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ABSTRACT 

Non-steroidal anti-inflammatory drugs (NSAIDs) contain free –COOH which thought to be responsible for the GI 

irritation associated with all traditional NSAIDs.  The esterification of this group is one of an approach to ultimate aim 

for reduce the gastric irritation; so in this study we synthesized and preliminarily evaluated new ester compounds as new 

analogues with expected selectivity toward COX-2 enzyme. Synthetic procedures have been successfully developed for 

the generation of the target compounds (III a and b). The synthetic approach involved multi-steps procedures which 

include: Synthesis of 4-hydroxy benzene sulphonamide ( I b ), synthesis of Naproxen and Ibuprofen acyl chloride and 

then  reacting them with 4-hydroxy benzene sulphonamide to form final compounds ( III a-b) .The structures of these 

compounds were identified and characterized using (TLC), infrared spectroscopy (FT-IR), 1H NMR data and 

microanalysis (CHN).Pharmacological study as anti-inflammatory activities for the final compounds were studied in rats 

by induced edema type of inflammation. Moreover, the results of a docking study of compounds III a-b into the COX-2 

binding site revealed that its mechanism was possibly similar to that of naproxen, a COX-2 inhibitor. The effect of them 

on COX-2 antibody was showed it could significantly inhibit COX-2 activity.  
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INTRODUCTION 

Non-steroidal anti-inflammatory drugs (NSAIDs) are 

within the common uses drugs by many patients in the 

world. They are very effective in the reduction of pain, 

fever and inflammation1. Their anti-inflammatory effect 

is exertion by inhibit the activity of cyclooxygenase 

which catalyzes the biotransformation of arachidonic 

acid.NSAIDs works by hindering the formation of 

prostaglandins (PGs) which are a family of chemicals that 

produced by the cells of the body and have several 

important functions. They play an action role in the 

inflammation response of the body through   producing 

chemical signals which promote its effect on immune 

system2. 

The cyclooxygenase affects the production of 

prostaglandins and it have an effect on platelets function, 

three types of cyclooxygenase1,2 have been discovered3. 

COX-1 has function as "housekeeping", its importance 

through controlling gastric mucosal integrity and 

maintaining renal function4. COX-2 is highly cause 

settings of inflammation by cytokines and mediators of 

inflammatory or stress physiological effect5,6. Selective 

COX-2 inhibitors are different from traditional NSAIDs 

they do not cause inhibition for platelet function7, they 

lead to less damage to GI and bleeding than original 

NSAIDs8,9. Ibuprofen and naproxen are the most uses 

NSAIDs for t headache, rheumatoid arthritis, and colon 

cancer10,11. The derivitization of the carboxylate moieties 

in NSAIDs may lead to the generation of potent and 

selective inhibitors of COX-212. 

Preferential inhibition of COX-2 is thought to be due to 

the extra space in the COX-2 lipophilic channel, in 

addition to the presence of a side pocket in the channel13. 

This side pocket can discriminate the selective NSAIDs, 

like celecoxib (I)14, valdicoxib(II)15, which contain 

derivatives of aminobenzene sulfonamide that occupied 

that side pocket16, from nonselective agents. 

This study was foxing on the esterfication and 

preliminary evaluation of Ibuprofen and naproxen with 

hydroxyobenzene sulfonamide as new agents of NSAIDs 

with an expectation to have selectivity towards COX-2 

enzyme.   

 

EXPERIMENTAL SECTION 

The determination of melting points is done by using 

electro thermal apparatus for melting point (Stuart, 

Germany). The completing of reaction and the purity of 

the compounds are tested on aluminum coated TLC plates 

60 F245 (E. Merck) using Methanol: Acetic acid: Ether: 

Benzene (05:15:60: 20)17. As the mobile phase and 

visualized under iodine vapor. FT-IR spectra were done 

by KBr discs using Shimadzu FT-IR 8400S  
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spectrophotometer, 1HNMR spectra were recorded on 

Bruker 500 MHz -Avanc III in University of Jordan, 

Faculty of Science, and Department of Chemistry, Jordan.  

CHNS microanalysis was done using a Euro‐Vector 

EA3000 (Italy) in College of Science, Al‐

MustansiriyahUniversity. Different chemical tests are 

performing to the intermediate and target compounds as 

diazonium salts, carboxylic group and phenolic hydroxyl 

tests.Diazonium salts synthesis18 Sodium bicarbonate 

test18 Ferric chloride test:18 

Chemistry 

The synthetic pathways for the designed target 

compounds (I-III a-b) are illustrated in scheme (1). 

Synthesis of 4-hydroxy benzene sulphonamide (I b)11,1 

4- aminobenzensulphonamide (1.72g, 0.01mmole) was 

dissolved in distilled water(15mL) with heating, 

 

 

 
Scheme 1: The synthetic procedures for generation of intermediate Ib and final compounds III a-b: 

 

 
Figure 1: ibuprofen, Naproxen propylene glycol and tested compounds (III a-b ) ;their effect on egg-white induced 

paw edema in rats. Results were representing as Mean ± SEM (n=6).Time (30) is the time of egg-white injection. 
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concentrated sulphric acid (3ml) was added to the 

solution and cold in ice bath. Then solution of sodium 

nitrate (1.379g, 0.02mmole) in distilled water (7 mL) was 

added drop by drop with continuous stirring until get 

yellow or pale orange clear solutions. Concentrated 

sulphric acid (8.1mL) in (24.3mL) water was adds drop 

by drop to the pale orange solution in the conical flask 

until get yellow to orange solution. Then transfer the 

solution to the round flask for gentle heating and refluxed 

for 90min. cooled at room tempera-ture and added small 

amount of activated charcoal. The mixture is heated to 

boiling then filtrated, sodium bicarbonate (10%) is added 

to the filtrate in a portion with continuous stirring until 

solution become red color (neutral solution), cool by an 

ice bath, filtrate it then evaporated the solvent to yield 

compound(Ib). 

Synthesis of Acid Chloride Derivatives of ibuprofen and 

naproxen. (IIa and IIb) 

NSAIDs either (ibuprofen  or naproxen) (0.01mmole)was  

dissolved  in  dry chloroform (25mL) and Thionyl 

chloride (0.725mL, 0.01mmole) was added drop wise 

over a period of 15min. with cooling on ice bath.The 

mixture was refluxed for 3hours at 65ºc with continuous 

stirring and monitored by evolution of excess HCl gas 

which is detected by changing the color of pH graduated 

litmus paper into reddish of 1-1.5 pH when placed on the 

top of the condenser and changing the color of the 

solution from colorless to white color for ibuprofen and 

to yellow for naproxen .The excess of thionyl chloride 

and solvent was removed under reduced pressure and re-

dissolving in dry chloroforms (15mL) and re-evaporated . 

General procedure for synthesis of the final compound 

(4-hydroxy benzene sulphonamide with NSAIDs-

ibuprofen and naproxen) (III a and b) 

 

Compound (Ib) was dissolved in dry chloroform (40mL) 

in 100mL round flask container and TEA (1.39mL, 

0.01mmole) was added drop wise with stirring for 10 

min. using ice path. Then the compound of II a or II b 

was added slowly dropped for 50min.  with continues 

stirring in ice bath then continuous stirring at room 

temperature overnight, then the solvent was removed 

under reduced pressure using rotary evaporator. The 

resulting product was re-dissolved in ethyl acetate 

(20mL), washing with 5% sodium bicarbonate solution  

(20mL), 5% HCl and distilled water (20mL). The organic 

layer dried using magnesium sulphateanhydrous, filtrated 

and solvent was evaporated under reduced pressure to 

give the final compounds III a-b.  

Characterization 

(R)-4-sulfamoylphenyl-2-(4-isobutylphenyl) propanoate 

(III a) 

yield: 82%; melting point: 110 °C; Rf = 0.67(ethanol: 

petroleum ether: ethyl acetate) (2:2:6); IR (KBr) (cm-1): 

3483 & 3329 (NH stretching vibration of 1º sulfonamide), 

2928 & 2850 (CH stretching vibration of CH&CH3), 

1728 (C=O stretching vibration of ester), 1602,1585 

&1502 (C=C stretching vibration of Aromatic)1346 & 

1153 O = S = O (stretching vibration of sulfone).1HNMR 

(500 MHz, DMSO) (δ):  0.91(d,6H, CH3, iso-but); 1.56 

(3H CH3, prop); 1.82(m,1H, CH of iso-but); 2.43(d,2H, 

CH2 of isobut); 3.78(1H, CH,prop); 5.42(s,2H,NH2); 

(7.11(2H,d,at 2 &6 positions ,Ar ); 7.74(2H, d, at 3 & 5 

positions of Ar). Anal.  calcd.  For C19H23NO4S: 

C,63.13; H, 6.41; N, 3.88; O, 17.71; S, 8.87, found, C, 

63.00; H, 6.38; N, 3.86; O, 17.89; S, 8.75. 

(S)-4-sulfamoylphenyl 2-(6-methoxynaphthalen-2-yl) 

propanoate(III b) 

yield: 84%; melting point: 115 °C; Rf = 0.78(ethanol: 

petroleum ether: ethyl acetate) (2:2:6); IR (KBr) (cm-1):  

 
Figure 2: Effect of ibuprofen,Naproxen  propylene glycol and tested compounds (III a-b )on egg-white 

 

Table 1: Anti-inflammatory effect od final compounds III a-b. 
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 0 30 60 120 180 240 300 

Control 4.40±0.08 5.43±0.10 6.18±0.09 6.96±0.06 7.05±0.10 6.81±0.05 5.91±0.04 

Ibuprofen 4.34±0.10 5.41±0.05 5.97±0.09 5.66±0.04* 5.60±0.06* 5.46±0.05* 5.35±0.07* 

Naproxen 4.36±0.07 5.48±0.08 6.11±0.10 50771±0.08* 5.54±0.05* 5.47±0.10* 5.33±0.05* 

III a 4.40±0.06 5.40±0.10 5.99±0.04 5.68±0.07* 5.63±0.09* 5.55±0.05* 5.41±0.08* 

III b 4.38±0.05 5.42±0.04 6.06±0.06 5.73±0.10* 5.65±0.08* 5.60±0.09* 5.49±0.10* 
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3261& 3111(NH stretching vibration of 1º sulfonamide), 

2953 & 2868 (CH stretching vibration of CH&CH3), 

1705 (C=O stretching vibration of ester), 1589,1548 

&1512 (C=C stretching vibration of Aromatic)1365 & 

1157 O = S = O (stretching vibration of sulfone), 

1259(Ar-O-C stretching of naproxen 1HNMR (500 MHz, 

DMSO) (δ   ppm):  1.62(d,3H, CH3 protons of naproxen) 

;3.78(s,3H, OCH3 protons of naproxen) ;3.83 (q, 1H, CH 

protons of naproxen); 5.39(s,1H, NH2) 7.22(d,2H, CH 

protons ortho to methoxy);7.67-7.90 (m, 4H, CH protons 

of 2 -naphthalene). Anal.  calcd.  For C20H19NO5S: 

C,62.32; H, 4.97; N,3.63; O, 20.76; S, 8.32, found, C, 

63.29; H, 5.05; N, 3.84; O, 20.98; S, 8.33. 

Pharmacology (anti-inflammatory activity) 

Evaluations of the anti-inflammatory activities of 

synthesized compounds and determine their ability to 

reduce local edema induced in the rat paw due to the 

injection of an irritant agent19-20 such as egg-white, 

dextran and solution of carrageenan. paw edema was 

induced by carrageenan and studied from the side of anti-

inflammatory activity of non-steroidal agents contain 

some chemical mediators such as histamine the irritant 

agent was subcutaneous(Sc)injected into the rat paw  

Table 2: The observed docking score for compounds III a-b. 

 

 

 
Figure 3: The visualization of the binding conformations of these analogues in the active site of 4COX protein. 
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cause plasma extravasations, increased tissue water and 

plasma protein exudation21-22. This method has been used 

as an experimental animal model for acute inflammation 

and is believed to be biphasic.Carrageenan model as early 

phase 1–2 hr of the is mediated by histamine, serotonin 

and increased the damaged prostaglandins synthesis of 

tissue depot23, as shown withen table -2 and figure 2. 

Thickness as mean ± SEM. n= number of animals. Time 

(0) is the time of i.p. injection of naproxen, tested 

compounds and propylene glycol. Time (30) is the time 

of injection of egg white(induction of paw edema). 

Molecular modeling approach 

The successful docking has been performed for all newly 

synthesized target compounds (III a–b) using genetic 
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optimization for ligand docking (1-click docking). This 

program uses a genetic algorithm (GA) to explore the full 

range of the rotational flexibility of selected receptor 

hydrogen’s and ligand flexibility. The 3D 

crystallographic structure of COX-2 (PDB code 4COX) 

was used as template selected from RCSB protein data 

bank (PDB) for anti-inflammatory activity24-25. The 

interactions between ligand (III a–b) and receptor in the 

modeled complexes were investigated and observed the 

fitness function ability of COX-2 by all newly 

synthesized inhibitors. The observed docking score have 

been produced in Table 3. The visualization of the 

binding conformations of these analogues in the active 

site of 4COX protein show good binding orientation 

poses in Figs. 326. 

 

CONCLUSIONS 

The synthesis of the designed compounds has been 

successfully achieved. Characterization   and   

identification   of the   synthesized   compounds   were 

confirmed by determination of physical properties& FT-

IR spectroscopy. Anti-inflammatory study using egg 

white induced edema model of inflammation revealed 

that the incorporation of final ester compounds of 

Ibuprofen IIIa and Naproxen IIIb maintained it is anti-

inflammatory activity. Interestingly, the docking results 

were in agreement with that of the anti-inflammatory 

activity and against cyclooxygenase enzyme where the 

important structural features, spatial arrangement and 

binding interaction required for activity were determined. 
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