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ABSTRACT 

The carboxylic acid group (-COOH) present in most commercial NSAIDs is thought 

to be partly responsible for the gastric toxicity associated with the long-term 

administration of these compounds. The goal of the present research was to determine 

if new NSAID derivatives devoid of acidic moieties would retain the anti-

inflammatory activity while exerting a lower degree of gastric toxicity compared to 

the corresponding parent NSAID. In this regard, we replaced the carboxylic acid 

group in aspirin, ibuprofen, flurbiprofen, and naproxen with a series of quaternary 

ammonium moieties, and the resulting water-soluble NSAID derivatives were tested 

for anti-inflammatory and ulcerogenic activity in vivo. Results of our investigation 

showed that replacement of quaternary ammonium moieties for the carboxylic acid 

group present in NSAIDs, yielded potent anti-inflammatory molecules without 

stomach ulceration when administered orally to rats. Among the new compounds, N-

(2-hydroxyethyl)-2-(6-methoxynaphthalen-2-yl)propan-1-aminium chloride (a 

naproxen derivative) was the most potent anti-inflammatory agent (65.28% inhibition 

of inflammation at 6.4 mg/kg); however, unlike the reference compound naproxen 

(ulcer index = 108.7), N-(2-hydroxyethyl)-2-(6-methoxynaphthalen-2-yl)propan-1-

aminium chloride did not produced gastric ulcers (Ulcer index = 0) when 

administered orally at equimolar doses (0.17mmol). These results suggest that the 

carboxylic acid group present in commercial 2-phenylpropionic acid NSAIDs is not 

an essential requirement for anti-inflammatory activity in vivo, and offers a new 

concept in drug design by using water-soluble ammonium moieties instead. 

Derivatives of salicylic acid were screened for analgesic, anti-inflammatory and 

antipyretic activities, and acute toxicity. The result of this study indicated that these 

compounds possess dose dependent statistically significant analgesic, anti-

inflammatory and antipyretic properties, compared to aspirin, without causing gastric 

ulceration and acute toxicity. 
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Chapter -1 

INTRODUCTION 

 

Non-steroidal anti-inflammatory drugs (NSAIDs) are the most extensively used 

therapeutic agents throughout the world, accounting for nearly 5% of all prescribed 

medications.1 These drugs are useful in a number of clinical disorders including 

rheumatoid arthritis, gout, ankylosing spondylitis, dental pain, dysmenorrhea and 

headache.2-5 Based on the chemical structure, NSAIDs are classified into various 

groups 

1. Salicylates 

a. Acetylsalicylic acid (aspirin) 

b. Salsalate 

c. Diflunisal 

2. Propionic acid derivatives 

a. Ibuprofen 

b. Flurbiprofen 

c. Ketoprofen 

d. Naproxen 

e. Naproxen sodium 

f. Fenoprofen calcium 

g. Oxaprozin 

3. Phenylacetic acid  

a. Diclofenac sodium  

b. Diclofenac potassium 

c. Diclofenac sodium misoprostol 

4. Fenamates 

a. Mefenamic acid 

b. Meclofenamate sodium 

5. Indoles 

a. Indomethacin 

b.  Sulindac 

c. Tolmetin sodium 
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6. Selective COX-2 inhibitors 

a. Celecoxib 

b. Rofecoxib 

7. Semiselective COX-2 inhibitors 

Meloxicam 

8. Pyrazole derivatives 

Phenylbutazone 

9. Oxicams 

Piroxicam  

Structures of the some commonly used NSAIDs are given below; 

 

O

O OH

O

Acetylsalicylic acid

O

OH

Ibuprofen

O

HO

O

Naproxen

H
N

Cl
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O
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O OH
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Figure 1.1: Structures of some first generation NSAIDs 
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1.1 Historical background of NSAIDs 

In ancient Egyptian and Grecian civilizations, people were using plant remedies like 

dried myrtle leaves or extracts from the bark of poplar trees, for the treatment of 

abdominal pain and backache. Hippocrates (460-377 BC), an ancient Greek 

physician, who spent most of his life in Egypt studying medicines, also observed that 

chewing the bitter leaves of willow tree reduced pain and inflammation and 

recommended this remedy for women in labor. Later on other Greek physicians also 

recommended this remedy especially the inner bark of willow tree to relieve pain, 

fever and inflammation.6-8 The first published report about the use of willow bark as 

an antipyretic and analgesic agent was appeared in 1763 by Stone R. E., in a 

presentation to Royal Society.9 Later on it was found that the antipyretic and 

analgesic activity of the willow bark is due to the presence of an active component, 

salicin, which is metabolized to salicylate. In 1829 Henri Leroux, a French 

pharmacist, isolated from the willow tree and demonstrated its analgesic and 

antipyretic properties.10 A decade later Raffaele Piria synthesized salicylic alcohol 

from salicin (salicylic alcohol is the precursor for the synthesis of salicylic acid) 

(scheme 1.1).    

7 8

9
 

Scheme 1.1: Synthesis of salicylic acid 

In 1874, Maclagan successfully used Salicin to reduce fever, pain and inflammation 

of rheumatic fever.11 In the same year, Kolbe and his co-workers formulated the first 

commercial synthesis of salicylic acid  and lead the foundation of Heyden Chemical 
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Company.12 Later in 1897, Hoffman converted salicylic acid to acetylsalicylic acid, 

by acetylating the hydroxyl group on the benzene ring in salicylic acid (Scheme1.2). 

After clinical trials it was found that aspirin is more effective than salicylic acid. This 

compound (acetylsalicylic acid) was introduced into the market in 1899 under the 

trade name aspirin. 

 

Figure 1.2: Acetylation of salicylic acid 

Derivatives of para-aminophenol, acetaminophen (paracetamol) [10] and phenacetin 

[11] derived from acetanilide.13 The antipyretic action of acetaminophen was 

accidentally discovered by the German physician Cahn and Hepp and was introduced 

into the market in 1886 under the trade name antifebrin. However due to severe 

toxicity of acetanilide led the search for other structurally similar compounds. In 

1887, a new acetanilide derivative, Phenacetin was introduced and was used in a 

variety of analgesic formulations (like phenacetin, aspirin, and caffeine). However the 

US food and drug administration withdrew the drugs containing phenacetin in 1983, 

due to the alarming number of patients with end-stage renal disease from the over-

dose of analgesic combination containing phenacetin. Dramatic decrease in the 

disease was observed with the withdrawal of phenacetin from the market. 

Acetaminophen is the active metabolite of both acetanilide and phenacetin (figure 

1.3).      

 

 
 

Figure 1.3: Structures of acetaminophen 10 and phenacetin 11 
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1.2 Development of new NSAIDs 

Development of the new generation of NSAIDs for over the counter use may have 

originated in 1953, when Stewart Adams initiated study for the finding of non-

corticosteroid drug beside aspirin for the treatment of rheumatoid arthritis.14 Adam 

and his colleagues synthesized about 200 compounds and evaluated it for antipyretic 

activity but none of these proved to be superior to aspirin in the pre-clinical testing. 

However these studies showed the importance of carboxylic acid group on salicylate 

molecule and they began to synthesize a new series of compounds based on the parent 

phenoxyalkanoic acid, which ultimately led to the discovery of ibuprofen. Ibuprofen, 

which is phenylpropionic acid derivative, possesses anti-inflammatory, analgesic and 

antipyretic effects. It was found that the safety profile of ibuprofen is better than 

acetanilide derivatives. In 1966, the clinical study revealed the efficacy and safety 

profile of ibuprofen in patient with rheumatoid arthritis.15 After these clinical findings 

ibuprofen was approved in 1969 as a prescription drug in United Kingdom, followed 

by its approval in the United State. In early 1970s, Vane J. established the mechanism 

of action of NSAIDs in arthritis and non-arthritis conditions. After the discovery of 

mode of action of NSAIDs, the use of ibuprofen was further extended to non-arthritis 

condition, mild dental surgery and dysmenorrhea. Later on other Propionic acid 

derivatives, naproxen and ketoprofen were approved as analgesic drugs by the US 

food and drug administration in 1976 and 1986, respectively.  

In late 1980s, with the discovery of two isoforms of cyclooxygenase enzymes:16-18 

cyclooxygenase-1 (COX-1) present in most cells which is essential for normal 

homeostasis, and cyclooxygenase-2 (COX-2) present in nerve and inflammated cells 

which is responsible for inflammation, a new era of NSAIDs began.19-22 It is widely 

believed that anti- inflammatory action of NSAIDs is due to the inhibition of COX-2 

and the related ulcerogenic action of these drugs is due to the inhibition of COX-1. 23 

Each NSAID has different tendency towards the inhibition of COX-2 and COX-1, 

which helps to choose an NSAID having high degree of anti-inflammatory action with 

little side effects.  

Recent research in this area is focused to develop NSAIDs having good anti-

inflammatory activity with no or less side-effects. Two most common strategies for 

this are 1) to mask temporarily the carboxylic acid of NSAIDs by synthesizing pro-

drugs, and 2) to incorporate a moiety such as NO releasing agents into the parent drug 
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which will encounter the side effects of NSAIDs. Pro-drugs are pharmacologically 

inactive forms of an active drug which releases the parent drug after metabolism.24-25 

Most common pro-drugs are the ester and amide derivatives of the parent drugs.  

Shanbhag et al synthesized various ester and amide pro-drugs of naproxen and 

ibuprofen (figure 1.4)  and found that these pro-drugs posses less ulcerogenicity 

compared to the parent drugs.26   

 

12a-d

a) -O(CH2)2N(CH3)2. HCl

b) -O(CH2)2N(C2H5)2. HCl

2 2 . HClc)

d)

R R

a) -O(CH2)3N(CH3)2. HCl

b) -OCH2N(CH3)2. HCl

c) -OCH(CH3)CH2N(CH3)2. HCl

d)
2.

13a-d

 

Figure 1.4: Ester and amide pro-drugs of ibuprofen 4a-d and naproxen 5a-d. 

Cioli et al synthesized ibuprofen guiacol ester (figure 1.5) and found that equimolar 

dose of the pro-drug has the same pharmacological profile to ibuprofen with lower 

gastric toxicity in comparison to ibuprofen.27 

 

 

Figure 1.5: Structure of ibuprofen guiacol ester 
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Series of 1,3-bisalkanoyl-2-(O-acetylsalicyloyl)glycerides, (triglycerides of aspirin) 

(figure 1.6) were synthesized by Paris et al.28 These triglycerides showed the same 

biological activity related to aspirin; however fatty acid derivatives having a chain 

length of C4-C12 did cause gastric lesions. 

 

OAc

O

O

OCO(CH2)nMe

OCO(CH2)nMe

where, n= 0 -14

15

 

Figure 1.6: General structure of aspirin triglyceride derivatives 

Tamara et al synthesized a series of morpholinalkyl ester pro-drugs (figure 1.7) of 

dichlofenac and evaluated these pro-drugs in vivo and in vitro for anti-inflammatory 

activity.29 These esters were found to possess significantly less side effects compared 

to the parent drugs.   

NH

O

O

N

HCln

Cl Cl

where, n=1, 2,3

16

 

Figure 1.7: structure of morpholinalkyl ester of dichlofenac 

Ester pro-drugs of ibuprofen, indomethacin, naproxen and aspirin were synthesized 

by Mehfouz et al.30 These pro-drugs were synthesized using N-hydroxymethylisatin 

and N-hydroxymethylsuccinimide to reduce gastro-intestinal toxicity and improve 

bioavailability. In vivo ulcerogenic studies of these synthesized pro-drugs showed 

significantly less ulcerogenic irritation compared to the parent drugs. 
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Scheme 1.2: Synthesis of ester pro-drugs of various NSAIDs. 

Bansal et al, in 1994 synthesized a series of alkyl ester pro-drugs (figure 1.8) of 

ibuprofen having significant pharmacological activity with reduced gastric ulcer 

index.31 Anti-inflammatory and other physiochemical properties of these prodrugs 

have been evaluated in carrageenan induced rat paw edema model experiments.32 In 

comparison to ibuprofen, at equimolar doses the benzyl ester prodrug was found to 

possess similar analgesic and anti-inflammatory activities with much reduced gastric 

ulcerogenicity.33    

OR

O

Where R= methyl, ethyl, isobutyl, cetyl, octyl, hexyl or benzyl

24

 

Figure 1.8: structure of ibuprofen alkyl ester 

 

1.3 Nitric oxide (NO) releasing NSAIDs 

Second approach to reduce the side effects of NSAIDs is the incorporation of nitric 

oxide (NO) or hydrogen sulfide (H2S) moiety into the NSAIDs molecules. In the past 

few years researchers are trying this new approach. Researchers have claimed that, 
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these NO-NSAIDs (which is also called COX inhibiting nitric oxide donor, 

CINODS) possess superior or comparable analgesic and anti-inflammatory activities 

in rat while sparing the kidney and gastrointestinal tract injury. NO-NSAIDs have 

been found to help in the healing of pre-existing gastric ulcer and renal function.34-35 

In the past ten years a variety of NO-releasing moieties have been coupled with most 

common NSAIDs, like aspirin, ibuprofen, naproxen and Ketoprofen. Experimental 

models demonstrate both the efficacy and potency of these NO-NSAIDs.36-37 

In 2005, Velazquez et al synthesized a novel class of NO-NSAIDs (Scheme 1.2).38 In 

these pro-drugs the NO releasing moieties like 1-(N,N-dimethylamino) diazen-1-

ium-1,2-diolate and 1- (pyrrolidin-1-yl)diazen-1-ium-1,2-diolate  have been attached 

through methylene spacer to the carboxylic group of commercial NSAIDs, like 

indomethacin, aspirin and ibuprofen. These prodrugs were possessing similar anti-

inflammatory activities compared to the parent NSAIDs.  

 

Scheme 1.3: Synthesis of NO-NSAIDs 

The same research group (Velazquez et al in 2007) synthesized ester derivatives of 

indomethacin , ibuprofen and aspirin with       O2-acetoxymethyl-1-[N-(2-

hydroxyethyl-N-methylamino]diazenium diolate as NO-releasing prodrugs (scheme 

1.3).39  These derivatives did not show in vitro cyclooxygenase inhibitory activity 

however it showed enhanced anti-inflammatory activity compared to the parent 

drugs in in vivo experiments. The ulcer index assay showed that these new 

derivatives were significantly less ulcerogenic compared to ibuprofen, indomethacin 

and aspirin 
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27

28 29

 

Scheme 1.4: synthesis of NO-NSAIDs possessing O2-acetoxymethyl-1-[N-(2-          

hydroxyethyl-N-methylamino]diazenium diolate moiety. 

1.4 Cyclooxygenase enzymes 

The two isoforms of cyclooxygenase enzymes are COX-2 and COX-1. These 

isoenzymes are genetically different proteins in which the genes are located on 

different chromosomes and thus show different characteristic properties. The gene in 

COX-1 isoform is present on chromosome 9 while in case of COX-2 it is present on 

chromosome 1.40-41 Beside difference in locations, these genes have different sizes; 

the COX-1 gene with 22 Kb comprise of 11 exons, whereas the COX-2 gene with 

relatively small genomic size of 8.3 Kb contains only 10 exons. 42-43 The smaller size 

of COX-2 is the characteristic for the so-called early-immediate genes.44 Looking at 

the transcriptional elements of both genes a further difference can be seen: the role of 

a number of transcriptional factors and signaling pathways were investigated to 

clarify the transcriptional activation of COX-2 gene in endotoxin-treated 

macrophages.45 Human COX-1 and COX-2 have approximately 60 % structural 

similarity, with molecular weights of 67000 and 72000 Da respectively.46 The reason 

for different behavior of NSAIDs toward the two enzymes is due the significant 

difference in the active site of the enzymes; the active binding site on COX-2 enzyme 

is much larger than COX-1.47 The IC50 values of indomethacin, flurbiprofen and 

pyrazole derivative (SC-588) measured for the two enzymes reflects the selectivity of 

NSAIDs toward the COX enzymes (figure 1.9).47       
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         COX-1(IC50) = 0.29µM       COX-1(IC50) = 0.08µM       COX-1(IC50) =17.7 µM 

         COX-2(IC50) = 2.56µM      COX-2(IC50) = 0.96µM       COX-2(IC50)=0.009 µM 

Figure 1.9: Comparative COX selectivity by NSAIDs 

The most important physio-chemical parameter for the efficacy of NSAIDs is their 

lipophilicity. The interaction of drugs with the active sites on the protein structure of 

COX gives clear picture of pharmacological action and drug specificity.  The three 

dimensional structure of COX-1 was determined by Picol et al in 1994 from the 

crystal structure of isoenzyme complexed with flurbiprofen.48 The structure of COX-

2 was determined by X-ray diffraction and homology modeling.49-50   

The active sites on COX enzyme is created by a long hydrophobic channel. The 

binding of NSAIDs like flurbiprofen with the active sites are due to the interaction of 

high electron density present in some areas of the channel with the aromatic systems. 

The carboxylic group of the flurbiprofen is oriented in favorable position for 

interaction with the guanidinium group of ARG 120. ARG 120 forms a sat bridge 

with GLU 524, thus blocking the channel of enzyme and preventing arachidonic acid 

to invade the channel. This demonstrate that flurbiprofen slowly binds to the COX’s 

enzymes and thus act as the  time-dependent inhibitor of COX’s enzymes.51 

Indomethacin, a non-selective NSAID, result in the slow time-dependent inhibition 

of both the COX enzymes. It penetrates into the channel of COX-2 without strong 

interaction. Like the distal phenyl group of flurbiprofen, the benzoyl group occupies 

the same position and is stabilized by hydrophobic interaction.   
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The structural differences between COX-1 and COX-2 are genetically determined 

and are due to the difference in the sequence of amino acid positions. The 

replacement of valine 523 in COX-2 by relatively bulky residue isoleucine in COX-1 

results in the structural modification. Due to this modification, COX-2 enzyme 

provides an additional side pocket for selective inhibitors. This side pocket is 

restricted in case of COX-1 enzyme. Also in COX-2 the position 434 is occupied by 

less bulky residue valine, which is able to swing like a gate and provide enough 

space for the entry of drugs having room filling substituent. In case of COX-1 the 

same position is occupied by isoleucine. Comparison of the active binding sites of 

the two enzymes is shown in the figure 1.10. The figure shows that the COX-2 active 

binding site is more accommodating and is characterized by a side pocket that can 

accommodate bulky group such as the methyl sulphonyl moiety of DuP697. 

 

 

 
Figure 1.10: Comparison of the binding sites of COX-1 and COX-2 

 

1.5 Mechanism of action  

COX, which is also known as prostaglandin H2 synthase (PGHS) is bifunctional 

enzyme which catalyzes the metabolism of arachidonic acid (AA) to prostaglandin. 

First it oxidizes arachidonic acid to  hydroperoxy endoperoxide PGG2 and then 

subsequently reduce it to hydroxyl endoperoxide PGE2.
52 The PGE2 derived from 
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AA is then transformed to various primary prostaniods like PGF1, PGD2, PGF2, 

PGE2 and TXB2. 

 

 
Scheme 1.5: Biosynthesis of prostaglandins from arachidonic acid 
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In 1971, Vane  demonstrated that aspirin inhibit the COX activity and ultimately stop 

the biotransformation of AA to prostaglandin.53 Aspirin irreversibly acetylates the 

hydroxyl group present on serine residue (Ser 530) of COX enzyme and making the 

enzyme inactive toward binding with arachidonic acid (Scheme 1.5).54 Based on 

some observations that acetaminophen stops the synthesis of prostaglandin only in 

central nervous system, Vane and Flower forwarded a hypothesis that there are 

several isoforms of COX.55 Later on in 1991, Simmons et al proved this hypothesis 

by isolating COX-2.56   

 

 

Scheme 1.6: Inhibition of cyclooxygenase enzyme by aspirin 

 

1.6 Side effects of NSAIDs 

Long term use of non-specific COX inhibitor NSAIDs is associated with toxic side-

effects such as gastric ulcers, bleeding, cardiovascular and renal toxicity.57-60 NSAIDs 

are well known for causing gastrointestinal complications. The gastrointestinal 

complication ranges from dyspeptic symptoms (in up to 40 % patients using NSAIDs) 

to fatal ulcers like perforation, pyloric obstruction and hemorrhage.61-62 Generally the 

use of NSAIDs is responsible for the four fold increase of developing complicated 

peptic ulcer.63-64 there are several other factors, which increases the risk NSAIDs 

induced gastric toxicity. These factors include the use of multiple NSAIDs, co-

prescription of corticosteroids, co-prescription of anticoagulants and use of these 

drugs in elderly ages (above 60).65-67 Various NSAIDs have different potential to 

cause GI toxicity, for example ibuprofen induces much less GI toxicity compared to 

piroxicam and azapropazone. The degree of toxicity of most common NSAIDs is 

illustrated in figure 1.11. The Gastric toxicity associated with these drugs also 

depends on the dosage, higher doses causes greater toxicity.64,68 At higher dose of 
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above 1600mg per day ibuprofen causes gastric complications comparable to 

dichlofenac and naproxen.65,69  

 

LOW RISK---------------INTERMEDIATE RISK-----------------HIGH RISK 

Ibuprofen  dichlofenac naproxen indomethacin       piroxicam  

Figure 1.11: Spectrum of NSIADs toxicity 

 

Classical NSAIDs target both cyclooxygenase enzymes, which leads to both desired 

and undesired effects. Desirable effect is produced due to inhibition of COX-2, 

which reduces the production of pro-anti-inflammatory prostaglandins at site of 

inflammation. While the undesirable effect is due to inhibition of COX-1, which is 

responsible for the formation of various physiological prostaglandins, that regulates 

the normal body functions in stomach and in kidney.70 These observations provide a 

roadmap to synthesize selective COX-2 inhibitors possessing anti-inflammatory and 

analgesic effects with less gastrointestinal side effects.71  

1.7 Selective COX-2 inhibitors  

Selective COX-2 inhibitors (COXIBs) refer to the second generation of NSAIDs that 

target only COX-2, an enzyme which is thought to be responsible for inflammation. 

This specific cyclooxygenase inhibition reduces the risk of gastric toxicity and is the 

main characteristic of this class of drugs like rofecoxib, celecoxib and other members 

of this group. Structures of some COX-2 selective drugs are given in figure 1.12. 
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Figure 1.12: Structures of some COX-2 selective drugs 

 

The COX-2 selectivity of these drugs is due to the structural differences between the 

two COX enzymes. The design of compounds with increased steric bulk lead to 

selective inhibition of COX-2. In contrast to traditional NSAIDs, selective COX-2 

inhibitors do not possess the carboxylic group and interact with the active sites 

without the formation of salt bridge in the hydrophobic channel of the enzyme. 

Based on the structural differences, COX-2 selective inhibitors are classified into the 

following groups: 

 Diaryl or aryl-heteroaryl-ether: flosulide, nimesulide, NS-398. 

 Vicinal diaryl heterocycles: rofecoxib, celecoxib, DuP-697. 

 Compounds having antioxidative moieties. 

 1,2-diarylethylene derivatives: cis-stilbenes. 

 Modified common NSAIDs to improve COX-2 selectivity: meloxicam, 

etodolac.   
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1.8 Side effects of COXIBs 

It has been shown that COXIBs reduce pain and inflammation without causing 

gastrointestinal complications, which is the major problem associated with the non-

selective NSAIDs.72-73 However, some new side effects like delayed wound healing, 

stroke and heart attack were observed with the use of COX-2 selective drugs.74 In 

order to understand about the side effects of COXIBs the physiological role of COX 

derived prostaglandins was extensively studied.75 Recent studies show a far more 

complex picture than originally perceived, with the COX-2 isoform being 

constitutively expressed in several tissues including brain and kidney.76-77 Research 

shows that COX-2 involved in the regulation of renin-angiotension system, and to 

possess anti-atherogenic and vasoactive properties.78-79 Moreover, COX-2 enzyme 

play an important role in hormonal induction during ovulation and its high level in 

the onset of labor.78,80     

 

1.9 NSAIDs and Cancer 

 It is well established fact that inflammation is related to cancer. For example studies 

show that inflammation in prostate gland increases the risk of prostate cancer by 

14%, ulcerative colitis increase the risk of colorectal cancer by 25%, and pancreatitis 

increases the risk of pancreatic cancer by 10-20 fold.81-87 This shows that 

carcinogenesis is facilitated by inflammation.  

Epidemiological data suggest that the use of aspirin and other NSAIDs reduces the 

incidence of breast, lung and colorectal cancer.88 Study carried out on colorectal 

cancer patient, shows that patients who were taking NSAID for long term have low 

mortality rate than non-NSAID users.89 Similarly, the incidence and mortality rate is 

significantly low in lung cancer patients, who were taking aspirin for long time.90 

However, these drugs do not reduce the risk of breast cancer even in patients taking 

aspirin for 10 years.91 Other NSAIDs like piroxicam and ibuprofen have also 

demonstrated as chemo-preventive agent against cancer.92-93 This shows that there is 

significant correlation between the use of NSAIDs and decreased incidence of 

primary and recurrent cancer. Although the effect of different NSAIDs depends on 

the dose, type of cancer, time of exposure and duration of follow up. Selective COX-

2 inhibitors were developed with the aim to reduce GI toxicity, however early 
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clinical trials demonstrated that these drugs like celecoxib reduces the recurrence and 

polyp number in familial adenomatous polyposis (FAP) patients.94 With these 

findings celecoxib was approved by FDA for adjuvant therapy in the treatment of 

FAP in 1999.95 Other studies also showed that celecoxib may reduce the risk of other 

cancers like ovarian cancer.96 The observations of different scientists provided us a 

roadmap to plan our research work in which the synthesis of COX-2 inhibitors 

possessing antipyretic, anti-inflammatory and analgesic effects without causing 

gastrointestinal side effects.   
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Present work 

The main focus of the present work was:  

 To replace the carboxylic group present in most of the common NSAIDs like 

ibuprofen, naproxen and flurbiprofen, with series of quaternary ammonium 

moieties. The carboxylic group is thought to be partly responsible for the 

gastric toxicity associated with the long term use of these drugs. Therefore the 

main aim of the work being, design of new compounds without carboxylic 

function which may retain the anti-inflammatory activity with reduced GI 

toxicity.  

 Anti-inflammatory, analgesic, antipyretic and ulcerogenic studies of the newly 

synthesized water soluble quaternary ammonium compounds.   

 Computer aided docking study of the new compounds with cyclooxygenase 

enzymes, in-order to visualize their binding modes with the COX enzymes.  

 To synthesize water soluble compounds, which may be readily absorbed in the 

body and thus could be used as potential anti-inflammatory agents.  
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Chapter-2 

NAPROXEN DERIVATIVES 

 

2.1 Results and Discussion  

Naproxen derivatives 43-47 were synthesized via multiple step synthesis sequence 

starting from naproxen 36 (scheme 2.1). First naproxen was converted to acid chloride 

37 by treating with oxalyl chloride. Amides 38-42 were then synthesized by reacting 

acid chloride with amines. Amides were reduced using lithium aluminum hydride and 

the corresponding amines were converted to ammonium salts by passing dry HCl gas 

through their ether solutions.      
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Scheme 2.1: Synthesis of naproxen derivatives 43-47 
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Table 2.1: Physical and chemical data of compounds 43-47 

S. No Compound No NR1R2 Formula M.Pt oC Yield % 

1 43 
 

C18H24NOCl 198 89.4 

2 44  C16H22NO2Cl 231 85.0 

3 45 

 

C19H26NO2Cl 154 85.3 

4 46 
 

C19H26NOCl 232 73.6 

5 47 
 

C18H24NO2Cl 206 91.4 

 

Compounds 43-47 were confirmed from 1H NMR spectra. Appearances of new 

signals in the 1H NMR spectra confirmed the amine moiety. These compounds were 

further confirmed by 13C NMR and mass spectrometry. 1H and 13C NMR data of 

representative example in this series is given in table 2.2. Two triplets at 3.15 and 

3.77 ppm confirm the ethanolamine moiety. While, six protons in the aromatic region, 

three protons at 3.95 ppm, one proton at 3.4 ppm and three protons at 1.42 ppm, 

confirm the presence of reduced naproxen skeleton. In the 13C NMR, the two 

methylene groups attached to the quaternary nitrogen are deshielded and appear at 

52.5 and 48.5 ppm.     
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Table 2.2: 1H and 13C NMR data for compound 44 

Carbon No 1H NMR 13C NMR 

1 3.35 (m, 2H) 52.5 

3 3.39 (m, 1H) 36.1 

4  136.4 

5 7.25 (dd, J = 9.15 Hz, J = 2.43 Hz 1H) 127.1 

6 7.91-7.81 (m, 3H) 125.0 

7  132.8 

8 7.91-7.81 (m, 3H) 105.5 

9  156.3 

11 3.95 (s, 3H) 54.6 

12 7.50 (dd, J = 8.55 Hz, J = 1.23 Hz, 1H) 118.1 

13 7.91-7.81 (m, 3H) 128.1 

14  128.6 

15 7.39 (d, J = 2.43 Hz, 1H) 125.2 

16 1.41 (d, J = 6.72 Hz, 3H) 18.3 

17 3.15 (t, J = 5.49 Hz, 2H) 48.5 

18 3.77 (t, J = 5.49 Hz, 2H) 55.5 

 

Three compounds 43-45 were tested for anti-inflammatory activity by carrageenan 

induced paw oedema model experiment. In vivo anti-inflammatory studies revealed 

that all the three derivatives of naproxen are significantly active. This study showed 

that compound 44 possess good anti-inflammatory properties as compared to the other 

naproxen derivatives. Anti-inflammatory effect of all the naproxen derivatives was 

found maximum after one hour of drug administration and becomes fairly constant 

after second hour. As shown in the figures 2.1, 2.2 and 2.3, compounds 43-44 

significantly reduced the carrageenan induced paw oedema volume compared to the 

control group. Compound 44, which is the most active among the series, shows 65.26 
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% anti-inflammatory activity after 1 h and then becomes fairly constant (table 2.3). 

Compound 45 show maximum anti-inflammatory activity i.e 57.02 % at 1 h (table 

2.3). Similarly compound 43 show maximum anti-inflammatory response i.e 56.74 % 

at 1 h (table 2.3).      

 

Table 2.3: Time-dependent % anti-inflammatory activity of compounds 43-45 

Compounds Dose mg/Kg % anti-inflammatory activity 

  1 h 2 h 3 h 4 h 

43 6.90 56.74 24.91 19.70 28.01 

44 6.40 65.26 37.12 26.96 27.23 

45 7.28 57.02 32.48 17.14 24.27 

 

 

 

 

Figure 2.1: Comparison of change in paw volume; compound 43 Vs control 
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Figure 2.2: Comparison of change in paw volume; compound 44 Vs control 

 

 

Figure 2.3: Comparison of change in paw volume; compound 45 Vs control 
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Figure 2.4: Time-dependent change in paw volume (ΔV) 

 

 

 

Figure 2.5: Time dependent anti-inflammatory activity 
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Acute ulcerogenic activity of 43-45 was carried out according to procedure 

reported by Cocco et al.97 Naproxen (40 mg/Kg) and equimolar doses of the test 

compounds 43-45 were dissolved in 1 % methylcellulose solution and then 

administered orally to rats, which were kept fasting for 24 h prior to the 

experiment. After 6 h, animals were euthanized and stomachs were removed and 

carefully examined for ulcers and bleedings. Unlike naproxen (ulcer 

index=108.7), the new compounds did not produce ulcer. A result for acute 

ulcerogenic assay is summarized in table 2.4. Also real pictures of the stomachs 

were taken which clearly shows that compounds 43-45 are safe as compared to 

naproxen (figure 2.6).  

 

                            

            (Naproxen)        (43) 

                                                           

      (44)     (45)  

Figure 2.6: Ulcerogenicity assay data illustrating the extent of NSAID-induced 
gastric ulcers for 43-45, compared to that induced by the naproxen 
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Table 2.4: Gastric Ulcer Index Produced by an acute administration of the Test 

Compounds 43-45 and the reference drug naproxen 
 

Compound Ulcer Index 

Naproxen 108.7 

43 0.00 

44 0.00 

45 0.00 

 
Most of the NSAIDs used presently like aspirin, ibuprofen and naproxen cause 

ulceration most probably due to the presence of COOH group. We replaced the 

COOH acidic group by quaternary ammonium moieties, which are neutral and non-

ulcerogenic. 

 

2.2 Docking study of N-(2-hydroxyethyl)-2-(6-methoxynaphthalen-2-yl) 

propan-1-aminium chloride (44) 

The cellular target is not defined during in vivo anti-inflammatory investigation of 

compounds 43-45; thus in order to look at the plausible mode of interactions of these 

compounds at enzymatic level and rationalize the experimental results, docking of the 

lead compound 44 in the active site of COX-2 enzyme (PDB ID 6COX) was 

performed, since this enzyme is the most promising target of various anti-

inflammatory drugs. 

Compound 44 (AI activity = 65.28 %) favorably places itself in COX-2 active site in 

such a way that the terminal hydroxyl group (OH) orients towards the Q192, F518, 

R513 and V523 active site residues (Figure 2.7); nitrogen atom of F518 shows 

hydrogen bonding (N......HO distance = 2.63 Å) with hydroxyl group of compound 

44. At the same binding pose, the hydroxyl group indicates hydrogen bonding 

(O.....HO distance = 2.07 Å) with carbonyl oxygen of Q192 amino acid (COX-2 

secondary pocket residue). During docking of compound 44, nitrogen atom shows 

hydrogen bonding with L352 residue (O......HO distance = 2.23 Å) and it closely 

approaches to Q192 (distance between carbonyl oxygen and OH was measured 3.01 

Å).  
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Figure 2.7: Molecular modeling (docking) of compound 44 (carbon atoms in grey 

color) in the binding site of COX-2 (PDB ID: 6COX; Eintermolecular = -12.23 kcal/mol). 

Hydrogen atoms of amino acid residues have been omitted for clarity 

2.3 Experimental 

A. Chemistry 

2.3.1 General  

Melting points were determined with an Electrothermal Mel-Temp® melting point 

apparatus (Dubuque, IA, USA) and are uncorrected. 1H- and 13C-NMR spectra were 

recorded on a Bruker AM-300 spectrophotometer with TMS as internal standard, 

where coupling constants (J) are reported in Hertz (Hz) but the corresponding 

chemical shifts are represented in δ units (ppm). ESI-MS spectra were recorded a 

Water’s micromass ZQ-4000 single quadruple mass spectrometer. All synthesized 

Compounds showed a single spot on RediSep® silica gel glass plates (UV254, 0.2 

mm) using high, medium, and low polarity solvent mixture and no residue remained 

after combustion, indicating a purity higher than 95%. Column chromatography was 

performed on a CombiFlash Retrieve system using RediSep Rf silica gel (40-60 m) 

cartridges. The corresponding acid chlorides of naproxen,  ibuprofen , and 

flurbiprofen were synthesized following a reported literature procedure.98 All other 

reagents were purchased from Aldrich Chemical Company (Milwaukee, WI) and 

were used without further purification. 
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2.3.2 Naproxen acid chloride (37)  

 

Naproxen acid chloride was synthesized according to reported procedure.99 Oxalyl 

chloride (2.2 g, 17.4 mmol) was drop wise added to solution of naproxen (2.0 g, 8.7 

mmol) in DCM (20 mL). Three drops of DMF was added to the reaction mixture. 

This reaction mixture was stirred for 12 h at room temperature. The solvent and 

excess of oxalyl chloride were removed under reduced pressure. The resulting acid 

halide was used in further reactions without purification. 
1H NMR: (300 MHz, CDCl3): δ 7.75 (m, 3H, phenyl), 7.44 (dd, J = 8.55 Hz, J = 1.83 

Hz, 1H, phenyl), 7.18 (m, 2H, phenyl), 4.00 (q, J = 7.32, 1H, CHCH3), 3.93 (s, 3H, 

CH3OAr), 1.65 (d, J = 7.32 Hz, 3H, CH3CH). 

 

2.3.3 Naproxen amides 

2.3.3.1 2-(6-methoxynaphthalen-2-yl)-1-(pyrrolidin-1-yl)propan-1- 
one (38)   

 

Solution of pyrrolidine (0.27 g, 3.8 mmol) in DCM (5 mL) was added to solution of 

naproxen acid chloride (0.47 g, 1.9 mmol) in DCM (10 mL). The reaction mixture 

was stirred at room temperature for 3 h. When the reaction was complete, the mixture 

was filtered and the filtrate was evaporated to get the crude product. The product was 

purified by flash column using n-hexane: ethyl acetate (50:50).  

Yield: 90 %, m.pt.: 109-110 0C.  
1H NMR: (300 MHz, CDCl3): δ 7.76-7.65 (m, 3H, phenyl), 7.42 (dd, J = 8.55 Hz, J 

= 1.83 Hz, 1H, phenyl), 7.15 (m, 2H, phenyl), 3.92 (s, 3H, CH3OAr), 3.88 (q, J = 

7.32, 1H, CHCH3), 3.46-1.73 (two br, 8H, 4CH2, pyrrolidine), 1.52 (d, J = 7.32 Hz, 

3H, CH3CH).  
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2.3.3.2 N-(2-hydroxyethyl)-2-(6-methoxynaphthalen-2-
yl)propanamide (39)  

 

Mixture of ethanolamine (0.34 g, 5.6 mmol) and naproxen acid chloride (0.7 g, 2.8 

mmol) in DCM (15 mL) was stirred at room temperature for 3 h. After completion of 

reaction, the reaction mixture was filtered and the solvent was evaporated to get the 

product. The product was recystallized from dichloromethane and hexane.  

Yield: 48%, m.pt.: 830C. 
1H NMR: (300 MHz, CDCl3): δ 7.72 (m, 3H, phenyl), 7.37 (d, J = 7.92 Hz, 1H, 

phenyl), 7.15 (m, 2H, phenyl), 5.88 (br, 1H, NH), 4.33 (t, 1H, OH), 3.93 (s, 3H, 

CH3OAr), 3.75 (q, J=6.72 Hz, 1H, CHCH3), 3.68 (t, J = 4.26 Hz, 2H, CH2-OH), 3.37 

(t, J = 4.26 Hz, 2H, CH2NH), 1.62 (d, J = 6.09 Hz, 3H, CH3CH).  

 

2.3.3.3 1-(2-(6-methoxynaphthalen-2-yl)propanoyl)pyrrolidine-2-
carboxylic acid (40)  

 

Solution of proline (0.446 g, 3.8 mmol) in DCM (5 mL) was added to solution of 

naproxen acid chloride (0.47 g, 1.9 mmol) in DCM (10 mL). The reaction mixture 

was stirred at room temperature for 3 h. After completion of reaction, the reaction 

mixture was filtered and the filtrate was concentrated to get the crude product. The 

product was purified by flash column using n-hexane: ethyl acetate (20:80). 

Evaporation of solvent yielded the product as white crystalline solid.   

Yield: 81 %, m.pt.: 157 0C. 
1H NMR: (300 MHz, CDCl3): δ 7.75-7.61 (m, 3H, phenyl), 7.37 (dd, J = 8.52 Hz, J 

= 1.83 Hz, 1H, phenyl), 7.13 (m, 2H, phenyl), 4.70 (m, 1H, CHCOOH), 3.92 (s, 3H, 

CH3OAr), 3.90 (q, J = 6.69 Hz, 1H, CHCH3), 3.53 (m, 1H, CHaHbN, proline), 3.30 

(m, 1H, CHaHbN, proline), 2.48 (m, 1H, pyrrolidine), 1.93 (m, 3H, proline), 1.54 (d, J 

= 7.32 Hz, 3H, CH3CH). 
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2.3.3.4 2-(6-methoxynaphthalen-2-yl)-1-(piperidin-1-yl)propan-1-one 
(41) 

 

Mixture of piperidine (0.32 g, 3.7 mmol) and naproxen acid chloride (0.46 g, 1.8 

mmol) in DCM (15 mL) was stirred at room temperature for 3 h. After completion of 

reaction, the reaction mixture was filtered and the solvent was evaporated to get the 

crude product. The product was purified by flash column using n-hexane: ethyl 

acetate (50:50). Evaporation of solvent yielded the product as a white crystalline 

solid. 

 Yield: 76%, m.pt.: 77-78 oC.  
1H NMR: (300MHz, CDCl3): δ 7.71-7.67 (m, 2H, phenyl), 7.61 (d, J = 1.23 Hz, 1H, 

phenyl), 7.36 (dd, J = 1.83 Hz, J = 8.55 Hz, 1H, phenyl), 7.13 (m, 2H, phenyl), 4.02 

(q, J=6.69 Hz, 1H, CHCH3), 3.91 (s, 3H, CH3OAr), 3.39 (br, 4H, piperidine), 1.64 & 

1.36 (two br, 6H, piperidine) 1.47 (d, J = 6.69 Hz, 3H, CH3CH).  

 

2.3.3.5 2-(6-methoxynaphthalen-2-yl)-1-morpholinopropan-1-one (42)  

 

Solution of morpholine (0.35 g, 40.2 mmol) in DCM (5 mL) was added to solution of 

naproxen acid chloride (0.5 g, 20.1 mmol) in DCM (10 mL). The reaction mixture 

was stirred at room temperature for 3 h. After completion of reaction, the reaction 

mixture was filtered and the filtrate was concentrated to get the crude product. The 

product was purified by flash column using n-hexane: ethyl acetate (50:50). The jelly 

like product was recystallized from diethyl ether and hexane.  

Yield: 65.0 %, m.pt.: 115 oC  
1H NMR: (300 MHz, CDCl3): δ 7.73-7.59 (m, 3H, phenyl), 7.34 (dd, J = 1.83 Hz, J 

= 8.55 Hz, 1H, phenyl), 7.13 (m, 2H, phenyl), 4.12 (q, J = 7.32 Hz, 1H, CHCH3), 3.92 

(s, 3H, CH3OAr), 3.79-3.08 (m, 8H, morpholine), 1.51 (d, J = 7.32 Hz, 3H, CH3CH).  
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2.3.4 Quaternary ammonium salts of naproxen 

Naproxen amides were reduced to amines according to reported procedure.100 The 

resultant amines were converted into the corresponding quaternary ammonium salts. 

 

2.3.4.1 1-(2-(6-methoxynaphthalen-2-yl)propyl)pyrrolidinium 
chloride (43) 

 

Solution of amide 38 (0.5 g, 1.8 mmol) in THF (10 mL) was slowly added to 

suspension of lithium aluminum hydride (0.13 g, 3.5 mmol) in THF (10 mL). The 

reaction mixture was stirred at room temperature for 3 h. The progress of reaction was 

monitored by TLC. After the completion of reaction, excess of LAH was destroyed by 

slow addition of water followed by addition of 1N sodium hydroxide solution and 

extracted by ethyl acetate. The ethyl acetate layer was separated using separating 

funnel and dried with anhydrous sodium sulfate. Evaporation of the solvent yielded an 

essentially pure amine. The amine was dissolved in diethyl ether and dry HCl gas was 

passed through this solution. By passing the dry HCl gas through the ethereal solution 

of amine, the quaternary ammonium salt was precipitated out immediately. The salt 

was filtered, washed with ether and dried under vacuum.  

Yield: 89.36 %, m.pt.: 198 0C. 

 1H NMR (300 MHz, D2O): δ 7.88 (m, 3H, phenyl), 7.50 (dd, J = 8.55 Hz, J = 1.83 

Hz, 1H, phenyl), 7.38 (d, J = 2.40 Hz, 1H, phenyl), 7.25 (dd, J = 8.55 Hz, J = 2.40 

Hz, 1H, phenyl), 3.95 (s, 3H, CH3OAr), 3.62 (m, 2H, CH2N), 3.49 (m, 1H, CHCH3), 

3.25-1.95 (two br, 8H, 4CH2, pyrrolidine), 1.38 (d, J = 6.72 Hz, 3H, CH3CH).  
13C NMR (75 MHz, D2O): 156.4 (C), 136.4 (C), 132.9 (C), 128.6 (CH), 128.1 (C), 

127.2 (CH), 125.4 (CH), 124.9 (CH), 118.1 (CH) 105.5 (CH), 60.5 (CH2), 54.7 (CH3), 

53.9 (CH2), 36.1 (CH), 21.8 (CH2), 18.3 (CH3).  

ESI-MS (z/m): 269.9 
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2.3.4.2 N-(2-hydroxyethyl)-2-(6-methoxynaphthalen-2-yl)propan-1-
aminium chloride (44)  
 

 

 

Solution of amide 39 (0.4 g, 1.5 mmol) in THF (10 mL) was slowly added to 

suspension of lithium aluminum hydride (0.11 g, 2.9 mmol) in THF (5 mL). The 

reaction mixture was refluxed for 4 h. The progress of reaction was monitored by 

TLC. After the completion of reaction, the reaction mixture was cooled to room 

temperature and excess of LAH was destroyed by slow addition of water followed by 

addition of 1N sodium hydroxide solution and ethyl acetate. The ethyl acetate layer 

was separated using separating funnel and dried with anhydrous sodium sulfate. 

Evaporation of the solvent yielded a crude product which was purified by flash 

chromatography using ethyl acetate and methanol (3:1, 3:2, and 1:1). The amine was 

dissolved in diethyl ether and dry HCl gas was passed through this solution. By 

passing the dry HCl gas through the ethereal solution of amine, the quaternary 

ammonium salt was precipitated out immediately. The salt was filtered, washed with 

ether and dried under vacuum.  

Yield: 85.0 %, m.pt.:  231 0C.  

[α]: -36.79 

1H NMR (300MHz, D2O): δ 7.91-7.81 (m, 3H, phenyl), 7.50 (dd, J = 8.55 Hz, J = 

1.23 Hz, 1H, phenyl), 7.39 (d, J = 2.43 Hz, 1H, phenyl), 7.25 (dd, J = 9.15 Hz, J = 

2.43 Hz, 1H, phenyl), 3.95 (s, 3H, CH3OAr), 3.77 (t, J = 5.49 Hz, 2H, CH2-OH), 3.39 

(m, 1H, CHCH3), 3.35 (m, 2H, CH2NH), 3.15 (m, CH2CH), 1.41 (d, J = 6.72 Hz, 3H, 

CH3CH).           

 13C NMR (75 MHz, D2O): 156.3 (C), 136.4 (C), 132.8 (C), 128.6 (CH), 128.1 (C), 

127.1 (CH), 125.2 (CH), 125.0 (CH), 118.1 (CH) 105.5 (CH), 55.5 (CH2), 54.6 (CH3), 

52.5 (CH2), 48.5 (CH2), 36.1 (CH), 18.3 (CH3). 

ESI-MS (z/m): 259.9  
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2.3.4.3  2-(hydroxymethyl)-1-(2-(6-methoxynaphthalen-2-
yl)propyl)pyrrolidinium chloride (45) 
 

 

 

Solution of amide 40 (0.58 g, 1.8 mmol) in THF (15 mL) was slowly added to 

suspension of lithium aluminum hydride (0.26 g, 7.1 mmol) in THF (5 mL). The 

reaction mixture was stirred at room temperature for 3 h. The progress of reaction was 

monitored by TLC. After the completion of reaction, excess of LAH was destroyed by 

slow addition of water followed by addition of 1N sodium hydroxide solution and 

extracted by ethyl acetate. The ethyl acetate layer was separated using separating 

funnel and dried with anhydrous sodium sulfate. Evaporation of the solvent yielded 

the crude product which was purified by flash chromatography. The amine was 

dissolved in diethyl ether and dry HCl gas was passed through this solution. By 

passing the dry HCl gas through the ethereal solution of amine, the quaternary 

ammonium salt was precipitated immediately. The salt was filtered, washed with 

ether and dried under vacuum.  

Yield: 85.3 %, m.pt.: 154 oC 
1H NMR (300 MHz,  D2O): δ 7.91-7.83 (m, 3H, phenyl), 7.50 (dd, J = 8.55 Hz, J = 

1.23 Hz, 1H, phenyl), 7.37 (d, J = 2.44 Hz, 1H, phenyl), 7.24 (dd, J= 8.55 Hz, J=2.44 

Hz, 1H, phenyl), 3.94 (s, 3H, CH3OAr), 3.87 (m, 2H, CH2OH), 3.66 (m, 1H, CH 

CH3), 3.60 (m, 2H, CH2N), 3.42 (m, 2H, CH2N prolinol), 3.27 (m, 2H, CHN 

prolinol), 2.19-1.67 ( two m, 4H, 2CH2, prolinol), 1.36 (d, J = 6.81 Hz, 3H, CH3CH).  
13C NMR (75 MHz, D2O): 156.4 (C), 136.0 (C), 132.9 (C), 128.6 (CH), 128.1 (C), 

127.3 (CH), 125.4 (CH), 124.8 (CH), 118.1 (CH) 105.5 (CH), 69.2 (CH), 58.3 (CH2), 

54.6 (CH3), 53.6 (CH2), 35.9 (CH), 21.1 (CH), 19.5 (CH3) 

ESI-MS (z/m): 300.1 
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2.3.4.4 1-(2-(6-methoxynaphthalen-2-yl)propyl)piperidinium chloride 
(46) 

 

 

Solution of amide 41 (0.38 g, 1.2 mmol) in THF (5 mL) was slowly added to 

suspension of lithium aluminum hydride (0.09 g, 2.5 mmol) in THF (5 mL). The 

reaction mixture was stirred at room temperature for 3h. The progress of reaction was 

monitored by TLC. After the completion of reaction, excess of LAH was destroyed by 

slow addition of water followed by addition of 1N sodium hydroxide solution and 

extracted by ethyl acetate. The ethyl acetate layer was separated using separating 

funnel and dried with anhydrous sodium sulfate. Evaporation of the solvent yielded an 

essentially pure amine. The amine was dissolved in diethyl ether and dry HCl gas was 

passed through this solution. By passing the dry HCl gas through the ethereal solution 

of amine, the quaternary ammonium salt was precipitated immediately. The salt was 

filtered, washed with ether and dried under vacuum.  

Yield: 73.6 %, m.pt.: 232 oC. 
1H NMR: (300 MHz, CDCl3): δ 7.91-7.81 (m, 3H, phenyl), 7.49 (dd, J = 8.55 Hz, J 

= 1.83 Hz,  1H, phenyl), 7.37 (d,  J = 2.43 Hz, 1H, phenyl), 7.24 (dd, J = 2.43 Hz, J = 

8.55 Hz, 1H, phenyl), 3.94 (s, 3H, CH3OAr), 3.7 (m, 1H, CHCH3), 1.36 (d, J = 

7.32Hz, CH3CH), 3.46, 2.87 & 1.61-1.57 (m, 12H, CH2 & piperidine ) 
13C NMR (75 MHz, D2O): 154.4 (C), 134.7 (C), 130.8 (C), 126.6 (CH), 126.1 (C), 

125.2 (CH), 123.1 (CH), 122.9 (CH), 116.1 (CH) 103.5 (CH), 59.6 (CH2), 52.6 (CH3), 

32.2 (CH), 19.4 (CH2), 18.2 (CH2), 17.3 (CH3) 

ESI-MS (z/m): 284.1 
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2.3.4.5 4-(2-(6-methoxynaphthalen-2-yl)propyl)morpholine-4-ium 
chloride (47) 

 

 

Solution of amide 42 (0.5 g, 1.7 mmol) in THF (10 mL) was drop wise added to 

suspension of lithium aluminum hydride (0.18 g, 4.8 mmol) in THF (10 mL). The 

reaction mixture was stirred at room temperature for 4 h. The progress of reaction was 

monitored by TLC. After the completion of reaction, excess of LAH was destroyed by 

slow addition of water followed by addition of 1N sodium hydroxide solution and 

extracted by ethyl acetate. The ethyl acetate layer was separated using separating 

funnel and dried with anhydrous sodium sulfate. Evaporation of the solvent yielded an 

essentially pure amine. The amine was dissolved in diethyl ether and dry HCl gas was 

passed through this solution. HCl gas was produced by the drop wise addition of 

concentrated sulfuric acid to 37 % solution of hydrochloric acid in water. The HCl gas 

produced was dried by passing through calcium chloride tube. By passing the dry HCl 

gas through the ethereal solution of amine, the quaternary ammonium salt was 

precipitated immediately. HCl gas was passed through the solution for of 30 min. The 

salt was filtered, washed with ether and dried under vacuum.  

Yield: 91.4 %, m.pt.: (206 0C).  
1H NMR: (300 MHz, CDCl3): δ 7.90-7.81 (m, 3H, phenyl), 7.50 (d, J = 8.55 Hz, 1H, 

phenyl), 7.36 (d, J = 1.83 Hz, 1H, phenyl), 7.23 (dd, J = 2.46 Hz, J = 9.18 Hz, 1H, 

phenyl), 3.93 (m, 4H, CHCH3 & CH3OAr), 3.69-3.10 (m, 10H, CH2 & morpholine 

protons), 1.37 (d, J = 6.12 Hz, 3H, CH3CH).  
13C NMR (75 MHz, D2O): 157.7 (C), 133.2 (C), 130.8 (C), 129.0 (CH), 126.8 (CH), 

126.2 (CH), 126.1 (C), 125.1 (CH), 118.7 (CH) 105.6 (CH), 66.6 (CH2), 66.4 (CH2), 

66.3 (CH2), 66.1 (CH2), 55.6 (CH3), 53.9 (CH2), 36.9 (CH), 17.3 (CH3). 

ESI-MS (z/m): 285.9 
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C. Biological study 

 

2.3.5 Anti-inflammatory activity 

Winstar rats were used for pharmacological studies. Newly synthesized compounds 

were tested for their anti-inflammatory activity using carrageenan induced paw 

oedema model.101 Compounds 43-45 were orally administered at equimolar dose to 

naproxen 0.0217 M (5 mg/kg). Ibuprofen derivatives 55-57 were administered with 

equimolar dose to ibuprofen 0.29 M (60 mg/kg). While for compounds 73-75 dose 

calculations was based on 1.0 mg/Kg dose for flurbiprofen. Animals were deprived of 

food 18 h prior to the experiment however they had free access to water. Animals 

were divided into four groups and each group comprises of four animals. Calculated 

drugs doses were administered to the animals by oral route and after 1 h carrageenan 

(1 %) was injected in the paw of each animal. Paw volume was measures at 1, 2, 3 

and 4 h.  

2.3.6 Ulcerogenic assay 

The ulcerogenic activity of compounds 43-45 compared to naproxen, was carried out 

according to procedure reported by Cocco et al.97 Ulcerogenic assay of the selected 

compounds was carried out using Winstar rats. Animals were divided into four groups 

and each group comprised of four rats. Food was removed from the animals 21 h prior 

to the assay. Naproxen (40 mg/Kg) was dissolved in 1 % methyl cellulose solution 

and equimolar dose of compounds 43-45 were dissolved in distilled water. Calculated 

equimolar doses for 43, 44 and 45 were 52 mg/Kg, 50 mg/Kg and 57 mg/Kg 

respectively.  Synthesized compounds and the standard were administered orally. 

After 6 h animals were euthanized using standard procedure and stomachs were 

removed and opened through great curvature and examined for lesions or bleeding. 

Interestingly no lesion was observed in case of the three synthesized compounds 

while in case of naproxen the stomach was practically covered with lesions and 

bleeding. 
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Chapter-3  
 

IBUPROFEN DERIVATIVES 

 
3.1 Results and discussion 

Ibuprofen derivatives 55-59 were prepared in a similar way to naproxen derivatives; 

however, for the synthesis of ibuprofen acid chloride, thionyl chloride was used instead of 

oxalyl chloride. Ibuprofen and excess of thionyl chloride was refluxed for 3 h and then 

the excess of thionyl chloride was removed under reduced pressure and the resulting 

ibuprofen acid chloride was used in further reactions without purification. Amides 50-54 

were then synthesized by reacting ibuprofen acid chloride with amine (2 eq) in DCM at 

room temperature. Amides were reduced by using lithium aluminum hydride. Reduction 

was carried in THF at room temperature. The resulting amines were converted into 

quaternary ammonium salts 55-59 by passing dry HCl gas through the etherial solutions.    

 

 

Scheme 3.1: Synthesis of ibuprofen derivatives 55-59 
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Table 3.1: Physical and chemical data of compounds 55-59 

S. No Compound No NR1R2 Formula M.Pt oC Yield %

1 55 
 

C17H28NCl 188 90.9 

2 56  C15H26NOCl 137-138  89.2 

3 57 

 

C18H30NOCl 146 86.5 

4 58 
 

C18H30NCl 232 86.9 

5 59 
 

C17H28NOCl 183-185 89.2 

 

Amides and the final quaternary ammonium compounds were characterized by 1H NMR. 

Amides were confirmed by the appearance of additional signals in the 1H NMR spectra. 

When amides were reduced to the corresponding amines, a new signal in the region of 

3.0-3.1 ppm for methylene proton confirmed the reduction. Final compounds were further 

confirmed by 13C NMR.  1H and 13C NMR data of representative example (compound 55) 

in this series is given in table 3.2. The pyrrolidine moiety was confirmed by two broad 

signals in the regions 3.6-3.3 ppm and 2.0-1.8 ppm.   
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Table 3.2: 1H and 13C NMR data for compound 55 

Carbon No 1H NMR 13C NMR 

1 7.33-7.27 (m, 4H) 129.3 

2  138.3  

3 7.33-7.27 (m, 4H) 129.3 

4 7.33-7.27 (m, 4H) 126.3 

5  141.1 

6 7.33-7.27 (m, 4H) 126.3 

7 3.02 (m, 1H) 35.7 

8 1.30 (d, J = 6.72 Hz, 3H) 20.8 

9 3.25(m, 2H) 60.6 

11 2.49 (d, J = 6.69 Hz, 2H) 43.4 

12 1.8 (m, 1H) 28.9 

13 & 14 0.87 (d, J = 6.09 Hz, 6H) 18.9 

15 & 18 3.6-3.3 (m, 4H) 54.5 

16 & 17 2.07-1.80 ( two br, 4H) 21.8 

 

Three of the ibuprofen derivatives (55, 56 and 57) were screened for in vivo anti-

inflammatory activity. In one experiment, the newly synthesized compounds were 

administered at equimolar dose of Ibuprofen i.e 60 mg/Kg. But all the tested compounds 

were found inactive or slightly active at this dose. Paw volume was measured at 1 h, 2 h 

and 4 h. However compound 56 showed significant anti-inflammatory activity at higher 

dose of 160 mg/Kg (AI activity 76.15 %). As shown in the figures 3.2, compounds 56 

significantly reduced the carrageenan induced paw oedema volume compared to the 

control group.  This shows that these compounds possess good anti-inflammatory activity 

at higher doses. The effect of compounds 55 and 57 on the carrageenan induced paw 

oedema is shown in the figures 3.1 and 3.3 respectively. Results of anti-inflammatory 
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activity ibuprofen derivatives in carrageenan induced rat paw edema model are 

summarized in table 3.3. 

 

Table 3.3: data of anti-inflammatory assay for ibuprofen derivatives 55-57 

Compounds Dose (mg/Kg) % anti-inflammatory activity 

  1 h 3 h 4 h 

55 82 -11.00 13.47 24.85 

56 (low dose) 79 -10.78 9.39 -0.85 

56 (high dose) 160 67.03 76.15 25.23 

57 90 -63.78 -22.39 1.41 

63 78.00 -0.47 16.37 -6.49 

 

 

 

Figure 3.1: Comparison of change in paw volume; compound 55 Vs control 
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Figure 3.2: Comparison of change in paw volume; compound 56 (high dose) Vs 

control 

 

 

Figure 3.3: Comparison of change in paw volume; compound 57 Vs control 
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Figure 3.4: Time-dependent change in paw volume (ΔV) 

 

 

 

 

Figure 3.5: Time dependent anti-inflammatory activity 
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Compound 61 was synthesized by esterification of 60. Esterification was carried out 

using thionyl chloride and excess of methanol. The resultant ester was confirmed by 1H 

NMR. Singlet at 3.5 ppm for methyl protons confirmed methyl ester 61 (Scheme 3.2). 

Methyl 2-(4-(bromomethyl)phenyl)propanoate 61 on reaction with dimethylamine 

hydrochloride produced methyl 2-(4-((dimethylamino) methyl)phenyl) propanoate 62. 

This compound was converted into quaternary ammonium salt by passing dry HCl gas 

through its ether solution. On passing HCl gas, compound 63 was precipitated as white 

powder. The structure of compound 62 was confirmed by 1H and 13C NMR. Appearance 

of new singlet for 6 protons at 2.2 confirmed the two methyl groups attached to nitrogen. 

Singlet at 3.6 ppm for three protons confirmed methyl ester.   

O

O

BrO

OH

Br Methanol, SOCl2

0 oC-25 oC, 3 h

O

O

NO

O

N

H

Cl

(CH3)2NH.HCl
TEA, DCM, rt, 2 h

diethyl ether

dry HCl gas
rt, 15 min

60 61

6263
 

Scheme 3.2 synthesis of the analog of ibuprofen methyl ester 

Compound 63 was tested for anti-inflammatory activity by carrageenan induced paw 

oedema model experiment. However, this compound showed less anti-inflammatory 

activity. The change in paw volume after oral administration of the test compound 

compared to the control group is shown in the figure 3.6. Compound 63 showed 

maximum anti-inflammatory activity of 16.37 % (figure 3.8).  
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Figure 3.6: Comparison of change in paw volume; compound 63 Vs control 

 

 

Figure 3.7: Time-dependent change in paw volume (ΔV) 
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Figure 3.8: Time dependent anti-inflammatory activity of compound 63 

 

3.2 Docking study of N-(2-hydroxyethyl)-2-(4-isobutylphenyl) propan-1-

aminium chloride (56) 

The cellular target is not defined during in vivo anti-inflammatory investigation of 

compounds 55-57; thus in order to look at the plausible mode of interactions of these 

compounds at enzymatic level and rationalize the experimental results, docking of the 

lead compound 56 in the active site of COX-2 enzyme (PDB ID 6COX) was performed, 

since this enzyme is the most promising target of various anti-inflammatory drugs. 

Docking of both the isomers of compound 56 (a, b) in the active site of COX-2 was 

performed. Both the isomers of compound 56 showed considerable interactions during 

docking in the COX-2 active site; the docking outcome of both enantiomers are given in 

Figure 3.9 and Figure 3.10. 
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Figure 3.9: Molecular modeling (docking) of compound 56a (R-isomer) (carbon 
atoms in grey color) in the binding site of COX-2 (PDB ID: 6COX; Eintermolecular = 
-11.92 kcal/mol). Hydrogen atoms of amino acid residues have been omitted for 
clarity. 

 

Figure 3.10: Molecular modeling (docking) of compound 56b (S-isomer) (carbon 
atoms in grey color) in the binding site of COX-2 (PDB ID: 6COX; Eintermolecular = 
-11.84 kcal/mol). Hydrogen atoms of amino acid residues have been omitted for 
clarity. 
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3.3 Experimental 

3.3.1 Ibuprofen acid chloride (49) 

 

Ibuprofen acid chloride was synthesized according to procedure reported by Abdellatif et 

al.99 

Ibuprofen (4.0 g, 19.4 mmol) and excess of thionyl chloride (10 mL) were refluxed for 3 

h. Thionyl chloride (excess) was removed under reduced pressure to get the ibuprofen 

acid chloride as yellow liquid.  
1H NMR (300 MHz,  CDCl3): δ 7.15-7.22 (m, 4H, phenyl), 3.77 (q, J = 7.2 Hz, 1H, 

CHCH3), 2.49 (d, J = 7.2 Hz, 2H, CH2Ar), 1.87 (m, 1H, CH(CH3)2), 1.60 (d, J = 7.3 Hz, 

3H, CHCH3), 0.90 (d, J = 6.7 Hz, 6H, (CH3)2 CH).  

 

3.3.2 Ibuprofen amides 

3.3.2.1 2-(4-isobutylphenyl)-1-(piperidin-1-yl)propan-1-one (50) 

 

Mixture of piperidine (0.75 g, 8.9 mmol) and ibuprofen acid chloride (1.0 g, 4.45 mmol) 

in DCM (15 mL) was stirred at room temperature for 3 h. After completion of reaction, 

the reaction mixture was filtered and the solvent was evaporated to get the crude product. 

The product was purified by flash chromatography.  

Yield: 86.9 %, Oil.  
1H NMR (300 MHz,  DMSO): δ 7.12 (d, J = 8.55 Hz, 2H, phenyl), 7.07 (d, J = 8.55 Hz, 

2H, phenyl), 4.00 (q, J = 6.72Hz, 1H, CHCH3), 3.25 (br, 4H, piperidine), 2.38 (d, J = 7.32 

Hz, 2H, CH2Ar), 1.79 (m, 1H, CHCH2Ar), 1.42-1.24 (two br, 6H, piperidine), 1.22 (d, J = 

6.72 Hz, 3H, CH3CH), 0.82 (d, J = 6.72 Hz, 6H, (CH3)2CH).  
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3.3.2.2 N-(2-hydroxyethyl)-2-(4-isobutylphenyl)propanamide (51) 

 

Solution of ethanolamine (0.5 g, 8.1 mmol) in DCM (10 mL) was added to solution of 

ibuprofen acid chloride (1.0 g, 4.45 mmol) in DCM (10 mL). The reaction mixture was 

stirred at room temperature for 3 h. After completion of reaction, the reaction mixture was 

filtered, solvent was evaporated under vacuum and the product was purified by flash 

column using n-hexane: ethyl acetate (50:50). 

Yield:  85.0 %, liquid.  
1H NMR (300 MHz,  CDCl3): δ 7.19 (d, J = 7.95 Hz, 2H, phenyl), 7.11 (d, J = 7.95 Hz, 

2H, phenyl), 6.04 (br, 1H, NH), 3.64 (t, J = 5.49 Hz, 2H, CH2OH), 3.59 (q, J = 7.32 Hz, 

1H, CHCH3), 3.35 (br, 2H, CH2N), 3.08 (s, 1H, OH), 2.44 (d, J = 7.32 Hz, 2H, CH2Ar), 

1.85 (m, 1H, CHCH2Ar),  1.51 (d, J = 7.32 Hz, 3H, CH3CH), 0.89 (d, J = 6.69 Hz, 6H, 

(CH3)2CH). 

 

3.3.2.3 2-(4-isobutylphenyl)-1-(pyrrolidin-1-yl)propan-1-one (52) 

 

Mixture of pyrrolidine (0.63 g, 8.9 mmol) and ibuprofen acid chloride (1.0 g, 4.45 mmol) 

in DCM (20 mL) was stirred at room temperature for 3 h. After completion of reaction, 

the reaction mixture was filtered and the solvent was evaporated to get a crude product. 

The product was purified by flash chromatography. 

Yield: 87.27 %. 
1H NMR (300 MHz,  CDCl3): δ 7.23 (d, J = 7.95 Hz, 2H, phenyl), 7.07 (d, J = 7.95 Hz, 

2H, phenyl), 3.71 (q, J = 6.72 Hz, 1H, CHCH3), 3.43 & 1.80 (two br, 8H, pyrrolidine), 

2.43 (d,  J = 7.32 Hz, 2H, CH2Ar), 1.87 (m, 1H, CHCH2Ar),  1.43 (d, J = 6.72 Hz, 3H, 

CH3CH), 0.89 (d, J = 6.72 Hz, 6H, (CH3)2CH). 
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3.3.2.4 2-(4-isobutylphenyl)-1-morpholinopropan-1-one (53) 

 

Mixture of morpholine (0.54 g, 6.2 mmol) and ibuprofen acid chloride (0.7 g, 3.1 mmol) 

in DCM (15 mL) was stirred at room temperature for 3 h. After completion of reaction, 

the reaction mixture was filtered and the solvent was evaporated to get a crude product. 

The product was purified by flash chromatography.  

Yield: 84.0 %.  
1H NMR (300 MHz, CDCl3): δ 7.14-7.07 (m, 4H, phenyl), 3.80 (q, J = 6.72 Hz, 1H, 

CHCH3), 3.65 -3.03 (two br, 8H, morpholine), 2.44 (d, J = 6.72 Hz, 2H, CH2Ar), 1.85 (m, 

1H, CHCH2Ar),  1.43 (d, J = 6.69 Hz, 3H, CH3CH), 0.88 (d, J = 6.69 Hz, 6H, (CH3)2CH). 

 

3.3.2.5 1-(2-(4-isobutylphenyl)propanoyl)pyrrolidine-2-carboxylic acid 

(54) 

 

Solution of proline (0.92 g, 7.9 mmol) in DCM (15 mL) was added to solution of 

ibuprofen acid chloride (0.9 g, 4.0 mmol) in DCM (10 mL). The reaction mixture was 

stirred at room temperature for 3 h. The progress of reaction was monitored by TLC. 

After completion of reaction, the reaction mixture was filtered, solvent was evaporated 

under vacuum and the product was purified by flash column using n-hexane: ethyl acetate 

(40:60). 

Yield: 91.6 %, m.pt.: 110-111 oC (lit.102 112-114 oC)   

1H NMR (300 MHz,  CDCl3): δ 7.23 (d, J = 7.95 Hz, 2H, phenyl), 7.11 (d, J = 7.95 Hz, 

2H, phenyl), 4.72 (m, 1H, CHCOOH), 3.53 (q, J = 7.32 Hz, 1H, CHCH3), 3.40-3.12 (m, 

2H, proline), 3.55 (q, J = 7.32 Hz, 1H, CHCH3), 2.42 (d, J = 7.32 Hz, 2H, CH2Ar), 1.97-

1.65 (m, 4H, proline), 1.45 (d, J = 6.72 Hz, 3H, CH3CH), 0.88 (d, J = 6.72 Hz, 6H, 

(CH3)2CH).  
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3.3.3 Quaternary ammonium salts of ibuprofen 

Ibuprofen amides were reduced to amines according to reported procedure.100 The 

resultant amines were converted into the corresponding quaternary ammonium salts. 

 

3.3.3.1 1-(2-(4-isobutylphenyl)propyl)pyrrolidinium (55) 

 

Solution of 2-(4-isobutylphenyl)-1-(pyrrolidin-1-yl)propan-1-one (0.75 g, 2.8 mmol) in 

THF (10 mL) was slowly added to suspension of lithium aluminum hydride (0.2 g, 5.4 

mmol) in THF (10 mL). The reaction mixture was stirred at room temperature for 2 h. 

The progress of reaction was monitored by TLC. After completion of reaction, excess of 

LAH was destroyed by drop wise addition of water followed by addition of 1N sodium 

hydroxide solution. The reaction mixture was extracted with diethyl ether. The ether layer 

was separated and dried over anhydrous sodium sulfate. On passing dry HCl gas through 

the ether layer, the product was precipitated immediately. The product was filtered, 

washed several times with ether and kept under vacuum over night.  

Yield: 90.9 %, m.pt.: 188 oC. 
1H NMR (300 MHz, D2O): δ 7.33-7.27 (m, 4H, phenyl), 3.62-3.38 (m, 4H,  Pyrrolidine), 

3.25 (m, 2H, CH2N), 3.02 (m, 1H, CHAr), 2.49 (d, J = 6.69 Hz, 2H, CH2Ar), 2.07-1.80    

( two br, 4H, Pyrrolidine), 1.81 (m, 1H, CHCH2Ar), 1.30 (d, J = 6.72 Hz, 3H, CH3CH), 

0.87 (d, J = 6.09 Hz, 6H, (CH3)2CH).  
13C NMR (75 MHz, D2O): 141.1 (C), 138.3 (C), 129.3 (CH), 126.3 (CH), 60.6 (CH2), 

54.5 (CH2), 53.2 (CH2), 43.4 (CH2), 35.7 (CH), 28.9 (CH), 21.8 (CH2), 20.8 (CH3), 18.9 

(CH3).  

ESI-MS (z/m): 246.3 
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3.3.3.2 N-(2-hydroxyethyl)-2-(4-isobutylphenyl)propan-1-aminium 
chloride (56) 

 

Solution of N-(2-hydroxyethyl)-2-(4-isobutylphenyl)propanamide (0.6 g, 2.4 mmol) in 

THF (10 mL) was slowly added to suspension of lithium aluminum hydride (0.18 g, 4.8 

eq) in THF (10 mL). The reaction mixture was refluxed for 4 h. The progress of reaction 

was monitored by TLC. After the completion of reaction, mixture was cooled to room 

temperature and excess of LAH was destroyed by drop wise addition of water followed 

by addition of 1N sodium hydroxide solution and extracted with diethyl ether. The ether 

layer was dried over anhydrous sodium sulfate and dry HCl gas was passed through it. 

The product was precipitated as white powder. The product was filtered, washed several 

times with ether and kept under vacuum for 24 h.  

Yield: 89.2 %, m. pt.: 137-138 oC.   

[α]: 0.00 

1H NMR (300 MHz,  D2O): δ 7.32-7.26 (m, 4H, phenyl), 3.78 (t, J=4.89 Hz, 2H, 

CH2OH), 3.32 (d, J =7 .32 Hz, 2H, CH2N), 3.17 (m, 2H, CH2N), 2.49 (d, J = 7.32 Hz, 2H, 

CH2Ar), 1.85 (m, 1H, CHCH2Ar), 1.33 (d, J = 7.32 Hz, 3H, CH3CH), 0.87 (d, J = 6.72 

Hz, 6H, (CH3)2CH).  
13C NMR (75 MHz, D2O): 141.1 (C), 138.2 (C), 129.3 (CH), 126.3 (CH), 55.5 (CH2), 

52.7 (CH2), 48.5 (CH2), 43.4 (CH2), 35.7 (CH), 28.9 (CH), 20.8 (CH3), 18.3 (CH3).  

ESI-MS (m/z): 236.0,  

 

3.3.3.3 2-(hydroxymethyl)-1-(2-(4-isobutylphenyl)propyl)pyrrolidinium 
(57) 

H
N

Cl

OH  

To suspension of lithium aluminum hydride (0.6 g, 1.9 mmol) in THF (10 mL) a solution 

of 1-(2-(4-isobutylphenyl)propanoyl)pyrrolidine-2-carboxylic acid (0.3 g, 8.1 mmol) in 
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THF (10 mL) was dropwise added. After addition of amide was complete, the reaction 

mixture was stirred at room temperature for 4h. Excess of LAH was destroyed by slow 

addition of water. Then 1N NaOH (10 mL) was added to it and extracted with diethyl 

ether. The etherial layer was separated, dried over anhydrous sodium sulfate. On passing 

dry HCl gas through the ether layer, the product was precipitated as a gelatinous solid, 

which was kept overnight in oven at 65oC. The dry solid product was then crushed into 

powder.  

Yield: 67.5 %, m. pt.: 146 oC.   
1H NMR (300 MHz,  D2O): δ 7.35-7.25 (m, 4H, phenyl), 3.88 (m, 2H, CH2OH), 3.77 

(m, 2H, CH2N) 3.42-3.21 (m, 3H, Prolinol), 2.99 (m, 1H, CHAr), 2.49 (d, J = 6.72 Hz, 

2H, CH2Ar), 2.22-2.05 (m, 4H, Prolinol), 1.88 (m, 1H, CHCH2Ar), 1.31 (d, J = 6.69 Hz, 

3H, CH3CH), 0.87 (d, J = 6.72 Hz, 6H, (CH3)2CH). 
13C NMR (75 MHz, D2O): 140.8 (C), 139.1 (C). 129.5 (CH), 129.2 (CH), 126.4 (CH), 

126.2 (CH), 69.3 (CH2), 60.8 (CH2), 60.3 (CH2), 58.1 (CH2), 43.4 (CH2), 35.7 (CH), 28.9 

(CH), 24.4 (CH2), 21.2 (CH2), 20.8 (CH3), 19.5 (CH3)  

ESI-MS (m/z): 276.5 

 

3.3.3.4 1-(2-(4-isobutylphenyl)propyl)piperidinium chloride (58) 

 

To suspension of lithium aluminum hydride (0.16g, 4.3mmol) in THF (5mL) a solution of 

2-(4-isobutylphenyl)-1-(piperidin-1-yl)propan-1-one (0.6g, 2.2mmol) in THF (10mL) was 

dropwise added. After addition of amide was complete, the reaction mixture was stirred at 

room temperature for 4h. Excess of LAH was destroyed by slow addition of water. Then 

1N NaOH (10mL) was added to it and extracted with ethyl ether. The ether layer was 

separated and dried over anhydrous sodium sulfate. On passing dry HCl gas through the 

ether layer, the product was precipitated immediately. The product was filtered, washed 

several times with ether and kept under vacuum for 12 h.  

Yield: 86.9 %, m.pt.: 232oC 
1H NMR (300 MHz,  D2O): δ 7.33-7.26 (m, 4H, phenyl), 3.56 (br, 1H, CHaHbN), 3.35 

(m, 4H, piperidine), 2.92 (m, 2H, CHAr and CHaHbN), 2.49 (d, J = 6.72 Hz, 2H, CH2Ar), 
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1.88 (m, 1H, CHCH2Ar), 1.86-1.44 (m, 6H, piperidine), 1.28 (d, J = 6.09 Hz, 3H, 

CH3CH), 0.87 (d, J = 6.72 Hz, 6H, (CH3)2CH). 
13C NMR (75 MHz, D2O): 141.1 (C), 140.1 (C), 129.9 (CH), 126.5 (CH), 64.3 (CH2), 

63.5 (CH2), 63.3 (CH2), 51.7 (CH2), 48.4 (CH2), 43.1 (CH2), 35.2 (CH), 30.0 (CH), 22.2 

(CH3), 18.9 (CH3).  

ESI-MS (m/z): 259.9 

 

3.3.3.5 4-(2-(4-isobutylphenyl)propyl)morpholin-4-ium chloride (59) 

 

Solution of 2-(4-isobutylphenyl)-1-morpholinopropan-1-one (0.6g, 2.18mmol) in THF 

(10mL) was slowly added to suspension of lithium aluminum hydride (0.16g, 4.3mmol) 

in THF. The reaction mixture was stirred at room temperature for 2h. The progress of 

reaction was monitored by TLC. After completion of reaction, excess of LAH was 

destroyed by drop wise addition of water followed by addition of 1N sodium hydroxide 

solution. The reaction mixture was extracted with diethyl ether. The ether layer was 

separated and dried over anhydrous sodium sulfate. On passing dry HCl gas through the 

etherial layer, the product was precipitated immediately. The product was filtered, washed 

with ether and kept under vacuum over night. 

Yield: 89.2 %, m.pt.: 183-185 oC. 
1H NMR (300 MHz,  D2O): δ 7.34-7.27 (m, 4H, phenyl), 3.72 (m, 2H, CH2N), 4.02 

&3.59-3.23 (m, 8H, morpholine), 3.19 (m, 1H, CHAr), 2.49 (d, J = 6.72 Hz, 2H, CH2Ar), 

1.85 (m, 1H, CHCH2Ar), 1.30 (d, J = 6.72 Hz, 3H, CH3CH), 0.87 (d, J = 6.72 Hz, 6H, 

(CH3)2CH). 

ESI-MS (z/m): 262.4 
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3.3.4 methyl 2-(4-(bromomethyl)phenyl)propanoate (61) 

 

Thionyl chloride was drop wise added to methanol at 0 oC. This mixture was stirred for 

1h at 25 oC. 2-(4-(bromomethyl)phenyl)propanoic acid in methanol was added to above 

mixture and stirring was continued for 2 h at room temperature. Solvent was removed by 

rotary evaporator and water was added to the residue and finally extracted with ethyl 

acetate. The ethyl acetate layer was separated, washed with 5 % Na2CO3 solution and 

dried over anhydrous Na2SO4. Evaporation of ethyl acetate yielded 61 as colorless oily 

liquid. 

Yield: 85 % 
1H NMR (300 MHz, CDCl3): δ 7.43 (m, 2H, phenyl), 7.27 (m, 2H, phenyl), 4.72-4.67 

(2S, 2H, CH2Br), 3.80 (q, J = 7.32 Hz, 1H, CHCH3), 3.58 (S, 3H, CH3OCO), 1.38 (d, J = 

7.32 Hz, CH3CH).   

 

3.3.5 methyl 2-(4-((dimethylamino)methyl)phenyl)propanoate (62) 

 

 

Triethyl amine was slowly added over the period of 30min to mixture of methyl 2-(4-

(bromomethyl)phenyl)propanoate and dimethyl amine hydrochloride. The reaction 

mixture was stirred at room temperature for 2 h. Solvent was removed under vacuum and 

the residue was diluted with water and extracted with ethyl acetate. The ethyl acetate 

layer was washed two times with water and then dried over Na2SO4. Evaporation of 

solvent yielded the product as light yellow oily liquid.  

1H NMR (300 MHz, CDCl3): δ 7.30-7.23 (m, 4H, phenyl), 3.72 (q, J = 7.32 Hz, 1H, 

CHCH3), 3.65 (S, 3H, CH3OCO), 3.45 (s, 2H, CH2N), 2.27 (s, 6H, 2 CH3N), 1.48 (d, J = 

7.32 Hz, CH3CH).   
13C-NMR (75 MHz, CDCl3): 174.9 (C), 139.5 (C), 136.7 (C), 129.4 (CH), 127.4 (CH), 

63.6 (CH2), 51.9 (CH), 54.0 (CH3), 18.5 (CH3).  



Chapter 4                                                                               Indomethacin Derivatives 

56 
 

Chapter-4  

INDOMETHACIN DERIVATIVES 

4.1 Results and discussion  

Indomethacin acid chloride (61) was synthesized according to reported procedure.103 

Oxalyl chloride (1.2 mL) was slowly added to solution of indomethacin (4 g) in DCM 

(20 mL). Reaction mixture was stirred for 12 h at room temperature. Solvent and 

excess of oxalyl chloride were removed under reduced pressure. The product was 

washed with (2 x 10 mL) n-hexane. Product was obtained as a light yellow solid. The 

acid chloride of indomethacin was used in further reactions without purification. 

Indomethacin acid chloride was taken in DCM and amine (ethanolamine, pyrrolidine 

and proline) dissolved in DCM was added to it. The reaction mixture was stirred at 

room temperature for 3 h. The progress of reaction was monitored by TLC. The 

starting material usually disappeared on TLC after 2 h reaction time. The reaction 

mixture was filtered and the product was purified using flash chromatography. The 

structure of amides 62-64 were confirmed by 1H NMR. New signals in the 1H NMR 

spectra confirmed that the amine moiety is attached to the indomethacin. Two duplets 

at 7.6 and 7.4 confirm the chlorophenyl group. While two singlets at 3.8 and 3.7 

confirm the methoxy and methylene groups respectively.  

Amides were reduced by using lithium aluminum hydride. It was observed that 

amides were completely reduced in 3 h. Reduction of compounds 69 and 71 was 

carried out at room temperature while compound 70 was reduced at reflux 

temperature. After completion of reaction, the reaction mixture was quenched with 2 

N NaOH solution and extracted with diethyl ether. The organic layer was separated 

using separating funnel and dried over anhydrous sodium sulfate. Dry HCl gas was 

passed through the ether solution and compounds 69-71 were obtained as quaternary 

ammonium salts. Interestingly, NMR spectra showed that p-chlorobenzoyl moiety 

detached from the molecular structures of the product compounds 69-71. This unusual 

phenomenon i.e detachment of p-chlorobenzoyl may be attributed to either 

hydrogenolysis or hydrolysis of it during the reaction.  
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Scheme 4.1: Synthesis of indomethacin derivatives 69-71 

 

Table 4.1: Physical and chemical data of compounds 69-71 

S. No Compound No NR1R2 Formula M.Pt oC Yield % 

1 69 
 

C16H23N2Cl 194 72.2 

2 70  C14H20N2O2Cl 169-170 70.4 

3 71 

 

C17H25N2O2Cl 43-45 57.0 
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The final products 69-71 were confirmed from their 1H and 13C NMR spectra. In the 
1H NMR spectrum, a singlet appearing at 3.7 ppm for methylene protons was changed 

into triplet which confirmed the reduction of amides to amines. The detailed 1H and 
13C NMR data for representative example (compound 70) in this series is given in 

table 2.9. Two triplets at 3.2 and 3.8 ppm show the presence of ethanolamine moiety, 

triplets at 3.1 and 3.3 ppm (J = 7.32 Hz) shows that the amide was reduced to amine. 

In the 1H NMR two doublets at 7.6 and 7.4 ppm disappeared confirming the 

detachment of p-chlorophenyl group in the final product.      

 

 

 

Table 4.2: 1H and 13C NMR data for compound 70 

Carbon No 1H NMR 13C NMR 

1 6.86 (dd, J = 9.15 Hz, J = 2.43 Hz, 1H) 111.9 

2  152.9 

3 7.11 (d, J = 2.43 Hz, 1H) 100.1 

4  130.6 

5  127.7 

6 7.35 (d, J = 9.15 Hz, 1H) 110.3 

7  104.0 

8  135.5 

11 3.84 (s, 3H) 56.1 

12 3.12 (t, J = 7.32 Hz, 2H) 20.35 

13  3.30 (t, J = 7.32 Hz, 2H) 47.3 

14 2.38 ( s, 3H) 10.43 

16 3.19 (t, J = 4.89 Hz, 2H) 48.9 

17 3.87 ( t, J = 5.49 Hz, 2H) 56.4 
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4.2 Experimental 

4.2.1 Indomethacin acid chloride (65) 

 

Indomethacin acid chloride was synthesized according to reported procedure.103 

Oxalyl chloride (0.6 g, 6.7 mmol) was slowly added to solution of indomethacin (2 g, 

5.6 mmol) in DCM (20 mL). Reaction mixture was stirred for 12 h at room 

temperature. Solvent and excess of oxalyl chloride were removed under reduced 

pressure. The product was washed with (2 x 10 mL) n-hexane. Product was obtained 

as a light yellow solid. The acid chloride of indomethacin was in further reactions 

without purification.  

Yield: 99 %, m.pt.: 123 oC (lit.103 125-127 oC).  
1H NMR (300 MHz,  CDCl3): δ 7.73 (d, J = 8.55 Hz, 2H, phenyl), 7.50 (d, J = 8.55 

Hz, 2H, phenyl), 6.88 (d, J = 9.15 Hz, 1H, phenyl), 6.84 (s, 1H, phenyl), 6.70 (d, J = 

9.15 Hz, 1H, phenyl), 4.18 (s, 2H, CH2COCl) 3.84 (s, 3H, CH3OAr), 2.42 (s, 3H, 

CH3).  

 

4.2.2 Indomethacin amides 

4.2.2.1 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-N-

(2-ydroxyethyl)acetamide (66) 
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Indomethacin acid chloride (1.0g, 2.7mmol) was taken in DCM (15mL) and 

ethanolamine (0.33g, 5.4mmol) dissolved in DCM (5mL) was added to it. The 

reaction mixture was stirred for 3h at room temperature. The progress of reaction was 

monitored by TLC. The reaction mixture was filtered, solvent was evaporated and the 

product was purified using flash chromatography.  

Yield: 96.2 %, m.pt.: 160 oC (lit.104 162-164 oC).  

1H NMR (300 MHz, CDCl3): δ 7.68 (d, J = 8.55 Hz, 2H, phenyl), 7.50 (d, J = 8.55 

Hz, 2H, phenyl), 6.89 (d, J = 9.78 Hz, 1H, phenyl), 6.85 (s, 1H, phenyl), 6.69 (d, J = 

9.15 Hz, 1H, phenyl), 6.21 (br, 1H, NH), 3.82 (s, 2H, 3H, CH3OAr), 3.70 (s, 2H, 

CH2CONH), 3.69 (br, 1H, OH), 3.23 (br, 2H, CH2OH), 2.68 (br, 2H, CH2N), 2.38 (s, 

3H, CH3). 

 

4.2.2.2 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-1-

(pyrrolidin-1-yl)ethanone (67) 

 

Mixture of pyrrolidine (0.38 g, 5.4 mmol) and indomethacin acid chloride (1.0 g, 2.7 

mmol) in DCM (20 mL) was stirred at room temperature for 3 h. After completion of 

reaction, the reaction mixture was filtered and the solvent was evaporated to get the 

crude product. The product was purified by flash chromatography. 

Yield: 97.2 %, m.pt.: 164 oC 
1H NMR (300 MHz, CDCl3): δ 7.71 (d, J = 8.55 Hz, 2H, phenyl), 7.47 (d, J = 8.55 

Hz, 2H, phenyl), 6.88 (d, J = 9.78 Hz, 1H, phenyl), 6.85 (s, 1H, phenyl), 6.64 (d, J = 

9.15 Hz, 1H, phenyl, 3.85 (s, 2H, 3H, CH3OAr). 3.72 (s, 2H, CH2CON), 3.53 (br, 4H, 

pyrrolidine), 2.40 (s, 3H, CH3), 1.90 (br, 4H, pyrrolidine). 
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4.2.2.3 1-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-

yl)acetyl)pyrrolidine-2-carboxylic acid (68) 

 

Solution of proline (0.6 g, 5.2 mmol) in DCM (15 mL) was added to solution of 

ibuprofen acid chloride (1.0 g, 2.7 mmol) in DCM (10 mL). The reaction mixture was 

stirred at room temperature for 3 h. The progress of reaction was monitored by TLC. 

After completion of reaction, the reaction mixture was filtered, solvent was 

evaporated under vacuum and the product was purified by flash chromatography.  

Yield: 95.8 % 
1H NMR (300 MHz, CDCl3): δ 7.68 (d, J = 8.55 Hz, 2H, phenyl), 7.47 (d, J = 7.92 

Hz, 2H, phenyl), 6.95 (d, J = 2.43 Hz, 1H, phenyl), 6.83 (d, J = 9.15 Hz, 1H, phenyl), 

6.66 (dd, J = 9.15 Hz, J = 2.46 Hz, 1H, phenyl), 4.63 (m, 1H, CH prolinol), 3.81 (s, 

3H, CH3OAr), 3.76 (s, 2H, CH2CON), 3.67 (m, 1H, CHaHbN prolinol), 3.58 (m, 1H, 

CHaHbN prolinol), 2.39 (s, 3H, CH3), 2.04 (br, 4H, prolinol). 

 

4.2.3 Quaternary ammonium salts of indomethacin 

Indomethacin amides were reduced to amines according to reported procedure.100 The 

resultant amines were converted into the corresponding quaternary ammonium salts. 

 

4.2.3.1 1-(2-(5-methoxy-2-methyl-1H-indol-3-yl)ethyl)pyrrolidinium 
chloride (69) 
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Solution of 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-1-(pyrrolidin-

1-yl)ethanone (0.5 g, 1.2 mmol) in THF (10 mL) was drop wise added to suspension 

of lithium aluminum hydride (0.18 g, 4.8 mmol) in THF (10 mL). The reaction 

mixture was stirred at room temperature for 4 h. The progress of reaction was 

monitored by TLC. After the completion of reaction, excess of LAH was destroyed by 

slow addition of water followed by addition of 2N sodium hydroxide solution and 

extracted with ethyl acetate. The ethyl acetate layer was separated using separating 

funnel and dried with anhydrous sodium sulfate. Evaporation of the solvent yielded an 

essentially pure amine. The amine was dissolved in diethyl ether and dry HCl gas was 

passed through this solution. The product was precipitated as white powder. The 

product was filtered, washed with ether and kept under vacuum for overnight.  

Yield: 72.2 %, m.pt.: 194 oC. 

1H NMR (300 MHz,  D2O): δ 7.34 (d, J = 8.52 Hz, 1H, phenyl), 7.06 (d, J = 1.83 Hz, 

1H, phenyl), 6.85 (dd, J = 8.55 Hz, J = 1.83 Hz, 1H, phenyl), 3.86 (s, 3H, CH3OAr), 

3.60 ( m, 2H, CH2N), 3.36 (t, J = 7.32 Hz, 2H, CH2CH2N), 3.08 (m, 4H, pyrrolidine), 

2.36 ( s, 3H, CH3), 2.13-1.93 (two br, 4H, pyrrolidine). 
13C NMR (75 MHz, D2O): 152.8 (C), 135.3 (C), 130.6 (C), 127.7 (C), 111.9 (CH), 

110.2 (CH), 104.1 (C), 100.2 (CH), 54.16(CH3), 54.1 (CH2), 54.0 (CH2), 22.6 (CH2), 

20.3 (CH2), 10.4 (CH3).  

ESI-MS (m/z): 248.0. 

 

4.2.3.2 2-hydroxy-N-(2-(5-methoxy-2-methyl-1H-indol-3-

yl)ethyl)ethanaminium chloride (70) 

 

2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)-N-(2-

ydroxyethyl)acetamide was reduced using lithium aluminum hydride. Amides (0.5 g, 

1.2 mmol) was dissolved in THF (10 mL) and then dropwise added to suspension of 

LAH (0.18 g, 4.9 mmol) in THF (10 mL). Reaction mixture was refluxed for 3 h. 

After completion of reaction, the reaction mixture was cooled to room temperature, 
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excess of LAH was destroyed with 2N NaOH solution and extracted with ethyl ether. 

The organic layer was separated using separating funnel and dried over anhydrous 

sodium sulfate. Evaporation of solvent yielded the free amine. Dry HCl gas was 

passed through the ether solution of amine and the final product was obtained as 

hydrochloride salts. Interestingly, NMR spectra showed that p-chlorobenzoyl moiety 

was detached from the product.  

Yield: 70.4 %, m.pt.: 169-170 oC.  
1H NMR (300 MHz,  D2O): δ 7.35 (d, J = 9.15 Hz, 1H, phenyl), 7.11 (d, J = 2.43 Hz, 

1H, phenyl), 6.86 (dd, J = 9.15 Hz, J = 2.43 Hz, 1H, phenyl), 3.87 (s, 3H, CH3OAr), 

3.84 ( t, J = 5.49 Hz, 2H, CH2OH), 3.30 (t, J = 7.32 Hz, 2H, CH2), 3.19 (t, J = 4.89 

Hz, 2H, CH2N), 3.12 (t, J = 7.32 Hz, 2H, CH2CH2), 2.38 ( s, 3H, CH3) 
13C NMR (75 MHz, D2O): 152.9 (C), 135.5 (C), 130.6 (C), 127.7 (C), 111.9 (CH), 

110.3 (CH), 100.1 (CH), 104.0 (C), 56.4 (CH2), 56.1 (CH3), 48.9 (CH2), 47.3 (CH2), 

20.35 (CH2), 10.43 (CH3).  

ESI-MS (m/z): 238.0. 

 

4.2.3.3 2-(hydroxymethyl)-1-(2-(5-methoxy-2-methyl-1H-indol-3-

yl)ethyl)pyrrolidinium chloride (71) 

 

Solution of 1-(2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetyl) 

pyrrolidine-2-carboxylic acid (0.5 g, 1.1 mmol) in THF (10 mL) was drop wise added 

to suspension of lithium aluminum hydride (0.25 g, 6.6 mmol) in THF (10mL). The 

reaction mixture was stirred at room temperature for 30 min and then refluxed for 2 h. 

The progress of reaction was monitored by TLC. After the completion of reaction, 

excess of LAH was destroyed by drop wise addition of water followed by addition of 

2N sodium hydroxide solution and extracted with ethyl acetate. The ethyl acetate 

layer was separated using separating funnel and dried with anhydrous sodium sulfate. 

Evaporation of the solvent yielded an essentially pure amine. The amine was 

dissolved in diethyl ether and dry HCl gas was passed through this solution. The 
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product was precipitated as white powder. The product was filtered, washed with 

ether and kept under vacuum for overnight.  

Yield: 57.0 %, m.pt.: 43-45 oC. 
1H NMR (300 MHz,  D2O): 7.32 (d, J = 8.55 Hz, 1H, phenyl), 7.03 (d, J = 2.43 Hz, 

1H, phenyl), 6.83 (dd, J = 9.15 Hz, J = 2.43 Hz, 1H, phenyl), 3.88 (m, 1H, CH), 3.85 

(s, 3H, CH3OAr), 3.69 ( m, 2H, CH2), 3.56 ( m, 2H, CH2), 3.22 ( m, 2H, CH2), 3.06 (t, 

J = 7.92 Hz, 2H, CH2), 2.34 ( s, 3H, CH3), 2.23-1.77 (m, 4H, prolinol). 
13C NMR (75 MHz, D2O): 152.8 (C), 135.3 (C), 130.5 (C), 127.6 (C), 111.9 (CH), 

110.2 (CH), 104.0 (C), 100.2 (CH), 69.1 (CH), 59.3 (CH2), 56.4 (CH3), 54.6 (CH2), 

54.2 (CH2), 25.6 (CH2), 22.1 (CH2), 20.0 (CH2), 10.4 (CH3).  

ESI-MS (m/z): 289.3.  
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Chapter-5  

FLURBIPROFEN DERIVATIVES 

 

5.1 Results and discussion 

Flurbiprofen acid chloride 73 was synthesized by reacting flurbiprofen with excess of 

oxalyl chloride in DCM. The resulting acid chloride was reacted with amines like 

ethanolamine, pyrrolidine and proline to get amides 74-76. Structures of amides were 

confirmed by 1H NMR spectra. Appearance of new signals in the region 3.8-1.8 ppm 

confirmed that amine group was attached to the flurbiprofen skeleton. Amides 74 and 

75 were obtained in high yields, 92.2 and 98 % respectively.     
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Scheme 5.1: Synthesis of flurbiprofen derivatives 73-75 
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Table 5.1: Physical and chemical data of compounds 77-79 

S. No Compound No NR1R2 Formula M.Pt oC Yield %

1 77 
 

C19H23NCl 197-198 70.0 

2 78  C17H21NOCl 157-158 65.5 

3 79 

 

C20H25NOCl 125 70.0 

 

 

Amides were then reduced to amine by using lithium aluminum hydride. Amines 

were then converted into their respective quaternary ammonium salts by passing dry 

HCl gas through the ethereal solution of amines. The structure quaternary ammonium 

salts, 77-79 were confirmed from their 1H and 13C NMR spectra. The aromatic rings 

were confirmed from multiplets in the region 7.6-7.2 ppm. The quartet around 3.8-3.6 

ppm for CH proton in the 1H NMR of amides was converted into multiplet which 

shows that amides were reduced to the corresponding amines. Also a new doublet for 

methylene proton was appeared at 3.3, which further confirmed the reduction of 

carbonyl group into methylene group. 1H and 13C NMR data for representative 

example (compound 78) in this series is given in table 5.2.  
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Table 5.2: 1H and 13C NMR data of compound 78 

Carbon No 1H NMR 13C NMR 

1 & 3 7.63-7.44 (m, 6H) 131.6 

2 7.63-7.44 (m, 6H) 130.6 

4 & 6 7.63-7.44 (m, 6H) 133.8 

5  146.0 

7  137.5 

8  160.4 

9 7.26 (m, 2H) 117.1 

10  146.1 

11 7.26 (m, 2H) 117.4 

12  7.63-7.44 (m, 6H) 129.3 

14 3.2 (m, 1H) 38.9 

15 3.31 (d, J = 7.95 Hz, 2H) 55.5 

16 1.37 (d, J = 6.72 Hz, 3H 21.4 

18 3.19 (m, 2H) 51.8 

19 3.83 (t, 2H, J = 4.89 Hz) 58.7 

 

Compounds 77, 78 and 79 were tested at equimolar dose of flurbiprofen i.e. 1 mg/Kg 

(IC50 value for flurbiprofen is 0.48 mg/Kg). Compounds 77 and 78 showed little 

activity at time 3 h (table 5.3). However compound 79 was very active which showed 

65.09 % anti-inflammatory activity at 3 h. Interestingly, the anti-inflammatory 

activity of these compounds is zero or below zero at 1 h and then increases to 

maximum at 3 h and then decreases. This onset action might be important in 

medication.  
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Table 5.3: Data of anti-inflammatory assay for flurbiprofen derivatives 77-79 

Compounds  Dose (mg/Kg) % anti-inflammatory activity 

  1 h 3 h 4 h 

77 1.27 -33.79 22.23 4.89 

78 1.31 -20.54 26.67 21.08 

79 1.41 37.49 65.09 45.26 

 

 

 

 

Figure 5.1: Comparison of change in paw volume; compound 77 Vs control 
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Figure 5.2: Comparison of change in paw volume; compound 78 Vs control 

 

 

Figure 5.3: Comparison of change in paw volume; compound 79 Vs control 
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Figure 5.4: Time-dependent change in paw volume (ΔV) 

 

 

Figure 5.5: Time dependent anti-inflammatory activity 
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5.2 Docking study of 1-(2-(2-fluorobiphenyl-4-yl)propyl)-2-

(hydroxymethyl)pyrrolidinium chloride (79) 

The cellular target is not defined during in vivo anti-inflammatory investigation of 

compounds 77-79; thus in order to look at the plausible mode of interactions of these 

compounds at enzymatic level and rationalize the experimental results, docking of the 

lead compound 79 in the active site of COX-2 enzyme (PDB ID 6COX) was 

performed, since this enzyme is the most promising target of various anti-

inflammatory drugs. 

The best scoring binding mode (repeatedly obtained from molecular docking study) 

showed that the compound 79 reside in the centre of COX-2 active site (Figure 5.6), 

and fluorine atom present at one of the phenyl ring is closely tilted toward the F518 

(1.98-2.89 Å range) and V523 (2.01-3.02 Å range) residues. Notably the hydroxyl 

group of prolinol ring places itself in the vicinity of L352, A527 and G526 residues; 

hydroxyl group shows hydrogen bonding interactions with carbonyl oxygen of V523 

(O......HO distance = 2.46 Å) and NH group of A527 (N......HO distance = 2.56 Å). 

However, it was noticed that the one of phenyl ring places itself in the locality of 

Q192, F518, A516, R513 and V523 residues. 

 

Figure 5.6: Molecular modeling (docking) of compound 79 (carbon atoms in 
grey color) in the binding site of COX-2 (PDB ID: 6COX; Eintermolecular = -
12.16 kcal/mol). Hydrogen atoms of amino acid residues have been omitted 
for clarity. 
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5.3 Experimental 

5.3.1 2-(2-fluorobiphenyl-4-yl)propanoyl chloride (73) 

 

Flurbiprofen acid chloride was synthesized according to  procedure reported in 

synthesis of indomethacin acid chloride.103 Oxalyl chloride (1.2 mL) was slowly 

added to solution of flurbiprofen (4 g) in DCM (20 mL). Reaction mixture was stirred 

for 6 h at room temperature. Solvent and excess of oxalyl chloride was removed by 

rotary evaporator and the acid chloride was used in further reactions without 

purification. 
1H NMR (300 MHz, CDCl3):  7.5-7.3 (m, 6H, phenyl), 7.1 (m, 2H, phenyl), 3.8 (q, J 

= 7.32 Hz, 1H, CHCH3), 1.5 (d, J = 7.35 Hz, 3H, CH3CH). 

 

5.3.2 Flurbiprofen amides 

5.3.2.1 2-(2-fluorobiphenyl-4-yl)-N-(2-hydroxyethyl)propanamide 
(74) 

F

H
N

O

OH

 

Flurbiprofen acid chloride (0.5 g, 1.9 mmol) was taken in DCM (10 mL) and 

ethanolamine (0.25 g, 4.1 mmol) dissolved in DCM (5 mL) was added to it. The 

reaction mixture was stirred for 3h at room temperature. The progress of reaction was 

monitored by TLC. The reaction mixture was filtered, solvent was evaporated and the 

product was purified using flash chromatography.  

Yield: 92.7 %, m.pt.: 82-83oC.  
1H NMR (300 MHz, CDCl3): δ 7.55-7.34 (m, 6H, phenyl), 7.17 (m, 2H, phenyl), 

6.00 (br, 1H, NH), 3.69 (t, 2H, J = 4.89 Hz, CH2OH), 3.63 (q, J = 7.35 Hz, 1H, 
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CHCH3), 3.40 (m, 2H, CH2NH), 2.33 (br, 1H, OH), 1.55 (d, J = 7.32 Hz, 3H, CH3-

CH). 
13C NMR (75 MHz, CDCl3): 175.5 (C), 160.6 (C), 142.4 (C), 135.3 (C), 131.2 (CH), 

128.9 (CH), 128.5 (CH), 127.79 (C), 127.75 (CH), 123.6 (CH), 115.4 (CH), 62.2 

(CH2), 42.2 (CH2), 46.4 (CH), 18.56 (CH3).  

5.3.2.2 2-(2-fluorobiphenyl-4-yl)-1-(pyrrolidin-1-yl)propan-1-one (75) 

 

Mixture of pyrrolidine (0.27 g, 3.8 mmol) and flurbiprofen acid chloride (0.5 g, 1.9 

mmol) in DCM (20 mL) was stirred at room temperature for 3 h. After completion of 

reaction, the reaction mixture was filtered and the solvent was evaporated to get the 

crude product. The product was purified by flash chromatography. 

Yield: 98.0 %, m.pt.: 86-87oC. 
1H NMR (300 MHz, CDCl3): δ 7.55-7.33 (m, 6H, phenyl), 7.16 (m, 2H, phenyl), 

3.79 (q, J = 6.72 Hz, 1H, CHCH3), 3.48 (br, 4H, pyrrolidine), 1.86 (br, 4H, 

pyrrolidine), 1.49 (d, J = 6.72 Hz, 3H, CH3CH). 
13C NMR (75 MHz, CDCl3): 171.6 (C), 160.6 (C), 143.1 (C), 135.5 (C), 130.9 (CH), 

128.9 (CH), 128.4 (CH), 127.6 (C), 127.6 (CH), 123.5 (CH), 115.3 (CH), 46.3 (CH), 

26.1 (CH2), 24.2 (CH2), 20.1 (CH3).  

 

5.3.2.3 1-(2-(2-fluorobiphenyl-4-yl)propanoyl)pyrrolidine-2-

carboxylic acid (76) 

F

N

O OHO

 

Solution of proline (0.6 g, 5.2 mmol) in DCM (15 mL) was added to solution of 

flurbiprofen acid chloride (0.7 g, 2.6 mmol) in DCM (10 mL). The reaction mixture 

was stirred at room temperature for 3 h. The progress of reaction was monitored by 
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TLC. After completion of reaction, the reaction mixture was filtered, solvent was 

evaporated under vacuum and the product was purified by flash column using n-

hexane: ethyl acetate.  

Yield: 66.0 %. 

1H NMR (300 MHz, CDCl3): δ 7.55-7.26 (m, 5H, phenyl), 7.12 (m, 3H, phenyl), 

4.63 (m, 1H, CH proline), 3.84 (q, J = 7.32 Hz, CHAr), 3.69 (m, 1H, CHaHbN 

proline), 3.35 (m, 1H, CHaHbN proline), 2.39-1.91 ( m, 4H,  proline), 1.52 ( d, J = 

6.72 Hz, 3H, CH3CH). 

 

5.3.3 Quaternary ammonium salts of flurbiprofen 

Flurbiprofen amides were reduced to amines according to reported procedure.100 The 

resultant amines were converted into the corresponding quaternary ammonium salts. 

 

5.3.3.1 1-(2-(2-fluorobiphenyl-4-yl)propyl)pyrrolidinium chloride (77) 

Cl

F
H
N

 

Solution of 2-(2-fluorobiphenyl-4-yl)-1-(pyrrolidin-1-yl)propan-1-one  (0.4 g, 1.35 

mmol) in THF (5 mL) was slowly added to suspension of lithium aluminum hydride 

(0.1 g, 2.69 mmol) in THF (10 mL). The reaction mixture was stirred at reflux 

temperature for 3 h. The progress of reaction was monitored by TLC. After the 

completion of reaction, the reaction mixture was cooled to room temperature and 

excess of LAH was destroyed by slow addition of water followed by addition of 1N 

sodium hydroxide solution and ethyl acetate. The ethyl acetate layer was separated 

using separating funnel and dried with anhydrous sodium sulfate. Evaporation of the 

solvent yielded an essentially pure amine. The amine was dissolved in diethyl ether 

and dry HCl gas was passed through this solution. By passing the dry HCl gas through 

the ethereal solution of amine, the quaternary ammonium salt was precipitated 

immediately. The salt was filtered, washed with ether and dried under vacuum.  

Yield: 70.0 %, m.pt.:197-198oC. 
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1H NMR (300 MHz, D2O): δ 7.60-7.45 (m, 6H, phenyl), 7.24 (m, 2H, phenyl), 3.56-

3.41 (m, 6H, 4H pyrrolidine and CH2N), 3.24 (m, 1H, CHCH3), 2.00 (br, 4H, 

pyrrolidine), 1.33 (d, J = 6.72 Hz, 3H, CH3CH). 
13C NMR (75 MHz, D2O): δ 160.4 (C), 164.4 (C), 137.4 (C), 131.2 (CH), 130.0 (C), 

126.0 (CH), 117.4 (CH), 117.1 (CH), 63.4 (CH2), 57.7 (CH2), 57.0 (CH2), 38.9 (CH), 

24.9 (CH2), 21.8 (CH3). 

ESI-MS (m/z): 284.2   

 

5.3.3.2 2-(2-fluorobiphenyl-4-yl)-N-(2-hydroxyethyl)propan-1-

aminium chloride (78) 

 

Solution of 2-(2-fluorobiphenyl-4-yl)-N-(2-hydroxyethyl)propanamide  (0.34 g, 1.2 

mmol) in THF (5 mL) was slowly added to suspension of lithium aluminum hydride 

(0.09 g, 2.4 mmol) in THF (10 mL). The reaction mixture was refluxed for 4 h. The 

progress of reaction was monitored by TLC. After completion of reaction, the reaction 

mixture was cooled to room temperature and excess of LAH was destroyed by drop 

wise addition of water followed by addition of 1N sodium hydroxide solution. The 

reaction mixture was extracted with ethyl ether. The ether layer was separated and 

dried over anhydrous sodium sulfate. On passing dry HCl gas through the ether layer, 

the product was precipitated immediately. The product was filtered, washed several 

times with ether and kept under vacuum over night.  

Yield: 65.5 %, m.pt.:157-158oC. 

[α]: 0.00 

1H NMR (300 MHz, D2O): δ 7.63-7.44 (m, 6H, phenyl), 7.26 (m, 2H, phenyl), 3.83 

(t, 2H, J = 4.89 Hz, CH2OH), 3.37 (d, J = 7.95 Hz, 2H, CH2N), 3.31 (m, 1H, CHCH3), 

3.19 (m, 2H,   CH2N), 1.37 (d, J = 6.72 Hz, 3H, CH3CH). 

13C NMR (75 MHz, D2O): 160.4 (C), 146.1 (C), 146.0 (C), 137.5 (C), 133.8 (CH), 

131.6 (CH), 130.6 (CH), 129.3 (CH), 117.4 (CH), 117.1 (CH), 58.7 (CH2), 55.5 

(CH2), 51.8 (CH2), 38.9 (CH), 21.4 (CH3).  

ESI-MS (m/z): 274.2 
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5.3.3.3 1-(2-(2-fluorobiphenyl-4-yl)propyl)-2-

(hydroxymethyl)pyrrolidinium chloride (79)  

F
H
N

HO  

To suspension of lithium aluminum hydride (0.2 g, 5.2 mmol) in THF (10 mL) a 

solution of 1-(2-(2-fluorobiphenyl-4-yl)propanoyl)pyrrolidine-2-carboxylic acid (0.5 

g, 1.5 mmol) in THF (10 mL) was dropwise added. After addition of amide was 

complete, the reaction mixture was stirred at room temperature for 4 h. Excess of 

LAH was destroyed by slow addition of water. Then 1N NaOH (10 mL) was added to 

it and extracted with ethyl ether. The ether layer was separated, dried over anhydrous 

sodium sulfate. On passing dry HCl gas through the ether layer, the product was 

precipitated as a gelatinous solid, which was kept overnight in oven at 65 oC. The dry 

solid product was crushed into powder. M.pt: become jelly like when heated above 45 

oC and flowing liquid at 125 oC.  

Yield: 70.0 %.  

[α]: -10.78 

1H NMR (300 MHz, D2O): δ 7.76-7.47 (m, 8H, phenyl), 3.90 (m, 2H, CH2OH), 3.69 

(m, 3H, CH2OH and CH prolinol), 3.47 (m, 2H, CH2 prolinol), 3.32 (m, 1H, CHAr), 

2.15-1.87 (m, 4H, prolinol), 1.38 (d, J = 6.72 Hz, 3H, CH3CH). 

ESI-MS (z/m): 314.1 
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Chapter-6 

SALICYLIC ACID DERIVATIVES 

6.1 Results and discussion 

Salicylaldehyde was reduced to Salicyl alcohol under solvent free condition according 

to reported procedure.105 Salicyl alcohol was refluxed with thionyl chloride and amine 

was added to it. The corresponding quaternary ammonium compounds were 

precipitated immediately after the addition of amines (scheme 7.1).   

 

 

Scheme 6.1: synthesis of salicylic acid derivatives 82-85 

 

Table 6.1: Physical and chemical data of compounds 82-85 

S. No Compound No X Formula M.Pt oC Yield % 

1 82 O C11H16NO2Cl 140 65.7 

2 83 CH2 C12H18NOCl 160 69.2 

3 84 C18H24N2O2Cl2 
230 

(decomposes) 
74.5 

4 85 CHCONH2 C13H19N2O2Cl 
206 

(decomposes) 
61.5 

 

The structure of compounds 82-85 were confirmed from 1H and 13C NMR data. 

Data for anti-inflammatory activity is given in table 6.2. As shown in the table, the 

synthesized compounds 82-85 and the standard i.e. aspirin significantly reduced the 

paw oedema induced by carrageenan compared to the control group. Anti-

inflammatory activity for all the test compounds was maximum after 4 h and then 

became fairly constant.  
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Table 6.2: Anti-inflammatory activity of compounds 82-85 in Carrageenan induced 

Paw edema model  

 

Treatment group 

Mean paw volume increase (ml) 

1 h 2 h 3 h 4 h 5 h 

Control (sal 0.9 %) 0.0450 0.0425 0.0750 0.0775 0.0813 

Aspirin (100 mg/Kg) 0.0238 0.0250 0.0213 0.0175 0.0175 

Compound 82  (100 mg/Kg) 0.0388 0.0238 0.0338 0.0188 0.0163 

Compound 83(100 mg/Kg) 0.0263 0.0213 0.0300 0.0125 0.0125 

Compound 84 (100 mg/Kg) 0.0388 0.0238 0.0338 0.0188 0.0163 

Compound 85 (100 mg/Kg) 0.0325 0.0313 0.0313 0.0250 0.0138 

 

Analgesic activity of the test compounds 82-85 was carried out using acetic acid 

induced writhing model. Vehicle-treated control group mice given acetic acid 

intraperitoneally exhibited extensive writhing and abdominal contraction. Three 

different doses (15, 30 and 45 mg/kg) of 82-85 and aspirin were tested. The efficacy 

was maximum at the dose of 30 mg/kg. As shown in the table 6.3, both aspirin and 

compound 82 significantly reduced the incidence of writhing by 74.09 and 65.22% 

respectively. 59.95 % protection was observed in case of compound 83.  

Table 6.3: Analgesic activity of compounds 82-85 in acetic acid induced writhing 

model 

Treatment group Mean percent protection 

Control (sal 0.9 %) 23.97 

Aspirin (30 mg/Kg)                          74.09 

Compound 82  (30 mg/Kg) 65.22 

Compound 83 (30 mg/Kg) 59.95 

Compound 84 (30 mg/Kg) 49.28 

Compound 85 (30 mg/Kg) 56.12 

 



Chapter-6                                                                               Salicylic Acid Derivatives 

79 
 

Analgesic activity of the test compounds were also carried by hot plate analgesia 

model. Results (table 6.4) show that the mean percent protection of all the test 

compounds is less than the standard morphine drug. Morphine produced the 

maximum protection of 74.10 % after 30 min, while the maximum protection 

produced by compound 83 was 59.96 %. Two compounds 84 and 85 did not show 

significant analgesic effect compared to the control group.   

 

Table 6.4: Analgesic activity of compounds 86-89 compared to morphine in hot plate 

analgesia model in mice 

Treatment group Mean percent protection 

At 30 min At  60 min 

Control (sal 0.9 %) 23.97 18.13 

Morphine 5 mg/Kg 74.10 52.90 

Compound 82  45 mg/Kg 49.28 10.61 

Compound 83  45 mg/Kg 59.96 6.18 

Compound 84 45 mg/Kg 7.33 7.30 

Compound 85  45 mg/Kg 18.20 9.83 

 

Compounds 82-85 and aspirin were evaluated for antipyretic activity by yeast induced 

hyperpyrexia model. Hyperpyrexia was induced by subcutaneous administration of 

brewer yeast solution. Aspirin and compounds 82-85 were orally administered and 

rectal temperature was recorded after 0.5, 1.0 and 1.5 h. Tabulated data (table 6.5) 

showed that all the four compounds decreased the temperature of pyretic mice at all 

measurement times.  Compounds 82-85 showed better antipyretic activity relative to 

the standard aspirin drug. The maximum mean rectal temperature of the control group 

was 38.15 oC while in case of the test compounds 82, 83, 84 and 85 the maximum 

temperature was found 37.86, 37.67, 37.35 and 37.39 oC respectively.  
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Table 6.5: Antipyretic activity of compounds 82-85 compared to aspirin in Brewer 

yeast induced pyrexia model in mice 

Treatment group Mean rectal temperature (oC) 

0.5 h 1 h 1.5 h 

Control (sal 0.9 %) 38.15 38.15 38.15 

Aspirin (100 mg/Kg) 38.01 37.61 37.51 

Compound 82  (100 mg/Kg) 37.68 37.35 37.22 

Compound 83  (100 mg/Kg) 37.67 37.37 37.22 

Compound 84 (100 mg/Kg) 37.35 37.22 37.22 

Compound 85  (100 mg/Kg) 37.39 37.28 37.23 

 

Amide 87 was synthesized by reacting o-acetylbenzoyl chloride with pyrrolidine at 

room temperature. The structure of amide was confirmed by 1H NMR. New signals at 

3.5-3.2 and 1.8 ppm confirmed the attachment of pyrrolidine moiety. Singlet at 2.2 

ppm for methyl group confirmed the acetyl group. Amide 87 was reduced to 78 by 

using lithium aluminum hydride. In the 1H NMR spectra, a new singlet for methylene 

protons appeared at 3.8 ppm which confirmed the reduction of amide to amine 88. 

Singlet at 2.2 ppm disappeared which shows that the acetyl group was also reduced.  

 

Scheme 6.2: synthesis of 1-(2-acetoxybenzyl)pyrrolidinium chloride 



Chapter-6                                                                               Salicylic Acid Derivatives 

81 
 

Amine 88 was then acetylated using acetyl chloride. During the acetylation step, the 

HCl which is produced in the reaction, reacted in-situ with the free amine and the 

final product 89 was precipitated as white powder. The structure of 89 was confirmed 

by 1H and 13C NMR. Multiplets at 7.6-7.5, 7.4 and 7.3 ppm confirmed the 

disubstituted phenyl group. Acetyl group was confirmed from the singlet for methyl 

protons at 2.4 ppm.  

Compound 89 were tested for anti-inflammatory activity by carrageenan induced paw 

oedema model experiment. Compound was screened at single dose i.e 40 mg/Kg at 

time dependent bases. The effect of compound 89 on carrageenan induced paw 

oedema volume is shown in figure 6.1. However, this compound showed less anti-

inflammatory activity. Compound 89 showed maximum anti-inflammatory activity 

19.10 %, figure 6.3. 

 

 

Figure 6.1: Comparison of change in paw volume; compound 89 Vs control 
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Figure 6.2: Time-dependent change in paw volume (ΔV) 

 

 

 

Figure 6.3: Time dependent anti-inflammatory activity 

 

Compound 91 was synthesized from salicylaldehyde and ethanolamine. 

Salicylaldehyde and ethanolamine were refluxed in mixture of methanol and THF. 
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The resulting Schiff base was reduced in-situ using NaBH4. Amine was converted 

into ammonium salt by adding HCl to the reaction mixture (scheme 6.3)  

 

Scheme 6.3: synthesis of 2-hydroxy-N-(2-hydroxybenzyl)ethanaminium chloride 

The structure of 91 was confirmed from 1H NMR spectrum. Two triplets for the two 

methylene groups of ethanolamine moiety were appeared at 3.8 and 3.2 ppm. Singlet 

for methylene group attached to the phenyl group was appeared at 4.3 ppm. Aromatic 

protons were confirmed from the two multiplets at 7.3 and 7.0 ppm. 

 

6.2 Experimental  

A. Chemistry 

6.2.1 4-(2-hydroxybenzyl)morpholin-4-ium chloride (82) 

 

To a solution of salicyl alcohol (1 mmol) in dichloromethane, thionyl chloride was 

slowly added at room temperature. When the addition was complete, the reaction 

mixture was refluxed for 2 h. The reaction mixture was cooled to 0 oC and morpholine 

(1 mmol) in dichloromethane was slowly added to it. White product was formed 

immediately. The product was filtered, washed with dichloromethane and dried under 

vacuum.   

Yield: 56.0 %, m.pt.: 140 ºC.  

IR (neat): υ cm-1 3391, 3048, 2944, 1604, 1432, 1130, 793.  
1H NMR (300 MHz, D2O):  δ 7.32-6.95 (m, 4H), 4.69 (s, 2H), 3.87 (t, J = 5.1 Hz, 

4H), 3.22 (t, J = 5.1 Hz, 4H).  
13C NMR (75 MHz, D2O): δ 45.75, 53.69, 66.20, 118.4, 123.1, 123.1, 134.75, 135.6, 

159.33.  

ESI-MS (m/z): 193 
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6.2.2 1-(2-hydroxybenzyl)piperidinium chloride (83) 

 

To a solution of salicyl alcohol (1 mmol) in dichloromethane, thionyl chloride was 

slowly added at room temperature. When the addition was complete, the reaction 

mixture was refluxed for 2 h. The reaction mixture was cooled to 0 oC and piperidine 

(1mmol) in dichloromethane was slowly added to it. The product was precipitated as 

white powder. The product was filtered, washed with dichloromethane and kept under 

vacuum for 24 h.  

Yield: 67.8 %, m.pt.: 160 ºC.  

IR (neat): υ cm-1 3381, 2947, 2731, 1591, 1456, 1136.  
1H NMR (300 MHz, D2O): δ 7.0 (m, 4H), 4.55 (s, 2H), 3.08 (t, 4H), 1.7 (m, 4H), 1.6 

(m, 2H). 

 13C NMR (75 MHz, D2O): δ 24.12, 24.86, 47.20, 58.77, 119.0, 121.6, 123.04, 

134.97, 137.59, 158.50.  

ESI-MS (m/z): 191 

 

6.2.3 1,4-bis(2-hydroxybenzyl)piperazine-1,4-diium chloride (84) 

N

OH
N

HO

H

H
Cl

Cl  

Thionyl chloride was slowly added to solution of salicyl alcohol (1 mmol) in 

dichloromethane, at room temperature. When the addition was complete, the reaction 

mixture was refluxed for 2 h. The reaction mixture was cooled to 0oC and piperizine 

(0.5 mmol) in dichloromethane was slowly added to it. White salt was precipitated out 

immediately. The salt was filtered and washed with dichloromethane. M.pt 200 ºC 

(decomposes).  

Yield: 62.3 %, m.pt.: 230 ºC (decomposes).  

IR (neat): υ cm-1 3479, 3007, 2926, 2783, 1620, 1433, 1139. 
1H NMR (300MHz, D2O): δ 7.29-6.91 (m, 4H), 4.60 (s, 4H), 3.49 (s, 8H).  
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13C NMR (75 MHz, D2O): δ 43.06, 50.88, 118.49, 119.28, 123.25, 134.23, 134.98, 

158.20.  

ESI-MS (m/z): 298.1 

 

6.2.4 4-carbamoyl-1-(2-hydroxybenzyl)piperidinium chloride (85) 

 

Thionyl chloride was slowly added to solution of salicyl alcohol (1 mmol) in 

dichloromethane, at room temperature. When the addition was complete, the reaction 

mixture was refluxed for 2 h. The reaction mixture was cooled to 0 oC and Piperidine-

4-carboxamide (1 mmol) in dichloromethane was slowly added to it. White salt was 

formed immediately. The salt was filtered and washed with dichloromethane. 

Yield: 65 %, m.pt.: 206 ºC (decomposes).  

IR (neat): υ cm-1 3387, 3203, 3001, 2937, 2817, 1667, 1619, 1429, 610.       
1H NMR (300MHz, D2O): δ 1.87 (m, 4H), 2.66 (m, 1H), 3.05 (m, 4H), 4.12 (2H), 

7.01-7.39 (m, 4H). 
13C NMR (D2O): 181.8, 158.2, 135.6, 134.7, 130.7, 123.2, 118.5, 58.5, 45.8, 41.8, 

27.6. 

ESI-MS (m/z): 234 

 

6.2.5 2-(pyrrolidine-1-carbonyl)phenyl acetate (87) 

 

Compound 87 was synthesized from o-acetylbenzoyl chloride and pyrrolidine. 

Pyrrolidine (0.28 g, 2.0 mmol) was slowly added to solution of o-acetylbenzoyl 

chloride (0.4 g, 2.0 mmol) in DCM (10 mL). Reaction mixture was stirred at room 

temperature for 3 h. Reaction mixture was filtered and washed with 2N HCl solution. 
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DCM layer was separated and dried over anhydrous Na2SO4. Evaporation of DCM 

yielded amide 87 as oily liquid.  

Yield: 85 %, oil.    
1H NMR (300 MHz, CDCl3): δ 7.42-7.33 (m, 2H, phenyl), 7.2 (m, 1H, phenyl), 7.1 

(d, J = 7.95 Hz, 1H, phenyl), 3.5 & 3.2 (two brs, 4H, pyrrolidine), 2.2 (s, 3H, 

CH3COAr), 1.8 (brs, 4H, pyrrolidine). 

 

6.2.6 2-(pyrrolidin-1-ylmethyl)phenol (88) 

 

Compound 88 was synthesized by reduction of 87. Solution of amide (0.5 g, 2.1 

mmol) in THF (10 mL) was drop wise added to suspension of lithium aluminum 

hydride (0.3g, 8mmol) in THF (5 mL). Stirring was continued for 3 h at room 

temperature. Excess of LAH was destroyed by dropwise addition of 15 % NaOH 

solution and extracted with ethyl acetate. Organic layer was separated and dried over 

Na2SO4. Colorless oily product was obtained on evaporating the solvent.    
1H NMR (300 MHz, CDCl3): δ 7.19-7.14 (m, 1H, phenyl), 7.0 (d, J = 7.32 Hz, 1H, 

phenyl), 6.8 (d, J = 7.92 Hz, 1H, phenyl), 6.7 (m, 1H, phenyl), 3.8 (s, 2H, CH2Ar), 2.6 

(brs, 4H, pyrrolidine), 1.8 (br, 4H, pyrrolidine). 

 

6.2.7 1-(2-acetoxybenzyl)pyrrolidinium chloride (89) 

 

Acetyl chloride (0.05 g, 6.4 mmol) was drop wise added to amine 88 (0.5 g, 0.5 

mmol) in THF (10 mL). The reaction mixture was stirred at room temperature for 30 

min under nitrogen atmosphere. Product was precipitated as a white solid. Product 

was filtered and washed with ether.   

Yield: 82.2 % 
1H NMR (300 MHz, D2O): δ 7.6-7.5 (m, 2H, phenyl), 7.4 (m, 1H, phenyl), 7.3 (d, J 

= 7.92 Hz, 1H, phenyl), 4.3 (s, 2H, CH2Ar), 3.5 (br, 2H, pyrrolidine), 3.2 (br, 2H, 
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pyrrolidine), 2.4 (s, 3H, CH3COAr),  2.1 (br, 2H, pyrrolidine), 2.0 (br, 2H, 

pyrrolidine). 

ESI-MS (m/z): 202.2 

 

6.2.8 2-hydroxy-N-(2-hydroxybenzyl)ethanaminium chloride (91) 

 

Salicylaldehyde (1 g, 8.2 mmol) and ethanolamine (0.5 g, 8.2 mmol) were taken in 

methanol (10 mL) and THF (10 mL). The contents were refluxed for 3 h and then 

cooled to room temperature. NaBH4 (0.62 g, 16.7 mmol) was added to the above 

reaction mixture and stirring was continued for additional 30 min at room 

temperature. HCl (3.5 mL, 40 mmol) was added to it and the product 91 was 

precipitated as white salt (1 g, 4.8 mmol). The product was filtered and washed with 

petroleum ether.     
1H NMR (D2O): δ 7.3 (m, 2H, phenyl), 7.0 (m, 2H, phenyl), 4.3 (s, 2H, CH2Ar), 3.8 

(t, J = 4.86 Hz, 2H, CH2OH), 3.2 (t, J = 4.89 Hz, 2H, CH2N) 

 

B. Biological study 

6.2.9 Analgesic activity 

Analgesic activity of the samples was determined by mean of writhing test using 

acetic acid. The animals were injected intraperitoneally with 1 % aqueous acetic acid 

solution and writhes were counted over a period of 20 min. Aspirin and the test 

compounds 86-89 were orally administered to animals. The mean number of writhes 

for each experimental group was percent protection compared to the control group 

(one group of mice was not treated with aspirin or test compounds) was calculated. 

6.2.10 Antipyretic activity 

Pyrexia was induced by subcutaneous injection of 15 % Brewer’s Yeast aqueous 

suspension below nape of neck in the back. Rectal temperature was taken after 18h of 

the Brewer’s Yeast. The test compounds and standard was administered 

subcutaneously in their respective doses. The mean of post Brewer’s yeast rectal 

temperature was compared with the pre-drug temperature (i.e temperature taken after 

18 h of the Brewer’s yeast injection).  
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CONCLUSIONS 

The following conclusions can be drawn from the current studies: 

 Replacement of the carboxylic acid group present in NSAIDs by a series of 

quaternary ammonium moieties produced potent anti-inflammatory molecules 

which do not induce stomach ulceration when administered orally to rats.  

 Among the newly synthesized naproxen derivatives in which the carboxylic 

group was replaced by quaternary ammonium moieties, N-(2-hydroxyethyl)-2-

(6-methoxynaphthalen-2-yl)propan-1-aminium chloride was the most potent 

anti-inflammatory agent (65.28% inhibition of inflammation at 6.4 mg/kg); 

however, unlike the reference compound naproxen (ulcer index = 108.7), N-

(2-hydroxyethyl)-2-(6-methoxynaphthalen-2-yl)propan-1-aminium chloride 

did not produce gastric ulcer (UI = 0) when administered orally at equimolar 

doses (0.17mmol).  

 The results suggest that the carboxylic acid group present in commercial 2-

phenylpropionic acid NSAIDs is not an essential requirement for anti-

inflammatory activity in vivo, and offer a new concept in drug design by using 

water-soluble ammonium moieties instead. 

 Investigation of biological activities of salicylic acid derivatives revealed that 

these compounds possess dose dependent statistically significant analgesic, 

anti-inflammatory and antipyretic properties without causing gastric ulceration 

and acute toxicity.   
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