PP vharm,
> 0‘_\, P

- Z7.\¥| WORLD JOURNAL OF PHARMACEUTICAL RESEARCH

SJIF Impact Factor 5.045
Volume 4, Issue 1, 310-319. Research Article ISSN 2277- 7105

DESIGN AND SYNTHESIS OF NEW DERIVATIVES OF
KETOPROFEN LINKED TO NATURAL ANTIOXIDANTS (THYMOL,
MENTHOL & GUAIACOL) AS POSSIBLE MUTUAL PRODRUGS

Dhurgham Q. Shaheed, Ahmed Kareem Hussein Mubarak*, Ammar Abdul Aziz libeg,
Hayder Kadhium Abbas, Mohammed Dakhil ALRekabi, Ahmed Hashim Husssein

Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Kufa,
Najaf, Irag.

ABSTRACT
Non-steroidal anti-inflammatory drugs (NSAIDs) represent one of the
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treatment of osteoarthritis, rheumatoid arthritis and other inflammatory

disorders. However, the use of NSAIDs is limited due to possibility of
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Al inducing erosions and ulcers in the gastrointestinal tract. Recently, it
Dr. Ahmed Kareem has been well established that generation of various reactive oxygen
Hussein Mubarak species (ROS) locally plays a significant role in the formation of

Department of gastric ulceration associated with NSAID therapy. Therefore, in the

Pharmaceutical ] .
present study NSAIDs (ketoprofen) have been conjugated with

Chemistry, Faculty of
Pharmacy, University of different antioxidants (thymol, menthol and guaiacol) having anti
Kufa, Najaf, Irag. ulcerogenic activity.  The objective was to obtain Ketoprfen—
antioxidant derivatives as possible mutual prodrug that includes:
Ketoprofen-thymol (Compound 1), Ketoprofen-menthol (Compound II) and Ketoprofen -
guaiacol (Compound I11). The mutual prodrug of NSAID and antioxidant was designated to
generate the complementary pharmacological action as a single chemical entity with
improved anti-inflammatory action and reduced ulcerogenic adverse effect. The synthesis is

conferred by FT-IR, CHNS and physiochemical properties.
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INTRODUCTION
Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used for the treatment of

chronic inflammatory diseases, such as arthritis. Prolonged administration of these drugs
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exhibit several undesired side effects; the most important are gastro-intestinal irritation and
ulceration which still represent an unsolved therapeutic problem. The development of a
gastrointestinal tract (GIT) safe anti-inflammatory therapy for the treatment of disease of
joints presents a unique challenge.™ It is well accepted fact that the Gl side effect of acidic
NSAIDs is a result of two different mechanisms.*! The first mechanism involves a local
action comprising of a direct contact effect and an indirect effect on the gastric mucosa and
the second mechanism is based on the generalized systemic action occurring after absorption
and can be manifested even after intravenous dosing. ® During recent years, it has been well
established that generation of reactive oxygen species (ROS) plays a significant role in the
formation of gastric mucosal lesions associated with NSAIDs therapy. Based on these
observations, it has been suggested that co administration of antioxidants and NSAIDs in

pharmaceutical dosage forms may possibly decrease the risk of NSAIDs induced Gl
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Figure 1: Mechanism of NSAIDs induced gastric ulceration.!”

Combinations of antioxidant and anti-inflammatory drugs, such as polyphenols and NSAIDs
have been proposed in the treatment of different neurodegenerative diseases. However, both

polyphenols and NSAIDs gave rise to some problems when used in clinical setting. Due to
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their scarce bioavailability, only a negligible amount of polyphenols reaches brain tissue and
the concentrations achieved are much lower than those efficacious in vitro.®®! Guaiacol and
thymol had the greatest oxygen radical-scavenging ability. This may be in part because both
compounds are phenols. It has been reported that phenolic compounds exhibit antioxidant
activity, which is correlated with health benefits.®! Phenolic antioxidants with one or more
phenolic ring and methoxy groups in their structure showed high inhibitory effect (they
possess potent antioxidant, anti-mutagenic and anti-carcinogenic activities). One of the
underlying major mechanisms is their action on cellular enzymatic pathways. They were
tested on human polymorphonuclear leuckocyte 5-lipooxygenase (PMNL 5-LO) activity and
observed that the formation of leukotrienes was significantly inhibited in a concentration-
dependent manner.'” Menthol also induced cytotoxicity in human gastric cancer cells by
inhibiting the gene expression of topoisomerases. Menthol generates the chemo preventive
effect by two directions:™ by detoxifying antioxidant enzymes system and inhibition of anti-
inflammatory and anti-cell growth signaling pathways culminating in apoptosis and/or cell
cycle arrest. Ketoprofen is a propionic acid derivative that inhibits both cyclooxygenase (non-
selectively) and lipoxygenase. Concurrent administration of probenecid elevates ketoprofen
levels and prolongs its plasma half-life. The effectiveness of ketoprofen at dosages of 100—
300 mg/d is equivalent to that of other NSAIDs in the treatment of rheumatoid arthritis,
osteoarthritis, gout, dysmenorrhea, and other painful conditions. In spite of its dual effect on
prostaglandins and leukotrienes, ketoprofen is not superior to other NSAIDs. Its major
adverse effects are on the gastrointestinal tract."? The objective of this study was to obtain
Ketoprfen derivatives as possible mutual prodrug with complementary pharmacological
action as a single chemical entity with improved anti-inflammatory action and reduced

ulcerogenic adverse effect.

MATERIALS AND METHODS

Materials

All reagents and anhydrous solvents were of analar type and generally used as received from
the commercial suppliers (Merck, Germany, Reidel De-Haen, Germany, Sigma-Aldrich,
Germany and BDH, England). Ketoprofen was supplied by Wuxihexia chemicals Company,
China. Guaiacol was supplied by Sigma USA, Menthol was supplied by BDH, England and
Thymol was supplied by Fluka, Switzerland.

WWW.Wjpr.net Vol 4, Issue 1, 2015. 312




Ahmed et al. World Journal of Pharmaceutical Research

Synthesis of Target Compounds

0.5 g of Ketoprofen (2 mmol) was dissolved in dry chloroform (25 ml) and 0.412 g of N,N-
dicyclohexylcarbodiimide (DCC) (2 mmol) were added with continuous stirring on magnetic
stirrer. The reaction mixture was stirred at 0°C for 1 hour. Then 20 mg
dimethylaminopyridine (DMAP) and 2 mmol antioxidants (0.3gm thymol or 0.33 menthol or
0.248gm=0.22ml guiacol) were added. The reaction mixture was stirred at room temperature
for 24 hour in dark. The precipitated N, N-dicyclohexylurea (DCU) was removed by
filtration. The organic layer was washed twice using 10 ml hydrochloric acid (0.5 N) and then
using 10 ml sodium bicarbonate (5% w/v). The organic layer was dried over anhydrous
sodium sulfate, filtered, and the solvent was removed under reduced pressure to produce a
semi solid product. The resulting semisolid product was re-crystallized from ethanol to

produce target compounds (I-111).1*%!

Analysis of Compound

Melting points were determined by capillary method on Electrical melting point apparatus
SMP30 Stuart, England. To check the purity and progress of reactions, ascending thin layer
chromatography (TLC) was run on DC-Kartan SI alumina (0.2 mm) plates. The identification
of compounds was done using a U.V. detector and the chromatograms were eluted with
Dichloromethane:Methanol (8:2). IR spectra were recorded on a FTIR-spectrophotometer
Shimadzu as KBr disks. CHNS microanalysis was done using a Euro EA 3000 elemental

analyzer (ltaly).

RESULTS AND DISCUSSION

The objective was to obtain Ketoprfen—antioxidant derivatives as possible mutual prodrug
that includes: Ketoprofen-thymol (Compound 1), Ketoprofen-menthol (Compound II) and
Ketoprofen - guaiacol (Compound Il1). The synthesis scheme is presented in figure 2. The

general routes outlined in the schemes were used to synthesize all compounds described here.
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Figure 2: The scheme for synthesis of target compounds and their structures.

After synthesis the compounds were analyzed and the percent yield, physical appearance,
melting point and TLC results were listed in table 1. The calculated elemental analysis for
compound | was C, 80.8; H, 6.7 and founded elemental analysis was C, 80.2; H, 6.3. The
calculated elemental analysis for compound I1: was C, 79.56; H, 8.22 and founded elemental

analysis was C, 79.44; H, 79.1. The calculated elemental analysis for compound Ill was C,
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76.65; H, 5.59 and founded elemental analysis was C, 75.77; H, 5.21. The observed elemental

analysis was nearly same to the calculated elemental analysis. The FT-IR spectra are shown

table 2.

Table 1: The percent yield, physical appearance, melting point and R; values of the

target products.

Compounds (f:grerr:lﬁ:l Mvc\),:aei‘;l;][[ar Description | % yield :)\g?rll?gg R¢ value
Ketoprofen C16H1403 254 White crystals 94 0.93
Compound I | CasHae0s 386 Sgﬂgo{g';’:‘é 69 - 0.66
Compound Il | CyH3203 392 Colorless 72 -- 0.83
oily substance
Compound Ca3H2004 360 Yellow oily 65 -- 0.75
11 substance

Table 2: IR characteristic bands of the synthesized compounds.

Compounds | Bands (cm™) | Interpretation

2500-3200 | Broad (O-H) stretching vibration of
3055 carboxylic acid
Q CHs 2978,2937 | (C-H)stretching of aromatic
ﬂ y (’; o asy.&sym.(C-H) stretching vibration of
CH; &CHs
O/ \[r 1697 (C=0) stretching vibration of acid
0 1654 (C=0) stretching vibration of ketone
1598,1444 | (C=C) stretching vibration of aromatic
Ketoprofen overlapping with O-H bending .
1417,1284 | (C-H) bend of CH; & CH;
1228 (C-0) stretching vibration of acid(C-O-
C) stretching
968,717 Aromatic out of plane (C-H) & (C=C)

bending.
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3029 (C-H)stretching vibration of aromatic
asymmetrical and symmetrical (C-H)
2931,2852 | stretching vibration of CH,; &CHjs
(C=0) stretching vibration of ester
(C=0) stretching vibration of ketone
1734 (C=C) stretching vibration of aromatic
1658 (C-H) bending of CH; & CH;
(C-O) stretching vibration of ester
Compound I 1579,1450 | (C-O-C) stretching vibration
2-isopropyl-5-methylphenyl 2- Aromatic  out  of plane( C-H
(3-benzoylphenyl)propanoate] | 1284 )&(C=C)bending.
1207
1180,721
H;C 3029 (C-H)stretching vibration of aromatic
o asymmetrical & symmetrical (C-H)
*0 2951,2852 | stretching vibration of CH, &CHs
(C=0) stretching vibration of ester
(C=0) of stretching vibration ketone
CHy 1736 (C=C) stretching vibration of aromatic
Conymundll e 1662 combined (C-H) bending of CHs & CH;
[2-isopropyl-5- (C-0) _stretchlng vibration of ester
methylcyclohexyl 2-(3- 16271597, Aromiltlc out of plane( C-H
benzoylphenyl)propanoate] 1448 )&(C=C)bending
1246
1180,1078,
821
0 CHy 3027 (C-H) stretching of aromatic
0 2931,2852 | asym.&sym.(C-H) stretching vibration of
CH3&CH,.
1743 (C=0) stretching vibration of ester,
0 1627 (C=0) stretching vibration of ketone
H,CO 1575,1452, | (C=C) stretching vibration of aromatic
1298 (C-H) bend of CH, & CHs
ConpoundIl [ | 1261 (C-O) stretching vibration of ester
2-methoxyphenyl 2-(3- | 1207 asymmetric (C—O—C) stretching vibration.
benzoylphenyl)propanoate] 1091,746 | Aromatic out of plane (C-H)&(C=C)

bending.

The direct effects of NSAIDs are attributed to the local inhibition of prostaglandin (PG)

synthesis in the GI tract. The indirect effect can be attributed to a combination of an ion-

trapping mechanism of NSAIDs in mucosal cells and back diffusion of H*

ions from the

lumen into the mucosa. Topical irritation by the free carboxylic group of the NSAIDs is
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considered an important factor in establishing superficial stomach erosion, particularly in the
corpus region of the stomach.”*® The systemic effects are manifested due to inhibition of
synthesis of gastric PGs like PGI2 and PGE2. NSAIDs inhibit the conversion of arachidonic
acid into prostaglandins and thromboxanes by acting on a cyclooxygenase enzyme (COX)
which catalyzes this conversion. Prostaglandins perform a central role in physiological
processes such as pain, fever, homeostasis and immunity.** ** Reduction of prostaglandins
diminishes these effects and COX-inhibitors are therefore believed to be analgesic, anti-
inflammatory and antipyretic. When prostaglandins are synthesized, a number of potentially
harmful substances are produced as well. These substances include organic free radicals,
peroxides, and activated oxygen compounds.® They activate environmental carcinogens and
stimulate metastasis.'’” Inhibition of prostaglandin synthesis by NSAIDs was therefore
hypothesized to be preventative for the development of cancer.'® **! Derivatization of the
carboxylate moiety in NSAIDs would eliminate their ability to inhibit COX-1 without
significantly affecting their COX-2 inhibitory properties. Because many NSAIDs contain a
carboxylic acid group, this represents a general strategy for the conversion of nonselective
NSAIDs into selective COX-2 inhibitors. The rationale behind designing new compound as
possible mutual prodrug is to achieve temporary blockade of the free carboxylic group
present in the ketoprofen till their systemic absorption. Furthermore, there are potential
advantages in giving antioxidant drugs of natural origin (thymol, menthol and guaiacol) as
good therapeutic agents for treating free radical mediated diseases like NSAID induced peptic
ulcers. Such agents are named as mutual prodrugs that are designed with the aim of
improving physiochemical properties.'? 2 In comparison to physical mixture of NSAID and
natural antioxidant, the reduction in ulcer index is superior due to the polar nature of
antioxidant that lead to low bioavailability of antioxidants. Such agents might deliver

complementary pharmacological activities in the form of a single chemical entity.

CONCLUSION

In the present study, the combined derivatives of NSAID (ketoprofen) and natural
antioxidants (thymol, menthol and guaiacol) have been designed and synthesized. They are
considered as possible mutual prodrugs to abolish ulcerogenic adverse effect of ketoprofen
and enhanced oral bioavailability of highly polar natural antioxidants to improve therapeutic

anti-inflammatory action.
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