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ABSTRACT

Imidazole is the heterocyclic 5-membered ring structure, out of which three are carbon and the
remaining two are nitrogen, arranged at 1 and 3 positions. It is the constituent of several natural
compounds like histamine, histidine, biotin, alkaloids and nucleic acid and a very important
class among the medicinal compounds. Large number of imidazole derivatives have been are
being developed for different therapeutic actions, therefore this article aims to review the work
reported on the synthesis of imidazole derivatives using microwave reactions as a modern
method for synthesis, to get better yield, economic and environment friendly reaction.

Keywords microwave techniques, green chemistry, ecofrierdiidazole.

INTRODUCTION

Imidazole is an organic compound with the formulgHfN,. This aromatic heterocyclic is a
“1, 3-diazole” and is classified as an alkaloithidazole (1) refers to the parent compound,
whereas imidazoles are a class of heterocycles witthilar ring structure, but varying
substituents. This ring system is present in ingurbiological building blocks, such as histidine
(2), and the related hormone histamine (3). Imitlaoan serve as a base and as a weak acid.
Many drugs contain an imidazole ring, such as angj&l drugs and Nitroimidazole (f)-5].
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Imidazole was first synthesized by Heinrich Delbud 858, but various imidazole derivatives (7)
had been discovered as early as the 1840s, as dtwlom, used glyoxal (5) and formaldehyde
(6) in ammonia to form imidazolg]. This synthesis, while producing relatively low yig] is
still used for creating C-substituted imidazoles.

1

R
N R; +2NH3 HN/QN

0] -2HO
Rz Rg R Ry

®) (6) )

Synthesis Various types of 2-imidazolines are lgwally and pharmaceutically very important,
since many imidazoline derivatives possess antti@bantinypertensive, and anti-inflammatory
activity. Apart of its use for pharmaceutical puspoit also has variety of applications in
industries. One of the applications of imidazolenighe purification of His tagged proteins in
immobilized metal affinity chromatography (IMAC). dvieover 2-substituted imidazolines are
synthetically important due to their use asyathetic intermediatef/], catalysts[8], chiral
auxiliaries[9], chiral catalyst$10] and ligands for asymmetric catalygld] in various synthetic
reactions. To date, there are several synthetibiadstfor 2-imidazolines starting mainly from
aldehydes and ethylenediamine with NB2] Some methods includes synthesis from nitriles
[13], carboxylic acidg14], esters[15], ortho-esterd16], hydroxy-amide§17] and mono or
disubstituted chlorodicyanovinyl benzefie]. It is also called an important synthon for the
preparation of biologically active compour{d$].

Advent of microwaves, the magnetron a remarkableicdefor generating fixed-frequency
microwaves, was designed by Randall and Booth atUhiversity of Birminghanm20]. A
magnetron is a vacuum device which converts DCtrédat energy into microwaves. In early
days, it was recognized that microwaves could edér in a dramatic fashion. Domestic and
commercial appliances for heating and cooking ofifobegan to appear in the 1950s. The first
microwave oven was introduced by Tappan in 1955 thet widespread use of domestic
microwave ovens occurred during the 1970s and 198Be first application of microwave
irradiation in chemical synthesis was published986[21]. A microwave (MW) is a form

of electromagnetic energy that falls at tleever frequency end of the electromagnetic
spectrum (300-300000 MHz). Microwave heatirdjelectric heating) is a very efficient
process due to the microwave couple direetith the molecules that are present in the
reaction mixture, leading to a fast rise temperature, faster reactions and cleaner
chemistry. The two fundamental mechanisms for feanag energy from microwaves to the
substance are dipole rotation and ionic conductiipole rotation is an interaction in which
polar molecules try to align themselves with thaidly changing electric field of the microwave.
lonic conduction mechanism consists in the amsineous superheating of the ionic
substance due to the ionic motion generatethélectric field22]. When the temperature
increases, the transfer of energy becomes moreegifi Since their ionic character, ionic
liquids absorb microwave irradiation extremetiell and transfer energy quickly by ionic
conduction.
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Structure and properties

Imidazole is a monoacidic base having the abildyfdrm crystalline salts with acids. The
melting point of number of characteristic imidamoh salts[23]. Imidazole is a 5-membered
planar ring, which is soluble in water and othe@apsolvents. It exists in two equivalent
tautomeric forms, H-imidazole and B-imidazole, because the hydrogen atom can be lbcate
either of the two nitrogen atoms. Imidazole is ghhy polar compound, as evidenced by a
calculated dipole of 3.61D, and is entirely solulite water. The compound is classified
as aromatic due to the presence of a sextetetéctrons, consisting of a pair of electrons from
the protonated nitrogen atom and one from eachhefremaining four atoms of the ring.
Some resonance structures of imidazole are sholewh24]

Hiy HN—\ +HN—-'\ AN o JHN
Ch - g

T —h

Imidazole is amphoteric. That is, it can functiecnkath an acid and as a base. As an acid, the
pK, of imidazole is 14.5. As a base, th€,pf the conjugate acid is approximately 7, making
imidazole approximately sixty times more basic tpgndine. Being a polar and ionisable
aromatic compound, it improves pharmacokinetic ati@ristics of lead molecules and thus used
as a remedy to optimise solubility and bioavaiippparameters of proposed poorly soluble lead
molecules. It is a colourless organic compound riawnelting point 89-91 °C and boiling point

is 256 °C. It has high boiling point as comparddtier five membered heterocyclic compounds
[25]. It demonstrates that hydrogen bonding existmidazole ring.

N N-H=N_N-H—-

H-Bonding
General Methods of Preparation
Imidazole can be synthesized by numerous methodeyMf these synthesis can also be applied
to different substituted imidazoles and imidazo&ivhtives simply by varying the functional
groups on the reactants. Several approaches aitatdedor synthesis of imidazoles as, Debus
synthesis, Radiszewski synthesis, dehydrogenatiomidazolines, from alpha halo ketones,
Wallach synthesis, from aminonitrile and aldehydd Marckwald synthesi®4]. Details of the
synthetic procedures are given below.

1) Debus Synthesis [6]

Debus Synthesised imidazole biging glyoxal (5) and formaldehyde (6) in ammorii&is
synthesis, while producing relatively low yieldss btill used for creating C-substituted
imidazoles (7).

Rq
o) 0 Rl + 2NH3 HN/gN
> ( + )\ .
(0] -2HO H
Ry Rg R Ry

(®) (6) 7
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2) Radiszewski Synthesis [26-28]

Radiszewski reported the condensation of a dicatboompound, benzil (8) and- keto
aldehyde, benzaldehyde (9) @diketones in the presence of ammonia, yield B-#iphenyl-
imidazole (10).

s

(8) (10)

3) Dehydrogenation of Imidazoline [29]

A milder reagent barium managnate to convert inotags to imidazoles in the presence of
sulphur. Imidazolines obtained from 1, 2 ethanethanil1) and alkyl nitriles (12) on reaction
with BaMnQ, yield 2-substituted imidazoles (13).

NH N
2 N BaMno, [ SR
- I T
NH; R

(11) (12) (13)

4) Wallach Synthesis [30-33]

Wallach reported that when N, N- dimethyloxamided)(lis treated with phosphorus
pentachloride, a chlorine containing compound (#b)obtained which on reduction with
hydroiodic acid give N- methyl imidazole (16). Undbe same condition N, N-diethyloxamide
is converted to a chlorine compound, which on rédaagjives 1- ethyl —2- methyl imidazole.

cl ~CH
Oxy—NHCH,R N’CH3 (N s
e g
O™ “NHCH,R
(14) (15) (16)

5) From a- Halo Ketone [29]

This method is based on an interaction betweenl@maalo ketones (17) and imidine (18).
This method has been applied successfully for ynéhesis of 2, 4- or 2, 5- biphenyl imidazole
(19). Similarly, acyloin (20) reacts with amidin21{ or alpha halo ketones to yield imidazoles
(22).
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17) (18) (19) H
2H,0 R

R__O HN 2 N

T 1

R— ~oH  HaN RN

(20) (21) (22)

6) Markwald Synthesis [29]

The preparation of 2- mercaptoimidazoles frefamino ketones (23) or aldehyde and potassium
thiocyanate are used for the synthesis of 2-thiddsstuted imidazoles (24). The sulfur can
readily be removed by a variety of oxidative methodjive the desired imidazoles (25).

R (o) R
f + KSCN — /Z‘)\ /Z/—NH
R” "NH, SH R N/)
(23) (24) (25)

7) Cyclization of a-Acylaminoketones|[34]
a-acylaminoketones (26), also behave as 1, 4-diketopounds (27). This compound lead to
ready cyclization (28), in the presence of anhyalfmlowed by presence of ammonium acetate.

2 2 - 2~
| recoo | 3 4 e | |
R°CO rRlco COR | \ on COR?® RlC H(|3§O
26 27
(26) (27) Nt | "
NH,

|

NHOH

R2
Ty o
R N»—RS
)

(28)

8) From Aminonitrile and Aldehyde [24]
Mixture of an aldehyde (29) and aminonitrile (30tlb condensed under suitable reaction
condition to give substituted imidazole (31) asvshdelow
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NH N
R-CHO *Ri—_ * —— || .+ H0
CN R N” R,
H
(29) (30) (31)

9) From formaldehyde and tartaric acid dinitrate [34]

Imidazole can best be prepared itself by actioarofmonia on a mixture of tartaric acid dinitrate
(32) and formaldehyde (33) then heating the dicaylho acid with quinoline in the presence of
copper to give 2-alkyl substituted 4,5- dicarbogydcid imidazole (34) further which is reacted
with aniline to give 4- substituted benzamide (35)

GOOH COOH HOOC—_NH N,
OzN——OH O * 2NHz; + RCHO I/)\ N
0,N——OH o Hooc” N R
COOH COOH -CO,
(32) (33) (34)

NH
L

(35)

CgHsNHOC

10) By the formation of one bond
The (1,5) or (3,4) bond can be formed by the reaatif an imidate (37) and anaminoaldehyde
or a-aminoacetal (36), resulting in the cyclization af imidine (38) to imidazole (39). The
example below applies to imidazole when R=Rydrogen.

Ry

NH
(C2H50),CHCHRINH,  + cHOC(R)=NH —~ HC(OCH)-CHR //)\
N R

(36) (37) (38) NH (39)

HN= CR/

Synthesis of imidazole derivatives by microwave redions

Qasimet al (2011)synthesized 2- phenylimidazo [4,5-f] [1,10] Phehaoline derivatives (42),
by reacting dicarbonyl compound (40) gmdubstituted benzaldehyde (41), this is a typecaf a
catalyzed reaction with excellent yields in a m&ut ionic liquid, 1-methyl-3-heptyl-
imidazolium tetrafluoroborate [(HeMIM) BFE under solvent free and microwave assisted
conditions. This particular reaction accompaniésh& merits of microwave reactions like easy
workup, better yield, environment friendly reacti@b].

| N CHO
N~ o MW 135W N
+
N N o NH,OAC N
= X lonic liquid X

(40) (41) (42)

N\ 7/ N\ 7/
I=z_2

121
www.scholarsresearchlibrary.com



Anshul Chawla et al Der Pharma Chemica, 2012, 4 (1):116-140

Na Zhao et al (2005) reported an efficient and a quick microwave-asdistgnthesis of
benzimidazoles and trisubstituted imidazoles (49)tee benzimidazoles were obtained as a
result of the condensation of 1,2phenylenediam#®) (vith carboxylic acids and acetoacetic
ester (44) without cataly$36].

NH, o  Solventfree <:[N
R
©i * R1|(|3R2 N>_
MW H

NH,

(43) (44) (45)

a) R'= C¢HsOCH,- , R?=OH

b) R!=2,4-(Cl), CqH30CH, - , R> = OH
¢) R'=-CH; ,R? =-CH,COOEt

d) R'=C¢Hs- ,R? =OH

e) R'= -CH; ,R?>=OEt

Pathan et al (2006)reported the reaction of alkyl cyanide (46) withydé¢nediamine (47) in the
presence of carbon disulphide give 2-substitutetni@azolines (48) under microwave
irradiation. The yields of product obtained usirgstprotocol is significantly high and the
reaction time is reducd@7].

N
CS, , MW S>—R
. [Ny
H
(46) (47) (48)

R-CN + HZN/\/NHZ

Ermolat et al (2009 synthesized mono and disubstituted-2-amino-1Hdarmoles (50) via

microwave assisted hydrazinolysis of substitutetlamo [1, 2 a] pyrimidines (49) is reported.
This method avoids strong acidic conditions and dsgperior to the conventional
cyclocondensation of a haloketones with N-acet@nggine[38].

X 20% N,H,/EtOH Ry
Y s
/
N \N NH2 H

\:K MW,120°C

R
(49) (50)

Rl-Ph
R! - BrPh

Bharadwaj et al (2010 performed the condensation of different oxazotoflea-f) (51) with 5-
(4-nitrophenyl)-1, 3, 4-thiadiazol-2-amine (52) endnicrowave oven. The structures of the
synthesized compounds (53), 3a-3j were confirme the basis of spectral and elemental
analysis. The synthesised compounds were fourtiter yield than in conventional methods
and also screened fon vitro antimicrobial study39].

122
www.scholarsresearchlibrary.com



Anshul Chawla et al Der Pharma Chemica, 2012, 4 (1):116-140

CHO MW 80% R/O/\((
+ CHCOONa + \n/\ 3-min
. (CH3CO),0

(51)
OH._O
j\ Alcohol S\(NHZ
HoN. —< >—<
+ TZUHNT ONH, =N \ N
MW N MW
52 40%
NO, (2) 6-8min
DMF
3a) R=H, 0
3b) R= 3-NO, RW ] NO,
3c) R=4-NO, N N
3d) R=3-OH ant
3e) R=4-OH N-N
3f) R=4-OCHj
3g) R=2-Cl
3h) R=4-Cl
3i) R=4-F
3j) R=4-CH, (53)
o)
CHO 0 (CH5CO)0,CHCOONa N o
OH 2 N=
TN — R
R (0] MW,80%,2-3min (54)
(1a-f)
Cl
NH, POCI s N2 M.W. 40%
, AN 2 C|4©_<\ | 10-12 min
HZN/ MW nN-N Pyridine
(55) DMF
07 “OH R
Cl N
SN/
g
N—N
R=@H  (h4-F (c)4cCl (56)
(d)4-OH (e) 4-NO, (f) 4-OCHs
(@) 2-Cl (h) 3-OH (i) 3-NO,
o) o
W
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Bhanat et al (2011) Various 4-(Substituted benzylidene)-1-(5-(4-cbfdrenyl)-1, 3, 4-
thiadiazol-2-yl)-2-phenyl 1H-imidazol-5 (4H)-on®g) have been synthesized by the
condensation of different oxazolones (54) (1asi}h 5-(4-chlorophenyl)-1, 3, 4-thiadiazol-
2-amine (55) under microwave irradiation teclweiq The structure of the synthesized
compounds 4-(Substituted benzylidene)-1-(5-(®@phenyl)-1, 3, 4-thiadiazol-2-yl)-2-
phenyl-1H-imidazol-5(4H)-one was confirmed ohet basis of spectral and elemental
analysis. The synthesized compounds were scrdenéa vitro antimicrobial study againg.
coli, S aureus, C. albicans andA. niger using cup plate and agar well diffusion technift@

Hopfl et al (2005) 1-(2-aminoethyl)-2-imidazolidinethione (57) syntisesvas described. The
crystal and molecular structure was determined. ddmabination of an X-ray crystallographic
study and theoretical calculations (DFT) providedight into the understanding of the high
performance of this compound as low toxicity coiwasnhibitor[41].

S
S )L NH
)J\+ HzN/\/NH\/\NHZ . HNT ONTYR
NH;~ ~NH, |—l
(57)

Raghavendra et al (2011) A Series of 1-(2-((182)-4-substituted benzylidenes4dihydro-5-
o0xo-2-phenylimidazol-1-yl) ethyl)-1, 2-dihydro-4-thgl-2-oxoquinolin-7-yl (60) imidazolo
qguinoline analogs were synthesized by condensatibnsubstituted imidazole (58) and
substituted quinoline (59). The title compounslsre investigated for anti-inflammatory and
its ulecerogenicity activities. All the leadmpounds were assessed by QSAR and
molecular modeling (CADD) studies to predibest physicochemical, pharmacokinetic,
toxicological properties and best fit withrgats like COX-1 and COX-2. The result
indicated that the compounds have convincing diEs/iagainst inflammation when compared
with standard drug (Ibuprofef32].

step-1 Ac,0

(0]
- Sod. acetate
R, C,HsOH R, NN
NH,CH,COOH  + - D
O N

(58)
step - 2

Glacial aceteic o
acid = o
X N N =
+ A A\ N —N
(@) N O
Ry
Q
R

(59) (58) (60)
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Marek et al (2007)synthesized via a facile 4-step reaction sequstazéing from commercially
available and inexpensive N-Cbz amino acids (6he €ondensation of the corresponding
bromoketones with formamidine acetate in liquid aonia was revealed to be a useful method
for the synthesis of such imidazole derivatives),(@2rivatives thus prepared are structurally-
related to histamingt3].

Formamidine Acetate/H,0O

HC O CHs
)—/{ CszNAS_\\
CHOH
CbzHN MW lrridation \
7.5% yield N NH
(61) (62)

Frank et al (2007) synthesized 5-substituted-2-(2-methyl-4-nitroimioiaethyl)-1, 3, 4-
oxadiazoles (63) containing the nitroimidazole etwpi by microwave-assisted as well as
conventional method was carried out and their aotdrial, antifungal and anti-inflammatory
activity was reporteg44].

'CH,CONHNH, o n
[ E\ +  RCO,H POCl MW NO —@(\g o
O-,N I~ 2 2 — =N
2 N CH3 N CH3
(63)

Safari et al (2010)(NH4)sMo0.70,. 4H,0O was used as an efficient catalyst for an imprced
rapid synthesis of 2,4,5-trisubstituted imidazolé7) by a three-component, one-pot
condensation of benzil (64), aryl aldehydes (66 ammonium acetate (65) in good yields
under solvent-free conditions using microwave ildn. The reactions in conventional heating
conditions were compared with the microwave-asgistactiong45].

o Catalyst (0.1equiv.) O
/) Solvent free,100° C N
+ NH40AC + H [\
o ok

H
(64) (65) (66) (67)

Kamila e al (2011) 2-(Alkyl-1-yl)-1H-imidazol-5(4H)-ones (73) were syresized via
nucleophilic substitution of the methylsulfanylogp of the corresponding 2-(methylthio)-1H-
imidazol- 5(4H)-ones 3a—c (71) with suitably sitié¢d secondary amines (72). The starting 2-
thioxo- imidazolidin-4-ones 2a, 2b (70) were preghby condensation of thiohydantoin (68)
and benzo[b]- thiophene-3-carbaldehyde or benaof3carbaldehyde (69) under microwave
irradiation (MW) conditions. 2-Methylthio derivagg 3a—c were prepared by treatment of 2a—b
with methyl iodide in the presence of aqueous sociydroxide[46].
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0]
=T¢) e} Ethanol, ’\i
NH 2,2,6,6-Tetra methyl >N S
Ny o+ )§ piperidine,90°C,15 min Q H
X N~ TS
v X
2a, X=S
(68) (69) 2b, x=0 (70)
Metl
NaOH/rt
H
R~ _N__R,
R
Q / R, I j/ Q R
N)\ Ry Y N
Y N~ “SMe
N Ry \
X MW X
5a-n Rs Ethanol 3a-c
(73) 10000,30 min (71)
_ 3a, X=S,R=H
E —:HF’QCESH CH 3b, X =S,R=CHj
1o TS 3¢, X = 0O,R =CHjy
R 3= H,CH3
Y = CH,,0

Nalageet al (2010)described an efficient and green procedure fosyimehesis of 2, 4, 6-triaryl-
1H-imidazole (76) in polyethylene glycol by condexgsbenzil (74) and 3-methoxy- 4- hydroxy
benzaldehyde (75) under microwave irradiation ircedent yield has been developed.
Polyethylene glycol is non toxic, reusable, inexgea and easily availab[d7].

NH,OAC

O CHO PEGHW, N
5-8min

© N OH
+ N
O o OMe O H OMe
OH
(74) (75) (76)

#Wahyuningrum et al (2007) Four 4,5-substituted imidazole derivatives (79) vehdeen
synthesized utilizing microwave assisted organictisgsis (MAOS) method, by reacting with
suitable diketone (77) and some aldehyde or ke(@&g in order to investigate their corrosion
inhibition mechanism on carbon steel surfpt&].
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+20ml NH40AC in

H
N
QAR 10ml HOAc Rl\j\\)
>‘ < N\
R} o * \_Rz Microwave irridiation N
at 700W Rz
(77) (78) (79)
Ry R,
-H -H
-CeHs  -H
-CeHs  -C,Hs
-CgHs -CHj

Vaghasiaet al (2007)described the synthesis of thiazolo 5,4-dpyrinedi83) can be achieved
from different 5-thiazolidinones (80), 2-butyl-1iAtidazole-5-carbaldehyde (81) and thiourea
(82) using microwave irradiation within 5 min. Teguctures of the products were supported by
FTIR, PMR and MS data. Tha vitro antimicrobial activity of the synthesized thiaz&gt-
dpyrimidines 1a-j, having substituents at the 1d &mpositions, were determined by the cup-
plate method against several standard strains ohosdefine the spectrum and potency of the
new compounds. The antimicrobial activities of thiazolo 5,4-dpyrimidines la-j are compared
with those of known chosen standard drugs, viz.ieifhp, chloramphenicol, ciprofloxacin,
norfloxacin and griseofulvifd9].

CHs CHs
R Ethanol
N N=— Conc. HCI
R 4& + KUNH + HN_ NH,
N s” o Microwave
\O S (3-5 min)
la-j]  R=Anyl
(80) (81) (82) (83)

Kawashita et al (2009), a variety of heteroaromatic compounds, 2-substituinidazoles (85)
were synthesized by oxidative aromatization of Bssituted imidazolines (84) using the
activated carbon and molecular oxygen syqtdh

O,
H Activated Carbon H
Xylene
A Y . R
N N
(84) (85)

Kumar Pal et al (2006) reported microwave promoted synthesis of novel anadium-based
ionic liquid crystalline dimmers containing calaimcalamitic (86), calamitic—discotic (87) and
discotic—discotic (88) moieties. Classical readtiofailed to produce these dimers. The
thermotropic liquid crystalline properties of thesats were investigated by polarizing optical
microscopy, differential scanning calorimetry andray diffractometry. These salts except the
one having calamitic—discotic units, with bromigecaunter ion were found to be mesf&h)].
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Br(CH,)Br,Cs,CO3,K:,MEK

-

HN.__N
CNO(CHZ)nCHzBr - CNO — WY
| DMF | "=N

MW

Br
CNO S~ NN\()”&/OCN

(86)
Ermolat’ev et al (2010)reported an efficient microwave-assisted one-potstep protocol was
developed for the construction of disubstituted n#rep-1H-imidazoles (91). This process
involves the sequential formation of 2, 3-dihydrbniroxyimidazo[1,2a] pyrimidinium salts
from readily available 2-aminopyrimidines (89) amtbromoketones (90), followed by cleavage
of the pyrimidine ring with hydrazin®2].

1. MW 80°C
| SN MeCN 30 min N— 2
N/)\NHR + Br\_/z > RyHN —QT
N
! 2. NoHg, MW 90°C H
MeCN 10min
(89) (90) (91)

Ermolat’ev et al (2006),a microwave-assisted, one-pot, two-step protocasl developed for the
construction of polysubstituted 2-aminoimidazol®&g)( This process involves the sequential
formation of imidazo [1,Z] pyrimidinium salts from readily available 2-ampaimidines (92)
and alpha-bromocarbonyl compounds (93), followedopgning of the pyrimidine ring with
hydrazine [53].

Br MeCN,15-25min,130-135°C (MV) \ Ro
| o) . o\
>  HN—{

Rs. 2) 60% N,H, (5 equiv) R
(1.35equiv) MeCN,5 min 100° MV.

(92) (93)

(94)
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m=7n=4
(87)

NMP,MW

RO OR
O o o
SeumE e

o\ ®

RO O n()N.N\( O

OR

N =4,R = C4Hy OR
(88)

Le Baset al (2005) A methodology for the generation of a microwaveisded parallel library
and its conversion into a second library is desdhitA 24-membered library of substituted 4(5)-
sulfanyl-1H-imidazoles (97) was generated and sylpsatly converted into a second library of
bicyclic imidazo[5,1-b] thiazol-3-ones (95) and dakzo [5,1-b]thiazin-4-ones (96). The first
library was generated using a three-componentiocgaand transformed into a daughter library
with a polymer-supported coupling agent. The pracedinvolved the use of an array of
expandable reaction vessels, which can accommedagsure buildup due to microwave heating
without loss of volatile solvents or reagents. hityrgeneration time for each library was 16 min
[54]
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(@]
Dl Dl
16 min
MW /L X
3Diversity —» HN" SN n()/COZH MW N/ |
inputs 16min A = S/ D3
D2 S D3 2
D
(95) (96) (97)

Soh et al (2008) developed a microwave-assisted protocol for thestaotion of di- and
monosubstituted 2-aminoimidazoles. The two-stegti@a involves the synthesis of N-(1H-
imidazol-2-yl)acetamides (99) from readily avaikbalpha-haloketones (98) and N-acetyl
guanidine , followed by deacetylation. Significaate enhancement was observed for both steps
of the protocol, and the overall reaction time whsrtened to 20 min compared to 48 h of the
conventional procedures. A representative set-cdrti monosubstituted 2-aminoimidazoles was
prepared using commercially available parallel t@a¢55].

1) N-acetyhguanidine

MW,10 min

o 2) 20% H,SO, Ry N
Br MW,10min |
Rl)H/ > Ry N)\
Rz 3) SMKOH in CHzOH H
(98) (99)

NH,

Sparks et al (2004) were synthesized 2,4,5-Triaryl-imidazoles (10Zjeatly from the keto-
oxime in moderate to good yields via cyclizationthee N-hydroxyimidazole (100) and an
unprecedented in situ thermal reduction of the Nb@ddd upon microwave irradiation at 200
degrees C for 20 mifb6].

1
R RL
O 3
R°CHO,NH40ACc,AcOH,uw N
3
S -
| 0 .
OH 200°C,20min O H
R2
RZ

(100) (101)

Dimauro et al (2007)observed the rapid and efficient synthesis of wexi@, 6-disubstituted-3-
amino-imidazopyridines (102) using a microwave-<tssi one-pot cyclization/Suzuki coupling
approach is described. The utility of a 2-aminoghiyre-5-boronic acid pinacol ester as a robust
and versatile building block for the synthesis ofedse compound libraries is emphasized. The
boronate functional group is remarkably tolerant® Lewis acid catalyzed cyclizations, and the
subsequent Pd(0)-catalyzed Suzuki coupling reaxtiproceed cleanly in the presence of
magnesium salts. This work highlights the vast pi&é of microwave-assisted, metal-catalyzed,
multicomponent reactior{§8].
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1) R'CHO,CNR?

V2 cat, MgClouw,10 min
P 2) R3Br,Cat.Pd(O) NN
OB Hw,30 min )R
Ao IR
2 NH
(102)

Fantini et al (2010) observeda simple and efficient microwave assisted synthekisnidazo
benzoxazines (103) with broad chemistry scopessiibed. The molecules were prepared both
under conventional as well as microwave heatinglitimms, to provide in high yields with clean
and scalable reactions a small library of imidazmdsed privileged structures for drug discovery

[59].
OCH; A ow
C}_§H ’ O)\WB ©1(N B
o) o) IQI \/Z/
A

A,B = H,CH3 -CH,CH,CHj,Ph
(103)

Lupsori et al (1956) a series of 1-hydroxymethylazoles (104) were tsmsised by
condensation reaction of azoles (105) (pyrazolmjdazole, 3,5-dimethylpyrazole, 2-
methylimidazole and benzimidazole) with parafornehiglle (106). The reactions were carried
out under microwave irradiation conditions usingaleydrofurane (THF) or dimethyl sulfoxide
(DMSO) as solvents. Microwaves assisted procetlase noticeable advantages compared to
classical methods: yield increase, substantial agolu of reaction time, solvents consumption
and waste minimizatiof60].

—N
Rﬁ'?‘ THE,Microwave RE )
«N 3 o+ cHO), N
H CH,OH
R= 2-methyl
(105) (106) (104)

Pharmacological activity

The high therapeutic properties of the imidazelated drugs have encouraged the medicinal
chemists to synthesize a large number ofeh@hemotherapeutic agents. Imidazole drugs
have broadened scope in remedying varioupodisons in clinical medicines. Numerous
methods for the synthesis of imidazole arsgo atheir various structure reactions offer
enormous scope in the field of medicinal chemiditgrature survey revealed that imidazole and
its derivative are reported to have, antianthelimiattivity [61], cardiovascular activity [62, 63],
analgesic and anti-inflammatory activity [64-67htianeoplastic activity [68], anti- fungal
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activity [68-69], enzyme inhibition activity, anfilarial agent, anti-viral activity and anti- ulcer
activity [70-72].

Yashoda et al,(2009¥synthesized a series of 1-substituted 2, 4, Bengl imidazoles (107) by
the reaction equimolar mixture of 2, 4, 5 triphemylidazole with chloro compound in the
presence of anhydrous potassium carbonate. Amtimflatory activity was screened by
carageenan induced rat paw oedema method. CompaugsH showed highly significant
activity. Antimicrobial activity was screened bysdiplate method. All the compounds showed
mild to moderate activitieg3].

Ph

N)yph
SN,
Ph R

(107)

1 —oc@ 2 —H2C© 3 —HzCOCHs
4—H2COC© 5 —Oﬁ@ 6 —OZS—< >—CH3

Bhragual et al, 2010evaluated thenticonvulsant activity by Maximal Electroshock Meth
(MES). Substitution of chloro and nitro group atd2position in the substituted ring (108)
showed significant anticonvulsant activity withoo¢urotoxicity while hydrogen and 4-nitro
substitution does not showed the anticonvulsamtigcf74].

H

R=H, 2-Cl, 2-NO,, 4-NO,
(108)
Patel et al, 2010The screened compounds (109) were tested foelamthtic activity. After all,

the synthesized compounds in overall estimatiorficos the better activity against peritum
posthuma [75].
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N-N Gefls
|\ /§
R o N N
)'-—( C CHs
@) \ N
CHj
(109)
NO
cl 2
-3-nitrobenzaldehyde
R= -2-clorobenzaldehyde
OOCHS -anisaldehyde
-benzaldehyde
CHs _— -furfuraldehyde
ON\ -p-dimethylaminobenzaldehyde — o)
CHj
4@ -2-nitrobenzaldehyde 4@ -salisaldeyde

Satyajit et al (2010) A series of 2-substituted-4,5-diphenyl imidazdl@$0) were synthesized
by refluxing benzil with different sub-stituteddahydes in the presence of ammonium acetate
and glacial acetic acid. Compounds were screenedafiethelmintic activity. Test results
revealed that compounds showed paralysis time2f ® 1.54 min and death time of 0.39 to
4.40 min while the standard drugs albendazolepmperazine citrate showed paralysis time of
0.54 and 0.58 min and death time of 2.16 and &4/ respectively, at the same concentration
of1%(m/V ) [82].

(110)

Shreenivas et al, (2011Compounds (111) were screened for their in-vitrbbacterial activity
againstSaureus andB. subtilis employing cup-plate method at the concentratiohGifig/ml in
nutrient agar media and also for in-vitro antifungetivity against Calbicans and A. Niger by
cup plate method at 1Q@/ml. concentration using sabouraud-dextrose agar. DM&®used as
solvent control for antimicrobial activity. Streptgcin was used as standard for antimicrobial.
The area of inhibition of zone measured in cm [76].
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OH

HO.__O
AT

R=H, o-Cl, p-F, p-Me, p-OMe, 2,4-(OMe),, 2,4-(OEt),

(111)

Bhaskar et al (2010)In the present study, the oxidation of 3-(4-chlai-imidazol-5-yl)-1-(2-
hydroxyphenyl) prop-2-en-1-ones with mercuric) (Ilacetate in in polyethylene glycol
(PEG-400) gave the corresponding 2-((4-chloreiitlazol-5-yl)methylene)benzofuran-
3(2H)-ones. Newly synthesized compounds (112)ewested for their in vitro antimicrobial
activity [81].

R Cl

7 N
= \
N)\/\/
R, o H

(112)

Rq

Lakshmanan et al (2011)of all prototypes (113) were tested in this biogssa various
concentrations of 10, 50 and 1@@/ml, and Concentration-response curves were pldite
check their ability to reverse the activity of Histine on prior (5 min) contact with the atria.
When evaluated against Histamine all the compoustdd0Qg/ml significantly (P<0.05)
antagonized the contraction of guinea pig atriaa inompetitive and concentration dependent
manner [77]

\>—CH3

5 %

(113)

R= Cl, Br, Phenyl, NO,

Jays et al (2011)The antibacterial activity of newly synthesizedtis derivatives was carried
out by agar diffusion method againStaphylococcus aureus and Bacillus Subtilis (gram-
positive) andKlebsiella and Proteus Vulgaris (gram-negative) using : Amoxicillin and
Ciprofloxacin as standard reference drugs. All commuls (114) have shown antibacterial
activity against the gram-positive and gram-negatbvacteria tested. The order of the
antibacterial activity for the synthesized compauigdas follows [78].

134
www.scholarsresearchlibrary.com



Anshul Chawla et al Der Pharma Chemica, 2012, 4 (1):116-140

O,N

NNHCOCH,—N

R; / >;N
> HaC
N
H
(114)
R]_: H, NOz, Cl, l, CH3, F, Br

R,=H,F
Hadizadeh et al(2008) Moclobemide is a selective and reversible monoamixidase-A
inhibitor, which is used as an antidepressanted@moclobemide analogues were synthesized
by replacing moclobemide phenyl ring with subsé&tutimidazoles and studied for the
antidepressant activity using forced swimming teghice. Analogues (115) were found to be
more potent than moclobemide [79].

N
_/

: (115)

R =CH; » CoHs CH,CgHs

RS

Pandeyet al(2009A series of imidazole based compounds (116) wenéhesized by reacting

simple imidazoles either with alkyl halides in geace of tetrabutylammonium bromide
(TBAB) or by conjugate addition of imidazoles tiny acrylate or glycosyl olefinic ester. The
synthesized compounds were screened against Mbercwiosis where compound (116)
exhibited good in vitro antitubercular activity thaay serve as a lead for further optimization

[80].
NG TN R
N O N—\S
(;/)\R R/Q\N
n=1R=PropylR' =H
(116)

Min Na et al (2003) aseries of 1-benzyl-3-(imidazol-1-ylmethyl) indotierivatives were
prepared under mild reaction conditions and ted$tedtheir antifungal activity. All of the
compounds were evaluated in vitro against two hurfusngal pathogens, Candida albicans
(CA980001) and Aspergillus fumigatus (AF980003); phwstericin B, fluconazole and
itraconazole were used as references. Seven @it obmpounds exerted significant antifungal
activity against C. albicans [83].
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N
Ry
z
A\ R,
N
N
X _
(117)
z R, X R, z R, X R,
H H  4cl H H ho aF  Methyl
H 4-Cl  Methyl di H
H y H H 2,4-diF
H H 4-c|  Ethyl H H  24-diF  Methyl
H H  4c "Propyl H h o 24dicl H
H H 4-Cl i-Propyl H H  24-dicl Methyl
H H 4-Cl Propenyl H CHg A4-F H
H H 4-Cl n-Butyl H CHs A-E Methy!
H H o 4cC  tBuyl H CH;  4Cl H
H H 4-F H Br H 2-Cl H

Batnagar et al (2011)Imidazole is an entity which is being synthesizedhany of its derivative

form from past few years; the entity is major seuot interest for many of medicinal chemist to
explore its various pharmacological potentialsphasent article we review the chemistry of
imidazole and its pharmacological actions as almiimtics, anticancer, antifungal , anti-
inflammatory agent by studying its various new nthgsized derivatives like antimitotic

activity. [83]

o Ly

H;CO OCHjs OCHjs
(118)

Baroniya et al (2010) Cancer is the second leading cause of death wade after heart
disease. A number of noble drugs are discoverethétreatment of cancer. In the present time
imidazole plays an important part in the developmaihnnew drug for treatment of cancer.
Imidazole is a nitrogen containing heterocycliing which possesses biological and
pharmaceutical importance. Imidazole ring cstssiof variety of important natural product
like histidine and purine. Imidazole derivasvlave an important application in cancer
treatment and an important agent used in medicaemistry. Despite these progresses the
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majority of patient diagnosed with their nrajmalignancies will die of their disease and
therefore, there is a need for few new &genth novel mechanism of action. Though
much effect has been focused on the devetaprof novel tyrosine-kinase inhibitors and
antibiotics directed at signal transductiomnpleration of new compound directly against
traditional target of DNA and tubulin continues lb@ important [84].

(@]
%N’H
N =

oY

R =4CI,R = 3,4,5 - (MeO);
(119)

Sadeket al(2011) reported an update for the relationshipwken type of chemical
substitution (aliphatic or aromatic) of imdézgontainig drugs and their tendency to
affect hepatic metabolizing enzyme cytochrorRd50 (CYP). In the present review,
examples of different therapeutically usedidamole-containing drugs are highlighted to
support the first evidence regarding the mehip between CYP-inhibition and chemistry

of imidazole ring system [85].

H,NT N

OH_I/O\I
(120)

Y. Al-soud et al (2007) Compounds were tested for their in vitro anti-Hl\(strain I1IB) and
HIV-2 (strain ROD) activity in human T-lymphocyt¥T-4) cells using the MT-4/MTT assay .
The results are summarized in Table 1ll, in whibk tata for efavirenz and capravirine (121)

were included for comparison. [86].
o
L §
H2N (@) =
HA
N Cl
g

SN
(121)
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CONCLUSION

Microwave reactions are extremely attractive totlsgtic organic chemists owing to their ability
to improve regio and/or chemoselectivity and foofaendly & lesser reaction times. In case of
imidazole derivatives which are proved to be havigggat potential for the different
pharmacological activities, therefore synthesitheke by using microwave techniques are found
to be further advantageous.
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