.70 +0.029* 3.71 +0.024* 68. *0.026*
VE/8-40 | 1.87 #0.039 2.70 +0.026* 3.59 +0.033t* .68 +0.020**
Table:6 Ulcerogenic Activity of ester prodrug
Group Treatment ( I\L/IJIeC:r: 'ingeEXM)

1 Mefenamic Acid contro 16.16 +0.600#

2 Diclofenac Control 14.00 +0.577#

3 VE-6/40 11.00** +0.365##4

4 VE-7/40 06.83**+0.307###

5 VE-8/40 10.00**+0.365###

Values are expressed as Mean +SEM, (n=6), by upgaitest,*(p<0.05) vs. Mefenamic acid.
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CONCLUSION

In present study Mefenamic acid ester prodrugs wgnéhesized by and characterized by Melting Pdihin Layer
Chromatography, Fourier Transform InfraRed Spectipg, Proton Nuclear Magnetic Resonance Spectrgsmog
Mass Spectroscopy to confirm its structure. Proditugwed improved solubility in organic solvents ethimplies
lipophilic character of ester prodrugs. The prodrugere found chemically stable and bio-labile. Mefenamic
acid ester prodrugs showed comparable anti-inflatmrpaactivities with reduced Ulcerogenicity. Reient of
activity along with reduction in Ulcerogenicity még due to prevention of direct contact of carbmxgroup with
gastric mucosa.
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