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ABSTRACT

1, 5-Benzothiazepine, a heterocyclic compound involved in

research aimed to evaluate new products that possess interesting
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INTRODUCTION:

The 1,S-benzothiazepines1 (land 2) are
important nitrogen- and sulfur-containing seven-
membered heterocyclic compounds in drug research since
they possess diverse bioactivities””. 1,5-Benzothiazepines
are the most well-known representatives of benzologs of
1,4-thiazepine (3) and one of the three possible benzo-
condensed derivatives, viz. 1,4-(4), 4,1- (5) and 1,5-
benzothiazepines'*".
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The 1, 5-benzothiazepine derivatives are of
particular interest for lead discovery because they have

Address for correspondence

Dr. Ch. Prasad*
Associate Professor,
Pharmaceutical Chemistry Division,
St. Ann’s College of Pharmacy, Cantonment,
Vizianagaram, INDIA-535003.
E-mail: chprasadscp@gmail.com

biological activities. The present review article focuses on the various
methods of synthesis, spectral properties and pharmacological profile of
1,5-benzothiazepines.

Keywords: 1, 5-Benzothiazepinen, Pharmacological profile.

been found active against different families of targets'*™*.

The first molecule of 1,5-benzothiazepine used clinically
was diltiazem (6), followed by clentiazem (7), for their
cardiovascular action. Some of the 1,5-benzothiazepine
derivatives were also used clinically for CNS disorders
which includes thiazesim (8), clothiapine (9) and
quetiapine (10). Therefore, the 1,5-benzothiazepines are
useful compounds in the drug research which has
stimulated the invention of a wide range of synthetic
methods  for their preparation and  chemical
transformations™ .

The common strategy for the construction of the
1,5-benzothiazepine moiety is the reaction of 1,3-
diarylprop-2-enones with o-aminothiophenol. The various
reported methodologies involve the use of inorganic solid
supports such as alumina, silica gel and clay under
microwave irradiation, acetic acid or trifluoroacetic acid,
hydrochloric acid, piperidine etc**.
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General methods of synthesis:
A number of established protocols are there for
the synthesis of 1,5-benzothiazepine moiety, which can

be well modified to prepare a number of differently
substituted 1,5-benzothiazepines. Some of the
conventional methods are given below.

1) Treatment of 2-(bromomethyl)aziridines with 1.2
equiv of 2-aminothiophenol in THF in the presence of
potassium carbonate provide an easy access to
3-sulfonamido-2,3,4,5-tetrahydro-1,5-benzothiazepines

after reflux for 5 h*’. (Scheme-1).
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Scheme-1
2) The preparation of 2,4-disubstituted 1,5-

benzothiazepines occurs by the reaction of 2-
aminothiophenol with acetylinic ketones’® (Scheme-2).
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3) Acetylation of a-naphthol with acetic acid and
subsequent treatment of acetylated a-naphthol with
aromatic aldehyde gives 1,3-substituted-prop-2-en-1-one.
Cyclocondensation of with 2-aminothiophenol in
presence of ecofriendly catalyst zinc acetate in the solvent
free condition under microwave irradiation gives
2,3-dihydro-2-substituted-4-(naphthalen-2-ol)-yl-
1,5-benzothiazepines® (Scheme-3).
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4) The preparation of 1,5-benzothiazepin-4(5H)-ones
occurs by the reaction of 2-aminothiophenol and
propiolic acid with subsequent cyclisation of the addition
product in the presence of dicyclohexylcarbodimide®
(Scheme-4).
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5) 2-Methyl-1,5-benzothiazepines-4(5SH) one derivatives
can be obtained by the reaction of acetoacetic ester with
substituted 2-aminothiohenols®' (Scheme-5).
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Scheme-5

6) 2, 3, 4, 5-Tetrahydro-1,5-benzothiazepine has been
obtained by reductive expansion of the ring of I-
thiochromanone oxime with lithium aluminum hydride62
(Scheme-6).
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7) In alkaline-catalytic reaction, quaternary salt of N-

haloalkylbenzothiazole  forms  2,3,4,5-tetrahydro-5-
formyl-1,5-benzothiazepine®® (Scheme-7).
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8) It has been observed that benzothiazoline-S-oxide is
capable of undergoing ring expansion, 2,3,4,5-tetrahydro-

3-phenyl-3-acetoxy-5-acetyl-1,5-benzothiazepine is
formed as one of the products when 4-acetyl-2-methyl-2-
phenyl-2,3-dihydro-4H-1,4-benzothiazin-1-one is

refluxed in acetic anhydride® (Scheme-8).
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9) Reaction of a-oxoketene-S,S-acetal with o-
aminothiophenol  gives the corresponding 1,5-
benzothiazepines® (Scheme-9).
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10) The reaction of chalcone with o-aminothiophenol in
presence of 1-2 drop of piperidine in alcoholic solution of
ethanol gives the corresponding 1,5-
benzothiazepines64 (Scheme-10).

Ar
H
SH s \
Ar 7 Het + @[
=
H 0 NH, Het

Scheme-10

Spectral properties of 1,5-benzothiazepines:

The UV-Visible spectra of several 1,5-benzothiazepine
derivatives were characterized by electronic bands in
517-251 nm region. For example, (11) (UV-Visible
(MeOH), Amax(€): 511 (56925), 323 (20780), 286 (21080),
253 (31300) nm; (12) and (13): Anax(e X 103, MeOH):
511 (50.60), 328 (17.40), 287 (17.70), 252 (24.50) and
517 (68.50), 353 (22.30), 297 (19.20), 252 (32.20) nm
respectively®.
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Infrared spectral studies of 1,5-benzothiazepines showed
that the characteristic absorption band attribute to the
(C=N) group occur at frequency range of
1600-1430 cm™. For example the infrared spectrum of 2-
(2-phenoxyquinolin-3-yl)-4-phenyl-2,3-
dihydrobenzo[1,5]thiazepine  (14) and (E)-2-(2-(4-
(phenylthio)phenyl)-2,3-dihydrobenzo[ 1,5]thiazepin-4-
ylphen-ol (15) exhibit characteristic C=N absorption
bands at 1596 and 1460 cm™ respectively“.
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The 'H NMR spectrum (DMSO-d6, 400 MHz) of (Z)-2-
(4-fluorophenyl)-  4-(2-(methylsulfonyl) phenyl)-3-(o-
tolylsulfonyl)-2,3-dihydrobenzo[ 1,5]thiazepine (16)
displayed signals at 6 : 2.50 (s, 3H, Ar-CH), 3.27 (s, 3H,
SO2CH), 3.44-3.71 (two undiagonistic doublets, 2H, 2
me:;hine protons) and 6.82-8.13 (m, overlap, 16H, Ar-
H)".

(16)

In the "C NMR (CDCly, 400MHz) of trans-2-(4-
chlorophenyl)-4-(2-hydroxyphenyl)-2,3,4,5-tetrahydro-
1,5-benzothiazepine (17), the chemical shifts of the
carbon atoms revealed signals at: 118.1, 120.3, 122.5 ,
125.3, 125.5, 126.4, 128.7, 128.8, 129.2, 129.7, 129.8,
133.2, 134.2, 144.0, 146.4, and 159.6 ppm®®.
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The molecular ion peak in the electron impact mass
spectrum (EI-MS) 70 eV of 1,5-benzothiazepine
derivative (18) was observed at m/z 429. The
fragmentation pattern of (18) may be represented as in
(Scheme 11) .
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Therapeutic potential of 1,5-benzothiazepines:

The importance of the 1,5-benzothiazepine
nucleus has been well established as illustrated by a large
number of compounds which have been patented as
chemotherapeutic agents.”” A number of biological
activities have been associated with it, such as
antifeedant’’, coronary vasodilatory”’,  tranquilizer”,
antidepressant”, CNS  stimulant’, antihypertensive76,
calcium channel blocker”’, antiulcer’®, calcium
antagonist”’, antimicrobial® and anticonvulsant agents®'.
1,5-Benzothiazepine molecules have been found to be
useful in mucosal blood flow, as antiulcer and gastric
secretion inhibitor. Recently, anticancer activities®,
hemodynamic effects®, and spasmolytic activities** have
also been reported.®’ Diltiazem has been used in the
treatment of hypertension, angina pectoris, arrhythmias
and other cardiac disorders. It also increases the supply of
blood and oxygen to heart.®” Thiazesim act as
psychotopic agent, clentiazem have antiatherogenic
effect®, and clothiapine shows antimuscarinic potential.®’
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Compound Pharmacological profile Reference
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1, 5-BENZOTHIAZEPINES: AN UPDATE







INTRODUCTION:

 
The 1,5-benzothiazepines1 (1and 2) are important nitrogen- and sulfur-containing seven-membered heterocyclic compounds in drug research since they possess diverse bioactivities2-9. 1,5-Benzothiazepines are the most well-known representatives of benzologs of 1,4-thiazepine (3) and one of the three possible benzo-condensed derivatives, viz. 1,4-(4), 4,1- (5) and 1,5-benzothiazepines10-13.
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General structures of 1, 5-benzothiazepine
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The 1, 5-benzothiazepine derivatives are of particular interest for lead discovery because they have been found active against different families of targets14-24. The first molecule of 1,5-benzothiazepine used clinically was diltiazem (6), followed by clentiazem (7), for their cardiovascular action. Some of the 1,5-benzothiazepine derivatives were also used clinically for CNS disorders which includes thiazesim (8), clothiapine (9) and quetiapine (10). Therefore, the 1,5-benzothiazepines are useful compounds in the drug research which has stimulated the invention of a wide range of synthetic methods for their preparation and chemical transformations25-45.


The common strategy for the construction of the 1,5-benzothiazepine moiety is the reaction of 1,3-diarylprop-2-enones with o-aminothiophenol. The various reported methodologies involve the use of inorganic solid supports such as alumina, silica gel and clay under microwave irradiation, acetic acid or trifluoroacetic acid, hydrochloric acid, piperidine etc46-56.
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General methods of synthesis:


A number of established protocols are there for the synthesis of 1,5-benzothiazepine moiety, which can be well modified to prepare a number of differently substituted       1,5-benzothiazepines. Some of the conventional methods are given below.


1) Treatment of 2-(bromomethyl)aziridines with 1.2 equiv of 2-aminothiophenol in THF in the presence of potassium carbonate provide an easy access to                  3-sulfonamido-2,3,4,5-tetrahydro-1,5-benzothiazepines after reflux for 5 h57. (Scheme-1).
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Scheme-1


2) The preparation of 2,4-disubstituted 1,5-benzothiazepines occurs by the reaction of 2-aminothiophenol with acetylinic ketones58 (Scheme-2).
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Scheme-2


3) Acetylation of α-naphthol with acetic acid and subsequent treatment of acetylated α-naphthol with aromatic aldehyde gives 1,3‐substituted‐prop‐2‐en‐1‐one. Cyclocondensation of with 2‐aminothiophenol in presence of ecofriendly catalyst zinc acetate in the solvent free condition under microwave irradiation gives 2,3‐dihydro‐2‐substituted‐4‐(naphthalen‐2‐ol)‐yl‐ 1,5‐benzothiazepines59 (Scheme-3).
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Scheme-3


4) The preparation of 1,5-benzothiazepin-4(5H)-ones occurs by the reaction of 2-aminothiophenol and propiolic acid with subsequent cyclisation of the addition product in the presence of dicyclohexylcarbodimide60 (Scheme-4).
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Scheme-4


5) 2-Methyl-1,5-benzothiazepines-4(5H) one derivatives can be obtained by the reaction of acetoacetic ester with substituted 2-aminothiohenols61 (Scheme-5).
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Scheme-5

6) 2, 3, 4, 5-Tetrahydro-1,5-benzothiazepine has been obtained by reductive expansion of the ring of 1-thiochromanone oxime with lithium aluminum hydride62 (Scheme-6).
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Scheme-6


7) In alkaline-catalytic reaction, quaternary salt of N-haloalkylbenzothiazole forms 2,3,4,5-tetrahydro-5-formyl-1,5-benzothiazepine62 (Scheme-7).
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8) It has been observed that benzothiazoline-S-oxide is capable of undergoing ring expansion, 2,3,4,5-tetrahydro-3-phenyl-3-acetoxy-5-acetyl-1,5-benzothiazepine is formed as one of the products when 4-acetyl-2-methyl-2-phenyl-2,3-dihydro-4H-1,4-benzothiazin-1-one is refluxed in acetic anhydride62 (Scheme-8).
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Scheme-8


9) Reaction of α-oxoketene-S,S-acetal with o-aminothiophenol gives the corresponding 1,5-benzothiazepines63 (Scheme-9).
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10) The reaction of chalcone with o-aminothiophenol in presence of 1-2 drop of piperidine in alcoholic solution of ethanol gives the corresponding                    1,5-benzothiazepines64 (Scheme-10).
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Scheme-10


Spectral properties of 1,5-benzothiazepines:


The UV-Visible spectra of several 1,5-benzothiazepine derivatives were characterized by electronic bands in 517-251 nm region. For example, (11) (UV-Visible (MeOH), λmax(ε): 511 (56925), 323 (20780), 286 (21080), 253 (31300) nm; (12) and (13): λmax(ε x 10-3; MeOH): 511 (50.60), 328 (17.40), 287 (17.70), 252 (24.50) and 517 (68.50), 353 (22.30), 297 (19.20), 252 (32.20) nm respectively65.
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Infrared spectral studies of 1,5-benzothiazepines showed that the characteristic absorption band attribute to the (C=N) group occur at frequency range of                   1600-1430 cm-1. For example the infrared spectrum of 2-(2-phenoxyquinolin-3-yl)-4-phenyl-2,3- dihydrobenzo[1,5]thiazepine (14) and (E)-2-(2-(4-(phenylthio)phenyl)-2,3-dihydrobenzo[1,5]thiazepin-4-yl)phen-o1 (15) exhibit characteristic C=N absorption bands at 1596 and 1460 cm-1 respectively66. 
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The 1H NMR spectrum (DMSO-d6, 400 MHz) of (Z)-2-(4-fluorophenyl)- 4-(2-(methylsulfonyl) phenyl)-3-(o-tolylsulfonyl)-2,3-dihydrobenzo[1,5]thiazepine (16) displayed signals at δ : 2.50 (s, 3H, Ar-CH), 3.27 (s, 3H, SO2CH), 3.44–3.71 (two undiagonistic doublets, 2H, 2 methine protons) and 6.82-8.13 (m, overlap, 16H, Ar-H)67.
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In the 13C NMR (CDCl3, 400MHz) of trans-2-(4-chlorophenyl)-4-(2-hydroxyphenyl)-2,3,4,5-tetrahydro-1,5-benzothiazepine (17), the chemical shifts of the carbon atoms revealed signals at: 118.1, 120.3, 122.5 , 125.3, 125.5, 126.4, 128.7, 128.8, 129.2, 129.7, 129.8, 133.2, 134.2, 144.0, 146.4, and 159.6 ppm68.
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The molecular ion peak in the electron impact mass spectrum (EI-MS) 70 eV of          1,5-benzothiazepine derivative (18) was observed at m/z 429. The fragmentation pattern of (18) may be represented as in (Scheme 11) 69.
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Therapeutic potential of 1,5-benzothiazepines:



The importance of the l,5-benzothiazepine nucleus has been well established as illustrated by a large number of compounds which have been patented as chemotherapeutic agents.70 A number of biological activities have been associated with it, such as antifeedant71, coronary vasodilatory72, tranquilizer73, antidepressant74, CNS stimulant75, antihypertensive76, calcium channel blocker77, antiulcer78, calcium antagonist79, antimicrobial80 and anticonvulsant agents81. l,5-Benzothiazepine molecules have been found to be useful in mucosal blood flow, as antiulcer and gastric secretion inhibitor. Recently, anticancer activities82, hemodynamic effects83, and spasmolytic activities84 have also been reported.85 Diltiazem has been used in the treatment of hypertension, angina pectoris, arrhythmias and other cardiac disorders. It also increases the supply of blood and oxygen to heart.86-87 Thiazesim act as psychotopic agent, clentiazem have antiatherogenic effect88, and clothiapine shows antimuscarinic potential.89

		Compound

		Pharmacological profile

		Reference



		

[image: image26.emf]N


S


OAc


N


H


3


C


CH


3


.HCl


(51)


O




		Ca2+ channel antagonistic activity

		Ref.90-94



		

[image: image27.emf]N


S


OAc


N


H


3


C


CH


3


OCH3


Cl


OH


OH


O


O


(52)


O




		Ca2+ channel antagonistic activity

		Ref.95



		

[image: image28.emf]N


S


OAc


N


H


3


C


CH


3


OCH3


(53)


O


.HCl




		Ca2+ channel antagonistic activity

		Ref.96



		

[image: image29.emf]N


S


OAc


N


H


3


C


CH


3


CH3


H


3


C


OH


OH


O


O


(54)


O




		Ca2+ channel antagonistic activity

		Ref.97



		

[image: image30.emf]N


S


N


H


3


C


CH


3


(55)


O


OCH3




		Ca2+ channel antagonistic activity

		Ref.98



		

[image: image31.emf]N


S


OAc


N


H


3


C


.HCl


(56)


O


OO


O




		Ca2+ channel antagonistic activity

		Ref.99



		

[image: image32.emf]N


S


OAc


N


H


3


C


(57)


O


OO


O


H


3


C




		Ca2+ channel antagonistic activity

		Ref.100



		

[image: image33.emf]N


S


(58)


NH2


O




		Ca2+ channel antagonistic activity

		Ref.101



		

[image: image34.emf]N


S


(59)


O


O


N




		Ca2+ channel antagonistic activity

		Ref.102



		

[image: image35.emf]N


S


(60)


O


O


CH


3


Cl




		Ca2+ channel antagonistic activity

		Ref.103



		

[image: image36.emf]N


S


(61)


O


O


N


O




		Ca2+ channel antagonistic activity

		Ref.104



		

[image: image37.emf]N


S


(62)


O


O


N


Cl




		Ca2+ channel antagonistic activity

		Ref.105



		

[image: image38.emf](49)


N


S


Cl


HO






		CNS depressant activity

		Ref.106-112



		

[image: image39.emf]N


S


OH


N


H


3


C


CH


3


(63)


O


CH3


H


3


C




		Antiplatelet aggregator activity

		Ref.67-70



		

[image: image40.emf]N


S


O


N


H


3


C


H


(64)


O


CH3


H


3


C


CH


3


O




		Antiplatelet aggregator activity

		Ref.71



		

[image: image41.emf]N


S


OH


N


H


3


C


H


(65)


O


CH3


H


3


C




		Antiplatelet aggregator activity

		Ref.72



		

[image: image42.emf]N


S


O


N


H


3


C


CH


3


(66)


O


CH3


H


3


C


CH


3


O




		Antiplatelet aggregator activity

		Ref.73



		

[image: image43.emf]S


NH


OH




(47)

		Anticancer activity

		Ref.74-77



		

[image: image44.emf]N S


O


OMe


R


1


R


2


R


3


R


4


N


O


OMe


N




(48)

		Anticancer activity

		Ref.78-80



		

[image: image45.emf]S


H


N


O O


O


N


CH


3


CH


3


Cl


(67)






		Anti-HIV activity

		Ref.81



		

[image: image46.emf]N


S HO


O


O


NH


NH


O


OH


(39)




		ACE inhibitory activity

		Ref.128



		

[image: image47.emf]S


N


H


O


NH


2




(40)

		ACE inhibitory activity

		Ref.129



		

[image: image48.emf]N


S


O


EtOOC


N


H


H


O


CH


2


Ph


H


R




(41)

		ACE inhibitory activity

		Ref.130



		

[image: image49.emf]N


S


O


HOOC


N


H


H


O


CH


2


Ph


H


R




(42)

		ACE inhibitory activity

		Ref.131



		

[image: image50.emf]N


S O


Arg


O


OH


NHSerPheGlyProProArgH


(43)




		Bradykinin agonistic activity

		Ref.132



		

[image: image51.emf]N


S


O


N


H


H


O


Arg


HO


Ser


Thi


Gly


Hyp


Pro


Arg


D


Arg


H




(44)

		Bradykinin agonistic activity

		Ref.133



		

[image: image52.emf]N


S


O


N


H


H


O


Arg


HO


Ser


Thi


Gly


Hyp


Pro


Arg


D


Arg


H




(45)

		Bradykinin agonistic activity

		Ref.134-139



		

[image: image53.emf]N


S


N


S


H


3


C


NH


R


R (36)




		Calmodulin antagonistic activity

		Ref.140



		

[image: image54.emf]N


S


R O


OH


O


(37)




		Calmodulin antagonistic activity

		Ref.141



		

[image: image55.emf]N


S


O


N


Me


Me


O


O


Me


OMe




(38)

		Calmodulin antagonistic activity

		Ref.141



		

[image: image56.emf]N


H


S


O


(19)


OH


OCH3


Cl


H


3


CO




		Antimicrobial activity

		Ref.142



		

[image: image57.emf]N


H


S


O


(20)


OH


OCH3


H


3


C


H


3


C




		Antimicrobial activity

		Ref.143



		

[image: image58.emf]N


H


S


O


(21)


OH


OCH3


Cl


Cl




		Antimicrobial activity

		Ref.143



		

[image: image59.emf]N


H


S


O


(22)


OH


OCH3


O H


3


C




		Antimicrobial activity

		Ref.144



		

[image: image60.emf]N


H


S


O


(23)


OH


OCH3


O




		Antimicrobial activity

		Ref.145



		

[image: image61.emf]S


N


OH


Ar


S


N


HO


Ar




(24)

		Antimicrobial activity

		Ref.146



		

[image: image62.emf]Br S


N


H


Cl


Cl




(25)

		Antimicrobial activity

		Ref.147



		

[image: image63.emf]Br S


N


H


S


Cl




(26)

		Antimicrobial activity

		Ref.148



		

[image: image64.emf]N


S


O


Cl


F




(27)

		Antimicrobial activity

		Ref.149



		

[image: image65.emf]N


S


COOHCF


3


F




(28)

		Antimicrobial activity

		Ref.150



		

[image: image66.emf]N


S


O


O




(29)

		Antimicrobial activity

		Ref.151



		

[image: image67.emf]H


N


S


Ar


N N


O


O




(30)

		Antimicrobial activity

		Ref.152



		

[image: image68.emf]N


S


O


R


2


R


1


OCH


3


O


N N CH


3


OCH


3




(31)

		Antimicrobial activity

		Ref.153



		

[image: image69.emf]N


S


O


R


2


R


1


OCH


3


OCH


3


O


OBz


OBz


OBz




(32)

		Antimicrobial activity

		Ref.154



		

[image: image70.emf]N


S


COOH


O


Cl


Br




(33)

		Antimicrobial activity

		Ref.155



		

[image: image71.emf]N


S


O


N


Me


Me


O


O


Me


OMe




(34)

		Cardiovascular activity

		Ref.156



		

[image: image72.emf]N


S


O


N


Me


Me


O


O


Me


OMe


Cl




(35)

		Cardiovascular activity

		Ref.156



		

[image: image73.emf]NH


S


O


O




(46)

		Antihyperlipidemic activity

		Ref.156





REFERENCES

1. Anshu, D., Ruby, S., Dharmendra, S., Ashok, L., Asha, S. Phosphorus, Sulfur, Silicon Relat. Elem., 185, 2472 (2010). 


2. Ghotekar, D.S., Joshi, R.S., Mandhane, P.G., Bhagat, S.S., Gill, C.H. Indian J. Chem., Sect. B, 49B, 1267 (2010).


3. Pant, S., Sharma, P., Pant, U.C. Phosphorus, Sulfur, Silicon Relat. Elem., 183, 2974 (2008). 


4. Desai, K.G., Desai, K.R. Indian J. Chem., Sect. B, 46B, 1179 (2007).


5. Garg, N., Chandra, T., Archana; Jain, A.B., Kumar,A. Eur. J. Med. Chem., 45, 1529 (2010). 


6. Sarro, G.D., Chimirri, A., Sarro, A.D., Gitto, R., Grasso, S., Zappala, M. Eur. J. Med. Chem., 30, 925 (1995).


7. Saini, R.K., Joshi,Y.C., Joshi, P. Phosphorus, Sulfur, Silicon Relat. Elem., 183, 2181 (2008).


8. Grandolini, G., Perioli, L., Ambrogi, V. Eur. J. Med. Chem., 34, 701 (1999).


9. Yamada, S., Mori, Y., Morimatsu, K., Ishizu, Y., Ozaki, Y., Yoshioka, R., Nakatani, T., Seko, H. J. Org. Chem., 61, 8586 (1996).


10. Maayan, S., Ohad, N. and Soliman, K., Bioorg. Med. Chem., 13, 433 (2005).


11. Nowakowska, Eur. J. Med. Chem., 42, 125 (2007).


12. Go, M.L., Wu, X. and Liu, X.L., Current Medicinal Chemistry, 12, 483 (2005).


13. Mark, C. and Nagarathnam, D., J. Nat. Prod., 54, 1656 ( 1991).


14. Wilson, C. W., J.Asian chem. Soc., 61, 2303 (1938).


15. Claisen, L. and Claparede, A., Ber., 14, 2463 (1881).


16. Datta, S.C., Murthi, V.V.S. and Seshadri, T.R., Ind.  J. Chem., 9, 614 (1971).


17. Makrandi, J.K. and Kumar, S., Asian J. Chem., 16, 1189 (2004).


18. Reichel, L. and Muller, K., Ber., 74,1741 (1941).


19. Saravanamurugan, S., Palanichamy, M. and Banumathi, A., Catalysis Comm., 6, 399 (2005).


20. Anjaneyulu, A.S.R., Sudha Rani, G., Mallavadhani, U.V. and Murthy, Y.L.N., Ind. J. Het. Chem., 4, 9, (1994).


21. Bala Krishna, K. and Ganesha Rani., Ind. J. Chem., 42B, 2556 (2003).   


22. Deshpande, A.M., Narshinha, P.A., Arvind, A.N. and Joseph, E., Bioorg. Med. Chem., 7, 1237 (1999).


23. Baaterham, T.J. and Highet, R.J., Australian J.Chem. 17, 428 (1964).


24. Hegert, H.L. and Kurth, E.F., J. Am. Chem. Soc., 75, 1622 (1953).


25. Kurokawa, J., Adachi-Akahane, S., Nagao, T. Eur. J. Pharmacol., 325, 229 (1997).


26. Urbanski, M.J., Chen, R.H., Demarest, K.T., Gunnet, J., Look, R., Ericson, E., Murray, W.V., Rybczynski, P.J., Zhang, X. Bioorg. Med. Chem. Lett., 13, 4031 (2003).


27. Di Santo, R., Costi, R. Farmaco, 60, 385 (2005).


28. Kumar, A., Ahmad, I., Sudershan Rao, M. J Sulfur Chem., 30, 570 (2009).


29. Hekmatshoar, R., Sadjadi, S., Shiri, S., Heravi, M.M., Beheshtiha,Y.S. Synth. Commun., 39, 2549 (2009).


30. Pan, X.-Q., Zou, J.-P., Huang, Z.-H., Zhang,W. Tetrahedron Lett., 49, 5302 (2008).


31. Sharma, G., Kumar, R., Chakraborti, A.K. Tetrahedron Lett., 49, 4272 (2008).


32. Sharma, G., Kumar, R., Chakraborti, A.K. Tetrahedron Lett., 49, 4269 (2008).


33. Khatik, G.L., Kumar, R., Chakraborti, A.K. Synthesis, 4, 541 (2007).


34. Khatik, G.L., Sharma, G., Kumar, R., Chakraborti, A.K. Tetrahedron, 63, 1200 (2006).


35. Chen, X., Zhong,W., Zhang,Y. J. Chem. Res. (S), 24, 386 (2000).


36. Orlov, V.D., Kolos, N., Ruzhitskaya, N.N. Khim. Geterotsikl. Soedin., 12, 1638 (1983).


37. Yang, C.G., Fang, L.Z.,Wu, L.Q.,Yan, F.L. Asian J. Chem., 22, 6031 (2010).


38. Sharma, G.V.M., Reddy, J.J., Lakshmi, P.S., Krishna, P.R. Tetrahedron Lett., 45, 7729 (2004).


39. Wu, L.Q.,Yang, X.J.,Wang, X.,Yan, F.L. J. Sulfur Chem., 31, 509 (2010).


40. Bigdeli, M.A., Heravi, M.M., Mahdavinia, G.H. Catal. Commun., 8, 1595 (2007).


41. Rahman, M., Roy, A., Majee, A., Hajra. A. J. Chem. Res. (S), 33, 178 (2009).


42. L. H. Sternbach, Prog. Drug Res, 22, 229 (1978).


43. G. Roma, G. C. Grossi, B. M. Di, M. Ghia, and F. Mattioli, Eur. J. Med. Chem., 25,489 (1991).


44. J. X. Xu and S. Jin, Heteroatom Chem., 10, 35 (1999).


45. J.Xu, and Z.Gang, Rapid Communication in Mass Spectrometry, 14, 2373 (2000).

46. F.L.Ansari, L.Hussain, S.Nasir and S.Sultana,Rapid Communication in Mass Spectrometry,19, 1200 (2005).


47. S.Lee and K.N.Fan, Journal of Raman Spectrometry, 39, 1568 (2008).


48. T.Mario, T.Andreas, K.Maxie,B.Simon and W.Schanza, Journal of Mass Spectrometry, 44, 442 (2009).


49. M. S. Ahmad, G. Moinuddin and I. A. Khan, Org. Mass. Spectrom., 13, 382 (1978).


50. M. S.Ahamed, Z.H. Chowdhry, N. Z.Khan and S. K. Raza, Indian J. Chem., 23B, 171 (1984).


51. M. S. Ahmad, M. Mushfiq and Shafiullah, Steroids, 181 (1973).


52. M. S.Ahmad, M. Mushfiq, G.A.S Ansari and F. Waris, Org. Mass spectrom. 8, 1, (1974).


53. M. S. Ahmad and M. Mushfiq, Organic Mass Spectrom., 6, 1109 (1972).


54. M. S.Ahmad, S. A. Ansari, I. A. Ansari and G. Moinuddin, Org. Mass Spectrom., 19, 245 (1984).


55. M. S. Ahmad, M. Mushfiq and G.A.S. Ansari. J. Prakt. Chemia., 317 (1975).


56. H. Budzikiewicz and C. Djerassi J. Am. Chem Soc., 84, 1430 (1962).


57. Michinori Karikomi, Matthias D’hooghe, Guido Verniest and Norbert De Kimpe, Org. Biomol. Chem., 6, 1902 (2008).


58. Masquelin T., and Obrecht D., Tetrahedron, 53(2), 641 (1997).


59. Vyawahare D., Ghodke M. and Nikalje A. P., International Journal of Pharmacy and Pharmaceutical Sciences, 2, 27 (2010).


60. Krapcho J., and Turk C. F., J. Med. Chem., 9(2), 191 (1966). 


61. Gupta A. K., and Pant U. C., Ind. J. Chem., 20B, l57 (l980).


62. Levai A., Chemistry of Heterocyclic Compounds, 22(l 1), 1 (1986).


63. Junjappa H., Ila H., and Asokan C. V., Tetrahedron, 46(16), 5423 (1990).


64. Prakash O., Kumar A., Sadana A., Prakash R., Singh S. P., Claramunt R. P., Sanz D., Alkortac I., and Elguero I., Tetrahedron, 61, 6642 (2005).


65. Ahmad, R., Zia-ul-Haq, M., Hameed, S., Akhtar, H., Duddeck, H. Monatshefte fur Chemie, 131, 393 (2000).


66. Chate, A.V., Joshi, R.S., Badadhe, P.V., Dabhade, S.K., Gill, C.H. Bull. Korean Chem. Soc., 32(11), 3887 (2011).


67. Karale, S.N., Pratap, U.R., Mahalle, S.R., Mane, R.A. J. Sulfur Chem., 32(4), 303 (2011).


68. Ahmad, R., Zia-ul-Haq, M., Hameed, S., Akhtar, H., Duddeck, H. Monatshefte fur Chemie, 131, 393 (2000).


69. Albert, L., and Jozsef, J., Arkivoc., xvii, 234 (2008).


70. Grandolini G., Perioli L., and Ambrogi V., Eur. J. Med. Chem., 34(9), 70 (1999).


71. Reddy, J. R.; Ashok, D.; Sharma, P. N., Indian J. Chem. B, 32, 404 (1993).


72. Kugita, H.; Takeo, S.; Matsushima, M., Chem. Abstr., 77, 5554 (1972).


73. Kugita, H.; Inoue, H.; Ikezaki, M., Chem. Abstr., 75, 63848 (1971).

74. Geyer, H. M.; Watzman, N.; Buckley, J. P., J. Pharmacol. Sci., 59, 964 (1970).


75. Kawashima Co. Lt., Chem. Abstr., 103, 105014 (1985).


76. Inoue, H.; Konda, M.; Hashiyama, T.; Otsuka, H.; Takahashi, K.; Gaino, M.; Date, T.; Aoe, K.; Takeda, M.; Murata, S.; Narita, H.; Nagao, T., J. Med. Chem., 34, 675 (1991).


77. Kugita, H.; Inoue, H.; Ikezaki, M.; Konda, M.; Takeo, S., Chem. Pharm. Bull., 19, 595 (1971).


78. Ohno, S.; Izumi, K.; Mizukoshi, K.; Kato, K.; Hori, M., Chem. Pharm. Bull., 31, 1780 (1983).


79. Elks, J.; Ganellin, C. R., Dictionary of Drugs, Chapmann and Hall., 867 (1990).


80. Dandia, A.; Upreti, M.; Rani, B.; Pant, U. C.; Gupta, I. J., J. Fluorine Chem.,  91, 171 (1998).


81. Jayashree, A.; Darbarwar, M., Indian J. Chem. B,  32, 1063 (1993).


82. Ahmed N. K., Can. Pat. Appl. 1991, Waters J., Furnace-Door. U.S.Appl., 44l083, 1980.

83. Dumont L., Derouin M., Chartand C., Archambeault P., Gaeceau D., and Calle G., Can. J. Physiol. Pharmacol., 69(4), 512 (1991).


84. Bariwal J. B., Upadhayay K. D., and Manvar A. T., Eur. J. Med. Chem., 43(11), 2279 (2008).


85. Narta H., Muruta S., and Suzuki T., Chem. Pharm. Bull., 38, 407 (1990).


86. Ganjali M. R., Razavi T., and Dinarvand R., Int. J. Electrochemical Sci., 3, 1543 (2008).


87. Opera T. I., Davis A. M., and Teague S. J., J. Chem. Inf. Comput. Sci., 41, 1308 (2001).


88. Hagiwara M., Adachi S., and Nagao T., Pharmacology and Experimental Therapeutics, 28l(1), l73 (1997). 


89. Liegeois J. F., Bruliwyler J., and Rogister F., Curr. Med. Chem., 6, 471 (1995).


90. Ishikawa, H., Matsushima, M., Matsui, H., Honjo, A., Hayashi, M., Shindo, T., Morifuji, T., Okaybayashi, M. Arzneim.-Forsch. 28, 402 (1978).


91. Zobrist, R.H., Mecca, T.E. Pharmacol. Exp. Ther. 253, 461 (1990)).


92. Murata, S., Kikawa, K., Iwasaki, H.O., Toriumi, W., Nagoa, T., Eur. J. Pharmacol. 183, 1070 (1990).


93. Shiga, H., Miyake., Ideka, M., Ito, Y., Yanagisawa, H., Koike, Arzneim.-Forsch. 42, 617 (1992).


94. Kaburaki, M., Inoue, H., Doi, H., Yasuhara, M., Narita, H., Biol. Pharm. Bull. 21, 50 (1998).


95. Kaburaki, M., Yabana, H., Doi, H., Nagata, K., Narita, H., Murata, S.                     J. Pharmacol. Exp. Ther. 288, 1167 (1999).


96. Doi, H., Kaburaki, M., Inoue, H., Suzumura, K., Narita, H. J. Pharmacol. 83, 73 (2000).


97. Atwal, S.Z., Ahmed, D.M., Floyd, S., Moreland, A., Hedberg, Bioorg. Med. Chem. Lett. 3, 2797 (1993).


98. Ueyama, N., Wakabayashi, S., Tomiyama, T., Yakugaku, Z. 116, 106 (1996).


99. Masui, M., Funakawa, S., Uno, O., Mihara, S., Takahara, Y., Matsunaga, K., Iwaki, K. Cardiovasc. Pharmacol. 28, 526 (1996).


100. Kawakami, M., Matsumura, S., Shimamura, T., Iwasaki, T., Furukawa, H., Matsunaga, K., Yonetani, Y., Iwaki, K., J. Cardiovasc. Pharmacol. 28, 695 (1996).


101. Kimoto, S., Haruna,  M., Matsuura, E., Uno, O., Ishii, M., Hirono, S., Yoshimura, K., Ueda, M., Iwaki,  K., J. Cardiovasc. Pharmacol. 29, 180 (1997).


102. Kurokawa, J., Adachi-Akahane, S., Nagao, T. Eur. J. Pharmacol. 325, 229 (1997).


103. Hagiwara, M., Adachi-Akahane, S., Nagao, T. J. Pharmacol. Exp. Ther. 281, 173 (1997).


104. Hagiwara, M., Adachi-Akahane, S., Nagao, T. Eur. J. Pharmacol. 466, 63 (2003).


105. Kurokawa, J., Adachi-Akahane, S., Nagao, T. Mol. Pharmacol. 51, 262 (1997).


106. Nacci, V., Fiorini, I., Vomero, S., Taddei, I., Taddei, E. Farmaco., 39, 289 (1984).


107. Fiorini, I., Nacci, V., Ciani, S.M., Garofalo, A., Campiani, G., Savini, S., Novellino, E., Greco, G., Bernasconi, P., Mennini, T. J. Med. Chem. 37, 1427 (1994).


108. Greco, G., Novellino, E., Fiorini, I., Nacci, V., Campiani, G., Ciani, S.M., Garofalo, A., Bernasconi, P., Mennini, T.A. J. Med. Chem. 37, 4100 (1994).


109. Ambrogi, V., Grandolini, G., Perioli, L., Giusti, L., Lucacchini, A., Martini, C. Eur. J. Med. Chem. 30, 429  (1995).


110. Grandolini, G., Ambrogi, V., Perioli, L., Deramo, D., Bernardini, C., Giampietri, A. Farmaco. 52, 379 (1997).


111. Sarro, G.D., Chimirri, A., Sarro, A.D., Gitto, R., Grasso, S., Zappala, M. Eur. J. Med. Chem. 30,  925 (1995).


112. Campiani, G., Nacci, V., Fiorini, I., Filippis, M.P.D., Garofalo, A., Ciani, S.M., Greco, G., Novellino, E., Manzoni, C., Mennini, T., Eur. J. Med. Chem. 32, 241 (1997).


113. Genton, E., Barnett, H.J., Fields, W.S., Gent, M., Hoak, J.C., Stroke 8, 150 (1977).


114. Mustard, J.F., Packham, M.A., Kinlouthbone, R.L. Adv. Exp. Med. Biol. 102, 7 (1978).


115. Ono, H., Kimura, M. Arzneim.-Forsch. 31, 1131 (1981).


116. Mehta, P., Mehta, J., Ostrowski, N., Brigmon, L.J. J. Lab. Clin. Med. 102, 332 (1983).


117. Odawara, A., Katoh, M., Karasawa, T., Tamura, K., Sasaki, Y. Thromb. Res. 75, 109  (1994).


118. Odawara, A., Kikkawa, K., Katoh, M., Toryu, H., Shimazaki, T., Sasaki, Y., Circ. Res. 78, 643 (1996).


119. Inoue, H., Konda,  M., Hashiyama, T., Otsuka, H., Watanabe, A., Gaino, M., Takahashi, K., Date, T., Okamura, K., Takeda, M., Narita, H., Murata, S., Odawara, A., Sasaki, H., Nagao, T. Chem. Pharm. Bull. 45, 1008 (1997).


120. Zornig, M., Hueber, A., Baum, W., Evans, G. Biochim. Biophys. Acta. 1551, F1 (2001).


121. Sprick, M.R., Walczak, H., Biochim. Biophys. Acta 1644, 125  (2004).


122. Wang, X., Genes Dev. 15, 2922 (2001).


123. Waterhouse, N.J., Ricci, J.E., Green, D.R. Biochimie 84, 113 (2002).


124. Lei, K., Davis,  R.J., Proc. Natl. Acad. Sci. U.S.A. 100, 2432 (2003).


125. Margaret, M., Gee, M., Gemma, S. Butini, S., Ramunno, A., Zisterer, D.M., Fattorusso, C., Catalanotti, B., Kukreja, G., Fiorini, I., Pisano, C., Cucco, C., Novellino, E., Nacci, V., Williams, D.C., Campiani, G. J. Med. Chem. 48, 4367 (2005).


126. Raffanti, S., Hass,  D.W., Antimicrobial Agents (Antiretroviral Agents), in: J.G. Hardman, L.E. Limbird, A.G. Gilman (Eds.), Goodman and Gilman’s: The Pharmacological Basis of Therapeutics, 10th ed. McGraw-Hill, 2001, pp. 1351e1380.


127. Santo, R.D., Roberta, C., Il Farmaco 60, 385 (2005).


128. F. Soubrier, A.F. Francois, H. Christine, A. Jacqueline, J. Marie, T. Geoffrey, C. Pierre, Proc. Natl.Acad. Sci.U.S.A. 85 (1988) 9386e9390.


129. Bernstein, K.E., Martin, B.M., A.S. Edwards, E.A. Bernstein, J. Biol. Chem. 264, 11945 (1989).


130. Jackson, E.K., Renin, Angiotensin, in: J.G. Hardman, L.E. Limbird (Eds.), Goodman and Gilman’s. The Pharmacological Basis of Therapeutics, 10th ed. McGraw-Hill, 2001, pp. 809e821.


131. Inada, Y., Itoh, K., Kamiya,, Sugihara, H., Nishikawa, K. Jpn. J. Pharmacol. 47, 135 (1988).


132. Hess, J.F., Borkowski, J.A., Young, G.S., Strader, C.D., Ransom, R.W. Biochem. Biophys. Res. Commun. 184, 260 (1992).


133. Menke, J.G., Borkowski, J.A., Bierilo, K.K., MacNeil, T., Derrick, A.W., Schneck, K.A., Ransom, R.W., Strader,  C.D., Linemeyer, D.L., Hess, J.F. J. Biol. Chem. 269, 21583 (1994).


134. Regoli, D., Barabe, J. Pharmacol. Rev. 32, 1(1980).


135. Bhoola, K.D. Figueroa, C.D. Worthy, K. Pharmacol. Rev. 44, 1 (1992).


136. Bao, G., Gohlke, P., Unger, T., J. Cardiovasc. Pharmacol. 20, S96 (1992).


137. Martorana, P.A. Kettenbach, B. Breipol, G. Linz, W. Scholkens, B.A. Eur. J. Pharmacol. 182, 395 (1990).


138. McDonald, K.M., Mock, J. D’Ajoia, M. Parrish, K. Hauer, T. G. Francis, A. Stillman, J.N. Cohn, Circulation 91, 2043 (1995).


139. Amblard, M. Daffix, I.P. Bedos, G. Berge, D. Pruneau, J.-L. Paquet, J.-M. Luccarini, P. Belichard, P. Dodey, J. Martinez, J. Med. Chem. 42, 4185 (1999).


140. <http://openwetware.org>.


141. Suzuki, T., Ohashi,  M., Takaiti, O., Harigaya, S., Arzneim.-Forsch. 44, 3 (1994).


142. Mane, R.A., Ingle, D.B., Indian J. Chem. Sect B 21B, 973 (1982).


143. Ph.D. Thesis of Saurashtra University, Rajkot, India 2006 (unpublished work).


144. Jadhav, K.P.. Ingle, B.D Indian J. Chem. Sect B 22B, 180 (1983).


145. Barot, V.M. Patel, M.R.. Naik H.B, Asian J. Chem. 13 347 (2001).


146. Desai, M.D. Desai, K.K. Asian J. Chem. 14, 974 (2002).


147. Naik, V.R. Naik, H.B. Asian J. Chem. 11, 661(1999).


148. Swati, A.K. SharmaPrakash, L. Indian J. Chem. Sect B 35B, 1221 (1996).


149. Singh, G.. Kumar, N Yadav, A.K. Mishra, A.K. Heteroat. Chem. 13, 620 (2002).


150. Bonsignore, L. Loy, G. Secci, D. Logu, D.A. Palmieri, G. Farmaco 45, 1245 (1990).


151. Nikalje, M.A.G. Ingle, R.D. Bhingolikar, V.E. Mane, R.A. Indian J. Heterocycl. Chem. 13, 37 (2003).


152. Ambrogi, V. Giampietri, A. Grandolini, G. Perioli, L. Ricci, M. Tuttobello, L. Arc. Pharm. 325, 569 (1992).


153. Ambrogi, V. Furlani, A.G. Grandolini, A. Papaioannou, L. Perioli, V. Scarcia, L. Tuttobello, Eur. J. Med. Chem. 28, 659 (1993).


154. Seema, P. Priyanka, S.C. Hem, P.C. Umesh, Indian J. Heterocycl. Chem. 15, 289 (2006).


155. Umesh, P.C., Chandra, H., Shweta, G., Priyanka, S., Seema, P. Indian. J. Chem. Sect B 45B, 752 (2006).


156. Nikalje, R. A.G. Mane, A. Ingle, D.B. Indian J. Heterocycl. Chem. 15, 309 (2006).









1, 5-Benzothiazepine, a heterocyclic compound involved in research aimed to evaluate new products that possess interesting biological activities. The present review article focuses on the various methods of synthesis, spectral properties and pharmacological profile of 1,5-benzothiazepines.
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