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Abstract 
This study includes design and synthesis of new non-steroidal anti inflammatory agents 

(NSAIDs) with expected cyclooxygenase-2 (COX-2) selective inhibition to achieve better activity 
and low gastric side effects. 

Two mefenamic acid derivatives were designed and synthesized as potential NSAIDs. In vivo 
acute anti-inflammatory effect of the synthesized agents (compound 2and 3) was evaluated in the 
rat using egg-white induced paw edema model of inflammation. Preliminary pharmacological study 
revealed that compound 2and 3 produced a significant reduction in paw edema with respect to the 
effect of propylene glycol 50% v/v (control group), moreover compound 2 exhibited comparable 
anti-inflammatory effect to that of aspirin after 120 and 210 minutes and compound 3 has less anti-
inflammatory effect, which encourages the continuation of the search to identify their selectivity 
toward COX-2 isoenzymes. 
 
Keywords: Nonsteriodal anti-inflammatory drugs (NSAID), mefenamic acid derivatives, 
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Introduction 
Inflammation is defined as a complex 

series of tissue changes that result in pain and 
fever[1].non steroidal anti-inflammatory drugs 
(NSAIDs) are widely used for the treatment of 
pain, inflammatory conditions and fever[2,3] . 

There are two cyclooxygenase (COX) 
enzymes, COX-1 and COX-2. COX-1 is a 
constitutive enzyme, involved in tissue 
homeostasis; while COX-2 is induced in 
inflammatory cells and produces the 
prostanoid mediators of inflammation. 
Although COX-1 and COX-2 have similar 
structures, there are slight differences that 
affect the drug binding and lead to different 
actions [4]. Both enzymes have a long narrow 
channel into which arachidonic acid       enters and 
be converted into prostaglandins (PGs), with 
COX-2 has an additional side pocket. 
Selective COX-2 inhibitors have chemical 
structure with rigid side extension that binds in 
this side pocket [5]. 

Selective cox-2 inhibitors are still under 
development[6, 7], they were proposed that 
drugs with higher selectivity for cox-2 tend to 
induce cardiovascular disease [8].  

An example of traditional NSAIDs is 
salicylic acid derivatives, e.g., aspirin, (acetyl 
salicylic acid) has been in use as a 
pharmaceutical agent for over 100 years[9], is 
unique among COX-inhibitors because it 
covalently modifies the protein of enzymes 
and irreversibly inhibits them[10].  

Another example of TNSAID is N- aryl 
anthranilic acid derivatives (e.g., mefenamic 
acid) it has analgesic action 2-3 times more 
than that of aspirin[11]. 

A study examining this drug relative to 
gastrointestinal bleeding indicated a lower 
incidence of these side effects that exhibited 
by aspirin [12]. 

All classic NSAIDs inhibit COX-2 as well 
as COX-1 to varying degrees, thus they can be 
considered nonspecific[13,14]. All classical 
NSAIDs are associated with an increased risk 
of gastrointestinal (GI) ulcers and serious 
upper GI complications, including GI 
hemorrhage, perforation, and obstruction[15,16]. 
  
Preferentially Selective COX-2 Inhibitors  

For example Meloxicam which is a novel 
NSAID acting by preferential inhibition of 
COX-2[17]. It has selectivity towards COX-2 
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up to 100 fold over COX-1 depending on the 
test system[18]. Isosteric functional groups to  
2-amino-5-methyl thiazole moiety in 
meloxicam are investigated as a possible 
bioisosteric analogue[19]. 

In the view of previous findings, the 
present study was conducted to design, 
synthesize and preliminary evaluation of new 
mefenamic acid derivatives as potential 
NSAIDs in the area of oxicam derivatives that 
are class of enolic acid derivatives to give 
more potent NSAIDs with longer half life, less 
side effect and may exhibit certain selectivity 
as cox-2 inhibitors due to the following: 
1. Mefenamic acid is well known anti-

inflammatory agent. 
2. The pocket of cox-1 or cox-2 enzymes to 

accommodate the corboxamide group in 
oxicam series are different, sterically 
specific, and sensitive to the size and 
isomeric variation on the carboxiamide 
group. The later may play arole in directing 
the compound toward one of the isomers of 
cox[5]. 

3. The conversion of carboxylic acid group of 
mefenamic acid to corboxamide group by 
conjugating the selected moiety of 
heterocyclic compound as (2-amino 
pyridine and 2-amino benzothiazole),these 
conjugates considered as isosteric functional 
groups of meloxicam which has good 
selectivity toward cox-2[20]. 

 

Experimental 
Materials 2-aminobenzothiazole and  

2-aminopyrimidine (BDH, England), Acetyl 
salicylic acid (Judex England), mefenamic 
acid was supplied from micro company 
(Indian). 

All reagents and solvents were of analar 
type and used as received from the commercial 
supplier (Reidal-Dehean Germany), (Sigma-
Aldrich Germany) and (BDH England).  

Melting points (uncorrected) were 
determined by capillary method on Thomas 
Hoover apparatus (England) and IR spectra 
were recorded on model 500 scientific IR 
spectrophotometry, Buck company (USA) in 
pharmacy collage, Baghdad University. 

Ascending thin layer chromatography 
(TLC) was run on DC-Kartan SI Alumina  
0.2 mm to check the purity and progress of 
reaction. The CHN analysis was done using an 

Exeter CE-440 elemental micro analyzer 
(Germany). The analysis was carried out at 
micro analytical center, Faculty of Science-
Cairo University. 

The identification of compounds was done 
using iodine vapor and the chromatograms 
were eluted by: Methanol: Acetic acid: Diethyl 
ether: Benzene (2:18:60:20)[21]. 

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

Mefenamic acid (5.0 g, 20.77 mmole) was 
dissolved in THF (30 ml), and dicyclohexyl 
carbodiimide (DCCI) (2.12 gm, 10.35 mmole) 
was added. The reaction mixture was 
continuously stirred at room temperature  
for 3.5 hours. A white precipitate of 
dicyclohexylurea (DCU) was formed, and  
then removed by filtration. The filtrate  
was evaporated under vacuum to yield 
compound (1)[21, 22]. 

The percentage yield, physical data and Rf 
values were given in table (1). IR 3333 NH of 
secondary amine, 2935 and 2851 C−H st.v.  
of CH3 (asymmetric and symmetric), 1815  
and 1743 C=O st.v. of anhydride, 1623, 1522 
and 1518 C=C st.v. of aromatic ring, 1277 
 and 1173 C−(C=0)−O−(C=O)−C st.v. of 
anhydride. 
 

Synthesis of N−(2−pyridyl)−(2,3 
dimethylphenylamino) Benz amide 
(compound2) 

Compound 1 (2.5 g, 5.4 mmol),  
2-aminopyridine (0.5g, 5.4mmole), Zinc dust 
(catalytic amount, 0.01 g), glacial acetic acid 
(0.5 ml, 8.75 mmol) and dioxane (20 ml) are 
placed in a flask, equipped with reflux 
condenser. The reaction mixture was refluxed 
gently for 90 minutes, the solvent was 
evaporated under vacuum, the residue was 
dissolved in the minimum volume of  
ethyl acetate, washed with NaHCO3  
(10%, 3×10ml), HCL (1N, 3×10 ml) and 
distilled water (3×10 ml), filtered over 
anhydrous magnesium sulfate. 

The filtrate was evaporated under vacuum 
to give a crude product 2. The recrystilization 
was carried out using ethyl acetate-petroleum 
ether (60-80 oC) mixture, a white crystalline 
product was obtained compound (2)[23, 24]. 
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The percentage yield, physical data and Rf 
values were given in table (1). IR N−H st.v. of 
secondary amide,3062 C-H st.v. of aromatic, 
2935 and 2851 C−H st.v. of CH3, 1675. 
C=O st.v. of secondary amide, 1537 and 1446 
N−H bending v. of secondary amide. CHN 
calculated (C20H19N3O): C, 75.69; H, 6.03; 
N, 13.24.  
CHN found: C, 73.12, H, 5.78, N, 12.88. 
 

Synthesis of N−(2−benzothiazolyl)-
(2,3dimethylphenylamino) Benz amide 
(compound 3) 

Compound 1 (2.5 g, 5.4 mmol), 2-
aminobenzothiazole (0.81 g, 5.4 mmole), zinc 
dust (catalytic amount, 0.01 g), glacial acetic 
acid (0.5 ml, 8.75 mmol) and dioxane (20 ml) 
are placed in a flask, equipped with reflux 
condenser. The reaction mixture was 
continued as in the synthesis of compound 2 to 
yield compound 3. 

The percent yield, physical data and Rf 
values were given in Table (1).  
 IR 3335 N−H st.v. of secondary amide, 3065 
C-H st.v. of aromatic, 2935 and 2851 C−H 
st.v. of CH3,1696 C=O st.v. of secondary 
amide. 
CHN calculated (C22H19N3OS): C, 70.75; H, 
5.13; N, 11.25; S, 8.6. 
CHN found: C, 71.24; H, 5.2; N, 11.0; S, 8.3. 
 
Pharmacology 

Albino rats of either sex, weighing  
200 ± 10 gm supplied by the animal house of 
the College of Pharmacy, University of 
Baghdad were used in this study. Animals 
were kept under standardized conditions  
(12 light-12 dark cycle) for 7 days for 
acclimatization; and were fed commercial 
chaw and had provided with water. Rats were 
brought 1 hour before performing the 
experiment to the laboratory, and were 
allocated into 3 groups (each of 6 rats) as 
follows: 
A- Six rats served as control; they received 

drug vehicle (0.5 ml propylene glycol in 
water 50% v/v) i.p injection. 

B- Six rats received aspirin as a reference 
substance in a dose of (100mg/kg, i.p.)  
in propylene glycol(25). C and D/Six  
rats received tested compound (2 and 3) 
respectively in a dose equivalent to  

7.5 mg /kg of mefenamic acid as finely 
homogenized suspension in 50% v/v 
propylene glycol[22,26] i.p. injection. See 
Table (2). 
 

The most widely used primary test to 
screen new anti-inflammatory agents is based 
on the ability of a compound to reduce local 
edema induced in the rat paw following 
injection of an irritant agent[27]. 

The anti-inflammatory activity of the 
tested compound was studied using egg-white 
induced edema model. Acute inflammation 
was produced by a subcutaneous injection of 
0.05ml of undiluted fresh egg-white into the 
planter side of the left hind paw of the rats;  
30 minutes after intraperitoneal injection of the 
drug or the control. The paw thickness was 
measured by vernea at eight time intervals  
(0, 30, 60, 90, and 120, 150, 180 and  
210 minutes) after the drug administration. 

 
Statistical Analysis 

Students t-test was used to make 
comparisons with respect to baseline, while 
comparisons between different groups at 
specified time was done using analysis of 
variance (ANOVA). P values less than 0.05 
were considered significant. 
 

Result and Conclusion 
The designed compounds have  

been synthesized successfully as shown in  
Scheme (1) and their structures were 
confirmed, using elemental microanalysis 
(CHN), infrared spectroscopy (IR spectra) and 
their purity was confirmed by their physical 
data (melting points and Rf values). 

The conversion of carboxylic acid  
group of mefenamic acid to benzamide  
group by conjugating the selected moiety of 
heterocyclic compound may produce new non-
steroidal anti-inflammatory agents with 
expected selectivity toward COX-2 inhibition 
and hence less gastric irritation. 

Preliminary pharmacological evaluation 
has been done for the designed compounds 
and it has been found that these compound 
exhibit anti-inflammatory effects compared to 
that with aspirin. At time (90) there is a 
maximum increase in paw edema i.e. 
maximum edema occur in all control, 
reference drug and tested drug. 
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At time (120 min.), there is no difference 
between reference drug (aspirin) and 
compound 2 in the reduction of paw edema. At 
time (210 min) compound (2) show 
comparable affect to that of aspirin and 

compound (3) has less anti–inflammatory 
affect compared with aspirin as shown in 
Fig.(1). 
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Scheme (1). 
 
 

Table (1) 
The characterization and physical data of compounds (1, 2 and 3). 

Compound Empirical 
formula M.Wt Appearance 

M.P. 
observed 

% yield Rf value 

1 C30H28N2O3 464 White faint 
powder 143-145* 78 0.74 

2 C20H19N30 317.4 White crystals 212-215 32 0.80 

3 C22H19N3OS 373.5 White crystals 189-192 36 0.76 
 

Reported M.P. is 141-143[22]. 
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Table (2) 
Effect of aspirin, compound (2) and compound (3) on egg-white induced edema in rat. 

Time (min.) 
Paw thickness (mm) 

Control Aspirin Cpd 2 Cpd 3 

0 5.5 ± 0.11 a 5.49 ± 0.13 a 5.60 ± 0.06 a 5.52 ± 0.09 a 

30 5.9 ± 0.07 a 6.23 ± 0.08 b 6.13 ± 0.08 b 6.12 ± 0.12 b 

60 6.63 ± 0.09 a 6.52 ± 0.07 b 6.34 ± 0.13 b 6.30 ± 0.19 b, c 

90 6.85 ± 0.12 a 6.41 ± 0.08 b 6.1 ± 0.09 c 6.28 ± 0.15 c 

120 6.45 ± 0.05 a 5.86 ± 0.05 b 5.8 ± 0.17 b,c 6.00 ± 0.11 c 

150 5.93 ± 0.05 a 5.45 ± 0.14 b 5.41 ± 0.08 b 5.63 ± 0.07 b 

180 5.76 ± 0.09 a 5.02 ± 0.07 b 4.95 ± 0.06 b 5.29 ± 0.11 c 

210 5.64 ± 0.12 a 4.82 ± 0.09 b 4.79 ± 0.14 b 5.11 ± 0.13 c 

Data are expressed as mean ± SEM 
N=6 
Control, aspirin drug, tested compounds were given( 30) minutes before the injection of egg-
white. 
Non-identical superscripts (a, b, c) among groups within the same time interval represent 
significant difference (P<0.05). 
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Fig. (1) Effect of vehicle, aspirin, cpd (2) and cpd (3) on egg-white induced paw 
edema in rats. Results are expressed as mean ± SEM (n = 6 / group). Time zero 

is the time of egg-white injection. 
Control, aspirin drug, tested compounds were given (30) minutes before the injection of egg-

white. 
 



Nadeem A. Abdul Razzak 

 43

References 
[1] Guyton, A.C. and Hall, J.E. (EDs.): 

Resistance of body to infection: 
Leuckcytes, graneulocytes, the monocyte-
macrophage system and inflammation. In: 
Textbook of medical physiology (10th ed.). 
Harcourt Asia PTELTD, Philadelphia, 
2000; pp. 397. 

[2] Harvey, R. A. and Champe, P. C.: 
Lippincott illustrated reviews: 
pharmacology (3rd ed).Lippincott 
Williams and Wilkins, Philadelphia, 2006; 
pp.495. 

[3] Katzung, B. G.: Basic and clinical 
pharmacology (9th ed.). Mc-Graw-Hill, 
New York, 2004; pp.298. 

[4] Dubois, R. N.; Abramson, S.B. and 
Grofferd, L.; et al.: Cyclooxygenase 2 in 
biology and disease. FASEB J. 1998; 12: 
1063-1073. 

[5] Hawkey, C.J.: COX-2 inhibitors. Lancet 
1999; 353: 307-314. 

[6] Velazquez C,, Rao P. N., Mcdonald R,, 
Knausdi E. E.: Synthesis and biological 
evaluation of 3,4-diphenyl-1,2,5-
oxadiazole-2-oxides as potential hybrid 
cox-2 inhibitors. Bioorg. Med Chem. 
2005; 13; 2749-57. 

[7] Chen Q. H., Rao P. N., Knaus E. E.: 
Design, synthesis and biological 
evaluation of N-acetyl-2-carboxybenzene 
sulfonamide: a novel class of cox-2 
inhibitors. Bioorg Med Chem 2005; 13: 
2459-68. 

[8] Dogne J. M., Supuran C. T., Pratico D.: 
Adverse cardiovascular effects of the 
coxibs. J. Med Chem. 2005; 7: 2251-7.  

[9] Vane, D. R.; Flower, R.; Botting, R. M.: 
New insight into the mode of action of 
anti-inflammatory drugs. Inflamm. Res. 
1995; 44: 1-10. 

[10] Rome, L. H.; Lands, W. E. M.; Roth, G. 
J.; Majerus, R. W.: Prostaglandins 1976; 
11: 23-30. 

[11] Muhi-Eldeen, Z.: Rheumatoid arthritis and 
anti-inflammatory agents. Essentials of 
medical chemistry. Esraa, Jordan, 2005; 
pp. 370-385. 

[12] Lane, A. Z.; Holmes, E. L. and Moyer, C. 
E.: Gastrointestinal bleeding in normal 
subjects: A comparison of aspirin and 
mefenamic acid. New Drugs 1964; 4: 333. 

[13] Simon, L. S.: Biologic effects of 
nonsteriodal anti-inflammatory drugs. 
Curr. Opin. Pheumatol. 1997; 9: 178-182. 

[14] Lipsky, P. E.; Abramson, S. B.; Grofford, 
L.; Dubois, R. N. and Vane Puttle L. B. 
A.: The classification of cyclooxygenase 
inhibitors. J. Rheumatol. 1998; 25: 2298-
2302. 

[15] Garcia Rodriques L. A., Jick H.: Risk of 
upper gastrointestinal bleeding and 
perforation associated with individual non 
steroidal anti inflammatory drugs. Lancet 
1994; 343: 769-772. 

[16] Garcia Rodriques L. A., Gattaruzzi C., 
Troncon M. G., Agostins L.: Risk of 
hospitalization for upper gastrointestinal 
tract bleeding associated with ketorolac, 
other non steroidal anti inflammatory 
drugs, and other antihypertensive drugs. 
Arch Intern Med 1998; 158: 33-39. 

[17] Patoia, L.; Santucci, L.; Furon, P. and 
Dionisi, M. S.: A 4 weeks, double-blind, 
parallel-group study to compare the 
gastrointestinal effects of meloxicam 
7.5mg, meloxicam 15mg, proxicam 20mg 
and placebo by means of focal blood loss, 
endoscopy and symptom evaluation in 
healthy volunteers. Br. J. Rheumatol. 
1996; 35(1): 61-67. 

[18] Seibert, K.; Zhang, Y.; Leahy, K.; et al.: 
Pharmacological and biochemical 
demonstration of the role of 
cyclooxygenase in inflammation and pain. 
Proc. Natl. Acad. Sci. USA 1994; 91: 
12013-12017. 

[19] Engelhardt, G. and Pairet, M.; Meloxicam: 
A new NSAID with an important safety 
profile through preferential inhibition of 
COX-2. European Rheumatology. 1995; 
24: 272. 

[20] Lazer, E.S.; Sorcek, R.; Cywin, C.L.;  
et al.: Anti-inflammatory 2-benzyl-4-
sulfonyl-4-H-isoquinoline-1,3-diones: 
novel inhibitors of COX-2. Bioorg. Chem. 
Lett. 1998; 8: 1181. 

[21] Pradip, K.; Baner, J. and Gordon, L.: J. 
Pharm. Sci. 1981; 70: 1299. 

[22] Mahdi, M. F.: Synthsis and preliminary 
pharmacological evaluation of 
aminobenzene sufonamide derivatives of 
mefenamic acid as a potential anti-



Journal of Al-Nahrain University                      Vol.14 (4), December, 2011, pp.38-44                                      Science 

 44

inflammatory agents. Iraqi J. pharmaceut. 
Sci, 2008, 17(1): 7-15. 

[23] Furniss, B. S.; Hannaford, A. J.; et al.: 
Vogel’s textbook of practical organic 
chemistry (5th ed.). Longman, London, 
1989; pp. 916. 

[24] Al-Mikhlafi Sadik, A. S.: Synthesis and 
evaluation of novel nonsteroidal anti-
inflammatory agents. Ph.D. Thesis, 
College of Pharmacy, University of 
Baghdad, Baghdad, 2004. 

[25] Chandrashekher, S.P.; Naveen, K.J.; 
Amarjit, S. and Shinivas, K.K.: 
Modulatory effect of COX inhibitors on 
sildenafil- induced antinociception. 
Pharmacology 2003; 69: 183-189. 

[26] Ali Almasirad; Mohammed J.; Davood B.; 
Abbas S.:Synthesis and analgesic activity 
of N-arylhydrazone derivatives of 
mefenamic acid. J. Phar. Pharmaceut. Sci. 
2005; 8(3): 419-425. 

[27] Vogel, H. G. and Goethe, J. H.: Drug 
discovery and evaluation pharmacological 
assay (2nd Ed).Springer Verlag, Berlin 
Heidelbers, 2002; pp.751. 

 
 الخلاصة

ـــر  الدراســـة تضـــمنت ـــات جدیـــدة غی تصـــمیم وتخلیـــق مركب
للالتهابـــات ذات فعالیـــة متوقعـــة كمثبطـــات  مضـــادةســـتیرویدیة 

ــــة  )cox-2(2 للانــــزیم سایكلواوكســــجنیز ــــى فعالی للحصــــول عل
ـــل ـــة اق ـــین مـــن . أفضـــل وأعـــراض جانبی ـــق مـــركبین اثن تـــم تخلی

المعـروف ) mefenamic acid( حـامض المیفانمیـكمشـتقات 
أجریــت دراســـة . جیــدا كــدواء غیــر ســـتیرودي مضــاد للالتهــاب

التقییم الدوائي الأولي للفعالیة المضادة للالتهابات غیـر الرثویـة 
للمركبین بطریقة استحداث وذمة تحت جلد ید الجـرذ باسـتخدام 

ـــومین(زلال البـــیض  ـــة ). الألب ـــائج الفعالیـــة البیولوجی أشـــارت النت
قد انتجت انخفاظا مؤثرا للوذمة مقارنة مـع الأولیة إن المركبین 

ـــك ان  ـــى ذل ـــروبلین كلایكـــول كمجموعـــة ضـــابطة عـــلاوة عل الب
قد اظهر تاثیرا مضـاد للالتهـاب مقـارب للاسـبرین ) 2( المركب

ـــة والمركـــب  210و 120فـــي اوقـــات  ـــاثیرا اقـــل ممـــا ) 3(دقیق ت
یشجع على اكمـال التقیـیم الـدوائي لمعرفـة درجـة انتقائهـا لانـزیم 
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