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Abstract: Heterocyclic chemistry is a key branch of chemistry dealing with synthesis, properties and ap-
plications of heterocycles. Heterocycles have enormous potential as the most promising lead molecules for
the design of new drugs. It plays a vital role in biological processes and are wide spread as natural products.
Our article is emphasized on synthesis and biological activity of nitrogen, sulphur and oxygen containing
heterocyclic moieties- benzothiazole, thiazolidine, azetidine and chromene derivatives which shall be the
milestones of conjunction based drug concept in synthetic chemistry.
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1. INTRODUCTION

Heterocyclic chemistry is one of the intriguing
branch of organic chemistry and heterocyclic
compounds constitute the largestand most varied
family of organic compounds. Heterocyclic
compounds' offer a high degree of structural
diversity and have enormous potential as the
most promising molecules as lead structures
for the design of new drugs. They are organic
compounds containing at least one atom of
carbon and at least one element other than
carbon, such as sulfur, oxygen or nitrogen etc.
within a ring structure. Since in heterocycles,
non-carbons replace carbon atoms and are
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called heteroatom e.g. different from carbon
and hydrogen. These structures (Fig.1) may
comprise either simple aromatic rings or non-
aromatic rings. The heterocyclic compounds
possess usually a stable ring structure which
does not readily hydrolyze or depolymerize.
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Fig.1 Structure and names of some common
heterocycles

They are widely distributed in nature? and
are essential to life as they play a pivotal
role in the metabolism of all living cells. For
example proteins, hormones, photosensitizing
pigment chlorophyll, oxygen transporting
pigment haemoglobin, hormones like kinetin,
heteroauxin, serotonin and histamine together
with most of the sugars. The pyrimidine and
purine bases found in RNA and DNA are
heterocycles, (Fig. 2) as are the sugars that
in combination with phosphates provide the
backbones and determine the topology of the
nucleic acids.
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Fig. 2 Heterocycles in DNA & RNA

Three out of twenty natural amino acids are
heterocyclic, which are essential amino acids
proline, histidine and tryptophan. Many essential
vitamins (Fig. 3) such as Thiamin (Vitamin B ),
Riboflavin (Vitamin B,), Nicotinamide (Vitamin
B,), Pyridoxal (Vitamin B,) and Ascorbic acid
(Vitamin C) are heterocyclic compounds®* too.
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Fig. 3 Essential vitamins
They are found abundantly in nature particularly

in plant alkaloids, anthocyanins and flavones.
The alkaloids form a major group of naturally
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occurring heterocyclic compounds having
varied biological activity. Ergotamine, the
indole based alkaloid exhibits antimigraine
activity. Cinchonine and Quinine (a quinolone
class of alkaloid) show antimalarial activity.

Heterocycles are common structural units in
marketed drugs and in medicinal chemistry
targets in the drug discovery process. Medicinal
chemistry occupies an important position to
establisharelationshipbetweenpharmacological
activity and chemical structure. They serve as
useful tools to manipulate lipophilicity, polarity,
and hydrogen bonding capacity of molecules,
which may lead to improved pharmacokinetic,
pharmacological, toxicological, and
physicochemical properties of drug candidates
and ultimately drugs. During the period of 1930
to 1970, a large number of important drugs have
been introduced and this period is regarded as
“Golden Period” of new drug discovery. The
modern concept of drug discovery started in
1933 by Gernand Dogmak with his finding of
“protonsil red” a compound responsible for the
antibacterial activity. Over 80% of top small
molecule drugs contain at least one heterocyclic
fragment in their structures.

These are some of the specific examples
representing new therapeutics-

Name of drugs year usages

Sulfa drugs 1933 First antibacterial drug
Penicillin 1940 Antibiotics
Chloroquine 1945 Antimalarial
Methyldopa 1950 Antidiabetic
Chlorthiazide 1957 Diuretic

Adrenergic betablockers 1958 Coronary Vasodilatory
Semi synthetic penicillins 1960  Antibacterial
Trimethoprim 1965  Antimicrobial
Disodium Chromoglycoate 1967  Antiallergic

Synthetically produced heterocycles’, designed
by organic chemists are used for instance as
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agrochemicals and pharmaceuticals which play
an important role in human life. An isoxazolyl
group is found in many antibiotics, such as
cloxacillin, dicloxacillin and flucloxacillin.
Sumatriptan, an indole group heterocycle is the
first antimigrain drug, in which replacement
of sulfonamide moiety with 1, 2,4-triazole,
which is also a potent 5-HTID receptor
agonist. Chloroquinine, the main drug among
the 4-aminoquinoline class, is one of the most
successful antimalarial agents ever produced.
They are present in a wide variety of drugs, many
natural products, biomolecules and biologically
active compounds, including anticancer®’,
antibiotic, anti-inflammatory®, antidepressant’,
antimalarial'®, anti-HIV''2,  antidiabetic'?,
antimicrobial'¥,  antibacterial’®,  antifungal,
antiviral, , herbicidal, fungicidal and insecticidal
agents'®. Some of these compounds exhibit a
significant solvatochromic, photochromic and
biochemiluminescence properties. Most of the
heterocycles possess important applications in
material science such as dyestuff, fluorescent
sensor, brightening agents, information storage,
plastics and analytical reagents. In addition,
these have applications in supra molecular and
polymer chemistry, especially in conjugated
polymers. Moreover, they act as organic
conductors, semiconductors, molecular wires,
photovoltaic cells and organic light-emitting
diodes, optical data carriers, light harvesting
systems, chemically controllable switches and
liquid crystalline compounds.

They have enormous potential as the most
promising molecules as lead structures for the
design of new drugs because of the unique
ability of the compounds to imitate the structure
of peptides and to bind reversibly to proteins.
They are also of considerable interest because
of their synthetic utility as protecting groups,

synthetic intermediates, chiral auxiliaries,
organic catalysts and metal ligands in
asymmetric catalysts inorganic synthesis.

Therefore, significant attention has been paid to
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develop proficient new methods to synthesize
heterocycles.

2. Benzothiazole

Benzothiazole (Fig. 4) is a privileged
heterocyclic scaffold belongs to the family
of bicyclic heterocyclic compounds sharing
benzene nucleus fused with five-membered ring
thiazole. Sulphur and nitrogen atoms comprise
the core structure of thiazole and numerous
pharmacologically and biologically active
compounds. Benzothiazoles have promising
biological profile and are easy to access which
makes this pharmacophore an interesting moiety
for experimental drug designing.

N

N

Fig. 4

Inthe 1950s, anumber of 2-aminobenzothiazoles
were intensively studied as central muscle
relaxants. After then, medicinal chemists
have not taken active interest in this family.
Biologist’s attention was drawn to this series
when the pharmacological profile of Riluzole
was discovered. Riluzole (6-trifluoromethoxy-
2-benzothiazolamine, Rilutek) was found to
interfere with glutamate neurotransmission
in biochemical, electrophysiological,
and behavioral experiments. Afterwards
benzothiazole derivatives have been studied
broadly and found to have diverse chemical
reactivity and broad spectrum of biological
activity!'”1,

Benzothiazole derivatives find use in various

chemical researches, for instance, in dyes,
drugs, polymer chemistry, vulcanization
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SOME BIOLOGICALLY ACTIVE HETEROCYCLIC SCAFFOLDS

S. No. |Name of Drug  |Activity Chemical Structure
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N/
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accelerators, corrosion inhibitor for steel and
clothing textile in industry, antifreeze, cooling
liquids, as a substitute for chlorophenols in
wood preservation and leather production. It
serves as an interesting terrestrial and marine
natural product too.%

The structural framework of this scaffold have
proved to be an important class of privileged
bicyclic substructures owing to their potent
use in research as a starting material for the
synthesis of bioactive structures. It play a vital
role in the manufacture of various biologically
active marketed drugs as Riluzole, Thioflavin,
Pittsburgh compound B, Ethoxzolamine,
Pramipexole, Dimazole, Flutemetamol and
Dithiazanine lodide.

N
F \>7
F NH
XO/CES 1
F Riluzole

o
s N/cm ¢ \
{ { N\,
N cH,
\
cH,
Thioflavin \ /
N Dithiazanine lodide
R 19
-~ —_ s
/ NH NH
" e, ¢ o

Pittsburgh Compound B

S
Bcnzo(hmzo\
Weses |
R
Ethe cry >N S,
/>7NH2
N

Pramipexole

Flutemetamol

cm1 N
D N
A SO

Dimazole

Fig. 5 Benzothiazole containing drugs
2.1 Synthetic aspects
Mukherji et al?' prepared 2-amino-5,7-
disubstituted benzothiazole (1) by cyclization

through suitable substituted aniline with
ammonium thiocyanate and bromine (Scheme

R NH, —NH,
NH4SCN
HCI
Ry

Brz/LHL13

\\
" “q-NHs \>C7NH2vHBr
5
Rz
(Scheme 1)
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Patel and coworkers?? synthesized various
4,5,6-trisubstituted-2-aminobenzothiazoles (2)
by reaction of the corresponding substituted
anilines with ammonium thiocyanate followed
by oxidative cyclizations of the resultant
thiocyanate with bromine. (Scheme 2)

Ry R4 R4
R NH;
Ry NH, (i) NH,SCN 2 2 Ry N\\
(ii) AcOH, Br, - /C*NHZ
Ry Ry SCN R S

o
(Scheme 2)

Johanson and coworkers® prepared 2-amino-6-
ethylmercaptobenzothiazole (3) by oxidation
of 4- Methylmercaptophenylthiourea with
bromine as a catalyst. (Scheme 3)

c
_-S NH™ [ T NH; —S N
S

3)
(Scheme 3)

Zhu et al* synthesized 2-acylbenzothiazoles
(4) by condensation of aryl substituted glyoxal
with various ortho-aminothiophenol in one-pot
metal-free reaction. (Scheme 4)

NH; I, DMSO
> 4
ACHO SH ]@/
“@
(Scheme 4)

Condensation of ortho-aminothiophenol and
4-(diethylamino)-2-hydroxybenzaldehyde
using PCl, as a catalyst in ethanol (EtOH)
resulted 2- substitutedbenzothiazole (5) and
was reported by Padalkar et al.*> (Scheme 5)

HO
NH, Pc13/ EtOH
©i + oHC NEt, @[ NEt,
SH

®
(Scheme 5)
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2.2 Medicinal aspects

Benzothiazole is one of the most important
heterocycles that has received overwhelming
response owing to its diversified molecular
design and remarkable biological properties like
anticancer?, antibacterial?’, anticonvulsant?*?°,
antidiabetic®’, anti-HIV?!, antimalarial®, diuretic
activity®, antifungal®, anti-inflammatory?’,
antileishmanial’®, antitubercular’’etc.

2.2.1 Anticancer activitySynthesis of the series
of 2, 6-disubstituted benzothiazole derivatives
(6) have been done by Sadhasivam et al.*® and
their anti-cancer activities were evaluated in vitro
and have shown cytotoxic effects on all the three
(MCF-7, HeLa, and MG63) cell lines. Murty
et al.* synthesized piperazinyl benzothiazole
derivatives (7) associated with1,3,4-oxadiazole-
2-thiol and their anticancer activity was tested
against five human cancer cell lines, namely
breast, cervical, skin, lung, colon and liver cell
lines.

M J::\}s S~
L. L i O

R= 4-fluorophenyl, p-tolyl R
© Q)

R=F X=0,8

Antitumor screening of various novel
4-thiazolidinones containing benzothiazole
moiety has been synthesized by Havrylyuk
et al* 2-{2-[3-(benzothiazol-2-ylamino)-4-
oxo-2-thioxothiazolidin-5-ylidenemethyl]-
4-chlorophenoxy}-N-(4-methoxyphenyl)-
acetamide (8) has been synthesized by
Knoevenagel condensation and have shown
inhibition activity against all human tumor
cells, melanoma, colon, prostate, CNS, ovarian,
leukemia, renal, lung, and breast cancers cell

lines.
Prats
=N

R S S R=4- methoxyphenyl
®) 4-chlorophenyl
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Mistry et al* reported compounds (9)
which were synthesized by combination of
7-(4-Bromobutoxy)-5-hydroxy-2-phenyl-4H-
chromen-4-oneandabroad range of 6-substituted
2-aminobenzothiazoles and showed antioxidant
and anticancer activity against ovarian cancer
cell lines and cervical cancer cell lines(HeLa and
CaSki). Racane et al.** synthesized 6-amino-2-
phenylbenzothiazoles (10) and were found to
display antitumor activity and were screened on
the human malignant cell lines: colon, laryngeal
carcinoma, cervical, breast and normal human
fibroblast cell lines.

N
O ‘o O o\/\/\N)/\Sg
N

R= 6-CH, 6-OCH;, 6-OC,H
()] (10)

R. N-

= S
R= 4-NH,, 4-NMe,, 3-F
O OH

2.2.2 Antimicrobial activity

Karalietal.**synthesizedaseriesofbenzothiazole
derivatives of pyrazole. 2-(1,3-benzothiazole-
2-ylmercapto)-N-(1,5-dimethyl-2-phenyl-3-
0x0-2,3-dihydro-1H-pyrazole-4-yl)-acylamine
(11) have been prepared and showed in vitro
antimicrobial activity against S. aureus,
S.  epidermidis, E. coli, K. pneumonia, P.
aeruginosa, S. typhi, S. flexneri, C. albicans.
Baheti et al** performed the synthesis of
novel heterocyclic system possessing six ring,
15-iminobenzothiazolo[2,3-b] pyrimido[5,6-¢]
pyrimido[2,3-b]-benzothiazol-14(H)-one (12)
and further evaluated for their antibacterial
activity against gram- positive species B.
subtilis, S. aureus and gram negative species S.
typhi and E coli .

QX Jﬁf ﬁ I T Y%Y T j

R=C¢Hs , C,Hs, NO, 0

R;=H, CH,, OCH,
R,=Cl, NO,, OCH;

11) 12)

CEH5

A series of novel pyrazole imine benzothiazole
derivatives (13) have been synthesized by
Mistry et al.** under both conventional heating
method and microwave technique and were
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screened for their antibacterial activity against
S. aureus, B. subtilis, E. coli and S. typhi. Patel
et al.*® described the synthesis of 6-substituted-
2-benzothiazolylimino-5-piperazinyl-4-
thiazolidinones (14) and these compounds were
screened as potent inhibitors of the growth
of Gram-positive (S. aureus and B. subtilis)
and Gram- negative bacteria (E. coli and P,
aeruginosa) and a fungus (C. albicans).

S
N\ h >—NH2
N N—NH
S
cl
as)

Singh and coworkers*” focused on the
development of new therapeutically active
antibacterial agents of substituted benzothiazole
derivatives (15) containing semicarbazone and
thiosemicarbazone as building blocks and broad
range of activity with MIC values against Gram-
positive as well as Gram-negative bacterial
strains.

S

N\ H - >¥
< N /N NH

Cl

NH,

1s)

2.2.3 Anti-inflammatory activity

Fluorine substituted benzothiazole havereceived
considerable attention due to their effective
bioactivities. Gupta and coworkers* synthesized
N-{6-fluoro-7-[(4-methoxyphenyl)-amino] 1,
3-benzothiazole-2-yl}-4-nitro benzamides (16)
and the compounds showed anti-inflammatory
activity that was performed on wistar albino rats
of sex weighing using carrageenin induced rat
hind paw edema method. A series of 2-Phenyl-
3-(4-6-dimethylbenzothiazol-2-yl)quinazolin-
4(3H)-one (17) was synthesized by Laddha
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and coworkers® and were screened for their
anti-inflammatory activity against carrageenan-
induced paw edema in rats and evaluated for
their in vitro antimicrobial activity against E.
coli and P. aeruginosa, S. aureus, E. faecalis
and C. albicans.

)

/dk CSH5 R, = OCHj, CH;3, H
R,=Cl,CH; Ry=NO,, Br

\}N
q R,= 2-Cl, 4-CH, 4-NO,, 3-OH
Ry=2-NO,

(16) an

Kumar et al’® synthesized compounds
2-[(7-chloro-6-fluoro-benzothiazol-2-yl)
amino]-N-[2-aryl-4-oxothiazolidin-3-yl]
acetamide (18) and 2-[(7-chloro-6-fluoro-
benzothiazol-2-yl)amino]-N-[4-aryl-3-chloro-
2-oxoazetidene-1-yl) acetamide (19) and
screened them for anti-inflammatory activity
by using inhibition of albumin denaturation

technique.
NG
\>*N H O
\_< F s 7/ \N{
HN—N Cl Is o
| s
R= Aryl group R R= Aryl group

as) 19)

1-(5-chloro-6-fluoro-1,3-benzothiazole-2-yl)
thiocarbamoyl-3,5-dimethyl-4-[(substituted
phenyl)diazenyl] pyrazoles (20) was synthesized
by Hussain et al.*' and further investigated for
their analgesic, antibacterial, anti-inflammatory,
ulcerogenic, antifungal, lipid peroxidation
activity. Yadav and coworkers® described the
synthesis of thiazolidine clubbed benzothiazole
derivatives(21) and evaluated theirantimicrobial
activity and anti inflammatory activity at a dose
of 50 mg/kg body weight in albino rats.

N R Ra
O 0%
s
g d O)/%/m
Rs
(20) @n

m-Cl, p-F and p-SO,NH,
m-COOH, p-OH

Rj=H Ry=3-Cl CgHy, 2-Br CgHy, 2-NO, CoHs
Ry=H Ry~ 2-CHO CgHy, 4-Cl CgHy, 3-Br CHy

2.2.4 Antitubercular activity
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Hazra et al synthesized
fluoronitrobenzothiazolopyrazolines
(22) and tested them for antitubercular
activity and cytotoxicity against THP-
1 cell lines. A series of regioisomers
of fluoronitrobenzothiazolopyrazoline
was synthesized and evaluated for their
antitubercular activity on Mycobacterium
tuberculosis H,.Rv strain. Benzothiazoles-urea
and thiourea derivatives (23) were prepared
by Abdel-Rahman et al’* and evaluated them
for their in vitro cytotoxicity, antitubercular
activity against MCF-7 breast cancer cells,
Mycobacterium  tuberculosis  H,Rv  and
antimicrobial activity against S. aureus, E. coli,
and C. albicans respectively.

N

F S>\N7N NO.

o Qs D)
= H H
LA, I U G

R=4-N(CH;),, 4-OH, 3-OCH, 4- OCHj
23

Patel et al*> described N-benzothiazolyl
acetamide-based (24) analogs which displayed
inhibition against Mycobacterium tuberculosis
H37Rv in Mycobacteria Growth Indicator
Tubes (MGIT) and Lowenstein and Jensen
method. Dinakaran et al.’® synthesized 3-nitro-
2-(sub)-5,12-dihydro-5-oxobenzothiazolo
[3,2-a]-1,8-naphthyridine-6-carboxylic  acids
(25) and showed effective antitubercular
activities against M. tuberculosis H,_ Rv and
multi-drug resistant M. tuberculosis. Huang
and co-workers®” described the synthesis
of  benzothiazole-isoxazole  carboxamide
derivatives (26) and were found -effective
against antitubercular agents (Mtb) H, Rv and
have also shown antiprotozoal activities against
protozoan parasites (Plasmodium falciparum).
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Ty

N
-y
0L
N N
R=NHCOCH,, CN, I, F

24) R

SV SR

(25) (26)

2. Thiazolidines

Thiazolidines (fig. 6) are a class of heterocyclic
organic compounds having a five membered
saturated system comprising of three carbon
atoms, one sulfur atom at position 1, and one
nitrogen atom at position 3 and is of considerable
interest in different areas of medicinal chemistry.

Fig. 6

Its derivatives belong to the most frequently
studied moieties and its presence in penicillin
was the first recognition of its occurrence in
nature. Antibiotics contain basic structural
units; penam (27) which include powerful
antibiotics; penicillins (28) include penicillin G,
benzathine penicillin, penicillin V and procaine
penicillin. Penicillin antibiotics are historically
significant because they are the first drugs that
were effective against many diseases, such as
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syphilis, and infections.

H H
N
N Me
o
JI )

o COOH
@7 (28)
Thiazolidinones are the derivatives of
thiazolidines which belong to an important
group of heterocyclic compounds containing
thiazole with carbonyl group. The medication
class of thiazolidinediones (also called as
“glitziness”) was introduced in late 1990’s as
an adjunct therapy for Type II diabetes mellitus
and related diseases. The drug Pioglitazone
contains a thiazolidine ring usually indicated
in cases of Type II diabetes for decreasing
blood sugar. It also decreases triglycerides and
C-reactive protein levels, lowers blood pressure
and increases levels of HDL (high-density

lipoproteins).

/
/O\©iN o - s
St e
N o N/go S\ o o N\@é
H

Rivoglitazone

s, S,
fepeNiepes
0. NH
o N dﬂo d
HO
. Ciglitazone

Troglitazone

Pioglitazone

s,
arr
Nﬁﬂo e
N
[¢] .
Balaglitazone

Fig. 7 Thiazolidine containing drugs
3.1 Synthetic aspects

One-pot multicomponent regio/stereoselective
synthesis of 2-iminothiazolidin-4-ones (29)
under solvent /scavenger-free conditions using
triecthylamine was given by Murugan et al.>®
(Scheme 6)

NH, S/\fo
Cl Solvent or solvent free
+ + }OH J N/)\
NCS 74 Eth, heat
Hy
H,

29 g
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(Scheme 6)
Rao et al.*® described the synthesis of 2,3-diaryl-
1,3-thiazolidin-4-ones (30) by  reacting
aromatic aldehydes with an equimolar amount
of heteroaromatic amine in the presence of
mercaptoacetic acid. (Scheme 7)

™
R Ry Ry
HO R, A R,
X + + X
‘ C)—\ﬁH toluene ‘
Ry \NZZ\NH, OHC RASNASN A s
(30

(Scheme 7)

Nasiria et al.®® described the reaction of a
primary amine and carbon disulfide at room
temperature in the presence of chloroacetyl
chloride or 2-chloro-2-phenylacetyl chloride
and afforded 3-alkyl-2-thioxo-1,3-thiazolidine-
4-one derivatives (31) in high yields. (Scheme
8)

S

Q Solvent Free R )k

S
RNH, + % + R 0 — H
S Cl o R'
(31)

(Scheme 8)

Under normal conditions, reaction of L-cysteine
with various aldehydes gave acid derivatives
of thiazolidines (32) and was described by
Gududuru and coworkers® (Scheme 9)

(0]
(0]
H
n EtOH N OH
HS OH RCHO R <
S

NH,
32)

(Scheme 9)

4-Phenylthiosemicarbazide  reacted  with
dimethyl acetylenedicarboxylate in the
presence of aldehydes or ketones under solvent
free conditions to produce highly functionalized
thiazolidine-4-ones (33) and was shown by
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Yavari et al.®? (Scheme 10)

/ COOMe
COOMe

s
s 0 P
HZNHN)K/NH\Ph + “‘ + R1)LR2 — N7

N
! 'l‘ — Ry
COOMe Ph \(

@) "
(Scheme 10)
3.2 Biological significance

Thiazolidine derivatives have been studied

extensively and found to have diverse
chemical reactivities and broad spectrum
of biological activities as antifungal®,

antioxidant®, anti-inflammatory®, anti YFV
(yellow fever virus) activity®®, antitubercular®’,

anti  HIV®®, anticancer®”', antidiabetic’,
antimalarial’®, anticonvulsant’, antiparasitc’,
antihyperlipidemic’®, CNS activity”’,
antimicrobial activity’® etc.
3.2.1 Antidiabetic activity
Dhanaji et al’ described a series of

2,4-thiazolidinediones with aryl sulfonylurea
moieties by condensing various substituted
sulfonamides and 5-(isocyanatomethyl)
thiazolidino-2,4-dione and the synthesized
compounds (34) were evaluated for in vivo
antihyperglycemic activity in sucrose loaded rat
model and compared with standard antidiabetic
drug metformin.

Anovel series of 1,3,5-triazine-thiazolidine-2,4-
diones have been synthesized by Shrivastava
et al® and characterized them with the aid
of numerous analytical and spectroscopic
techniques and were screened for in vitro
inhibition of dipeptidyl peptidase-4, where
synthesized compounds (35) showed most
prominent inhibition.

Cl o H
H
N\ N
S’N
\
o]

ST

(34)

NHNH,, NHC4H;
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Nazreenand and co-workers®!
synthesized conjugates of chromones and
2,4-thiazolidinedione by Knoevenagel
condensation followed by reduction using
hydrogen gas and Pd/C as a catalyst. Synthesized
compounds (36) were most effective in lowering
the blood glucose level comparable to standard
drug Pioglitazone. Novel 5-Benzylidene-
[3-(diethyl amino) methyl] thiazolidine-2,
4- dione derivatives (37) was synthesized by
Shyam et al.** in the presence of formaldehyde
and DMF and compounds were assayed for anti
diabetic activity by using animal models (male
wistar rats).

o o] S
_u o S*( S >:O
Cl—u _
NH F N CoHs
N

o .
O o) \Csz
(36) 37

3.2.2 Antioxidant activity

Sen and coworkers®® synthesised 2-(3-methyl-
1 H-pyrazol-4-yl)-3-phenylthiazolidin-4-
one (38) which showed higher antioxidant
activity than the standard ascorbic acid, due
to the presence of strong electron donating
group. Kilcigil and coworkers® synthesized
and examined the antioxidant properties of
2-[2-(4-chlorophenyl)benzimidazole-1-yl]-
N-(4-0x0-2-aryl-thiazolidine-3-yl)acetamide
(39) derivatives. The free radical scavenging
properties of the compounds were also
examined in vitro by determining the interaction
of 2,2-diphenyl-1-picrylhydrazyl (DPPH) free

radical.
R
— A
G
S
0
N

¢ B

HsC o
7 Cv’f N>_©70|

NS K

HN

R = H, CH,, OCH, Cl
39
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Thiazolidine compounds (40) containing a
thiourea moiety was prepared by Silva et
al.® using boric acid as a coupling agent in a
multicomponent methodology and evaluated
the antioxidant activity as reflected by free
radical scavenging. New thiazolidine-4-one
derivatives (41) of nitro-l-arginine methyl
ester (NO,-Arg-OMe) have been synthesized
by Panzariu et al.%¢ and biologically evaluated
in terms of antioxidant and antibacterial/
antifungal activity. The antioxidant potential
was investigated using in vitro methods based
on  ferric/phosphomolybdenum  reducing
antioxidant power and DPPH/ABTS radical
scavenging assay.

S
| TR
o =
s [e] COOMe H
\\ S /\)k K/\/ N\NOZ
N HN( §° N T{
-0 -
(¢)

R =H, 4-CHj, 4-F, 4-C1, 3-OCHj
41)

3.2.3 Anticancer activity

Chen and coworkers®’ synthesized
2-arenesulfonyloxy-5-benzylidene-
thiazolidine-2,4-diones 42) followed
by nucleophilic substitution with
5-[2’-hydroxybenzylidene]-2,4-thiazolidinone
and arylsulfonyl chlorides and were examined
for their antiproliferative effects on a panel of
carcinoma cell lines (SKHep, H460, SW620,
BT474, PC-3). New 5-(4-alkylbenzylidene)
thiazolidine-2,4-dione derivatives (43) have
been synthesized by Laxmi et al.®® and evaluated
for anticancer and antimicrobial activities using
DNA cleavage studies. An in vitro study on
anticancer activity was done against the full
panel of human tumor cell lines (Leukemia,
Colon cancer, CNS cancer, Melanoma, Ovarian
cancer, Renal cancer).

Fg

“2)

\

C N \N/\/
N\/\/ /

“3)
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A series of new substituted (E)-3-{[5-(aryl)-
1,3,4-oxadiazol-2-yllmethyl}-5-(3,4,5-
trimethoxybenzylidene)thiazolidine-2,4-diones
(44) have been synthesized by Ashok et al.®.
The products have been characterized by their
IR, '"H NMR, BC NMR, and mass spectral
properties and evaluated for anticancer activity
against four human cancer cell lines: A549,
A375, MCF-7, and HT-29. Nguyen et al”
reported the synthesis of a series of 5-(4-methyl-
benzylidene)-thiazolidine-2,4-dione 45)
derivatives. The antiproliferative effects of the
synthesised compounds were tested against
viable human skin fibroblast cell line and
carcinoma cell lines namely HeLa cells, MCF-
Tcells, HT-29 cells, HepG-2 cells using MTT
assay by adopting positive and negative control.

Ry
Ry

A
N Ry

oN o
s//
OCH;3 Va\ o)
N0 OCH o N
3
o= —OCHj, H )\ “
s\ R2 OCHg, H, NO,, F o)

OCH; Rz =OCHj, H
44)

3.2.4 Antimicrobial activity

A new synthetic strategy for novel 6-methyl-3-
aryl spiro[isoxazolo[2,3-D][1,2,4]thiadiazole-
2,2’-thiazolidin]-4-ones (46) was described by
Eligeti et al.’! and compound showed significant
antimicrobial activity against all the standard
strains Gram-negative bacteria P. aeruginosa,
K. aerogenes, C. violaceum, and Gram-positive
bacteria B. subtilis, B. sphaericus, and S. aureus.
A series of 2-(2-chloroquinolin-3-yl)-5-((aryl)
benzylidene)-3-(4-0x0-2-phenylquinazolin-
3(4H)-yl)thiazolidin-4-ones (47) have been
synthesized by Desai et al.”> and compounds
exhibited promising antibacterial activities
against E. coli, S. aureus, P. aeruginosa and S.
pyogenus. Some of them exhibited very good
antifungal activity against C. albicans, A. niger
and A. clavatus.
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5-((2-phenylthiazol-4-yl)methylene)
thiazolidine-2,4-dione (48) and 5-(2,6-dichloro-
benzylidene)thiazolidine-2,4-dione 49)
were synthesized by Stana et al”® and their
antimicrobial activities were assessed in vitro
against Gram-positive (S. aureus, B. cereus,
and E. fecalis) and Gram-negative (E. coli and
S. typhimurium) bacteria and one fungal strain
(C. albicans) as growth inhibition. A series of
2-aryl/heteryl-3-(5-phenyl[1,2,4]triazolo[4,3-c]
quinazolin-3-yl)-1,3-thiazolidin-4-ones  (50)
was prepared by Reddy et al.** and antifungal
activity was evaluated against four fungal
strains (C. albicans, A. fumigatus, T. rubrum, T.
mentagrophytes).

()

Ar. s
4o L s
0. HN
W0 Ty ol
N C
o T ae
(48) “9) (50)
3. Azetidine

Azetidine (Fig. 8) is a four membered
heterocyclic compound containing one nitrogen
atom. The 2-carbonyl derivative of 4-membered
heterocyclic ring with nitrogen atom is
designated as 2-azetidinone. It is also called as
B-lactam. Azetidine derivatives occupy a central
place among medicinally important compounds
due to their diverse and interesting antibiotic
properties and  biological  activity®®.

n_

Fig. 8
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They act as versatile intermediates for the
synthesis of aromatic B-amino acids and their
derivatives, peptides, polyamines, polyamino
alcohols, amino sugars and polyamino ethers.
Azetidine containing various drugs e.g. penicillin
(antibacterial), pyrazinamide (antitubercular),
indinavir, ritonavir. (Protease inhibitors as anti-
AIDS) etc. The azetidine based antibiotics are
still the most prescribed antibiotics used in
medicine. They are considered as a significant
contribution of science to humanity. The most
widely used antibiotics such as the penicillins,
Ampicillins, Cephalosporins, Thienamycine,
Aztreonam, Carumonam, and the Nocardicins
contain P-lactam (azetidin-2-one) ring. After
the spectacular world-wide recognition and
tremendous success of the penicillins, the
best known family of P-lactams is termed
as cephalosporins, wherein the [-lactam
ring is strategically fused to a 6-membered
dihydrothiazine ring system. Following are the
structures of several B-lactam antibiotics that
have been applied clinically. (Fig. 9)

HHH Nt Hm
R._ N Me T
T ;[V . E Me
° o § Me H o) N Me
o]
COOH oo
Penicillin Ampicillin
HoH OH
N +
R _Na:_ :-S )// HoH NH;
T I'/ Me '
0 4 N F# OWMe N/
o
COOR' o .
Cephalosporin Thienamycin
H
R\”/HN
1 OH
o) N
o =
HooC
Nocardicin

Fig. 9 Azetidine containing antibiotics
4.1 Synthetic aspects

The bromine induced cyclization of o-acyl-
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hydroxamates via the formation of bromonium
ion intermediate for the synthesis of B-lactams
(51) was given by Rajendra ef al.”® (Scheme 11)

=1}

CH,

/ Br /K CO /H O R
2 2 3 2

© CH3CN
HOCOCH,C H,

o/
(51

NOCOCH,CgH,

(Scheme 11)

Kunieda et al.'® synthesized azetidinones (52)
by the reaction of B-amino esters with Grignard
reagents via the formation of N-anion. (Scheme
12)

Cry
NH, + HacAC%MgBr
G H
2''5
H Hy

(Scheme 12)

Staudinger and coworkers!®' described the
most common method for the synthesis of
2-azetidinones (53) by the Staudinger ketene
imine cycloaddition, in which the reaction of
imines with acid chloride in the presence of a
tertiary base. (Scheme 13)

HaC HaC o
COOH CH,COCI Z
HaC R ch’i
NHCH,CgHs AN
HC HsCg CH»CgHs
(33)

(Scheme 13)

Singh et al.'® synthesized 2-azetidinones
(54) by the reaction of N-salicylideneamines
and equivalent) a-diazocarbonyl compounds.
(Scheme 14)
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(Scheme 14)

N-substituted B-halo amides are cyclized in the
presence of a base producing B-lactams (55) via
an intermediate was described by Wasserman
and coworkers'® (Scheme 15)

CH,CI

NHOCH,CsHs

NH__~"™
Base chﬂ \/N\OCHchHS
s [

(35)

(Scheme 15)
4.2 Pharmacological significance

Azetidinones are very important class of
compounds possessing wide range of biological
activities such as  anti-inflammatory!%,
antihyperlipidemic!®, CNS activity'%, tryptase
inhibitory!”’,  human leukocyte elastase
inhibitory'®, antihyperglycemic'®, vasopressin
Vla antagonist'’, and anticancer activity''!,
antimicrobial'’?, antitubercular', cytotoxic!!4,

and cholesterol absorption inhibitors!!s.
4.2.1 Antimicrobial activity

Novel semi-synthetic B-lactam compounds (56)
containing an azetidinone moiety clubbed with
the (+)-6-aminopenicillanic acid (6-APA) as
new antibacterial agents was reported by Rosa
et al.''® and it displayed good antimicrobial
activity against all tested S. aureus S.
epidermidis, E. coli, Salmonella, P. fluorescens
and P. aeruginosa.

Chavan et al.'' synthesized 2-{2-[3-chloro-2-
(aryl)-4-oxoazetidin-1-ylamino]-acetylamino}
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benzothiazole-6-carboxylic acids (57) and
screened them for their antibacterial activity
against four microorganisms: S. aureus, B.
subtilis, P. aeruginosa and E. coli and three
different fungi such as C. tropicans, A. niger and
F. heterosporium by filter paper disc technique.

Ry H
@ /N
o N NH R
U ¢ JOSSe
HOOC s o

1% s
o i
R=NO,, H N J< _ . .\
N R = 3-BrCgHy, 4-OHCgHy, 2-CICGH
R, = H, CH; ﬂ / 6Ha. 6Hy. 6Ha
R, =OCH3, H (56) © Vil 57)
¢}

A series of quinoline nucleus containing
1,3,4-oxadiazole and 2-azetidinone derivatives
(58) have been synthesized by Desai et al.!'® and
compounds were screened for their antibacterial
activity against four different strains like E. coli,
P aeruginosa, S. aureus and S. pyogenes, and
antifungal activity against three different strains
like C. albicans, A. niger and A. clavatus.

Patel and coworkers!” synthesized a series
of 2-oxo-azetidinyl-quinazolin-4(3H)-ones
(589) from Schiff bases and the antibacterial
activity was screened against two gram positive
bacteria (S. aureus and B. subtilis) and two
gram negative bacteria (P. aeruginosa and E.
coli) and antifungal activity against fungi C.
albicans.

<
= OO

Q %R 2-NOy, 3-NO, 2

4()]]2(I4(14()(]I

CI'HyC N/N

\@ﬁf

R =2:Cl, 3-CI, 2-NO,, 4-NO,, 4-CH, -
(58) (59)

4.2.2 Antitubercular activity

Rajasekaran et al.'® synthesized azetidinones
derivatives (60) by cyclocondensation of various
Schiff bases of phenothiazine with chloroacetyl
chloride in presence of triethylamine and
screened for antitubercular activity against
Mycobacterium tuberculosis H37Rv strain
using Lowenstein-Jensen medium method.
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Patel et al.®' synthesized pyridoquinolones
containing azetidinones derivatives (61) and the
synthesized compounds were screened against
Mycobacterium tuberculosis H,_Rv.

@o@ %

R =4-OCH, 2-Cl, H, 2-OH, 3-NO,

(61)

@@@

(60)

Aseriesof2-azetidinoneof4,4’-sulfonyldianiline
(62) has been synthesized by Bhusnure et al.'??
under microwave irradiation and conventional
heating and screened them for their anti-
tubercular activity against the human strain
using Lowenstein-Jensen medium method.
A series of novel azetidinone derivatives (63)
was synthesized by Elumalai et al.'*® and the
synthesized compounds were preliminarily
assayed against freshly isolated clinical strains,
Mycobacterium fortuitum and Mycobacterium
tuberculosis, as per the dilution method in agar.

NG

62) A=, 'Brl ©63)
4.2.3 Antiinflammatory activity
Dhingra and  coworkers'**  synthesized

quinazolone fused azetidine analogs (64) to find
compounds with promising anti-inflammatory
activity using carrageenan-induced rat paw
edema model taking aspirin as standard drug. A
new series of 3-chloro-4-(substituted phenyl)-
1-{[2-(2-thiazolylamino)ethyl]amino}-2-
azetidinone (65) has been synthesized by
Samadhiya er al.'® Here, the carageenan-
induced rat paw edema method was employed
for evaluating the anti-inflammatory activity
of the compounds using phenylbutazone as the
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standard drug.

o cl N Ar
\>_
) Ar
7
N (e]

(64) (65)

Muralikrishna et al.'* synthesized 4-oxazetidine
derivatives (66) bearing indole moiety and the
compounds showed better anti-inflammatory
activity and equipotent analgesic activity
than standard drug phenyl butazone at the
dose of 25, 50 and 100 mg/kg . Kendre et
al.'” synthesized azetidin-2-one derivatives
containing aryl sulfonate moiety, 2-(3-Chloro-1-
(4-carboxyphenyl)-4-oxoazetidin-2-yl) phenyl
4-methyl benzene sulfonate (67) and has shown
good anti-inflammatory activity compared with
standard drugs.

(o]
Cl
O o O
Ri o SQ
(o]
N CFy

o

N= R
N l 3 R;=H, 1, Br
NS Re N Ry=H, 1, Br
‘C‘) s HN Rj = CgHy(4-COOH),
cl o CSH,N

R =H, CH;, OCHj, Br, NO,

66) €7

4.2.4 Anticancer activity

Geesala and coworkers'?® synthesized a series of
twenty-five 2-azetidinone (f-lactam) derivatives
(68)andevaluatedthem foranti-cancerproperties
against breast cancer, MCF-7 and MDA-
MB-231 using (3—4, 5—dimethylthiazol-2—yl)—
2, 5—diphenyltetrazolium bromide (MTT) assay.
Novel imidazoquinoline based 2-azetidinones
derivatives (69) were synthesized by Kayarmar
et al'® and the anticancer activity was
performed against the cancer cell lines, HeLa by
employing the Trypan blue exclusion method.
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R Biphenyl, nitrophenyl

(68) (69)

A series of nine new N-(substituted azetidine-
3-carbonyl)-N-methyl-hydrazino  derivatives
(70) was synthesized by Rajulu et al.'** which
displayed good growth inhibition against
(MCF-7) breast carcinoma, (HCT-116) colon
carcinoma and (A549) lung adenocarcinoma
cell lines.

Boyle and coworkers"! described the structure-
activity  relationship of  antiproliferative
B-lactams, doing modifications at the 4-position
of the p-lactam ring. The antiproliferative
activity was assessed in MCF-7 cells, where
the 4-(4-ethoxy) phenyl substituted compounds
(71) displayed the most potent activity.

OCH;4

4. Chromene

Chromene (Fig.10) are heterocyclic compounds
with a benzene ring fused to a pyran nucleus.
Chromene is a common motif in a variety of
naturally occurring and synthetic molecules
with interesting biological activities. The
benzopyran nucleus includes some structural
skeletons such as chromane, 2H-chromene and
4H-chromene.
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(Fig.10)

Chromene and its derivatives have also
been recognized as ‘privileged medicinal
scaffolds’ due to their unique pharmacological
and biological activities'**!*,  Chromene
constitute the basic backbone of various
types of polyphenols and widely found in
natural alkaloids, tocopherols, flavonoids, and
anthocyanins. Vitamin E (72) was an evident
example for the naturally occurring chromane,
possessing antioxidant activity.

CH
s CH,

HaC o) CHs

CHs

CH, CH,

HO

CH, 72)

Currently, a number of drug molecules bearing
chromene unit are biologically active natural
products and promising synthetic compounds in
the field of medicinal, agrochemical, cosmetics
pigment industries and in the treatment of
various ailments such as hypertension, asthma,
ischemia and urinary incontinence. The
naturally and synthetic occurring available
bioactive chromene heterocycles are as (Fig.
11, 12)
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Laccaridione

B—lapachone
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(Antihepatitis B virus)

(+) Calanolide A
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Fig. 11 Naturally occurring potent bioactive
chromene heterocycles
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Antitumor agents
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Fig. 12 Synthetically important drug-like
chromene heterocycles

Synthetic aspects

S. Khoksar et.al.’*® synthesized one-pot three
component regioselective synthesis of 2-amino-
3-cyano-4H chromene derivatives (73) with
good yields by annulation of aldehydes,
malononitrile, and resorcinol under reflux
conditions in 2,2,2-trifluoroethanol without the
use of a catalyst or any other additive. (Scheme
16)

OH

(Scheme 16)
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Vahabi et al.'*” described one-pot synthesis of
coumarin derivatives (74) via the von Pechmann
condensation of phenols with ethyl acetoacetate
using FeF, as an acid catalyst under Microwave
irradiation. (Scheme 17)

OH
o o

+ N

FeF3; Solvent free

MW

(Scheme 17)

Brufola et al.'*® synthesized ethyl coumarin-3-
carboxylate (75) by the Knoevenagel reaction of
o-salicylaldehyde with ethyl cyanoacetate using
sodium bicarbonate followed by hydrolysis of
carbonitrile group with hydrochloric acid in
ethanol with 87% yield. (Scheme 18)

CHO COOEt Ny COOH
+ <
oH CN o~ ~o

@73
(Scheme 18)

NaHCO3

HCL/ EtOH

Gao and coworkers'* developed organocatalytic
Michael addition—cyclization of malononitrile
to nitroalkenes for the direct synthesis of chiral
2-amino-4H-chromene-3-carbonitrile (76)
derivatives. (Scheme 19)

NO,

_ NO,
M A . <CN Catalyst i X oN
2 oH cN > _— NH,
(76)
(Scheme 19)
4-phenylcoumarins (77) were prepared

by Escobar et al'*, followed by direct
esterification of phenols with phenylpropiolic
acid, using Preyssler structure as heterogeneous
catalyst under solvent-free reaction conditions.
(Scheme 20)
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(Scheme 20)
5.2 Biological importance:

It is known that chromene derivatives possess
certain natural and synthetic chromene
derivatives = and  important  biological
activities such as antitumor'', antivascular'®,
antimicrobial'®, TNF-a inhibitor'#,
antifungal'®, anticoagulant', 147
antiviral'®, anti-helminthic'*,

anti-inflammatory"’,

estrogenic'?’,
150
151
anticonvulsant'®? etc.

anticancer™,
antimalarial'*?,

5.2.1 Antimicrobial activity

Kamdar et al.'>* described the synthesis of
4H-Chromeno[2,3-d]pyrimidines (78) and the
antimicrobial activity was performed against
four species of bacterial strains: S. aureus and
S. pyogenes as Gram-positive, E. coli and
P aeruginosa as Gram-negative; and one
species of fungal strain A. niger. New series of
4-((3-aryl-4,5-dihydroisoxazol-5-yl)methoxy)-
2H-chromen-2-ones (79) was prepared by
Zghab et al'® and screened them for their
antibacterial activity against two Gram-negative
bacteria (E. coli and P. aeruginosa) and two
other Gram-positive bacteria (S. aureus and E.
faecalis). The obtained data revealed that most
of the compounds showed moderate to excellent
activities against the used microorganisms.

CL

N 0Ny
O O (0]
(78) 79)
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Reddy and co-workers'® synthesized 1,4
disubstituted  (1-alkyl-1H-1,2,3-triazol-4-yl)
methyl-2 H-chromene-3-Carboxylates (80)
and screened them against antibacterial strain
B. subtilis (Gram-positive), S. aureus (Gram-
positive), P. aeruginosa (Gram-negative) and
antifungal strain A. niger, R. solani and A.
terreus.

Jain et al'” described one-pot synthesis
of heteroaryl substitued dihydropyrano(c)
chromenes (81) via initial Knoevenagel,
subsequent Micheal and final heterocyclization
reactions and the compounds have shown good
antimicrobial activity against different microbial
strains (E. Coli, S. typhi, K. pneumonia, P
aeruginosa).

o N 0
P N SNTR, 0. NH,
Ry o\):/ R4 =H, CHj, CI, OCH; ‘ o

o) R, =H, OCH,

R = (@] N/-\O Ar
(80) O nJ (81)

5.2.2 Antiproliferative activity

Rao et al'® synthesized 4-Methyl-6-(41-
morpholinophenyl)-2 H-chromen-2-one (82) by
using Suzuki—Miyara cross coupling reaction
and compounds were tested for antiproliferative
activity against different human cancer cell
lines (SiHa, MDAMB-231, and PANC-1). A
new series of C4-N,N-dialkylaniline-substituted
4-aryl-4H-chromenes (83) was synthesized by
Parthiban et al.'® and their antiproliferative
properties were evaluated against human cancer
cell lines, namely, laryngeal carcinoma (Hep2),
lung adenocarcinoma (A549), and cervical
cancer (HeLa).

NR,

o._0
NO,
g (]
O 0" “NHMe

N
o\) NR, = NEt,, Morpholino, N(CgH 1)
(82) (83)
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A variety of (Z2)-[(2H-chromen-3-yl)methylene]
azolidinones (84) bearing thiazolidine-2,4-
dione, rhodanine or hydantoin scaffolds were
designed and synthesized by Azizmohammadi
et al.'® as potential anticancer agents against
A549 (human alveolar basal epithelial
adenocarcinoma), K562 (human chronic
myelogenous leukemia), MCF-7 (human breast
adenocarcinoma), and MOLT-4 (human acute
lymphoblastic leukemia) cancer cell lines.

X=0,8 Y=S5,NH, NMe
R, = H, Br, OMe

R,=H, Me

R; =H, Me, Et, CH,COOH

Novel derivatives of 4 H-benzo[h]chromene (85)
and 7H-benzo[h]chromeno[2,3-d]pyrimidine
(86) were prepared by El-Agrody et al.'®' and
were evaluated them for their anti-proliferative
activity against three human tumor cell lines
breast adenocarcinoma (MCF-7), human colon
carcinoma (HCT-116) and hepatocellular
carcinoma (HepG-2) in comparison with the
standard drugs Doxorubicin.

l o

(85)

MeO COOEt

I
MeO

Ar Ar o
(80)

5.2.3 Anti-inflammatory activity

A series of novel coumarin-3-carboxamides
(87) and their hybrids with the alpha-lipoic acid
were designed and synthesized by Melagraki
et al.'® and in vivo anti-inflammatory effects
of the tested coumarins were assessed by
using the functional model of carrageenin-
induced rat paw edema. Indulatha and co-
workers'®® synthesized N-[2-(2-substituted aryl
/" heteryl)-4-oxo-1,3-thiazolidin-3-yl]-2-oxo0-
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2H-chromene-3-carboxamide (88) derivatives
and evaluated them for their anti inflammatory
activity by Hind paw oedema method using the
standard drug Aspirin.

OH O o o
R XL OH O
A N N s
H H A NH—N,
S~g
o o f
R=H, CH; o~ o o

87 (88)

Elenkov et al.'®* designed series of variously
substituted furochromenes (89) and evaluated
their anti-inflammatory activity in PMA induced
ear edema in CD1 mice, with potency equal
in comparison with zileuton as the reference
compound. Fylaktakidou er al.'® reported
several 6,7 or 7,8-fused dioxolane coumarins
(90) and evaluated them for their antioxidant
and anti-inflammatory potential. All compounds
displayed anti-inflammatory potential against
carrageenan-induced paw edema, showing
a higher activity than the reference drug,
indomethacin.

Ry X
R o o~ Yo
" =i Me R 0 R = Me, Et, (CHy),
s =OMe H,Me, Cl " R, R, = COOE, Ph, (CHy),
Re Rs = H, Cl, Me
(89)  Ry=H, Me.Et (90)

5.2.4 Antioxidant activity

Cacic et al.'® described synthesis of novel
N-(2-(substituted phenyl)-4-oxo-thiazolidin-3-
yl)-2-(4-methyl-2-0x0-2 H-chromen-7-yloxy)
acetamides (91) and the antioxidant activity
of tested coumarin derivatives was evaluated
by the phosphomolybdenum method and
have shown better antioxidant activity in
comparison with ascorbic acid. Kadhum et
al.'® studied N-(4-oxo-2-phenylthiazolidin-3-
yl)-2-(2-0x0-2H-chromen-4-yloxy)acetamide
(92) with the 1,1-diphenyl-2-picryhydrazyl
(DPPH), hydrogen peroxide and nitric oxide
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radical methods and compared them with the
known antioxidant ascorbic acid. Molnar and
coworkers'® synthesized a series of coumarin
Schiff bases (7-(arylidenehydrazinocarbonyl
methoxy)-2-oxo-2H-chromen-4-yl]acetic acid
arylidene hydrazide) (93) and evaluated them
for their antioxidant activity using scavenging
of  1,1-diphenyl-2-picryhydrazyl =~ (DPPH)
radical and phosphomolybdenum method.

e SN P
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N
(o] (0]
0 (0]
93)
5. Conclusion

This review gives an overview of the advances
of different heterocycles in the synthesis
of conjunction based novel heterocyclic
compounds. These compounds possess
enormous significance in the field of drug
discovery process. Substituted benzothiazoles,
thiazolidine, azetidine, chromene and their
analogues have been used as precursors for
the synthesis of various biologically dynamic
molecules. Our review covers the synthetic and
medicinal applications of heterocyclic moieties
containing nitrogen, oxygen and sulfur atoms
which have much significance that impinge on
almost all aspects of modern organic chemistry,
medicinal chemistry and biochemistry.

6. References

1. Katritzky AR. Handbook of Heterocyclic Chemistry
Pergamon Press, New York, 1985.

2. A. T. Balaban, D. C. Oniciu, A. R. Katritzky, Chem.
Reviews, 2004, 104, 2777-2812.

3. M. B. Davies, J. Austin, D. A. Partridge. The Royal Soc.

Vol. 7 (2), March — April 2017



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chemistry & Biology Interface, 2017, 7, 2, 79-101

Chem., 1991, 48.

H. M. Evans, O. H. Emerson, G. A. Emerson, J. Bio.
Chem., 1936, 113, 319-332.

M. Garcia-Valverde, T. Torroba, Molecules, 2005, 10, 318-
320.

P. Martins, J. Jesus, S. Santos, L. R. Raposo, C. R.
Rodrigues, P. V. Baptista, A. R. Fernandes. Molecules,
2015, 20, 16852-16891.

M. M. Ghorab , A. N. Osman , E. Noaman , H. 1. Heiba,
N. H. Zaher. Phosphorus, Sulfur, and Silicon, 2006, 181,
1935-1950.

S. M. Sondhi, M. Dinodia, J. Singh, R. Rani. Curr.
Bioactive Comp., 2017, 3(2), 91-108.

N. Siddiqui, Andalip, S. Bawa, R. Ali, O. Afzal, M. J.
Akhtar, B. Azad, R. Kumar. J. Pharm. Bioallied Sci., 2011,
3(2), 194-212.

S. Bawa, S. Kumar, S. Drabu,
Bioallied Sci., 2010, 2(2), 64-71.
L. M. Bedoya, E. Olmo, R. Sancho, B. Barboza, M.
Beltran, A. E. G. Cadenas, S. S. Palomino, J. L. L. Pérez, E.
Muiloz, A. S. Feliciano, J. Alcami. Bioorg. Med. Chem.
Lett., 2006, 16, 4075-4079.

R. V. Patel, P. Kumari, D. P. Rajani, C. Pannecouque, E. D.
Clercq, K. H Chikhalia. Future Med. Chem., 2012, 4(9),
1053-1065

M. Malang, G. Kayal, A. Kharia. World J. Pharma. Pharma.
Sci., 2014, 4(1), 796-811.

M. Gupta. Inter. J. Phys., Chem. Mathem. Sci., 2015, 4(1),
21-24.

V. S. Padalkar, B. N. Borse, V. D. Gupta, K. R. Phatangare,
V. S. Patil, N. Sekar. J. Heterocyclic Chem., 2016, 53,
1347-1355.

R. Dua, S. Shrivastava, S. K. Sonwane, S. K. Srivastava,
Advances Bio. Res., 2011, 5(3), 120- 144.

F. Laleh, S. Shiva, N. Hamid, M. Alireza, S. Mina, F.
Alireza, R. Ali, H. Ismaeil, G. M. Reza, S. Abbas, K.
Mehdi. J. Chem. Res., 2017, 41(1), 30-35.

A. M. Youssef, A. Malki, M. H. Badr, R. Y. Elbayaa, A.
S. Sultan. Synthesis and Anticancer Activity of Novel
Benzimidazole and Benzothiazole Derivatives against
HepG2 Liver Cancer Cells, Medicinal Chemistry, 2017,
13(8), 151-162.

G. T. Zitouni, Y. Ozkay, A. Ozdemir, Z. A. Kaplancikli, M.
D. Altintop. Lett. Drug Design Discovery, 2017, 14, 830-
837.

L. L. Bozec, C. J. Moody, Aust. J. Chem., 2009, 62, 639—
647.

S. K. Mukherji, D. C. Gautam, A. Gupta, R. S. Rathore, D.
Rai, R. R. Gupta, Die Pharmazie, 1994, 49, 453-454.

N. B. Patel, S. N. Agravat, Orient J. Chem., 2006, 22, 333-
338.

F. E. Johanson, C. S. Hamillton, J. Am. Chem. Soc., 1949,
71, 74-76.

Y. P. Zhu, F. C. Jia, M. C. Liu, A. X. Wy, Org. Lett., 2012,

R. Kumar. J. Pharm.

Chemistry & Biology Interface

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

44,

45.

14, 4414-4417.

V. S. Padalkar, B. N. Borse, V. D. Gupta, K. R. Phatangare,
V. S. Patil, P. G. Umape, N. Sekar, Arabian J. Chem., 2011,
DOI:10.1016/j.arabjc.2011.12.006.

S. T. Huang, I. J. Hsei, C. Chen, Bioorg. Med. Chem.,
20006, 14, 6106-6119.

N. B. Patel, F. M. Shaikh, Saudi Pharm J., 2010, 18, 129—
136.

N. Siddiqui, A. Rana, S. A. Khan, S. E. Haque, M. S. Alam,
W. Ahsan, S. Ahmed, J. Enz. Inhib. Med. Chem., 2009, 24,
1344-1350.

P. Yogeswari, D. Sriram, S. Mehta, D. Nigam, M. M.
Kumar, S. Murugesan, J. P. Stables. IL Farmaco 2005, 60,
1-5.

M. C. V. Zandt, M. L. Jones, D. E. Gunn, L. S. Geraci, J. H.
Jones, D. R. Sawicki, J Sredy, J. L. Jacot, A. T. DiCioccio,
T. Petrova, A. Mitschler, A. D. Podjarny, J. Med. Chem.,
2005, 48, 3141-3152.

S. R. Nagarajan, G. A. De Crescenzo, D. P. Getman, H.
F. Lu, J. A. Sikorski, J. L. Walker, J. J. McDonald, K. A.
Houseman, G. P. Kocan, N. Kishore, P. P. Mehta, C. L.
Funkes-Shippy and L. Blystone, Bioorg. Med. Chem.,
2003, 11, 4769-4777.

K. Takasu, H. Inoue, H. Kim, M. Suzuki, T. Shishido, Y.
Wataya, M. Thara, J. Med. Chem., 2002, 45, 995-998.

M. S. Yar, Z. H. Ansari. Acta Poloniac Pharm. Drug Res.,
2009, 66, 387-392.

S. Sarkar, B. Shivakumar, K. Roy, Asian J. Chem 2008,
20, 6600-6602.

K. Oketani, N. Nagakura, K. Harada, T. Inour, Eur J.
Pharmacol., 2001, 422, 209-216,,.

D. Florence, A. Antonio, D. G. Carole, R. Maxime, D. C.
Erik, T. Pierre, G. Jean-Pierre, Eur J. Med. Chem., 2004,
39, 685-690.

J. Koci, V. Klimesova, K. Waisser, J. Kaustova, H. M.
Dahse, U. Mollmann, Bioorg. Med. Chem. Lett., 2002, 12,
3275-3278.

G. Sadhasivam, K. Kulanthai, A. Natarajan, Oriental J.
Chem., 2015, 31, 819-826.

Murty MSR, Rao BR, Katiki MR, Nath LR, and Anto RJ.
Med Chem Res 22: 4980-4991, 2013.

D. Havrylyuk, L. Mosula, B. Zimenkovsky, O. Vasylenko,
A. Gzella, R. Lesyk. Eur J. Med. Chem., 2010, 45, 5012-
5021,.

B. M. Mistry, R. V. Patel, Y. S. Keum, D. H. Kim. Bioorg.
Med. Chem. Lett., 2015, 25, 5561-5565.

L. Racane, R. Stojkovic, V. T. Kulenovic, G. K. Zamola,
Molecules, 2006, 11, 325-333.

N. Karali, N. Cesur, A. Gursoy, O. Ates, S. Ozden, G.
Otuk, S. Birteksoz. Indian J. Chem. B, 2004, 43, 212-216.
K. G. Baheti, J. S. Jadhav, A. T. Suryavanshi, S. V.
Kuberkar, Indian J. Chem. B, 2005, 44, 834-837.

K. Mistry, K. R. Desai, Indian J. Chem. B, 2005, 44, 1452-
1455.

Vol. 7 (2), March — April 2017


javascript:ShowAffiliation('0','4')
javascript:ShowAffiliation('1','4')
javascript:ShowAffiliation('2','4')
javascript:ShowAffiliation('3','4')
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqui N%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andalip %5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bawa S%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali R%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Afzal O%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhtar MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akhtar MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azad B%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar R%5BAuthor%5D&cauthor=true&cauthor_uid=21687347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3103913/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bawa S%5BAuthor%5D&cauthor=true&cauthor_uid=21814435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar S%5BAuthor%5D&cauthor=true&cauthor_uid=21814435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drabu S%5BAuthor%5D&cauthor=true&cauthor_uid=21814435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar R%5BAuthor%5D&cauthor=true&cauthor_uid=21814435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3147106/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3147106/
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
http://www.sciencedirect.com/science/article/pii/S0960894X06005245
javascript:ShowAffiliation('0','5')
javascript:ShowAffiliation('1','5')
javascript:ShowAffiliation('2','5')
javascript:ShowAffiliation('3','5')
javascript:ShowAffiliation('4','5')
javascript:ShowAffiliation('4','5')

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Chemistry & Biology Interface, 2017, 7, 2, 79-101

R. V. Patel, S. W. Park, Res. Chem. Intermed., 2015, 41,
5599-5609.

M. Singh, S. K. Singh, M. Gangwar, G. Nath, S. K. Singh.
Med. Chem. Res., 2016, 25, 263-282.

A. Gupta, S. Rawat, J. Chem. Pharm. Res., 2010, 2, 244-
258.

S. S. Laddha, S. G. Wadodkar, S. K. Meghal, Arkivoc
2006, (xi), 1-20.

K. V. A. Kumar, B. Gopalakrishna, Research and Reviews:
J. Pharm. Pharm. Sci. 2014, 3, 50-54.

S. Hussain, D. Kaushik. J. Saudi Chem. Soc., 2015, 19,
274-281.

R. Yadav, S. D. Srivastava, S. K. Srivastava. Indian J.
Chem. B, 2005, 44, 1262-1266,.

K. Hazra, L. V. G. Nargund, P. Rashmi, J. N. N. S. Chandra,
B. Nandha, M. S. Harish. Arch. Pharm. Chem. Life Sci.,
2012, 345, 137-146.

H. M. Abdel-rahman, M. A. Morsy, J. Enz. Inhib. Med.
Chem., 2007, 22, 57-64.

A. B. Patel, R. V. Patel, P. Kumari, D. P. Rajani, K. H.
Chikhalia, Med. Chem. Res. 2013, 22, 367-381.

M. Dinakaran, P. Senthilkumar, P. Yogeeswari, D. Sriram.
Biomed. Pharmacother., 2009, 63, 11-18.

Q. Huang, J. Mao, B. Wan, Y. Wang, R. Brun, S. G.
Franzblau, A. P. Kozikowski. J. Med. Chem., 2009, 52,
6757-6767.

S. Murugan, N. Sangaraiah, S. Poovan, D. Murugan, P.
Alagusundaram, Beilstein J. org. Chem., 2013, 9, 689-697.
A.Rao, A. Chimirri, S. Ferro, A. M. Monforte, P. Monforte,
M. Zappala, Arkivoc, 2004, 147, 147-155.

F. Nasiria, A. Zolalib, Z. Azimianb, J. Sulfur Chem., 2014,
35, 62-66.

V. Gududuru, E. Hurh, J. T. Dalton, D. D. Miller, J. Med.
Chem. 2005, 48, 2584-2588,.

1. Yavari, N. Hosseini, L. Moradi. Monatshe Chem., 2008,
139, 133-136.

H. L. Liu, Z. Li, T. Anthonsen. Molecules, 2000, 5, 1055-
1061.

P. Manojkumar, G. Subbuchettiar. Acta Pharm., 2009, 59,
159-170.

B. M. Gurupadyya, M. Gopal, B. Padmashali, Y. N.
Manohara. Int. J. Pharm. Sci. 2008, 70, 572-577.

D. Sriram, P. Yogeeshwari, T. G. Ashok, J. Pharm. Sci.
2005, 8, 426-429.

D. Visagaperumal, R. J. Kumar, R. Vijayaraj, N. Anbalgan,
Int. J. Chem. Tech. Res., 1, 1048-1051, 2009.

R. K. Rawal, Y. S. Prabhakar, S. B. Katti, De Clercq,
Bioorg. Med. Chem., 2005, 13, 6771-6776.

M. E. Voss, P. H. Cartwer, A. J. Tebben, P. A. Scherle, G.
D. Brown, A. Lorin, M. Xu, Y. C. Lo, G. Yang, R. Q. Liu, P.
Strzemienski, J. G. Everlof, J. M. Trzaskos, C. P. Decicco,
Bioorg. Med. Chem. Lett., 2003, 13, 533-538.

E. M. Flefel, W. A. El-Sayed, A. M. Mohamed, W. 1. El-
Sofany, H. M. Awad. Molecules, 2017, 22, 170

Chemistry & Biology Interface

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

N. O. Mahmoodi, M. M. Zeydi, E. Biazar, Z. Kazeminejad.
Phosphorus, Sulfur, Silicon, 2017, 192(3), 344-350.

M. Yu, M. Tsuyoshi, Y. Tohru, K. Mitsuru, O. Hiroyuki, I.
Hitoshi, S. Takashi, J. Med. Chem., 2002, 45, 1518-1534.
V. R. Solomon, W. Haq, K. Srivastava, S. K. Puri, S. B.
Katti, J. Med. Chem. 2007, 50, 394-398.

A. Agarwal, S. Lata, K. K. Saxena, V. K. Srivastava,
Kumar A. Eur. J. Med. Chem., 2006, 41, 1223-1229.

W. Seebacher, F. Belaj, R. Saf, R. Brun, R. Weis. Monatshef
Chem., 2003, 134, 1623-1628.

H. M. Patel, M. N. Noolvi, A. Goyal, B. S. Thippeswamy,
Eur. J. Med. Chem., 2013, 65, 119-133.

S. Bahare, R. Ganguly, S. Agrawal, R. N. Dikshit, Subodh.
Central Nervous System Agents Med Chem., 2017, 17, 26-
29.

M. H. Shih, Y. Y. Xu, Y. S. Yang, G. L. Lin. Molecules
2015, 20, 6520-6532.

V. J. Dhanaji, R. P. Umesh, R. Neha, K. S. Arvind, A. M.
Ramrao, Bioorg. Med. Chem. Lett. 2012, 22, 436—439.

J. Shrivastava, P. Dubey, S. Singh, H. R. Bhat, M. K.
Kumawat, U. P. Singh, RSC Adv., 2015, DOI: 10.1039/
C4RA16903D.

S. Nazreen, M. S. Alam, H. Hamid, M. S. Yar, A. Dhulap,
P. Alam, M. A. Q. Pasha, S. Bano, M. M. Alam, S. Haider,
C. Kharbanda, Y. Ali, K. K. Pillai. Bioorg. Med. Chem.
Lett., 2014, 24, 3034-3042.

S. K. Shyam, R. C. H. Sandeep, S. Sowjanya, Dr. Jayapal,
C. Spandana, A. Srinivas. Int. J. Pharm. Sci. Rev. Res.
2013, 22, 23-29.

S. Sen, B. De, T. S. Easwari. Tropical J. Pharma. Res.
2014, 13, 1445-1454.

G. A. Kileigil, S. Gurkan, T. Coban, E. D. Ozdamar, B. C.
Eke. Chem. Biol. Drug Des., 2012, 79, 869-877.

T. L. D. Silva, L. M. F .Miolo, F. S. S. Sousa, L. M. P.
Brod, L. Savegnago, P. H. Schneider. Tetrahedron Lett.,
2015, http://dx.doi.org/10.1016/].tetlet.2015.10.037.

A. T. Panzariu, M. Apotrosoaei, I. M. Vasincu, M. Dragan,
S. Constantin, F. Buron, S. Routier, L. Profire, C. Tuchilus,
Chem. Central J., 2016, DOI 10.1186/s13065-016-0151-
6,.

E. M. Chen, P. J. Lu, and A.Y. Shaw. J. Heterocycl. Chem.,
2012, 49, 792-798.

S. V. Laxmi, P. Anil, G. Rajitha, A. J. Rao, P. A. Crooks, B.
Rajitha. J. Chem. Biol., 2016, 9, 97-106.

D. Ashok, B. Vanaja, Russ. J. Gen. Chem. 2016, 86, 681—
685.

T. H. Nguyen, M. D. Do-Thi, Q. Do-Nguyet, T. P. D. Phan,
K. V. Tran, H. Hyunggu, W. H. Byung, K. Youngsoo, H.
Sang-Bae, H. N. Nguyen, Med. Chem. Res., 2015, 24,
3803-3812.

R. Eligeti, R. Saini, N. Dharavath, J. Sulfur Chem., 2012,
33,427-438.

N. C. Desai, A. Dodiya, N. Shihory, J. Saudi Chem. Soc.,
2013, 17, 259-267.

Vol. 7 (2), March — April 2017


http://www.tandfonline.com/author/Mahmoodi%2C+Nosrat+O
http://www.tandfonline.com/author/Mohammadi+Zeydi%2C+Masoud
http://www.tandfonline.com/author/Biazar%2C+Esmaeil
http://www.tandfonline.com/author/Kazeminejad%2C+Zahra
http://dx.doi.org/10.1016/j.tetlet.2015.10.037

93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.

104.

105.
106.

107.

108.

109.

110.

111.

112

114.

115.
116.

117.
118.

119.

120.

Chemistry & Biology Interface

Chemistry & Biology Interface, 2017, 7, 2, 79-101

A. Stana, B. Tiperciuc, M. Duma, L. Vlase, O. Crisan, A.
Pirnau, O. Oniga, J. Heterocycl. Chem., 2014, 51, 411-417.
C. S. Reddy, G. R. Kumar, B. Sunitha, Med. Chem. Res.,
2016, 25, 923-931.

A. Deep , P. Kumar , B. Narasimhan , S. M. Lim , K.
Ramasamy , R. K. Mishra, V Mani . Acta Pol Pharm., 2016,
73(1), 65-78.

S. Meenakshisundaram, M. Manickam, V. Vinayagam. J.
Chem. Pharma Res., 2016, 8(2), 733-742.

U. Racha, R. Tammira, M. Pokala, P. Mamidi, A. T.
Safilguda, [ISRM Human, 2016, 4(3), 163-181.

A. Deep, P. Kumar, B. Narasimhan, L. S. Meng,
K. Ramasamy, R. K. Mishra, V. Mani. Pharma. Chem. J.
2016, 50(1), 24-28.

G. Rajendra, M. J. Miller, Tetrahedron Lett., 1987, 28,
6257-6260.

T. Kunieda, T. Nagamatsu, T. Higuchi, M. Hirobe.
Tetrahedron Lett., 1988, 29(18), 2203-2204.

H. Staudinger, Liebigs Ann. Chem., 1907, 356, 51-123.
G. S. Singh, E. Mbukwa, T. Pheko, Arkivoc 2007, (ix), 80-
90.

H. H. Wasserman, D. J. Hlasta, A. W. Tremper, J. S. Wu,
Tetrahedron Lett., 1979, 20, 549-552,.

A. Kumar, C. S. Rajput, Eur. J. Med. Chem., 2009, 44,
83-90.

C. A. Leach, M. B. Deirdre, II Farmaco, 2001, 56, 45-50.
R. K. Goel, A. Singh, P. S. Naidu, M. P. Mahajan, S. K.
Kulkarni, J. Pharm. Pharm. Sci., 2005, 8, 182-189.

G. S. Bisacchi, W. A. Slusarchyk, Bioorg. Med. Chem.
Lett., 2004, 14, 2227-2231.

G. Stephane, G. Moreno, D. Georges, M. Jacqueline,
Bioorg. Med. Chem., 2004, 12, 129-138,.

R. K. Goel, M. P. Mahajan, S. K. Kulkarni, J. Pharm.
Pharm. Sci., 2004, 7, 80-83.

C. D. Guillon, G. A. Koppel, M. J. Brownstein, Bioorg.
Med. Chem., 2007, 15, 2054-2080.

B. K. Banik, I. Banik, F. F. Becker, Bioorg. Med. Chem.,
2005, 13, 3611-3622.

. K. H. Patel A. G. Mehta, Eur. J. Chem., 2006, 3, 267-273.
113.

A. S. Narute, P. B. Khedekar, K. P. Bhusari, Indian J.
Chem. B, 2008, 47, 586-591.

G. Veinberg, R. Bokaldere, K. Dikovskaya, M. Vorona,
I. Kanepe, I. Shestakova, E. Yashchenko, E. Lukevics,
Chem. Heterocycl. Compounds, 2003, 39, 587-593.

Y. Wang, H. Zhang, W. Huang, J. Kong, J. Zhou, B. Zhang,
Eur. J. Med. Chem., 2009, 44, 1638-1643.

M. D. Rosa, G. Vigliotta, G. Palma, C. Saturnino, A.
Soriente, Molecules, 2015, 20, 22044-22057.

A. A. Chavan, N. R. Pai, Molecules, 2007, 12, 2467-24717.
N. C. Desai, A. M. Dodiya, J. Saudi Chem. Soc. 2014, 18,
425-431.

N. B. Patel, J. C. Patel, Arabian J. Chemistry, 2011, 4,
403-411.

Rajasekaran, M. Periasamy, S. Venkatesan, J. Dev. Biol.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

100

Tissue Eng., 2010, 2, 5-13.

N. B. Patel, K. K. Pathak, Med. Chem. Res., 2012, 21:
2044-2055.

O. G. Bhusnure, S. S. Mokale, Y. S. Nalwar, Y. B. Vibhute,
J. Pharma. Biomed. Sci., 2011, 6, 1-7.

K. Elumalai, M. A. Ali, M. Elumalai, K. Eluri, S.
Srinivasan, S. K. Mohanti, A. Thota, Drug invent today,
2013, 5, 100-104.

A. K. Dhingra, B. Chopra, R. Dass, S. K. Mittal, Der.
Pharma. Chemica, 2015, 7, 103-109,.

P. Samadhiya, R. Sharma, S. K. Srivastava, S. D.
Srivastava, J. Serb. Chem. Soc., 2012, 77, 599-605.

S. Muralikrishna, P. Raveendrareddy, L. K. Ravindranath,
S. Harikrishna, A. G. Raju, J. Chem. Pharm. Res., 2013,
5, 280-288.

B. V. Kendre, M. G. Landge, S. R. Bhusare, Open J. Med.
Chem., 2012, 2, 98-104.

R. Geesala, J. K. Gangasani, M. Buddeb, B. Sridhare, J. R.
Vaidya, A. Das, Eur. J. Med. Chem., 2016, doi: 10.1016/].
ejmech.2016.08.041.

R. Kayarmar, G. K. Nagaraja, P. Naik, H. Manjunatha,
B. C. Revanasiddappa, T. Arulmoli, J. Saudi Chem. Soc.,
2014, http://dx.doi.org/10.1016/j.jscs.2014.07.003.

G. G. Rajuly, H. S. B. Naik, G. C. Kumar, S. Ramaraj, G.
Sambasivam, K. P. Koppolu, Med. Chem. Res., 2014, 23,
2856-2868.

N. M. O. Boyle, M. Carr, L. M. Greene, N. O. Keely, A.
J. S. Knox, T. McCabe, D. G. Lloyd, DM Zisterer, MJ
Meegan, Eur. J. Med. Chem., 2011, 46, 4595-4607.

H. Halawa, A. M. Fouda, A. M. Al-Dies, A. M. El-Agrody.
Lett. Drug Design Discovery, 2017, 13, 77-88.

F. Tafti, R. Tiwari, A. N. Shirazi, T. Akbarzadeh, D.
Mandal, A. Shafiee, K. Parang, A. Foroumadi. Med.
Chem., 2017, 7(5), 466-472.

A. M. Abdella, Y. Moatasim, M. A. Ali, A. H. M. Elwahy,
I. A. Abdelhamida. J. Heterocyclic Chem., 2016, DOI
10.1002/jhet.2776

D. Ashok, K. Rangu, S. Gundu, V. H. Rao. Chem.
Heterocyclic Comp., 2016, 52(11), 928-933.

S. Khoksar, .S Khaksar, A. Rouhollahpour, S. M. Talesh, J.
Fluorine Chem., 2012, 141, 11-15,.

V. Vahabi, F. Hatamjafari, Molecules, 2014, 19, 13093-
13103.

G. Brufola, F. Fringuelli, O. Piermatti,
Heterocycles, 1996, 43, 1257-1266.

Y. Gao, W. Yang, D. Da-Ming, Tetrahedron: Assymmetry,
2012, 23, 339-344.

A. M. Escobar, D. M. Ruiz, J. C. Autino, G. P. Romanelli,
Res. Chem. Intermed., 2015, 41, 10109-10123.

D. R. Anderson, S. Hegde, E. Reinhard, L. Gomez, W. F.
Vernier, L. Lee, S. Liu, A. Sambandam, P. A. Sinder, L.
Masih, Bioorg. Med. Chem. Lett., 2005, 15, 1587-1590.
G. Henriette, L. Lorraine, H. Bettina, D. Clemence, D.
Kelly, K. Irenej, Mol. Cancer Ther., 2004, 3, 1375- 1384.

F. Pizzo,

Vol. 7 (2), March — April 2017


https://www.ncbi.nlm.nih.gov/pubmed/?term=Deep A%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar P%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Narasimhan B%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim SM%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramasamy K%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra RK%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mani V%5BAuthor%5D&cauthor=true&cauthor_uid=27008802
http://dx.doi.org/10.1016/j.jscs.2014.07.003
javascript:ShowAffiliation('0','4')
javascript:ShowAffiliation('1','4')
javascript:ShowAffiliation('2','4')
javascript:ShowAffiliation('3','4')
javascript:ShowAffiliation('0','8')
javascript:ShowAffiliation('1','8')
javascript:ShowAffiliation('2','8')
javascript:ShowAffiliation('3','8')
javascript:ShowAffiliation('4','8')
javascript:ShowAffiliation('4','8')
javascript:ShowAffiliation('5','8')
javascript:ShowAffiliation('6','8')

143.
144.
145.

146.

147.
148.
149.

150.

151.
152.
153.
154.

155.

156.
157.
158.

159.

160.

161.

162.

163.

164.

165.

Chemistry & Biology Interface

Chemistry & Biology Interface, 2017, 7, 2, 79-101

M. M. Khafagy, A. H. F. A. EI-Wahas, F. A. Eid, and A. M.
El-Agrody, II Farmaco 2002, 57, 715-722.

J. F. Cheng, A. Ishikawa, Y. Ono, T. Arrhenius, A. Nadzan,
Bioorg. Med. Chem. Lett., 2003, 13, 3647-3650.

T. Suresh, V. Arunima, K. Atin, G. Sandeep, V. R. Prarthana,
R. K. Ganesh, Acta Pol. Pharm., 2010, 67, 423-427.

M. E. Riveiro, N. De Kimpe, A. Moglioni, R. Vazquez, F.
Monczor, C. Shayo, C. Davio, Curr. Med. Chem., 2010,
17, 1325-1338.

N. Jain, J. Xu, M. K. Ramesh, D. Fuyong , G. Jian- Zhong,
E. Pacia, J. Med. Chem., 2009, 52, 7544-7569.

J. Mori, M. Iwashima, M. Takeuchi, H. A. Saito, Chem.
Pharm. Bull., 2006, 54, 391-396.

R. P. Tripathi, A. P. Bhaduri, S. N. Singh, R. K. Chatterjee,
P. K. Murthy, Acta Tropica., 2000, 76, 101-106.

M. Ough, A. Lewis, E. A. Bey, J. Gao, J. M. Ritchie, W.
Bornmann, D. A. Boothman, L. W. Oberley, J. J. Cullen,
Cancer Biol. Ther., 2005, 4, 95-102.

D. O. Moon, Y. H. Choi, N. D. Kim, Y. M. Park, G. Y. Kim,
Int. Immunopharmacol., 2007, 7, 506-514.

P. S. Elisa, E. B. Ana, A. G. Ravelo, D. J. Yapu, A. G.
Turba, Chem. Biodivers., 2005, 2, 264-274.

M. A. Bhat, N. Siddiqui, S. A. Khan, Acta Pol. Pharm.,
2008, 65, 235-239.

N. R. Kamdar, D. D. Haveliwala, P. T. Mistry, S. K. Patel,
Med. Chem. Res., 2011, 20, 854-864.

I. Zghab, B. Trimeche, M. B. Mansour, M. Hassine, D.
Touboul, H. B. Jannet, Arabian J. Chem., 2013, http://
dx.doi.org/10.1016/j.arabjc.2013.10.008.

M. K. Reddy, Y. J. Rao, G. L. D. Krupadanam, J. Saudi
Chem. Soc., 2015, 19, 372-378.

S. Jain, P. K. Paliwal, G. N. Babu, A. Bhatewara, J. Saudi
Chem. Soc., 2014, 18, 535-540.

Y. J. Rao, E. Y. Goud, Y. Hemasric, N. Jain, S. Gabriella,
Russ. J. Gen. Chem., 2016, 86, 184—189,.

A. Parthiban, M. Kumaravel, J. Muthukumaran, R.
Rukkumani, R. Krishna, H. Surya, P. Rao, Med. Chem.
Res., 2016, 25, 1308-1315.

M. Azizmohammadi, M. Khoobi, A. Ramazani, S. Emami,
A. Zarrin, O. Firuzi, R. Miri, A. Shafiee, Eur. J. Med.
Chem. 2013, 59, 15-22.

A. M. El-Agrody, A. H. Halawa, A. M. Fouda, A. M.
Al-Dies, J. Saudi Chem. Soc., 2016, http://dx.doi.
org/10.1016/j.jscs.2016.03.002.

G. Melagraki, A. Afantitis, O. Igglessi-Markopoulou, A.
Detsi, M. Koufaki, C. Kontogiorgis, D. J. Hadjipavlou-
Litina, Eur. J. Med. Chem., 2009, 44, 3020-3026.

V. N. Indulatha, N. Gopal, B. Jayakar, Int. J. Pharma. Tech.
Res., 2011, 3, 1930-1937.

1. J. Elenkov, B. Hrvacic, S. Markovic, M. Mesic, A.
C. Klonkay, L. Lerman, A. F. Sucic, I. Vujasinovic, B.
Bosnjak, K. Brajsa, D. Ziher, N. K. Hulita, I. Malnard,
Croat. Chem. Acta., 2013, 86, 253-264.

K. C. Fylaktakidou, D. R. Guatam, D. J. Hadjipavlou-

101

Litina, C. A. Kontogiorgis, K. E. Litinas, D. N. Nicolaides,
J. Chem. Soc. Perkin. Trans., 2001, 1, 3073-3079.

166. M. Cacic, M. Molnar, B. Sarkanj, E. Has-Schon, V.

Rajkovic, Molecules, 2010, 15, 6795-6809.

167. A. A. H. Kadhum, A. A. Al-Amiery, A. Y. Musa, A. B.

Mohamad, Int. J. Mol. Sci. 12, 2011, 5747-5761.

168. M. Molnar, M. Cacic, Croat. J. Food Sci. Technol., 2012,

4, 54-63.

Vol. 7 (2), March — April 2017


http://dx.doi.org/10.1016/j.arabjc.2013.10.008
http://dx.doi.org/10.1016/j.arabjc.2013.10.008
http://dx.doi.org/10.1016/j.jscs.2016.03.002
http://dx.doi.org/10.1016/j.jscs.2016.03.002

