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Abstract 

 Some of non-steroidal anti-inflammatory drugs (NSAIDs); have been coupled to antioxidant (thymolor menthol) via 
alanine amino acid spacer which has anti-inflammatory, cytoprotective and immunomodulatory properties; therefore will 
synergize the effect of the parent NSAIDs as anti-inflammatory drugs and reducing their gastric side effects. Eight 
compounds have been synthesized and the structures of these compounds were characterized and confirmed using 
infrared spectroscopy (FTIR), 

1
H-NMR,  GC Mass,  and some Physicochemical properties (melting point M.P and thin 

layer chromatochraphy TLC).  

Chemical hydrolysis study was done for these compounds at different pH (1.2 and 7.4) to identify the expected chemical 
hydrolysis of these mutual prodrugs in the gastrointestinal tract. The results showed that compounds II, III, & VI have a 
good chemical stability at pH 1.2 while susceptibility to hydrolysis of almost all tested compounds at higher pH 7.4. The 
result of compounds II, III, & VI indicated that these compounds may be stable during their passage through the stomach 
until reaching the small intestine of the gastrointestinal tract. 
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Introduction 

Non steroid anti-inflammatory drugs (NSAIDs) are among the most common medications used to treat the signs and 
symptoms of arthritis through inhibition of prostaglandin biosynthesis[1].Prostaglandins are lipid compounds formed when 
cyclooxygenase (COX) enzymes metabolize arachidonic acid released from membrane 
Phospholipids[2].Prostaglandinsmediate a range of normal biological functions including gastricprotection, renal 
homeostasis, vascular homeostasis, uterine function, embryo implantation andlabour, regulation of the sleep wake cycle, 
body temperature and inflammation[3& 4].The most common side effect of NSAIDs is a gastrointestinal (GI) complications; 
it is a well-accepted fact that the GI sideeffect of acidic NSAIDs is a result of two different mechanisms; direct and indirect 
irritation of the gastrointestinal (GI) tract[5&6].NSAIDs cause a dual assault on the GI tract: the acidic molecules directly 
irritate the gastric mucosa, and inhibition of COX-1thatreduce the levels of protective prostaglandins[7].Inhibition of 
prostaglandin synthesis in the GI tract causes increased gastric acid secretion, bicarbonate secretion , mucus secretion 
and diminished trophiceffects on epithelial mucosa[8].                                               

Considerable attention has been focused on the developmentof bioreversible derivatives(prodrugs) to temporarilymask the 
acidic group of NSAIDs as a promisingmeans of reducing or abolishing the GI toxicity[9].Prodrugs are 
pharmacologicallyinactive derivatives of active agents, which undergo chemical 

and/or enzymatic biotransformation resulting in the releaseof active drug after administration. The metabolicproduct (i.e. 
parent drug) subsequently elicits the desired Pharmacological response[10&11].According to prodrug concept we have 
been synthesized prodrug of some NSAIDs; naproxen (1), Indomethacin (2), ibuprofen (3) and mefenamic acid (4);which 
are represented in figure 1 bycoupling with antioxidant [thymol (5) or menthol (6)] by using alanine amino acid as spacer.

 

The use of antioxidants will be over advantage; it will be equivalence free radicals or reactive oxygen species (ROS)that 
plays significant role in the formation of gastric ulceration associated with NSAID therapy[12],according to this 
observationantioxidants may be used to prevent NSAIDs induced gastric ulcers[13].Using ofalanine amino acid as spacer 
exhibits number of advantagesit had broad spectrum activity as; anti-inflammatory, cytoprotective and immunomodulatory 
properties and therefore would synergize the effect of non-steroid anti-inflammatory prodrugsfor enhancing its anti-
inflammatory potential and reducing the gastric side effect [14& 15]. 

Prodrugs of agents that contain carboxylic acid or alcohol functionalities can often be prepared by conversion in to an 
ester. This is the most common type of prodrug because of the ease with which the ester can be hydrolyzed to give the 
active drug [16].Therefore; antioxidant was esterified with carboxylic group of alanine. 

Derivatization of agents that contain carboxylic group with amines to give amides has not been widely used as a prodrug 
strategy because of the high chemical stability of the amide linkage and lack of amidase enzymes necessary for hydrolysis 
[16].  Therefore, amidation of NSAIDs with alanine was hoped to make them more stable in the stomach as amidases that 
bring upon the hydrolysis of amide bond are present in the intestine [17,18]. However, prodrugs hydrolysis aren’t 
prerequisite in the designed analogues as it was shown that ester and amide derivatives of NSAIDs are potent 
cyclooxygenase-2 inhibitors and retain the anti-inflammatory activity of the parent NSAIDs [19-21]. 

Fig1. Chemical structures of NSAIDs and antioxidants
 

 

http://en.wikipedia.org/wiki/Gastrointestinal_tract
http://en.wikipedia.org/wiki/Gastric_mucosa
http://en.wikipedia.org/wiki/Prostaglandins
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EXPERIMENTAL PROCEDURE 

Synthesis of Alanine- antioxidant (Thymol [Ia], Menthol [Ib]) ester   hydrochloride compounds 

         Antioxidant (2 mmol) was dissolved  in dry acetone (20ml) with vigorous stirring until all the crystal completely 
dissolve , Alanine  (2 mmol, 0.18 g) was added to it  with continuous stirring ,then the mixture was cooled  in ice bath at 
temperature     -5°c then thionyl chloride (5 mmol, 0.4 ml) was added drop by drop to the mixture ,the mixture should be 
maintained with constant stirring at   -5°c for 1 hr. after that left with stirring  at room temperature for 15 min. 

Then the mixture was refluxed for 6 h with continuous stirring and the reaction was monitored by evolution of HCl gas 
which is detected by changing the color of pH graduated Litmus paper into reddish when placed on the top of condenser.  

The mixture was left over night; on the next day the resulting solid product was collected. It was re-crystallized from hot 
methanol by slow addition of 15–20 mL ether followed by cooling at 0 °C. The crystals were collected on the following day 
[22&23]. 

2-isopropyl-5-methylcyclohexyl 2-aminopropanoate hydrochloride (Ia). 

As White crystal (60%yield);m.p. 199-200 c°.Rf=0.8. IR 3200-2600of (NH3
+
Cl

-
), 1722(C=O) of ester, 1606asym. bending of 

(NH3),  1236 and 1197 (C-O-C) cm
-1 

. 

2-isopropyl-5-methyl phenyl 2-aminopropanoate hydrochloride (Ib). 

As White crystal (75%yield); m.p. 213-214 c°.Rf=0.73. IR 3200-2600 (NH3
+
Cl

-
), 3050 (C-H aromatic), 1743(C=O) of ester, 

1618 bending of (NH3), 1506 (C=C) aromatic, 1257and 1195 (C-O-C) cm
-1

. 

Synthesis of Alanine- antioxidant ester (IIa, b) 

To a suspension of the Alanine- antioxidant  ester hydrochloride (5 mmol) in dry chloroform (20 mL), triethylamine (1 mL, 
10 mmol) was added drop wise over a period of 10 min at 0°Cwith continuous stirring  for 2 hrs .The reaction mixture was 
then filtered and the chloroform layer was distilled off to get clear solution. The clear solution was directly used for the next 
coupling step [24]. 

General procedure for the preparation of the acid chloride of NSAIDs (IIIa-d) 

      NSIAD (5 mmol) was dissolved in dry chloroform (20 mL) in a100 mL round-bottomed flask. Thionyl chloride (15 mmol, 
1.1 mL) was added dropwise over a period of 15 min. with cooling on ice bath. The mixture was refluxed for 3hrs at 65 °C 
with continuous stirring and monitored by evolution of HCl gas (which is detected by changing the color of Litmus paper 
into reddish when placed on the top of condenser) and changing the color of the solution from colorless into deep yellow, 
The reaction are often promoted by the addition of a drop of dimethylformamide (DMF)[25]. The excess of thionylchloride 
and solvent was removed under reduced pressure and the residue was re-dissolving in dry chloroform (20 mL) and was 
re-evaporated to give oily residue compound. This compound was directly used for the next coupling step with free 
Alanine -antioxidant ester [26,27]. 

Synthesis of the final compounds (I-VIII). 

A solution of Alanine antioxidant ester[IIa]or [IIb] was mixed with dry chloroform( 15 mL)and, then triethylamine (5 mmol, 
0.5 mL) was added drop wise with stirring for 20 min. on ice bath and then, freshly prepared acid chloride of  either 
NSAIDs [IIIa-d]were slowly dropped  for 50 min. with continuous stirring on an ice bath, then continuous stirring at room 
temperature over the night ,The reaction can be accelerated with a catalytic amount(2-3 drops) of pyridine, or N,N-
dimethylaminopyridine (DMAP)

.
 Solvents were removed under reduced pressure by using rotary evaporator. The resulting 

solid product was re- dissolved in ethyl acetate (10 mL) and washed with 5 % aqueous solution of sodium bicarbonate (20 
mL), 5% HCl (20 mL) and distilled water (20 mL) and then dried over anhydrous magnesium sulphate, filtered &the solvent 
was evaporated under reduced pressure to give the final products [I-VIII] [28]. 

2-isopropyl-5-methyl phenyl2-(2-(6-methoxynaphthalen-2 yl)propanamido)propanoate (I). 

As a white powder.(80%yeild); m.p. 161-162 c°.Rf=0.81.IR (KBr; cm
-1

); 3292 (N-H) of secondary amide, 3053 (C-H) of 
aromatic, 1699(C=O) of ester, 1653 (C=O) of amide, 1265 and 1224(C-O-C) cm

-1
. 

1
HNMR (300Mz, CDCl3) δ=1.09-1.4ppm (12H, branched CH*3attached to aliphatic carbons), 1.5-1.9ppm (4H, 

ArCH*3&ArCH*), 3.5ppm (H, CH*-CONH), 3.9ppm (3H, OCH*3), 4.11ppm (H, CH*COO), 7.1-7.3ppm (3H, Ar), 7.4-7.6ppm 
(6H, of another two Ar), 7.8ppm (H, NH*). 

2-isopropyl-5-methylphenyl2-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetamido)propanoate (II). 

As yellow powder.(82% yield) ; m.p. 145-146 c°. Rf=0.56. IR (KBr; cm
-1

); 3292 (N-H) of secondary amide, 3020(C-H) of 
aromatic, 1699 cm

-1
 (C=O) of ester, 1656cm

-1
 (C=O) of amide and 1278 and 1228(C-O-C) cm

-1
. 

1
HNMR (500Mz, CDCl3).δ=1.1-1.4ppm, (9H, C2H*6-CH, CH*3-CHCOO), 1.5-2.1ppm (7H, 2CH*3Ar,& CH*-Ar), 2.4ppm (2H, 

CH*2-CONH), 3.8ppm (3H, OCH*3), 3.9-4 ppm (H, CH*-COO), 6.7-7.2ppm (6H, Ar), 7.4ppm (4H, Ar), δ=7.7ppm (H, NH*). 

The mass spectrum shows the following fragmentations pattern: M
+
-55, M

+
-83, M

+
-111, M

+
-126, M

+
-139[base peak], M

+
-

158, M
+
-173, and M

+
-201. 



ISSN 2321-807X 

371 | P a g e                                                            S e p t  1 5 ,  2 0 1 3  

 

2-isopropyl-5-methyl phenyl 2-(2-(4-isobutyl phenyl)propanamido)propanoate (III). 

As white powder (77% yields); m.p. 157-158 c°.Rf=0. 9. IR (KBr; cm
-1

); 3294 (N-H) secondary of amide, 3018(C-H) of 

aromatic, 1699 (C=O) of ester, 1656 (C=O) of amide, 1537 and1452(C=C) of aromatic, 1278and 1228 (C-O-C) cm
-1

. 

1
HNMR (300Mz, CDCl3).δ=0.99ppm (6H, 2 CH*3 of isobutane), 1.1-1.5ppm (12H, 2CH*3 of isopropan& CH*3-CHCOO, 

CH*3-CHCONH), 1.8ppm (H, CH* of isobutane), 2.2ppm (5H, CH*2 –Ar& CH*3-Ar), 2.5ppm (H, CH* of isopropan), 3.4ppm 
(H, CH* -CONH), 4ppm (H, CH*-COO), 7.1-7.5ppm (7H, Ar),and7.6ppm (H, NH*).   

2-isopropyl-5-methyl phenyl 2-(2 (2,3dimethyl phenyl amino)benzamido)propanoate (IV). 

As orange powder (80% yields); m.p. 140-142 c°.Rf=0. 69. IR (KBr; cm
-1

); 3317 (N-H) of secondary amide, 3066(C-H) of 
aromatic, 1695 (C=O) str. v. of ester, 1672 (C=O) of amide, 1537and 1510(C=C) of aromatic.  1228 (C-O-C) cm

-1
. 

1
HNMR (300Mz, CDCl3).δ= 0.9ppm (6H, 2CH*3 of isopropyl group), 1.5ppm (3H, CH*3-CHCOO), 1.7-1.9ppm (3H, CH*3-Ar 

of mefenamic acid skeleton). 2.1ppm (3H, CH*3- Ar of mefenamic acid skeleton), 2.28ppm (3H, CH*3-Ar).3.3ppm (H, CH* 
of isopropan).  δ=4.35ppm (H, CH*COO). δ=5.45ppm (H, NH*mefenamic acid skeleton).   δ=6.8-7.4ppm (6H, Ar). 
δ=7.6ppm (4H, Ar), &9.2ppm (H, NH*-CO).  

The mass spectrum shows the following fragmentations pattern: M
+
-122, M

+
-221[base peak], M

+
-236, M

+
-264, M

+
-292, M

+-

-346, M
+
-361, and M+ -389. 

2-isopropyl-5-methylcyclohexyl2-(2-(6-methoxynaphthalen-2 yl)propanamido)propanoate(V). 

As white powder.(67% yield); m.p. 169-170 c°. R f value=0.76. IR (KBr; cm
-1

); 3302 (N-H) of secondary amide, 3059 (C-H) 
of aromatic, 1699 (C=O) of ester, 1606 (C=O) of amide. 1533and 1510(C=C) aromatic, & 1265 and1224(C-O-C) cm

-1
. 

1
HNMR (300Mz, DMSO-d6) δ= 0.86-1.8ppm (9H, all the proton of menthol skeleton except OCH*2 group), 2.6 ppm (H, 

CH*-CONH), 3.4ppm (3H, OCH*3).  3.8-4.2 ppm (2H, CH*O-C=O&CH*-NH), 7ppm-7.7pmm (6H, of naphthalic ring), 
&8.3ppm (H, NH*).   

2-isopropyl-5-methylcyclohexyl2-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indyl)acetamido)propanoate (VI). 

As yellow powder (79% yield); m.p. 144-145 c°. Rf=0.59. IR (KBr; cm
-1

); 3344 (N-H) of secondary amide, 1683 (C=O) of 
ester, 1668 (C=O) of amide, 1521and 1477(C=C) aromatic,&1195and 1151 (C-O-C) of ester. 

1
HNMR (300Mz, CDCl3). δ= 1- 1.5ppm (13H, protons of isopropan and CH*3 group of menthol skeleton and CH*3-

CHCOO), 1.5-1.9ppm (7H, 3 CH*2,&CH*-CH3 of menthol skeleton), 2.1ppm (H, CH*-CHC2H6 of menthol), 2.3ppm (3H, 
CH*3 -CN), 3.4ppm (2H, CH*2-CONH), 6.6-6.9ppm (3H, Ar), 7- 7.45ppm (4H, Ar),&7.8ppm (H, NH*). 

2-isopropyl-5-methylcyclohexyl 2-(2-(4-isobutylphenyl)propanamido)propanoate (VII). 

As white powder (81% yield);m.p. 152-153 c°. Rf=0. 95.  IR (KBr; cm
-1

); 3292 (N-H) of secondary amide,1699 (C=O) of 
ester, 1656 (C=O) of amide. 1537 (N-H) of amide superimposed with (C=C) of aromatic,&1228 (C-O-C) of ester. 

1
HNMR (300Mz, CDCl3). δ=0.9 ppm (15H, CH*3 in aliphatic moiety at benzene and cyclohexane ring), 1.1-1.4 ppm (4H, 

CH*& CH*3of aliphatic alkyl), 1.5ppm (3H, CH*3-CHCOO), 1.6-1.9 ppm (9H, 3 CH*2, &3CH* of aliphatic alkyl), 2.35 ppm 
(2H, CH*2-Ar), 3.5ppm (H, CH*-CONH), 4-4.1ppm, (2H, CH*2-COO), 7-7.3ppm (4H, Ar),&7.6ppm (H, NH*).     

2-isopropyl-5-methylcyclohexyl2-(2-(2,3-dimethyl phenylamino)benzamido)propanoate (VIII). 

As orange powder (%82 yield);m.p. 139-141 c°.Rf=0. 71. IR (KBr; cm
-1

); 3311 (N-H) of secondary amide, 3063 (C-H) of 

aromatic, 1695 (C=O) of ester, 1670 (C=O) of amide, 1539and 1508 
(
C=C) of aromatic,&1228 (C-O-C) of ester. 

1
HNMR (300Mz, DMSO-d6). δ=0.9-1.1 ppm (9H, 2 CH*3-CH, CH3 of menthol), 1.2-1.9ppm (12H, 3CH*2, 3CH* of menthol 

skeleton and CH3-CHCOO),  2.1ppm (3H, CH*3-Ar), 2.2ppm (3H, CH*3-Ar),  3.2-3.5ppm (H, CH*-COO), 3.8-4.1ppm (H, 
OCH*), 6.8-8ppm (7H, Ar), 8.5ppm (H, NH*),&9.4ppm (H, NH* between two benzene rings).  

The mass spectrum shows the following fragmentations pattern: M
+
-56, M

+
-125, M

+
-155, M

+
-199, M

+
-226[base peak], M

+
-

241, M
+
-256, M

+
-270, M

+
-346, M

+
-367, M

+
-394. 

The chromatograms of compounds [II], [IV], [VIII] appears the signals at Rt= 25min, 20min, 20min respectively, indicating 
these synthesizing compounds have high purity and exist in single form, no isomer or enantiomers. 

Chemical Hydrolysis 

The chemical hydrolysis rate of the target compounds(I-VIII) were studied at simulated gastric fluid (SGF) at PH 1.2 using 
(0.2 M) HCl solution [85mL (0.2 M) HCl + 50mL (0.2 M) KCl, distilled water added to 200mL], and simulated intestinal fluid 
(SIF) at pH 7.4 using Phosphate buffer solution [39.1 mL of (0.2 M) NaOH, 50 mL of (0.2 M) KH2PO4, distilled water added 
to 200mL],using UV method. The total buffer concentration was 0.1 M and the ionic strength (μ) 1.0 was maintained for 
each buffer by addition of calculated amount of KCl. The rate of hydrolysis was followed spectrophotometrically by 
recording the decreases in the absorbance of target compounds accompanying the hydrolysis. The reaction was initiated 
by adding 10 mg of final compounds to 5mL of methanol which is then added it to 95mL of preheated buffer solutions to 
obtain final concentration (0.1 mg/mL). An aliquot 5 mL of this solution was withdrawn repeatedly and kept in test tubes 
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maintained at 37 ± 0.5 °C. At a definite time interval, an aliquot was withdrawn from different test tubes and was 
transferred to micro centrifuge tubes, followed by addition of methanol to make up the volume. The tubes were placed in a 
freezing mixture in order to arrest further hydrolysis, followed by vortexing at high speed for 5 min. After vortexing, the 
tubes were centrifuged at high speed (3000 rpm) for 5 min. 5 mL of clear supernatant obtained from each tube was 
measured by a U.V. Spectrophotometer [29]. 

Results and Discussion 

The synthetic pathways for the designed target compounds (I- VIII) are illustrated in (scheme 1) 

 

Scheme1. Synthesis of target compounds (I- VIII) & their intermediates. 

 

Compound [I] R'=Naproxen, R=thymolCompound [V] R'= Naproxen, R=menthol                                                        

Compound [II] R'= Indomethacin, R=thymol       Compound [VI] R'= Indomethacin, R=menthol          

Compound [III] R'=Ibuprofen, R=thymol         Compound [VII] R'=Ibuprofen, R=menthol             

        Compound [IV] R'= Mefenamic acid, R=thymol         Compound [VIII] R'= Mefenamic acid, R=menthol        

Chemical Hydrolysis 

Under the experimental conditions used, the hydrolysis of these compounds in aqueous HCl (PH 1.2) and phosphate 
buffer solution (PH 7.4) at 37 °C followed pseudo first order kinetics, since a straight line was obtained from plotting ln (Ao 
- A∞ / At - A∞) versus time, [30] where Ao, A∞ and At are the absorbance reading at initial, infinity and at t time, respectively 
as shown in figures 2-5. 
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Fig 2.The hydrolysis rate of compound I-IV at pH=1.2 

 

 

 

Fig 3.The hydrolysis rate of compound I-IV at pH=7.4 
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Fig 4.The hydrolysis rate of compound V-VIII at pH=1.2 

 

 

 

 

Fig 5.The hydrolysis rate of compound V-VIII at pH=7.4 

 

 

 

The observed rate constant of hydrolysis (Kobs) was calculated from the slope of the curve, the half life was calculated 
according to the following equation that derivative from the first order kinetic law [22].

 

t1/2 = 0.693/Kobs 
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Table 1: The rate constant of hydrolysis and t1/2 of compounds [I-VIII] at pH1.2 and 7.4 at 37 
o
C 

Compound pH = 1.2 pH = 7.4 

No Name k (min 
-1

) t1/2 (min) k (min 
-1

) t1/2 (min) 

I NT 0.005 138.6 0.0065 106.61 

II INT 0.001 693 0.0057 121.57 

III IBT 0.003 231 0.0023 301.3 

IV MT 0.015 46.2 0.007 99 

V NM 0.009 77 0.006 115.5 

VI INM 0.002 346.5 0.005 138.6 

VII IBM 0.0057 121.57 0.0048 144.37 

VIII MM 0.004 173.25 0.0066 105 

 

The data of this table revealed that compounds (II, III &VI) showed well to excellent chemical stability at pH 1.2, while 
compound IV highly susceptible to acidic media. Furthermore, the data revealed the susceptibility of compounds testedto 
chemical hydrolysis at pH 7.4 except compound III. 

Also these data refer to thymol derivatives having longer t 1/2than menthol derivatives at pH1.2 except compound (IV), in 
comparison, menthol derivatives shows longer t1/2at pH7.4 except compound (VI).   

Conclusion 

Chemical hydrolysis study for the final compounds [I-VIII] revealed stability of compounds II, III& VI at pH 1.2 which may 
indicate their stability in acidic media of stomach, while at pH 7.4 all tested compounds showed susceptibility to hydrolysis 
at this pH which is comparable to that of intestine of gastrointestinal tract. 

Generally thymol derivative more stable than menthol derivative at acidic pH (1.2) while menthol derivatives more stable at 
higher pH (7.4) in tested compounds. 
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