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ABSTRACT

Multicomponent reactions (MCR'’s) are attractingesttion of chemist as one of the most powerful gficttiools

for the development of molecular diversity and clexity. It is also useful in synthesis of varioustdrocyclic

compounds. Many of the heterocyclic compoundshaea beported to possess anti-inflammatory activitiis

review provides readers with an overview of thel@tgqtion of multicomponent reactions for the syagis of non-
steroidal anti-inflammatory drugs. Multicomponeegctions are more efficient, cost effective anchenacal than
traditional methods. Literature survey reveals thatious multicomponent reactions are exploitedtfar synthesis
of new non-steroidal anti-inflammatory drugs likégiBelli reaction, Ugi reaction, Kabachnik field aetion,

Hantzsch reaction, Petasis reaction, Mannich reacetc.

Keywords: Non steroidal anti-inflammatory drug&nalgesic, Multi component reactions.

INTRODUCTION

Multicomponent reactions (MCRSs) are chemical remgiin which three or more compounds react to farsingle
product. The reaction gives highly selective prdsglubat retains majority of atoms present in tlaetistg material.
MCRs provide great possibility for getting moleautiversity and complexity in few steps within ldsre.

The various advantages of MCR can be summarizéullaws:

1.Utilization of simple and readily available stagimaterials.

2.Wide range of possibilities for the efficient canstion and development of highly complex molecutesingle
step.

3.Favourable economic factors, including the costef materials, energy and human resources.
4.Low environmental impact, use of environmentaligridly solvents, atom economy.

5.Simple work-up procedure, efficient recovery antiyoding of catalyst.

6.Experimental simplicity.

7.Product having high stereo selectivity and highdyie

8.Saves energy and time.

9.Avoids several steps.

10.Green synthetic approach.

11.Avoid hazardous by products.

12.Possibility of automation.

13.Intermediate separation and purification steps.

14.0pen possibilities for the use of mono and bifunmi catalysts for achieving fully green processes.

Multicomponent reactions are more beneficial thanventional linear-type synthesis because it pewidreation

of several bonds in one single step [1]. Therefd@R’s are gaining more importance in organic chémiand
medicinal [2]. Conventional multi-step reaction®guces waste by-products, it also utilises haassddoxic,
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expensive solvents. MCR's is efficient synthetioqgadure for effective and quick organic transfoiorabecause
the target molecule is obtained in one pot, sistie so molecular diversity and complexity can beioed by just
changing the reacting components [3, 4].

Inflammation

Inflammation is part of the body's immune respolisis.the response of organism to the pathogerilarhmation is
a local reaction of the vascular and supportingnelats of a tissue to injury leading into the forimatof protein-
rich exudates. It is a protective response fromspenific immune system to localize, neutralizefmdestroy an
injurious agent in preparation for the process edlimg. Symptoms of inflammation are calor (heddlor (pain),
tumor (swelling), rubor (redness) and function ta¢®ss of function). It is the complex biologiaa@sponse of
vascular tissues to harmful stimuli, such as pathsgdamaged cells, or irritants. The symptomsaof pre redness,
swelling, heat, and loss of function. By the hefjpnflammation the organism gets rid of the injursostimuli and to
initiate the healing process. Inflammation is calubg physical agents, chemical agents, immunoldgeactions
and infection by pathogenic organigfj. Anti-inflammatory refers to the property of a subwte to treat and
reduce inflammation. Non steroidal anti-inflammatdrugs (NSAIDs) are useful tools in the treatmehtcute
and chronic inflammation [6], paifT] and fever [8]. Long-term usage of anti-inflamiory drugs leads to side
effects such as gastrointestinal lesions, bleedimjnephrotoxicity [9, 10].

Importance of anti-inflammatory drugs

Anti-inflammatory drugs reduce pain caused by mfaation. It inhibits or blocks the effect of (COXhzymes.
(COX) enzymes known as called cyclo-oxygenase. @@Xymes are produces the chemical called prostiglan
At the side of injury or damage some prostaglandnesproduce. These drugs block the productionadtpglandin
and reduce pain. There are two types of COX engyn@0OX-1 and COX-2. COX-2 enzyme is responsibtetlie
production of prostaglandins. Anti-inflammatory ipiillers are sometimes classified into two mainugs

» Nonselective or standard NSAIDs. Most fall intostlgroup, including diclofenac, ibuprofen, indomataand
naproxen. They block both COX-1 and COX-2 enzymes.

» Coxibs. For example, celecoxib and etoricoxib. Enesinly (selectively) block just the COX-2 enzyme.

Based on their chemical structure or mechanismatib NSAIDs are classified. New substances aretlgnos
classified by mechanism of action. Esalicylates: Aspirin (acetylsalicylic acid), Diflunisal, Sals&e. P-amino
phenol derivatives. Paracetamol, phenacetiRropionic acid derivatives: Ibuprofen, Naproxen, Fenoprofen,
Ketoprofen, Dexketoprofen, Flurbiprofen, Oxaprozimpxoprofen. Acetic acid derivatives. Indomethacin,
Sulindac, Etodolac, Ketorolac, Diclofenac, Naletome. Enolic acid (Oxicam) derivatives. Piroxicam,
Meloxicam, Tenoxicam, Droxicam, Lornoxicam, Isaic. Fenamic acid derivatives (Fenamates): Mefenamic
acid, Meclofenamic acid, Flufenamic acid, Tolfenaracid. Selective COX-2 inhibitors (Coxibs): Celecoxib,
Rofecoxib, Valdecoxib, Parecoxib, Lumiracoxibpitoxib, Firocoxib.Sulphonanilides: Nimesulide.

Anti-inflammatory painkillers have two main uséso reduce pain. Anti- inflammatory compounds are used to
ease up pain in various situations, including aatiwitis, rheumatoid arthritis, joint pains, mwesend ligament
pains (strains and sprains), dysmenorrhoea (ppaat, postoperative pain, headaches, migraines etc

To reduce inflammation. Inflammation is also reduced. This can furthetuee pain and stiffness that occurs with
inflammation condition such as rheumatoid artfsriti
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Varioustypes of multicomponent reaction

e

Strecker| | GeWald | | Groebke-Blackburn
Reaction| LR€action reaction
Mannich Ugi
Reaction & f} Reaction
Pauson-Khand Multlcomponent Kabachnik-Fields
Reaction Reactions Reaction
Asinger f‘i N Bucherer-Bergs
Reaction Reaction
Hantzsch
Reaction | | Passerini | | Biginelli
Reaction Reaction

1.Biginelli reaction

o o CHO o 9
N
H H5C,
OMCH + + )k —_—> ~0 NH
| 3 N SNHy ¢ o | )%
Cals benzaldehyde urea HyC N o
ethyl acetoacetate H

dihydropyrimidinones
Scheme 1. General scheme for Biginelli reaction.

The Biginelli reaction [11] is one of the common ltimomponent reaction that produces 3,4-dihydrapidin-
2(1H)-ones from aldehyde, ethyl acetoacetate, urb& reaction is named by Italian chemist PietigiriIli in
1891. The product Dihydropyrimidinones obtainedrfrthe reaction is used in the pharmaceutical imgust

= Biginelli reaction used for synthesis of anti-inflammatory drugs

% NHNO, O
HsC,00C + R + )k
-

N
CN XN H,N NH, H o
MWI
CHO solvent free HoN

Scheme 2. Synthesis of 2-amino dihydropyrimidinone derivatives

Anjnaet al [12] reported a synthesis of 2-amino dihydropydimone derivatives by three-component condensation
of aldehydes, ethyl cyanoacetate, and guanidirrateiin presence of 2-3 drops of piperidine undarawave
irradiation. The synthesized compounds were scredae their anti-inflammatory activity using caresgnan-
induced rat paw edema method. Most of the compouwvel® reported to have significant anti-inflammsgtor
activity. The synthesized compounds were produceéxicellent yield within short period of time. Thethor
observed that by increasing microwave power upQ0 watts, there was an increase in the yield amditeshed
reaction time, but beyond 600 watts there was gifitant change in reaction time and yield.
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Scheme 3. Synthesis of 3,4-dihydrothiopyrimidin-2(1H)-one urea derivatives.
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R. H. Taleet al [13] has synthesized a series of novel 3,4-dibgdrimidin-2(1H)-one urea derivatives of
biological importance using Biginelli reaction. Amtermediate ethyl 6-methyl-4-(4-nitrophenyl)-2¢ko-1,2,3,4-
tetrahydropyrimidine-5-carboxylate was synthesibgdeating a mixture of p-nitrobenzaldehyde, ettgtaacetate
and thiourea in ethanol at ®Dfor 8 h using catalytic amount of PTSA. Reductidmitro group was carried out by
using SndGl in ethyl acetate at room temperature. Resultingn@amvas then subjected to react with different
substituted isocynates in THF. The author obsetlkiatla majority of the analogues of the series foasd to be
active and exhibited the good (68% and 62%) TNFd B-6 (92% and 86%) inhibitory activity. The aath
observed that the position of the substituent emiteal benzene ring of urea moiety has profouneéafbn the
activity. The 2- and 5-positions on the terminahzene ring are the favourable site for the highetemcy.
Evidently, the compound A with Cl and €&t 2- and 5-positions, respectively, exhibitinghgst TNF-a and IL-6
inhibitory activity, while presence of Cl at 2-ptish and Ck group at 6-position exhibits no TNF-a activitylow
IL-6 inhibitory activity. The compound B with fluorgroup at 3- and 5-position of terminal benzeng showed
better TNF-a (62% at 10 IM) and IL-6 (86% at 10 IMhibitory activity. Biological activity evaluatio study
revealed that among all the compounds screenedy@amds 12 and 17 found to have promising anti-mifteatory
activity (68—62% TNF-a and 92—-86% IL-6 inhibitorgtiaity at 10 IM).
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Scheme 4. Synthesis of 3-(substituted 1-phenylethanone)-4-(substituted phenyl)-1, 2, 3,4-tetrahydropyrimidine-5-carboxylates

R.V. Chikhale et al [14] have presented the one-pot synthesis of rlessedf ethyl 6-methyl-2-methoxy-3-
(substituted 1-phenylethanone)-4-(substituted phelny?2, 3, 4-tetrahydropyrimidine-5-carboxylateis Biginelli-
type condensation of aromatic aldehydes with uoedhjourea) using as a catalyst. Anti-inflammatacyivity was
carried out by carrageenan induced rat-paw edentiaoghe

CHO
N 2 CH,COONa
— —_—
oN + P C,H-OH
water

Scheme 5. Synthesis of 3-(substituted 1-phenylethanone)-4-(substituted phenyl)-1, 2, 3,4-tetrahydropyrimidine-5-carboxylates

Kapupara P. Pet al [15] has discovered the synthesis and pharmaicalogcreening of 4-amino-5- pyrimidine
carbonitriles as potential anti-inflammatory agentbe target molecule was synthesized by addinghgides,
malononitrile, amidine hydrochloride and sodiumtate in water and ethanol and refluxed with stgrfor 6hrs.
The obtained compounds were evaluated for thekirffammatory activities as well as gastric ulcgenic effects.
Results showed that the compound with (-Cl and 3)Qiloup on benzene ring showed potent anti-inflatonya
activity in carrageenan-induced rat paw edemavightlow gastric ulcerogenicity compared with etaxib.
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Scheme 6. Synthesis of 3-(4,6-disubtituted-2-thioxo-1,2,3,4-tetrahydropyrimidin-5-yl) propanoic acid

Hassan. A. Osmaaet al [16] reported synthesis of 3-(4, 6-disubtitutethibxo-1,2,3,4-tetrahydropyrimidin-5-yI)
propanoic acid derivatives. The compounds was swithd by using Biginelli reaction, a condensatibthiourea,
5-(4- isobutylphenyl)-5-oxopentanoic acid and siibtgtd aldehydes. Aryl acetic acid or propanoidaterivatives
have found to have major contribution in non-swabianti-inflammatory agents. Acid side chain weexqjéiently
used to have more potent anti-inflammatory agehé Jynthesized compounds were obtained in good. yidll the
newly synthesized compounds demonstrated antirmflatory activity comparable to that of ibuprofertte same
dose.

CoHs

0 o]
M i -
o) CH,; + )k + — R H3AsO;/AsCly
| HyN NH, = o~
MW I H3C
CHO

socl,

Room temperature

pyridine

CH,

Scheme 7. Synthesis of 3,4-Dihydropyrimidine-2(1H)-one Derivatives

P.A. Patilet al [17] has discovered new 4-Substituted aryl-6-yle2hpyrimidinone-5-(N-p-tosyl) carbohydrazides
by synthesizing in a three step reaction. In fissep 5-(ethoxy carbonyl)-6-methyl-4-substitutedayl-
dihydropyrimidin-2(1H)- ones was obtained. Secotep sconsist of synthesis of 4-substituted aryl-@hyle2-
pyrimidinone-5-carbohydrazides. Third step involggathesis of 4-substituted aryl-6-methyl-2-pyrimahe-5-(N-
p-tosyl) carbohydrazides. The tested compound sti@mé-inflammatory and analgesic activity.
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Scheme 8. Synthesis of 2-amino-6-(4-substituted aryl)-4-(4-substitutedphenyl)-1,6-dihydropyrimidine-5-yl-acetic acid derivatives

Sushilkumar S. Bahekaet al [18] has discovered a synthesis of series of Bxau®-(4-substituted aryl)-4-(4-
substituted phenyl)-1,6-dihydropyrimidine-5-yl-aceacid derivatives by condensation reaction ofyfmmpanoic
acid, guanidine nitrate and aromatic aldehydesésgnce of KCO;as a catalyst.

Scheme 9. Synthesis of [4, 6-(4 substituted aryl)-2-oxo-1, 2, 3, 4-tetrahydropyrimidin- 5-yl]-acetic acid derivatives

Santosh N. Mokaleet al [19] has investigated synthesis of A series gb{&ubstituted aryl)-2-oxo0-1,2,3,4-
tetrahydro-pyrimidin-5-yl]-acetic acid has been thysized by the base catalyzed condensation ofsddgdtituted

phenyl)-4-oxo butanoic acid, urea with aldehydeethanol. The synthesized compound was evaluatea@rftr
inflammatory activity.

ﬁ | i ~
PN + /H\ R conc HCI

? CHs H,NT NH, + =

Cafs CHO

(i) CgHsCOCI | (i) POCI4
(iii) CH,CH,Cl,,

N—N

Hsce/</
(@)

Scheme 10. Synthesis of dihydropyrimidine derivatives
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Manish Kumar Mishrat al [20] has synthesized and evaluated for theirinfiammatory activity by carrageenan
induced rat paw edema method for a series of Bhyhe? - oxo N- (4- oxo- 2- substituted phenyl-3t,thiazolidin-
3- yl)- 4- substituted phenyl- 1, 2, 3, 4- tetratolyrimidine- 5- carboxamide. The reaction wasiedrout simply
by heating a mixture of three components dissolaezthanol with a catalytic amount of hydrochloaicid at reflux
temperature.

NO,
NO,
(0] (0] S
L L, o I
PN e
+ HC o CH; + HN NHz  CoHsOH | NH
reflux 3 |
NS
CHO HsC N s
H
snCl, | EtOAc
rt
= I S
P R J\ NH
NH NH ’
(0]
|o |
PN jubsﬂtuted thioisocyanates HsC 0 NH
HsC o NH - |
| THF T X
o H;C N S
H,C N S H

Scheme 11. Synthesis of 3,4-dihydrothiopyrimidin-2(1H)-one derivatives of N-aryl urea

Rajesh H. Taleet al [21] has developed synthesis of novel thioanaloig8,4-dihydrothio pyrimidin-2(1H)-one
derivatives of N-aryl urea by sequential Bigiriellieaction, reduction followed by reaction of rgisig amine with
different arylisothiocynates. The synthesized coumgls were screened and found to have promising anti
inflammatory activity.

o
\//NHZ
7/NH o o R
" /H\/H\ = R
1 ‘ —0 + C‘) CH; =+ P conc HCI R )
R N C,Hs
H
2 CHO R’

Scheme 12. Synthesis of 3-substituted [3, 4-dihydropyrimidinones]-Indolin-2-ones

M. Ajitha et al [23] has investigated the anti-inflammatory ait§ij22] and analgesic activity [23] of new 3-
substituted [3, 4-dihydropyrimidinones ]-Indoline®es, ethylacetoacetate and aromatic aldehydesy imethanol
and a concentrated hydrochloric acid as a catalgst condensed by multicomponent one pot condemnsato
named Biginelli's reaction for 10 to 12 hours onvater bath. The synthesized compounds were testednti-
inflammatory activity by carrageenan induced rat paethod.

512



Sanakausar R. Shaikh and G. M. Nazeruddin J. Chem. Pharm. Res., 2014, 6(12):505-534
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|| || I RlCHO AlCl3 I

N0 >"CH, 4 HNT OnH, > HC O NH
conc HCI

CHl pyridine

CH,4
Scheme 13. Synthesis of 2-methylthio-1,4-dihydropyrimidines
Ramesh Sawant and Varsha Sarode [24] a series roétldylthio-1,4-dihydropyrimidine derivatives were

synthesized in good yields by alkylation of 1,2;&#ahydropyrimidines (l) with methyl iodide inglpresence of
pyridine. The synthesized compounds were testedrfalgesic activity.
H

—0
/S
A\ + H2N—< + /YOVCH
N NH, N |
H (o]
K,CO,4
absolute alcohol
0 o H
N\_-N NN
\>/SH >§S
NC
—N NC \ NH
—_—
N N
H H
ethanol NHZNHZHZO
reflux
Y
i N\

O H
NN NH —"R
NC >/ \NH2 >/NH
—N NC
©§ glaual acetic acid @i
N ethanol
H

Scheme 14. Synthesis of 4,5-dihydropyrimidine-5-carbonitrile derivatives.
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Mohammad Mumtaz Alaret al [25] has reported potassium carbonate catalygetthasis of dihydropyrimidine-5-
carbonitriles followed by reaction with hydrazingdnate, aromatic aldehydes. The synthesized congsowere
found to have anti-inflammatory and analgesic prige The compounds were also tested for ulceliogastivity
and showed superior Gl safety profile.

X O\ ° /O AICI, OH
| —R + —_ = I
_ ! i

K,CO5 | ethanol

R=H,F,Cl, CH 4, OCH,4

Scheme 15. Synthesis of 3-(4,6-disubtituted-2-thioxo-1,2,3,4-tetrahydropyrimidin-5-yl) propanoic acid derivatives

Santosh N. Mokaleet al [26] investigated synthesis of a series of 3-@idubtituted-2-thioxo-1,2,3,4-
tetrahydropyrimidin-5-yl) propanoic acid derivatbvesynthesized by condensation of thiourea, 5-(4isiéd
phenyl)-5-oxopentanoic acid and substituted aldebydhe synthesized compounds were screened fioratfie
inflammatory activity using rat paw edema methodsiMof the compounds from the series showed sagmifi (p
<0.05) anti-inflammatory activity.

2.Hantzsch reaction

(0] (0]
0 o HCHO | |
M o) o, 22 "2
c|> CHy + | 3 e
CaHs 1hrs
CaMs NH,OAc HsC Hs
ethyl acetoacetate ethyl acetoacetate

reflux

- /It[E(‘\

Scheme 16. General scheme for Hantzsh reaction.

N
H

FeCl, l 2 hrs
H

The Hantzsch pyridine synthesis [27] also called as Hantzsch dihydropyridine synthesisa multi-

component organic reaction where aldehyde suclorasafdehyde p-keto ester such as ethyl acetoacetate and a

nitrogen donor such as ammonium acetate or ammeads to form product. Initially dihydropyriding formed as
a product which oxidizes in next step to to prodpgeidine. Aromatization is the main driving forder the
reaction. This reaction was reported in 1881 byédrtRudolf Hantzsch.
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= Hantzsch reaction used for synthesis of anti-inflammatory drugs

?MCHS + NH3
CoHg
OH
HCHO \L \l/
CHO
(0]
H5CZO | |
HoC” N
H
[1A]
(0] H R (0]
H:C,O OC,H
52 | Zs R=H, [1A]
HoC” N7 CHy
H
R
NH\
NH, ethanol
R2

(0] R H (0]
NH _NH Cu A
R’ R' He” N7 cH, R R’
H

Scheme 17. Synthesis of 2,6-dimethyl-N 3,Ng-diphenyl-1,4-dihydropyridine-3,5-dicarbohydrazide

A.Asma Samaunnisat al [28] reported a hantszch reaction for the synshefsa series of new 2,6-dimethyk/Ns-
diphenyl-1,4-dihydropyridine-3,5-dicarbohydrazideddts derivatives were synthesized from Dieth@-8imethyl-
1,4-dihydropyridine-3,5-dicarboxylates and DietHy(4-hydroxyphenyl)-2,6-dimethyl-1,4-dihydropyri@i+8,5-
dicarboxylates were prepared by the condensati@thyt acetoacetate with aldehydes in presencenai@nia.

3.Mannich reaction

R H R R R H R R
/N_H + —O + >—<\ —>O /N '\\
R H R 0 Ha R H R O

Scheme 18. General scheme for Mannich reaction
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The Mannich reaction [29] is an example of multicomponent reaction which Iage reaction of
carbonyl functional group with formaldehyde and amnia with primary or secondary amine to obt@iamino-
carbonyl compound known as a Mannich base. Reacti@tween aldimines andmethylene carbonyls are also
considered Mannich reactions because these imores hetween amines and aldehydes. The reactioansed
after chemist Carl Mannich.

= Mannich reaction used for synthesis of anti-inflammatory drugs

N NH, N

NH-CH
N 3 N NH,
H

HyC—p
HCHO \
CH,

Y

Scheme 19. Synthesis of benzamidazole using mannich base

B. Anil Reddy [30] has synthesized 1, 2-disubstitutbenzimidazole derivatives using mannich badesiab
obtained by reacting 2-(1-amino benzyl) benzimidezsecondary amine and formaldehyde the reactsets
refluxed with stirring at 70-75 °C. The synthesiz@inpound was evaluated for anti-inflammatory aistilsy using
carrageenan induced paw edema.

R R
HCHO 3 NR,
N— > N— )
N—nH HyC—NH N—n
\)\ CHs \)
N \O N \O

Scheme 20. Synthesis of substituted quinazolinone derivatives

Meenu Chaudhargt al [31] has reported synthesis of a series of nsubktituted-[1,2,4]triazolo[1,5¢] quinazolino
ne derivatives, by using mannich reaction. Quinanole is a compound made up of two fused six mersimeple
aromatic rings-benezene and pyrimidine ring anceha@en reported to posses versatile type of bicdbgictivities
such as anticancer, anticonvulsant, anti-inflammyatantihelminthic, antimicrobial activities. Th@mpound was
synthesized by mannich reaction using formamidediffiedrent secondary amines. All synthesized conmgisuvere
screened for anti-inflammatory activity.

NR
NR
/

J
/

— _—
—o0 + HcHO 4 HsCeNH N
N CeHs )

H HsCe~N

\
CeHs
Scheme 21. Synthesis of 1H-indole-2, 3-dione Derivatives

Panda &t al [32] has discovered synthesis of some 1H-in@pl8-dione derivatives. The starting compound 1H-
indole-2,3-dione on reaction with different suhgid anilines formed the Schiff bases. The cormedimg N
Mannich bases have been prepared by the reactigheoBchiff bases with diphenylamine in the preseat
formaldehyde. The synthesized Mannich bases wereesed for their antibacterial, analgesic and anti-
inflammatory activities by the standard methodscdkding to author the compound containing chlorougr
showed the most favorable activity.
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//\NR

N
(\NR 2N E 02N N// \J
HN\) + \®[0>:o 4 HCHO — > \®[0>:o

Scheme 22. Synthesis of 5-nitro-3-piperazinomethyl-2-benzoxazolinones

Meric Koksalet al [33] has prepared new Mannich Bases of 5-Nitl®ehzoxazolinones. The target compounds
were prepared by vigorously stirring a solutiorthef substituted piperazine derivative, 5-nitro-2-mxazolinone in
methanol, formaline was added and then mixtureixefl in a water bath for 1 h. The synthesized camge were
examined for their in vivo anti-inflammatory and adgesic activities in two different bioassays, ngme
carrageenan-induced hind paw edema and p-benzewinduced abdominal constriction tests in mice alsd
ulcerogenic effects were determined. Among theetkslerivatives most promising results were obtaifeedhe
compounds bearing electron-withdrawing substitug¢rtsCl, -COCH) in the ortho/para position of the phenyl
nucleus on the piperazine ring at 3 position ofZoeazolinone moiety. The analgesic activities dfcampounds
are higher than their anti-inflammatory activities.

NY\ N
HN HCI ‘
NH + HCHO + \ I ——
2 L

-

|
2

Scheme 23. Synthesis of 2-ethyl benzamidazole derivatives.
G. Mariapparet al [34] has developed one pot synthesis of [1-(Nstitued amino) methyl]-2-ethyl benzamidazole

derivatives that has been synthesized by condensati 2-ethyl benzamidazole with substituted priynand
secondary amines. Analgesic activity has beenezhout on mice by using tail flick method.

@f\ COOH COOH O
N
EtOH/HCI PN
Ej\ + hHc—o0 + NH — > N NH%
= Cl Cl
CONH, \@/ CI\©/CI N/
Scheme 24. Synthesis of mannich base nicotinamide with diclofenac MND
COOH ©:COOH o
N ©:NH EtOH/HCI N7 O NH X
AN I
+ HC—O0 + CH =
CHy 3 N
= CONH,
CHy

CHy

Scheme 24. Synthesis of mannich base nicotinamide with mefenamic acid MNM

Ritchu Babbaeet al [35] has proposed Mannich bases of Nicotinamiita diclofenac and mefenamic acid. The
compound was tested for their anti-inflammatoryivétgt Nicotinamide on reaction with secondary amin.e.,
diclofenac and mefenamic acid in presence of fodetayde and hydrochloric acid lead to the formatbnarget
molecule. The molecules were evaluated for thdirinflammatory activity by carrageenan inducedpatv edema
method and exhibited significant activity.
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N
H
NR
Scheme 25. Synthesis of N-Mannich bases of 2-(substitutedphenyl)benzimidazole.

J.T Leonarcet al [36] has demonstrated synthesis of 1-(substitoethyl)-2-(substituted phenyl) benzimidazoles.
The compounds were evaluated for anti-inflammatamyg anti-bacterial activities. The author obsertieat the
compounds having methoxy substituent at phenyl piogluce better activity than nitro substituente Tompounds
with morpholine, piperazine, piperidine, 4-methypgrazine and 4-ethyl piperazine substitution atn@nposition
produce good anti-inflammatory activity. The syrsized compound was subjected for anti-inflammatmotjvity
using carrageenan-induced paw edema method.

N/—’/\O
N [N/
| =s ’\;/N>
T ethanol —Ss
‘ N N + HCHO + [ j ‘ N y
N / (N N / (/N
Ar Ar

Scheme 26. Synthesis of 4-[1-4-substitutedphenyl methylidene]amino-1-(morpholinomethyl)-3-(4-pyridyl)-4, 5-dihydro-1H-1, 2, 4-triazole-5-thione

Mostafa A. Husseiret al [37] has designed the synthesis 4-[1-4-substitythenyl methylidene] amino-1-
(morpholinomethyl)- 3-(4-pyridyl)-4, 5-dihydro-1H-2, 4-triazole-5-thione. Compounds were synthekinea one
pot reaction involving formaldehyde, and morpholingll compounds were evaluated for their anti@mfimatory
activity and analgesic activity using indomethaaia reference drug. The author observed compaardsgng Cl,

Br, and NMg moieties, respectively revealed maximum activityl dt post-injection and showed ~84-100% of the
inhibition exhibited by indomethacin a result tikauld be attributed to the structural similaritteshat moieties in
indomethacin.

4.Ugi reaction

R; R o
: \NAM

/J\ + RgNH, + \\ )\ - R4J\ Ry N—Rs
(6] H

Scheme 27. General scheme for Ugi reaction.
The Ugi reaction [38] is a multi-component reactighere a ketone or aldehyde, an amine, an isodgamd

a carboxylic acid reacts together to form a bisemmiThe reaction is named after lvar Karl Ugi ir699As Ugi
reaction is exothermic in nature the reaction ligeampletes within few minutes.
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= Ugi reaction used for synthesis of anti-inflammatory drugs

NO,
N C'\ | N H
HeCry” \o=0 N —R
N_i + N OEt + O _ + N CHO
HaC NH, o) OH OH
i RT
NO, Zeolite
N
I
N
o} OH
NH _COOEt
X N ~
[
/O\ AN H3
N—N
\
CH,

Scheme 28. Synthesis of UGI 4CR derivatives

Ipsita Mohanram, et al [39] has synthesized Ugi 4 CR by adding a mixture of y@bxy-4-((3-
nitrophenyl)diazenyl)benzal dehyde, 4-aminoantipgri ethyl isocyanoacetate, substituted carboxyba an

ethanol and Zeolite in one-pot and stirred at raemperature. The synthesized compound was testeh&dgesic
and anti-inflammatory activities. Analgesic actwtas evaluated by Eddy hot plate method using KiogSulfate
as a standard reference drug. Anti-inflammatoryvagtwas evaluated by mercury displacement methsihg

Diclofenac as standard reference drug.
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CH,

NH COOEt
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Scheme 29. Synthesis of Ugi 4CR
Ipsita Mohanramet al [40] has developed an efficient and rapid synthed novel anti-inflammatory and

antimicrobial agents using 4-aminoantipyrine, nitictacid, ethylisocyanoacetate and substitutedhaides via Ugi
four component reactions (Ugi-4CR) protocol und@rawave irradiation in presence of Fluorite astalyst.

5.Kabachanik field reaction

Rs H Ry O
| N\ O \ I
N, T o= + p7 R, —> N P—O
N ~ 4 "H.O / | \
R1 H R H \O R 2 R R, O R
2 - Rg 1 2 \R 4
5

Scheme 30. General scheme for the Kabachnik - Fields reaction

Kabachnik—Fields reaction [41] is a multicomponergaction which involves formation of arw-
amino phosphonate from an amine, a carbonyl conthoand a dialkyl phosphonate. This multicomponent
reaction was independently discovered by Martimilevich Kabachnik and Ellis K. Fields in 1952. $hieaction
involves firstly the formation of an imine followday an addition reaction of the phosphonate P-Hdbioto the
C=N double bond. The reaction is accelerated bygudehydrating reagent and Lewis acid.
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= Kabachanik reaction used for synthesis of anti-inflammatory drugs

\Pfo
z CHO OR™
[\ _FeCly/ THE
N\N + POR); +
Ph

z= H3C4(/t© a,R=Me, b, R=Et,¢c,R=i-Pr
o)

Scheme 31. Synthesis of alpha-aminophosphonates
Wafaa M. Abdouet al [42] has demonstrated synthesis of alpha-aminggitmnates and alpha-aminophosphonic
diamides with anti-inflammatory properties. Schifise Kabachnik—Fields intermediates generatedtinfm
substituted pyrazole-4-carbaldehyde and 2-aminptigoe derivatives were trapped by dialkyl phosghite
produce the corresponding alpha-aminophosphonatesoderate yields. Some of the new compounds driibi
considerable anti-inflammatory properties.

6. Passerini reaction

o) 0 Ry
B S R —
R> R3

Scheme 32. General scheme for Passerini reaction.
The Passerini reaction [43] is a multicomponentctieaused for the formation ofx-acyloxy amide from
an aldehyde (or ketone), an isocyanide and a cgliboacid. This organic reaction was discovered Mgrio
Passerini in 1921. This reaction is the first ismige based multi-component reaction.
= Passerini reaction used for synthesis of anti-inflammatory drugs
CHO

N

H—s g NN

N A HsC NG

N COOH + _ + ¢

3-4 hr stirring Ambient Temperature

L g é?\\
o) O/ NQ_\;

Scheme 33. Synthesis of benzimidazole derivative

CHy
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Irfan N. Shaikhet al [44] has discovered synthesis of a series ofargidbamide linkage based new benzimidazole
derivatives from acid, aldehydes and isocyanidanatbient temperature via Passerini reaction. Alladbmpounds
synthesized were screened for their potentialiaffimmatory, antidiabetic and anticonvulsant pmbips.

7.Gewald reaction

o)
| e
+ + s /A
Ry R> ORa ° Ri S NH,

(0]

j\
o

Scheme 34. General scheme for Gewalds reaction

The Gewald reaction [45] is multicomponent reactidrich involes the condensation of a ketone oelayde with
aa-cyanoester in the presence of elemental sulfutbaisé to give a poly-substituted 2-amino-thiophene.

= Gewald reaction used for synthesis of anti-inflammatory drug

Step 1
H,C (0]
N
H,C CHg CN
H,C
CN HaC 3 / NH,
—_—
ne—/  + S F e S
(6] (0] 3
Scheme 35. Synthesis of acetone-1-(2-amino-5-isopropyl-thiophene-3-carbonitrile derivative
Step 2

formic acid CH3COH,C CN CH3COH,C

9]
T
%)
o]
o
T
N
el
pz4
N

)\ or / \ urea
R < HC ——————> e X
HaC N/ acetic acid s NH, thiourea 8 N
H
H,C
H3C 3 H3C X=0,S
idine
cs pyri
%/ KOH CS,
HN
S
\ /H CH,COH,C \
CH4COH,C N 3COH, s
— )QS
HyC I\ \ ) s H,C / A\ N
s” u s”  H
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o HC COOEt
S S 5 |
3 HsCg NH,
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KSCN
0 H
Hsj\ N
0 HC
XN cl H 3 —5
N
HyC | -— | + | A\
/ N e SN e \
/ A\ K CeHs 3 675 HgCg S H
HsCq S

Scheme 35. Synthesis of 5-methyl-6-phenyl-2-thioxo--thieno[2,3-d]pyrimidine derivative

Abdel-Rahman Bet al [46] reported synthesis of thieno[2,3-d]pyrimidinlerivatives which was obtained from
reacting acetone-1-(2-amino-5-isopropyl-thiophereafbonitrile by reacting 6-methyl-heptane-2,4-dipn

malononitrile, sulfur and diethylamine. The synihed compound obtained was evaluated for anti+inffeatory,
analgesic and ulcerogenic activity.

H5C
HaC W
o o_ _0
/) + Sg +
o CHs Il
o N
DEA
HaC COOEt
Etooc/b\NH2
1
\ NH,NH,
A
HaC CONHNH,
HsC NH  on HCOOH
\ —_—
AR [ )
EtOOC s NH, H Etooc S NH;
3 2
|KSCN
A A
HsC NH s H3C, NH s
N/ RCOCH,X \
B : 5
Et0OC s NH,  NH, EtOOC s NH, N R
5
R = methyl
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Scheme 36. Synthesis of 3-Pyrazolyl-thiophene and thieno[2,3-d]pyrimidines

H. N. Hafez, A. El-Gazzaet al [47] has reported synthesis of two series of 5-ethyira-3-pyrazolyl-4-
methylthiophenecarboxylate and 2-thioxo-N3-amirerie2,3-d]pyrimidines were prepared from 3,5-didy
amino-4-methylthio-phenecaboxylate and evaluateati-inflammatory, analgesic and ulcerogenic\aiitis.

Y
OH 2

/
— \
Ar B\ Rl
OH

8. Petasis Reaction

1 (0]
R—NH
\ + R3 /

R
H
4 R
R

< OH /
\ 3
R

N 2
R—N
\ 1

/
CH-B
OH
R

Scheme 37. General scheme for Petasis Reaction
Petasis reaction [48] is a multicomponent reactimolving an amine, aldehyde, and vinyl- or aryktic acid to

form substituted amines. In the Petasis reacttenyinyl group of the organoboronic acid servethasmucleophile.
The Petasis reaction is mild reaction and alsoulggigeneratingi-amino acids.
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= Petasisreaction used for synthesis of anti-inflammatory drug

?H COOH
B
PN =
COOH Ph OH Ph : R
DCM X
NH + o _ = N
Reflux 24 hr
cl cl al cl
X H 0
30 C
—R
/

R =H, -OH, -NO ,, -OMe, -CI
Scheme 38. Synthesis of diclofenac analogue.

Hassan A. Osman and G. M. Nazeruddin [49] hasrtegpsynthesis of a series of diclofenac derivatiobtained
from petasis reaction involving aldehyde, dicloferend phenyl boronic acid into 1:1:1 molar ratiolif ml
Dichloromethane stirring at 30. The synthesized compound was subjected forirflaimmatory activity using
carrageenan-induced paw edema method.

9. Miscellaneousr eactions
= Miscellaneousreaction used for synthesis of anti-inflammatory drugs

o
HoO—</
: : \>
R // "N CH,
e
N N

CAN (10 mol%) | rt

ethanol

Scheme 39. Synthesis of isoxazolyl-2,3-dihydrospiro[benzo(f)isoindole-1,3-indoline]-2',4,9-triones

E. Rajanarendeaet al [50] has prepared isoxazolyl-2,3-dihydrospiro[benzafifislole-1,3'-indoline]-2',4,9-triones
by reacting 4-amino-3-methyl-5-styrylisoxazole withloroacetic acid followed by a three componenttien with
substituted isatins and 1,4-naphthoquinone u€iedc ammonium nitrate (CAN) catalyst under aeoisdation
condition.
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Ar'CHO

o
H H I
N N
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Ar N N H N N
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I
HaC 0" CH,
N
>\—-NH
HS

Scheme 40. Synthesis of benzo[d]imidazolyltetrahydropyridine carboxylates

Anisetti Ravindernattet al. [51] synthesized a series of novel benzo[d]imidazolsdtegdro pyridine carboxylates
by one-pot multi-component reaction of (E)-5-(bdidgne amino)-1H-benzo[d]imidazole- 2-thiol 3, 5iam2-
mercapto-benzimidazole 4, aromatic aldehyde 5,edimgl acetoacetate in acetonitrile using ceric amioma nitrate

(CAN) as Lewis acid catalyst, and evaluated foirtaeti-inflammatory, antioxidant, antibacterialcaantifungal
activities.

CN
CHO —0
Rl
\ NaOH or NaOMe
+ + NC\/CN 3
Rr2 N Methanol:Water (2:1)
3 H
R

reflux

N
Scheme 41. Synthesis of indol-3-yl pyridine derivatives H

Prakasam Thirumurugaet al [52] has synthesized 2-(1H-Indol-3-yl)-6-methoxy-4-agyldine-3,5-dicarbonitrile
through one-pot multi component reaction. The sysitted compounds showed a good anti-inflammataiyityc
Also a series of bis-Hantzsch dihydropyridine datilves were synthesized and they exhibit analgedieity. The

molecule was obtained by reacting 3-cyanoacetybleydaldehyde, malononitrile and freshly preparediwm
methoxide, sodium hydroxide in methanol and wateeflux condition.

N=—
7 N\ //
=
CHO N (
S OH R _ 1 N/
| + + ILSEH0) o 0
N  HN N - >
= = | o MW
AN cl !

Scheme 42. Synthesis of 4-thiazolidinone derivatives
Muhammad Naeenet al [53] has prepared 4-thiazolidinone derivatives by using-dipyridin-2-ylthiourea,

chloroacetic acid, substituted benzaldehyde, anit iliquids in water and irradiated under microwanradiation.
The compound were synthesized and evaluated fomdiaimmatory activity.
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Scheme 43. Synthesis of N-substituted 4,5 diphenyl-2-(4-hydroxyphenyl)imidazole derivatives
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= N \\N
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Scheme 43. Synthesis of N-substituted 4,5 diphenyl-2-(4-fluorophenyl) imidazole derivatives

OH
(0]
~
OH CHy
(0]
CH, )
(0] R
= ~N \N
2 - .
9 + NH,OAc + R=—NH, + silica, 6 minutes .
.

o
-~ 0D

Scheme 43. Synthesis of N-substituted 4,5 diphenyl-2-(4-hydroxy-3- Methoxy phenyl) imidazole derivatives

Harsha Tripathyet al [54] had demonstrated one pot synthesis of 1,2,4,5a-sebstituted imidazoles by single
step four-component condensation reaction wheftgéndyclization occurs to form imidazole ring . Ttarget
molecule was obtained from Benzil, ammonium acetaldehydes and amine were triturated with silicalar
microwave irradiation. The synthesized compound s@sened for anti-inflammatory activity by rat padema

method.

1 . .
q + NHOACc 4+ R—NH, + H \ 80% formic acid N/R
_
N

Scheme 44. Synthesis of 1,4,5-Tri Substituted Imidazoles
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Harsha Tripathyet al [55] has synthesizedri substituted imidazoles using synthetic microeasven, which
showed significant reduction in reaction time, aased yield and synthesis of library of compounds very short
time. The synthesized compounds were screenechfamélammatory activity by rat paw edema methodi dhey

showed good activity.
O _0
/}/ gIaC|aI acetic acid /YQ
NH,OAc
R\S)\ O \O + 4 reﬂux
R_

Scheme 45. Synthesis of 4,5-Diaryl-2-(2-alkylthio-5-imidazolyl) Imidazoles

Mohammad Reza Sabexi al [56] has synthesized of 4, 5-diaryl-2-(2-alkyttfs-imidazolyl) imidazole derivatives
and their anti-inflammatory and antinociceptive iaties were evaluated. 2-(2-Alkylthio-5-imidazo)y4,5-
diphenylimidazole compounds were obtained by thactien of benzyl with 2-alkylthio-1-benzylimidazelte
carbaldehyde, in the presence of ammonium acdilige potent compounds were aimed to achieve bttieor
with moderate selectivity for COX-2.

N: \
NH,NH,.H,O >— H
\ NH, + NH + CSZ 20N I2-T 12 > s -
F S Sodium chloroacetate F S
& C,HsOH cl HN—NH
RCOOH,

Reflux 18 - 24 hrs POCI,

N N F N N—N
\ = \
720\ NG SJ\ /LS>\R - SJ\NH/LS%R

DMF Reflux 2 hrs

J— R'
NH, NH,
R= "oz R= /@
HaC o
NO,

Scheme 46. Synthesis of 7-Aryl-6-Fluoro-N- (5- Aryl -1, 3, 4 -Thiadizol-2-yl) 1-3-benzothiazol-2-amine

M. Sugumararet al [57] has synthesized a new series of flurobenzothiarmerporated 1, 3, 4 - thiadiazole
compounds and evaluated for the anti-inflammatotividy by carrageenan-induced paw oedema method.
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X = Cl, Ar = CgHa(OC,Hs), NH,
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Scheme 47. Synthesis of pyridinone derivatives

Awatef A. Faraget al [58] reported a one-pot methodology for the synthesigpyfdinone derivatives. The
synthesized compound was evaluated for anti-inflatony and analgesic activity.

CeHs CHO
O—Et
\ \
9 + N\ + —R + NH,0Ac ———
HO o” o NC o =
07 CH,

Scheme 48. Synthesis of 3-cyano-2-oxo-dihydropyridines
CeHs CHO

X NC AN
+ \__on + — R 4+ NH,OAC
o (0] =

_
07" CH,

Scheme 48. Synthesis of 3-cyano-2-imino-dihydropyridines
Amal A. M. Eissaet al. [59] has demonstrated synthesis of 8-Acetyl-7-hydroxphényl-2H-benzopyran-2-one

using this as starting material 3-cyano-2-oxo-dilepgridines and 3-cyano-2-imino-dihydropyridinesshaeen
synthesized compound showed significant anti-inflfetory, analgesic and antipyretic activities.
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Scheme 49. Synthesis of 2-(4-sec-butyl-phenyl)-propionic acid pyrrolidin-2-ylcarbamoyl methyl ester derivatives

Richa Gupteet al. [60] has reportedynthesis of 2-(4-sec-butyl-phenyl)-propionic apig+olidin-2-ylcarbamoyl
methyl ester by refluxing Ibuprofen with 2-aminoriolyne in chloroacetyl chloride in presence of gghacetic acid
gave 2-(4-sec-butyl-phenyl)-propionic acid-pyrrati®-yl-carbamoyl methyl ester, which can be ussé grodrug
for ibuprofen with enhanced anti-inflammatory pdiain Derivatives were then treated with variouglogmino
moieties such as morpholine, pyrrolidine, hydraziydrate. The synthesized compounds have showiifisagrt
anti-inflammatory activity.

CeHs
H:C
HsCe CeHs //O glacial acetic acid 5 6\%\’\‘
//\_<\ + 2NH0C0CH; 4 R—{ -\ /<
3 o H stirrtl-2hr H R

Scheme 50. Synthesis of 2-substituted-4,5-diphenyl-1 H-imidazoles.

A. Puratchikody and Mukesh Doble [61jave demonstrated synthesis of imidazoles by ewation of benzil,
aldehydes, ammonium acetate. The anti-inflammeadotiyity and QSAR studies of the compound has lmaeried

on 2-substituted-4, 5-diphenyl-1H-imidazoles. Comnmas with phenyl substitution with —F, —CI, —pJHN (CH),,
—OH and —OCHl at the p-position showed higher activity than ttker substitutions in the studies. The author
observed electron-donating groups and hydrophjligiay an important role in the biological activityowering of
activity was observed with hydrophobic groups.
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Scheme 51. Synthesis of isoniazid derivatives

Ipsita Mohanranet al [62] has discovered a novel synthesis of isoniazid davigs that has been achieved by the
condensation of aldehydes, isoniazid, and pheral8gtti reaction has been described. The reactiars carried
out at room temperature using fluorite as catalybe compound was investigated for in vivo antlanfmatory
activity on Wistar albino rats using a standarerefice drug diclofenac.

+ Fluorite
W X RT, 10-15 min

R = 3-NO,, 2-NO,, 4-OMe, 4-NMe ,, 4-OH, 2-OH, 4-Cl, 2-Cl

Scheme 52. Synthesis of 4amino antipyrine derivatives via betti reaction

Ipsita Mohanram and JyotsnaMeshrd68] has reported the synthesis and biological evaloatid 4-
aminoantipyrine derivatives prepared from a threeyoonent Betti reaction. The synthesis was intiaby the
condensation of aromatic aldehyde, 4-aminoantigyrimd 8-hydroxyquinoline in presence of fluorisecatalyst in
a simple one-step protocol. All the synthesizedva¢ives were screendd vivo anti-inflammatory activity against
a reference drug, Diclofenac respectively. The Itesshow that compounds having 4-OMe, 4-NM&-ClI, 2-Cl
substituent were found to possess potential afiifnmatory activity when compared with referenceig,
respectively. The bioactivity of these derivatives also been evaluated with respect to Lipinskies of five using
molinspiration cheminformatics software.
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Scheme 53. Synthesis of 1-methyl-3-(1,4,5-trisubstituted-1H-imidazol-2- yl)-1,2,5,6-tetrahydropyridine

Manal Mohammedkt al [64] has discovered the synthesis of 1-methyl-5-(1-&kyl-4,5-diphenyl-1H-imidazol-2-
y)-1,2,5,6-tetrahydropyridine. Synthesis of therget  molecule was achieved by firstly subjecting t
multicomponent, one-pot synthesis for achievingsfitited imidazole with pyridine incorporated inetliive-
membered ring then successive N-methylation ofdiyei using methyl iodide that resulted to methylide salt.
The author reduced the salt to get novel N-alkyl/aubstituted imidazol-2-yl arecolines. The compds were
evaluated fotin vitro anti-inflammatory by Human Red Blood Cell (HRBC) migrane stabilization method using
Diclofenac as standard. The author also performeteenlar docking for anti-inflammatory activity. las been
concluded that the computational values obtaintst dbcking are in good agreement with the expearntaleralues.

CONCLUSION

MCR have great relevance in synthesis of many nmllg important compounds. We hope to have showat t
multicomponent reactions are an excellent, mulppse approach to the synthesis of non steroidat ant
inflammatory drugs. Besides the development of reaetions or improved conditions for the classaas, future
developments in this field will probably involveetrapplication of multicomponent-based strategiesatget-
oriented synthesis. Moreover, long-term clinicahges of NSAIDs is associated with significant sidéeds.
Therefore new and safer anti-inflammatory drugsesgnt a challenging goal for such a research Asegesistance
to anti-inflammatory drugs is widespread, therarisincreasing need for identification of novel stames that may
be of use in designing new, potent and less toxitiaflammatory agents. We hope that this revieill serve to
stimulate research in this fascinating and veryfulsarea of organic synthesis. This critical reviel@scribes
developments in multicomponent reaction have beed for the synthesis of non steroidal anti-inflaatony drugs
reported since 2003. Significantly broadened scopew techniques, more environmentally benign nethand
entirely novel MCRs reflect the increasingly invgatpaths that synthetic chemist follow may in tfiedd. The
author regrets any omissions that may have occimrtds review.
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