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In order to explore novel anti-inflammatory agents, some novel mefenamic acid derivatives as potential non-steroidal anti-
inflammatory agents (NSAIDs) were synthesized and characterized by IR, *H-NMR, ¥*C-NMR, mass and elemental analysis. The
anti-inflammatory activities of the target compounds were evaluated via the croton oil-induced ear oedema test in mice. According to
screened results, compounds | and 11 show potential anti-inflammatory activity comparable to aspirin.
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INTRODUCTION

Inflammation is defined as a complex series of
tissue changes that result in pain and fever [1].
During the last three decades the development of
non-steroidal anti-inflammatory drugs (NSAIDs)
has shown to be one of the major advancements in
chemotherapeutical research [2,3]. These agents are
among the most widely used drugs worldwide and
represent a mainstay in the therapy of acute and
chronic pain, fever and inflammation by blocking
the formation of prostaglandins (PGs). PGs are
well-known as the mediators of inflammation, pain
and swelling. They are produced by the action of
cyclooxygenase (COX) enzyme on arachidonic
acid. COX is the principal target of NSAIDs.
Pharmacological inhibition of COX can provide
relief from symptoms of inflammation and pain.
NSAIDs, such as aspirin and ibuprofen, exert their
effects through inhibition of COX. The three main
groups of prostanoids: prostaglandins, prostacyclins
and thromboxanes are each involved in
the inflammatory response. In the  1990s,
researchers discovered that two different COX
enzymes existed, now known as COX-1 and COX-
2. Cyclooxygenase-1 (COX-1) is known to be
present in most tissues. In the gastrointestinal tract,
COX-1 maintains the normal lining of the stomach.
The enzyme is also involved in kidney and platelet
function. Cyclooxygenase-2 (COX-2) is primarily
present at sites of inflammation. While both COX-1
and COX-2 convert arachidonic acid to
prostaglandin, resulting in pain and inflammation,
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their other functions make inhibition of COX-1
undesirable while inhibiton of COX-2 is considered
desirable [4, 5]. Selective COX-2 inhibitors are still
under development [6,7]; they were proposed as
drugs with higher selectivity for COX-2 tending to
induce cardiovascular disease [8-10]. The present
study aimed at design, synthesis and preliminary
evaluation of new mefenamic acid derivatives as
potential NSAIDs.

EXPERIMENTAL
Material and equipments

All chemicals and solvents were purchased from
Merck (Darmstadt, Germany) and Sigma-Aldrich
Chemical Co. (US.A). Melting points
(uncorrected) were determined with a digital
Electrothermal melting point apparatus (model
9100, Electrothermal Engineering Ltd., Essex, UK).
'H and BC-NMR spectra were recorded with a
Bruker 300 MHz (model AMX, Karlsruhe,
Germany) spectrometer (internal reference: TMS).
IR spectra were recorded with a Thermo Nicolet
FT-IR (model Nexus-870, Nicolet Instrument
Corp., Madison, Wisconsin, U.S.A.) spectrometer.
Mass spectra were recorded with an Agilent
Technologies 5973, mass selective detector (MSD)
spectrometer  (Wilmington, USA). Elemental
analyses were carried out using a Perkin-Elmer,
CHN elemental analyzer model 2400.

Synthesis of 2-(2, 3-dimethylphenylamino) benzoic
anhydride (1)

Mefenamic acid (5.0 g, 0.02 mol) was dissolved
in THF (30 ml), and dicyclohexyl carbodiimide
(DCCI) (2.06 g, 0.01 mol) was added. The reaction
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mixture was continuously stirred at room
temperature for 4 h. The reaction was completed
(monitored by TLC) and a white precipitate of
dicyclohexylurea (DCU) was formed and
separated by filtration.  The filtrate was
evaporated under vacuum to obtain compound (1)
[11, 12].

White-gray powder; 73% vyield; m.p. 142-144
°C; IR (KBr, cm™): 3330, 2921, 2845, 1800, 1752,
1625, 1530, 1522, 1275, 1169.

General procedure for the synthesis of (11-1V)

To a solution of the appropriate 1-(2-substituted
phenyl) piperazine (0.01 mol) in dioxane (20 ml)
were added: compound 1 (2.5 g, 0.005 mol), zinc
powder (catalyst, 0.01 g), glacial acetic acid (0.5
ml) and 10 mg benzyltriethylammonium chloride as
phase transfer catalysts. The reaction mixture was
gently refluxed for 90 min. After reaction
completion (monitored by TLC), the reaction
mixture was neutralized, extracted with ethyl
acetate or brine, dried over MgSO4 and evaporated
under vacuum. Re-crystallization from ethyl
acetate-petroleum ether (60-80 °C) mixture was
carried out to obtain the desired compounds (11-1V).

[2-(2,3-Dimethyl-phenylamino)-phenyl]-(4-phenyl-
piperazin-1-yl)-methanone (1)

White-light brown powder, m.p. 202-204 °C;
68% yield; IR (KBr, cm™): 3340, 3080, 2850, 2851,
1690, 1600, 1524, 1468, 1389, 1316, 1250, 973,
790. *H-NMR (CDCls) (ppm): 2.15 (6H, m, CHs),
3.39 (4H, m, CHy), 3.85 (4H, m, CH,), 6.3-7.7
(12H, m, phenyl), 1057 (br, s, NH).
3C-NMR (CDClz) (ppm): 6.6, 12.4, 48.4, 54.6,
575, 113.0, 117.9, 1185, 118.6, 121.2, 122.3,
126.4, 127.9, 130.1, 131.9, 145.2, 145.7, 168.7.
Anal. Calcd. for CsH27N3O: C, 77.89; H, 7.06; N,
10.90. Found: C, 77.75; H, 7.10; N, 10.83. MS: m/z
(regulatory intensity): 385 (100), 386 (30).

[2-(2,3-Dimethyl-phenylamino)-phenyl]-(4-pyridin-
2-yl-piperazin-1-yl)-methanone (I11)

White-light yellow powder, m.p. 192-194 °C;
63% yield; IR (KBr, cm™): 3330, 3095, 2978, 2851,
1698, 1625, 1554, 1458, 1389, 1316, 1266, 1118,
780. 'H-NMR (CDCls) (ppm): 2.10 (6H, m, CHa),
3.41 (4H, m, CHy), 3.77 (4H, m, CH,), 6.45-8.4
(11H, m, phenyl), 10.62 (br, s, NH).
BC-NMR (CDCls) (ppm): 5.9, 13.3, 49.4, 55.6,
60.5, 115.0, 119.9, 1215, 123.6, 124.2, 125.3,
126.4, 127.9, 133.1, 135.9, 146.2, 149.7, 170.1.
Anal. Calcd. for CHxN4O: C, 74.58; H, 6.78; N,
14.50. Found: C, 74.65; H, 6.80; N, 14.43. MS: m/z
(regulatory intensity): 386 (100).

[2-(2,3-Dimethyl-phenylamino)-phenyl]-(2,3,5,6-
tetrahydro-[1,2]bipyrazinyl-4-yl) methanone (1V)

White-light orange powder, m.p. 188-190 °C; 59
% vyield; IR (KBr, cm™): 3430, 3065, 2958, 2833,
1675, 1625, 1502, 1458, 1378, 1330, 1226, 1118,
750. 'H-NMR (CDCls) (ppm): 2.18 (6H, m, CHs),
3.44 (4H, m, CHy), 3.69 (4H, m, CHy), 6.35-7.95
(10H, m, phenyl), 10.70 (br, s, NH).
BC-NMR (CDCl3) (ppm): 6.1, 12.3, 50.1, 54.9,
61.7, 116.3, 119.3, 122.3, 123.8, 124.1, 125.8,
126.7, 127.1, 134.2, 137.1, 147.1, 148.3, 169.5.
Anal. Calcd. for Cz3H2sNsO: C, 71.29; H, 6.50; N,
18.07. Found: C, 71.35; H, 6.55; N, 17.95. MS: m/z
(regulatory intensity): 387 (100).

Pharmacological Methods

The topical anti-inflammatory activity was
evaluated as inhibition of the croton oil-induced ear
oedema in Swiss mice [13]. Male mice (18-22 g), at
the beginning of the experiment, were randomly
housed in a temperature-controlled colony room
under 12 h light/dark cycle. Rats were given free
access to water and standard laboratory rat chow.
All experiments were conducted between 7 a.m.
and 7 p.m., under normal room light at 25°C.
Groups (each group containing 10 mice) were used
in all tests. The tested compounds and the reference
drug were suspended in  0.5% sodium
carboxymethyl cellulose (CMC). Inflammation was
always induced in the late morning (10 a.m.-12
p.m.). Mice were anaesthetized with ketamine
hydrochloride (145 mg/kg, intra-peritoneally) and
inflammatory response was induced on the inner
surface of the right ear (surface: about 1 cm?) by
application of 20 uL of 2% croton oil suspended in
42% aqueous ethanol. Control animals received
only the irritant, whereas the other animals received
the irritant together with the tested substances. At
the maximum of the oedematous response, 6 h
later, mice were sacrificed and a plug (¢=8 mm)
was removed from both the treated (right) and the
untreated (left) ears. Oedema was measured as the
mass difference between the two plugs. The anti-
inflammatory activity was expressed as the
percentage of oedema reduction in treated mice
compared to that in the control mice. As reference,
the non-steroidal anti-inflammatory drug ibuprofen
was used. The results were expressed as meantSD
and statistical analysis was performed by means of
Student’s t-test or by one-way analysis of variance
followed by the Dunnett’s test for multiple
comparisons of unpaired data. Statistically, a P
value of less than 0.05 was considered to be
significant and a P value of less than 0.01 was
considered to be very significant.
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Scheme 1. Scheme of the synthesis of intermediate (1)

RESULTS AND DISCUSSION
Chemistry

New piperazine derivatives of mefenamic acid
(11-1Vv) were successfully synthesized as shown in
Schemes 1 and 2. The conversion of the carboxylic
acid group of mefenamic acid to benzamide group
by conjugating the selected moiety of the
heterocyclic compounds may produce new non-
steroidal anti-inflammatory agents. Spectroscopic
(IR, *H and ¥*C-NMR, mass) and elemental (CHN)
data confirmed the structure of the synthesized
compounds. The purity of every compound was
checked by TLC with ethyl acetate-hexane as the
eluent. Preliminary pharmacological evaluation was
done for the designed compounds.

Biological Evaluation

The anti-inflammatory effects of the target
compounds were investigated by the croton oil-
induced ear oedema test, and the results show that
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some target compounds induced oedema reduction.
It was found that these compounds exhibit anti-
inflammatory effects comparable to that of aspirin
(Table 1).

Table 1. Anti-inflammatory activity of target
compounds on ear oedema induced by croton oil after
topical administration at a dose of 200 mg/kg in mice.

DCU

cl
C
"
CH,
cl

H,

Compound Swelling Inhibition P
(mg, X£SD) (%)
Control * 13.44+8.25
Aspirin 7.87+3.05 47.58 <0.01
1 9.81+5.18 28.21 <0.05
11| 9.76+6.08 26.87 <0.05
v 11.89+4.50 11.56

*0.5% sodium carboxymethy! cellulose aqueous solution.

Acknowledgements:  The  author  gratefully
acknowledges financial support of Islamic Azad
University for this research project.



Hs

Hs

o
Zn / Dioxane/Acetic acid

Reflux
o

C
C
NH
o
NH
C
C

STaPu A

X oo

Scheme 2. Scheme of the synthesis of the final compounds (11-1V)
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CHUHTE3A U IIPOTUBO-BBH3IAIUTEIIHO JEMCTBUE HA HOBU ITPOU3BOJHU HA
I[MNITEPA3SVUHA HA ME®GEHAMIMHOBATA KNCEJIMHA

A. Axmaau

Mnaoesxcku uzcnedosamencku u erumer k1yd, Omoenenue no papmayeemuynu nayku, Ucismcku yrnusepcumem
,A3a0*, Hpan

IMocrenmna Ha 24 despyapu, 2014 r., kopurupana Ha 24 maif, 2014 T.
(Pestome)

CuHTe3upaHu ca HOBU NPOW3BOJHU Ha Me(eHaWHOBaTa KUCENMHA M € M3CIe/IBaHa TAXHATA MPOTHBO-
BB3MAJINTENIHA aKTUBHOCT KaTo He-crepouanu arentu (NSAIDs). Te ca oxapakrtepusupanu upes IR, H-
NMR, BC-NMR, MacoB ¥ eJEMEHTCH aHaJH3. [IpoTtuBO-BB3MANIUTETHATA AKTUBHOCT Ha IICJIEBUTE
ChCIIMHEHMSI € IIEHCHAa BBPXY VIIEH €IeM MpPH MHMIIKHA, HHAYIUPAaH OT KPOTOHOBO Macnio. Cropes
pesynratutre oT ckpuiiHWHTa cheauHeHus | u |l moka3BaT mMOTeHNIHATIEH MPOTHBO-BH3MAINTENCH eeKT
CPaBHUM C aCIUPHHA.
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