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ABSTRACT
Complicated composition of the mycobacterial cell wall, therapy of tuber-
culosis is very difficult, because Mycobacterium tuberculosis makes many
antibiotics and drugs ineffective and hinders the entry of drugs. Now,
tuberculosis is still the second most imperative infectious disease world-
wide. The most important reason for this is drug resistant, persistent or
latent infection and synergism of tuberculosis with HIV. Furthermore vari-
ous chemical entities containing drugs has come in the treatment of tuber-
culosis. These drugs are mainly containing different heterocyclic moiety
both in fused or substituted form. In present review we discussed brief
introduction of tuberculosis followed the substituted benz-fused com-
pounds including currently used drugs and newly developed molecules
which are effective against tuberculosis.
 2012 Trade Science Inc. - INDIA

INTRODUCTION

The history of TB changed dramatically after the
introduction of anti-TB agents. Anti-TB drug treatment
started in 1944, when streptomycin and
paraaminosalicylic acid were discovered. The combined
therapy was more effective in the TB treatment that
consisted of a long course of both drugs. In 1952, a
third drug, isoniazid, was introduced, greatly improving
the efficacy of treatment. In 1960, ethambutol substi-
tuted paraaminosalicylic acid, and the treatment course
was reduced to 18 months. In the 1970s, with the in-
troduction of rifampicin into the combination, treatment
was shortened to just nine months. In 1980, pyrazina-
mide was introduced into the anti-TB treatment, which
could be reduced further to only six months. Soon after

the introduction of the first anti-TB drugs, drug resis-
tant bacilli started to emerge, but the launch of both
combination therapy and new and more effective drugs
seemed to be enough to control the disease. However,
TB unexpectedly re-emerged in the �80s, and in the

following years there was an important increase in the
incidence of multiple-, and extensively drug resistant
strains. Since 1970, no new drug has been discovered
for anti-TB treatment, which today seems insufficient
to confront the disease. Fortunately, research efforts
have been accomplished and today there is a wide range
of new molecules with promising anti-TB activity. The
modernization of synthetic transformations, although
many compounds are in clinical trials, it is astonishing
that with this background, there have been no new drugs
registered to treat TB in the last 40 years[7,8,21]. This
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reflects the inherent difficulties in discovery and clinical
testing of new agents and the lack of pharmaceutical
industry research in this area.

TB is one of the oldest and most pervasive dis-
eases in history[19,50]. According to WHO report, TB
has spread to every corner of the globe. As much as
one-third of the world�s population is currently infected

and more than 5000 people die from TB every day[57].
It is estimated that between 2002 and 2020, approxi-
mately 1000 million people will be newly infected, over
150 million people will develop diseases and 36 million
will die of TB if proper control measures are not estab-
lished[10]. The Directly Observed Treatment, short-
course (DOTS) strategy, constitutes the cornerstone of
the current protocol for control of TB. However, the
three key drugs, isoniazide, pyrazinamide and rifampi-
cin, used in the regimen are potentially hepatotoxic and
may lead to drug associated hepatitis[66]. Despite the
undoubted success of DOTS strategy, the emergence
of multi drug resistant strains (MDR-TB), recurrently
isolated from patient�s sputum, darken the future. Fur-

thermore, one of the main causes for the prevalence of
TB is synergy with Human Immunodeficiency Virus
(HIV) epidemic where 31% of new TB cases were
attributable to HIV co-infection[28]. From the chemo-
therapeutic point of view, there are two sources of new
chemical entities.

NEW POTENTIAL ANTI-TUBERCULAR
AGENTS

Tuberculosis (TB) is a chronic infectious disease
caused by M. tuberculosis. The term MDR-TB is used
to describe strains that are resistant to two or more of
the five first-line anti-TB drugs. Treatment regimen of
tuberculosis comprises five first line antiTB drugs namely
isoniazid, rifampicin, pyrazinamide, streptomycin and
ethambutol followed by second line antiTB drugs namely
fluoroquinolones and one of the injectable
aminoglycosides. Besides the traditional anti-TB drugs
available commercially, several new heterocycles were
synthesized in recent past. The new potential anti-TB
agents have been classified according to their chemical
entities. In an effort to studied more effective therapies,
molecules that can be effective against MTB and MDR-
TB. In an effort to developed new and more effective

anti-TB agents. The new potential antitubercular agents
are classified on the basis of their chemical entities. Benz-
fused derivatives have shown interesting biological prop-
erties and some of them are known for their anti-TB
activity[32-34]. Hence, for the purpose of obtaining new
and more potent anti-TB molecule that can improve
the current chemotherapeutic anti-TB treatment.

ANTITUBERCULAR AGENT WITH
BENZ-FUSED RING SYSTEM

A series of 2,6-diarylpiperidin-4-ones and
tetrahydropyridin-4-ol based benzimidazole and O-
arylsulfonyl derivatives were screened for their anti-TB
activity, three compounds (1) have shown equal potency
of MIC 16 ìg/mL against M. tuberculosis H37Rv, which
are one-fold more potent than of the rifampicin[2]. In an
effort to increase the potency of piperidones, a series of
spiro-piperidin-4-ones as anti-TB agent, compound (2)
showed promising in vitro potency of MIC 0.07 ìg/mL
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and 0.16 ìg/mL against M. tuberculosis and MDR-TB
respectively and also showed in vivo potency by de-
creasing the bacterial load in lung and spleen tissues with
1.30 and 3.73-log10 protections respectively, which is
comparable to isoniazid[2].

In a series of chalcones, compound 3 has shown
MIC of 6.8ìg/mL against M. tuberculosis H37Rv[49].
A number of three hybrids of pyrazine and two of them
showed promising anti-TB activity. Compound 4
showed MIC of 0.78, 0.1ìg/mL respectively, against

M. tuberculosis H37Rv and also showed good activ-
ity against atypical strains of M. tuberculosis[14]. In a
different approach, a series of 1,4-substituted pipera-
zine/homopiperazines, compound 5 showed MIC of
62.5 ìM[11,27].

TB activity. These derivatives exhibited promising ac-
tivity profile, with MIC in the range of 6.25-0.78 ìg/

mL against M. tuberculosis. Compound 9a displayed
best MIC of 0.78ìg/mL against MTB-H37Rv, while

compound 9b displayed preeminent activity against
MTB-H37Ra with MIC 1.56 ìg/mL[74].
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In search of new anti-TB agent, a series of spiro-
compounds 1-methyl-4-(2,4-dichlorophenyl) pyrrolo
(spiro[2.3"]oxindole)spiro[3.3�]-1�-methylpiperidin-4�-

one (6) has shown anti-TB activity with a minimum in-
hibitory concentration (MIC) of 1.76 and 0.88 ìM

against M. tuberculosis and MDR-TB respectively[45].
In another series, compound 7 showed increased po-
tency with MIC value of 0.40 ìg/mL against M. tuber-
culosis and was 4 and 15.6 times more potent than
ethambutol and pyrazinamide, respectively[45]. The ef-
ficacy of anti-TB activity of compound (11) against M.
tuberculosis complex and other clinically relevant non-
mycobacterial species and were found significantly ac-
tive against M. tuberculosis complex[30,71-73] and
showed preeminent inhibition of MIC 0.006 mg/L
against M. tuberculosis UT18, M. bovis BCG and
streptomycin resistant at 4 mg/L. A series of 9-substi-
tuted tetrahydroacridines were evaluated for their anti-
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Clofazimine (9) is a fat-soluble riminophenazine dye
used in combination with rifampicin and dapsone as
multidrug therapy for the treatment of leprosy. On this
basis and to minimize the side-effects and to improve
the anti-TB activity of Clofazimine[60], developed 3-(2,4-
dichloroanilino)-10-(2,4-dichlorophenyl)-2,10-
dihydro-2-(2,2,6,6tetramethylpiperid-4-ylimino)
phenazine (B4128) (10), which posses a similar mode
of action of Clofazimine[53]. A series of phthalimido- and
naphthalimido-linked phenazines were found two com-
pounds (11a and 11b) with a potency of MIC 1ìg/mL

against M. tuberculosis H37Rv. These compounds
exhibited potency against resistant strains of Mycobac-
terium[36]. Whereas in a series of phenazine
carboxamides, compounds 12a and 12b showed ex-
cellent activity against M. tuberculosis H37Rv with a
MIC of 0.19 ìg/L and also against drug-resistant strains

of M. tuberculosis[18], validating them as future anti-
TB drugs.
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Phenothiazines have been reported for their anti-
TB activity, and the phenothiazine drug chlorpromazine
(13a) is reported to have been successfully used as anti-
TB agent. In this concern, a series of phenothiazines
were synthesized for anti-TB agents. Three compounds
(13b-d) exhibited promising activity with a mean MIC
of 2.13ìg/mL[51]. Whereas quaternized CPZ,
triflupromazine (14a) and promethazine (14b) deriva-
tives inhibited non-replicating M. tuberculosis at con-
centrations equal to or double their MICs against the
actively growing strain. All the active compounds (14c-
f) were non-toxic toward Vero cells (IC50 > 128 ìM).

The benzyl or substituted benzyl groups, an electron-
withdrawing substituent on the phenothiazine ring im-
proved the potency. Commonly the optimum anti-TB
structures possessed N-(4- or 3-chlorobenzyl) substi-

tution on triflupromazine[9]. While a macrolactone (15)
derived from benzo[a]phenazine exhibited best potency
against M. tuberculosis H37Rv with a MIC 0.62ìg/

mL, which is better than that of Rifampacin[65]. In search
of potential anti-TB agents, pyridazinoindole analogues
were screened for inhibition of the growth of M. tuber-
culosis. The most active compound (16) exhibited a
MIC50 of 1.42ìg/mL against M. tuberculosis
H37Rv[76]. In the series 2-aryl-3,4-dihydro-2H-
thieno[3,2-b]indoles, compound 17 was found to be
the most active compound with MIC of 0.4 ìg/mL
against M. tuberculosis and MDR-TB[39]. A series of
pyrrolo[l,2-a] quinoxaline-2- or -4-carboxylic acid hy-
drazides and one compound (18) showed an interest-
ing activity at 6.25ìg/mL against M. tuberculosis
H37Rv, with a 100 % inhibition[22]. Compound 19 in-
hibited 80% at a concentration of 6.25ìÌ[63]. Enam-
ine-containing analogues of heteroarylquinones showed
promising activity with a MIC in the range 6.25-0.1ìg/

mL against M. tuberculosis H37Rv and molecule (20)
with a MIC 0.39 ìg/mL[16].
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A series of benzothiadiazine 1,1-dioxide derivatives
were evaluated against M. tuberculosis, M. avium and
M. intracellulare. Of these, compound 21 showed best
potency of MIC 0.5 ìg/mL against M. tuberculosis
H37Rv and 0.5-2 ìg/mL against resistant strains. How-

ever, the in-vivo testing in a mouse model of TB infec-
tion did not show significant anti-TB activity, probably
due to its poor bioavailability[36]. In continuation, 5-ni-
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trofuran, 5-nitrothiophene and arylfuran coupled
benzothiadiazines were evaluated, these compounds
exhibited moderate anti-TB activity. The most active
compound (22) displayed a MIC of 1 ìg/mL against

M. tuberculosis H37Rv[35]. A number of fifteen 2-
amino-6-methyl-4- aryl-8-[(E)-arylmethylidene]-
5,6,7,8-tetrahydro-4H-pyrano[3,2-c]pyridine-3-
carbonitriles were evaluated for their anti-TB activity.
Among all, compound 23 was found to be the most
potent compound with MIC value is 0.43 ìM against

M. tuberculosis and MDR-TB, being 100 times more
active than isoniazid against MDR-TB[47].

of spiro-pyrrolothiazoles were evaluated for their anti-
TB activity. Among all, the best potency was displayed
by compound 27 with a MIC of 0.6 ìM against MTB

and MDR-TB[38]. 3-amino-imidazo[1,2-a]pyridines as
a novel class of M. tuberculosis glutamine synthetase
inhibitors. The most active compound (28) showed an
inhibition of IC50 = 0.38 ± 0.02ìM[55].
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In search of novel anti-TB agents, tetrahydro-
indazole based compounds were evaluated their effi-
ciency. Among all, three compounds 24a-c have shown
MIC in the range 1.7-1.9 ìM against M. tuberculosis
H37Rv. These compounds also displayed any toxicity
against VERO cells up to the concentration 128 ìM[24].
Compound 1,3-benzothiazin-4-ones kills M. tubercu-
losis by blocking arabinan synthesis. The most advanced
compound (25), was found to a candidate for inclusion
in combination therapies for both MDR and XDR-
TB[52]. The 1,2,4-Triazolo[1,5-a]pyrimidine-6-car-
boxylic acid derivatives and one compound (26) has
shown 92% growth inhibition of M. tuberculosis
H37Rv at 6.25ìg/mL concentration[1]. A novel series
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Compound 29 showed moderate activity of >32
ìg/mL against Mycobacterium[17]. In the same direc-
tion, compound 5-[(E)-2-(6-methoxy-4-
quinolinyl)ethenyl]-3-isoxazolecarboxylic acid butyl
ester (30) showed the best activity against M. tubercu-
losis H37Rv with a MIC1.8 ìM. Both these com-
pounds showed almost equal potency with standard
drugs isoniazid and refampin[58]. While in an another
series, (R)-methyl 2-(5-((2-methylbenzo[d]thiazol-5-
yloxy)methyl)isoxazole-3-carboxamido)-2-
phenylacetate (31) has shown less activity with a MIC
1.4 ìM[29] in comparison to compound 30. A series of
thiazolylhydrazone derivatives, compound 32 showed
best inhibition of 89% at a concentration of >6.25 ìg/

mL[75]. A series of clubbed [1,2,3] triazoles with fluoro-
benzimidazole, two compounds (33a and 33b) have
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shown almost equal MIC of 0.34 ìM and 0.32 ìM

respectively, against M. tuberculosis H37Rv[20].
A series of novel 2-[4-(1H-[1,2,4]-triazol-1-

yl)phenyl]-1-substituted-4,6-difluoro- 1H-benzo[d]
imidazole derivatives were exhibited anti-TB activity
against M. tuberculosis H37Rv, two compounds 34a
and 34b have shown preeminent activity of MIC 0.36
ìg/mL and 0.58 ìg/mL respectively[31].

In spirooxindole derivatives, two compounds (35a
and 35b) showed best MIC of 0.05ìg/mL against M.
tuberculosis H37Rv, which is comparable to isoniazid
and Rifampacin. A series of hydrazone and 3-nitrovinyl
analogs of indole-3-carboxaldehydes and related com-
pounds and found an active molecule (36), which ex-
hibited 91% inhibition at <6.25 ìg/mL against M. tu-
berculosis H37Rv[68]. While N-Hydroxythio-
semicarbazides (37a and 37b) showed poor potency
of MIC 62.04, 24.58 ìM respectively[38]. Compound
38 showed moderate activity of MIC 2ìg/mL against

M. tuberculosis H37Rv[79].
A series of 2-(hydrazinocarbonyl)-3-aryl-1H-in-

dole-5-sulfonamides were evaluated as inhibitors of two
â-carbonic anhydrases from M. tuberculosis, Rv1284
and Rv3273. The compound (39) showed excellent
nanomolar inhibitory activity, with several subnanomolar

inhibitors being detected. The activity profile confirmed
that the Rv1284 and Rv3273 have potential for devel-
oping anti-TB agents[25].
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A series of 2-alkylsulfanyl benzimidazoles were
tested against M. tuberculosis. The values of MIC were
within the range 4-125 ìM/L in comparison to that of

isoniazid having a MIC of 4ìM/L. The most active com-

pounds were 40a and 40b exhibited a MIC of 4ìM/

L[41]. In view of the good activity of (40a), the benzene
ring of benzimidazole was further substituted by methyl
group at the 5-position to see the change of activity.
The most active compound (41) showed same potency
of MIC 4 ìM/L[43]. In another effort, a series of substi-
tuted 2-polyfluoroalkyl and 2-nitrobenzylsulphanyl ben-
zimidazoles were evaluated for their activity against
Mycobacterium strains. Compound sulphanyl benz-
imidazole (42) exhibited best potency of MIC in the
range 2-32 ìM/L against M. tuberculosis. While MIC
values against M. kansasii and M. avium exceeded
that of isoniazid. The SAR of this series confirmed that
the 3,5-dinitro compounds were several times more
effective against M. tuberculosis and M. kansasii than
the respective isomeric 2,4-dinitro derivatives[40].

Benzoxazoles can be considered as structural
bioisosters of nucleotides such as adenine and guanine,
which allow them to interact with the biopolymers of a
living system. They are also identified for their anti-TB
activity. With this interest a number of 30,2-substi-
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tuted5,7-di-tert-butylbenzoxazoles were evaluated for
their anti-TB potency. Of these, 5,7-ditert- butyl-2-
styrylbenzoxazole (43) showed MIC of 3.13 ìg/mL

against M. tuberculosis H37Rv and also found least
toxic[77]. In the similar way, a series of 2-benzylsulfanyl
derivatives of benzoxazole and benzothiazole were
evaluated for their in vitro anti-TB activity against M.
tuberculosis and non-tuberculous mycobacteria. The
substances bearing two nitro groups (44a-d) or a
thioamide group (44e-h) exhibited appreciable anti-TB
activity of MIC in the range 2-8 ìM/L against M. tu-
berculosis and exhibited great activity particularly against
non-tuberculous strains[43]. In a series of (1,1- dioxido-
3-oxo-1,2-benzisothiazol-2(3H)-yl)methyl N,N-disub-
stituted dithiocarbamates and (1,1-dioxido-3-oxo-1,2-
benzisothiazol-2(3H)-yl)methyl O-alkyldi-
thiocarbonates, three compounds (45a-c) showed equal
potency of MIC 0.78 ìg/mL against M. tuberculosis
H37Rv[26] and benzoxathiolone derivatives 46a-c ex-
hibited poor activity of MIC 50 ìg/mL[44].

good anti-TB agents. High activity was exhibited by 9-
benzylpurines carrying a phenyl ethynyl, transstyryl or
aryl substituents at the 6th position and generally chlo-
rine at the 2nd position. The most active compounds
49a and 49b showed a MIC of 3.13 and 0.78 ìg/mL

respectively, against M. tuberculosis H37Rv[3]. In con-
tinuation a series of 6-arylpurines having a variety of
substituents in the 9 position and screened against M.
tuberculosis H37Rv. The most active compound of the
series was again found to be same 9-benzyl-2-chloro-
6-(2- furyl)purine (49b) having a MIC of 0.78ìg/mL.

This compound was active against several singly drug-
resistant strains of M. tuberculosis[3]. Eleven analogues
of 9-sulphonated/sulphenylated 6-mercaptopurines[63],
out of them six exhibited MIC in the range of 0.39-
0.78 ìg/mL. The most potent compound (168)
(MIC=0.39 ìg/mL) exhibited good activity against

MDR-TB strains of M. tuberculosis.
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A series of 3-arylsubstituted-2-
[1H(2H)benzotriazol-1(2)-yl]acrylonitriles (47a and
47b) were showed 98, 99% inhibition and a MIC of
6.25 ìg/mL and 12.5 ìg/mL respectively against M.
tuberculosis[61]. Some benzotriazole series compound
(36) showed moderate anti-TB activity. Also the 1-
Benzotriazole derivatives were more active than 2-iso-
mers. Conversion of the cyano group into carboxamido
or carboxylic group also produced loss of activity which
indicates that an increase of the hydrophilic properties
is not profitable for the activity[61].

Recently, purine analogues are possessing anti-TB
activity. In this perception, 9-benzylpurines with a vari-
ety of substituents at 2, 6 or 8 positions were found as
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riety of substituents in the 2- or 8-position was identify-
ing a more potent molecule (53, MIC=0.20 ìg/mL)[13].
The purine derivatives was found a more potent mol-
ecule (54) of above all series, which has shown an IC90
of <0.20 ìg/mL against M. tuberculosis H37Rv[12].

In search of new anti-TB purine type analogues, a
series of 1-[1-(4-hydroxybutyl)-1,2,3-triazol-(4 and 5)-
ylmethyl]-1H pyrazolo[3,4-d]pyrimidines, all of them
were inactive but one compound (55) has shown MIC
of 12.5 ìg/mL[54].
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A series of 9-aryl-, 9- arylsulfonyl- and 9-benzyl-
6-(2-furyl)purines were screened for their anti-TB ac-
tivity against M. tuberculosis H37Rv. Among all, 2-
chloro-6-(2-furyl)-9-(4-methoxyphenylmethyl)-9H-
purine (50) exhibited best potency of MIC 0.39 ìg/

mL[4]. In a purine derivatives, 9-(ethylcarboxymethyl)-
6-(dodecylthio)-9H-purine (51) showed MIC of 0.78
ìg/mL[56]. In the analogues of agelasine E (52), one
derivative (52a) showed promising anti-TB activity with
MIC of 1.56ìg/mL against M. tuberculosis H37Rv[4].
6-(2-furyl)-9-(p-methoxybenzyl)purines carrying a va-
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In continuation, a series of di/trisubstituted
pyrazolo[3,4-d]pyrimidines (56,57) were observed no
significant anti-TB activity at concentrations up to 6.25
ìg/mL. A series of N,S-bis-alkylated thiopyrazolo[3,4-
d]pyrimidines, these compounds showed significant anti-
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TB activity with MICs down to =2 ìg/mL. Among all,
one compound (58) has shown MIC=0.5-1 ìg/mL

against M. tuberculosis H37Rv[6]. A homologous se-
ries of three pyrazolopyrimidine analogues (59a-c) were
evaluated as lumazine synthase inhibitors. All three com-
pounds were potent inhibitors of the lumazine synthases
of M. tuberculosis with inhibition constants in the low
nanomolar to subnanomolar range[80]. In a series of
Thieno[2,3-d]pyrimidin-4-one, two compounds (60a
and 60b) have shown moderate potency of 5 ìM/L

against M. tuberculosis and M. avium, which is equal
to that of rifampicin[15].

DISCUSSION

Anti-TB drugs have traditionally been identified by
their ability to suppress or kill replicating cultures of
bacteria in vitro. The weak sterilizing property of avail-
able TB drugs is one of the major drawbacks for TB
chemotherapy. Thus, although achieving a clinical cure,
the current TB chemotherapy does not achieve a bac-
teriological cure since the therapy cannot completely
eradicate all bacilli in the lesions. HIV has dramatically
increased the risk of developing active TB and HIV
co-infection makes TB more difficult to diagnose and
treat due to interactions and side-effects. The increas-
ing emergence of MDR-TB and the recalcitrant nature
of persistent infections pose additional challenges to
treatment with conventional anti-TB drugs[39,59,67,70]. Al-
though TB can be cured with current drugs treatment is
complex and long-lasting. As emphasized, a new TB
treatment should offer at least one of the following three
improvements over the existing regimens: shorten the
total duration of treatment and/or significantly reduce
the number of doses needed to be taken, improve the
treatment of MDR-TB and provide a more effective
treatment of latent TB infection.

REFERENCES

[1] H.M.Abdel-Rahman, N.A.El-Koussi, H.Y.Hassan;
Fluorinated 1,2,4-triazolo[1,5-a]pyrimidine-6-car-
boxylic acid derivatives as antimycobacterial
agents. Arch.Pharm.Chem.Life Sci., 342(2), 94-
99 (2009).

[2] G.Aridoss, S.Amirthaganesan, N.A.Kumar; A fac-

ile synthesis, antibacterial, and antitubercular stud-
ies of some piperidin-4-one and tetrahydropyridine
derivatives. Bioorg.Med.Chem.Lett., 18(24), 6542-
6548 (2008).

[3] A.K.Bakkestuen, L.L.Gundersen, G.Langli, F.Liu,
J.M.J.Nolsøe; 9-Benzylpurines with inhibitory ac-

tivity against Mycobacterium tuberculosis.
Bioorg.Med.Chem.Lett., 10(11), 1207-1210
(2000).

[4] A.K.Bakkestuen, L.-LGundersen, D.Petersen,
B.T.Utenova, A.Vik; Synthesis and
antimycobacterial activity of agelasine E and ana-
logs. Org.Biomol.Chem., 3(6), 1025-1033 (2005).

[5] A.K.Bakkestuen, L.-L.Gundersen, B.T.Utenova;
Synthesis, biological activity, and SAR of
antimycobacterial 9-Aryl-, 9-Arylsulfonyl-, and 9-
Benzyl-6-(2- furyl)purines. J.Med.Chem., 48(7),
2710-2723 (2005).

[6] L.Ballell, R.A.Field, G.A.C.Chung, R.J.Young; New
thiopyrazolo[3,4-d]pyrimidine derivatives as anti-
mycobacterial agents. Bioorg.Med.Chem.Lett.,
17(6), 1736-1740 (2007).

[7] C.E.Barry 3rd, R.A.Slayden, A.E.Sampson,
R.E.Lee; Use of genomics and combinatorial chem-
istry in the development of new antimycobacterial
drugs. Biochem.Pharmacol., 59(3), 221-231
(2000).

[8] I.Bastian, R.Colebunders; Treatment and preven-
tion of multidrug-resistant tuberculosis. Drugs,
58(4), 633-661 (1999).

[9] A.B.Bate, J.H.Kalin, E.M.Fooksman; Synthesis
and antitubercular activity of quaternized promazine
and promethazine derivatives. Bioorg.Med.
Chem.Lett., 17(5), 1346-1348 (2007).

[10] W.R.Bishai, R.E.Chaisson; Short-course chemopro-
phylaxis for tuberculosis. Clin.Chest.Med., 18(1),
115-122 (1997).

[11] E.Bogatcheva, C.Hanrahan, B.Nikonenko; Identi-
fication of new diamine scaffolds with activity
against Mycobacterium tuberculosis. J.Med.
Chem., 49(11), 3045-3048 (2006).

[12] M.Braendvang, V.Bakkenc, L.-L.Gundersen; Syn-
thesis, structure, and antimycobacterial activity of
6-[1(3H)-isobenzofuranylidenemethyl] purines and
analogs. Bioorg.Med.Chem., 17(18), 6512-6516
(2009).

[13] M.Braendvang, L.-L.Gundersen; Synthesis, biologi-
cal activity, and SAR of antimycobacterial 2- and
8-substituted 6-(2-furyl)-9-(p-methoxybenzyl) pu-
rines. Bioorg.Med.Chem., 15(22), 7144-7165



Mohammad Asif 111

Microreview
OCAIJ, 9(3) 2013

Organic CHEMISTRYOrganic CHEMISTRY
An Indian Journal

(2007).
[14] S.A.Carvalho, E.F.da Silva, M.V.N.de Souza,

M.C.S.Lourenco, F.R.Vicente; Synthesis and
antimycobacterial evaluation of new trans-cinnamic
acid hydrazide derivatives. Bioorg.Med.Chem.Lett.,
18(2), 538-541 (2008).

[15] R.V.Chambhare, B.G.Khadse, A.S.Bobde,
R.H.Bahekar; Synthesis and preliminary evaluation
of some N-[5-(2-furanyl)-2-methyl-4-oxo-4H-
thieno[2,3-d]pyrimidin-3-yl]-carboxamide and 3-
substituted-5-(2-furanyl)-2-methyl-3H-thieno[2,3-
d]pyrimidin-4-ones as antimicrobial agents.
Eur.J.Med.Chem., 38(1), 89-100 (2003).

[16] B.R.Copp, H.C.Christiansen, B.S.Lindsay,
S.G.Franzblau; Identification of heteroarylenamines
as a new class of antituberculosis lead molecules.
Bioorg.Med.Chem.Lett., 15(18), 4097-4099
(2005).

[17] J.Das, C.V.L.Rao, T.V.R.S.Sastry; Effects of po-
sitional and geometrical isomerism on the biologi-
cal activity of some novel oxazolidinones.
Bioorg.Med.Chem.Lett., 15(2), 337-343 (2005).

[18] A.De Logu, L.H.Palchykovska, V.H.Kostina;
Novel N-aryl- and N-heteryl phenazine-1-
carboxamides as potential agents for the treatment
of infections sustained by drug-resistant and
multidrug-resistant Mycobacterium tuberculosis.
Int.J.Antimicrob.Agents, 33(3), 223-229 (2009).

[19] R.G.Ducati, A.Ruffino-Netto, L.A.Basso,
D.S.Santos; The resumption of consumption-A re-
view on tuberculosis. Mem.Inst.Oswaldo Cruz.,
101(7), 697-714 (2006).

[20] C.Gill, G.Jadhav, M.Shaikh; Clubbed [1,2,3] triazoles
by fluorine benzimidazole: A novel approach to
H37Rv inhibitors as a potential treatment for tu-
berculosis. Bioorg.Med.Chem.Lett., 18(23), 6244-
6247 (2008).

[21] M.A.Gray; Tuberculosis Drugs. Orthopaedic Nurs-
ing, 16(4), 64-69 (1997).

[22] J.Guillon, R.C.Reynolds, J.-M.Leger; Synthesis and
preliminary In Vitro evaluation of antimycobacterial
activity of new pyrrolo[1,2-a] quinoxalinecarboxylic
scid hydrazide derivatives. J.Enz.Inhib.Med.Chem.,
19(6), 489-495 (2004).

[23] L.L.Gundersen, J.Nissen-Meyer, B.Spilsberg; Syn-
thesis and antimycobacterial activity of 6-aryl pu-
rines: The requirement for the N-9 substituent in
active antimycobacterial purines. J.Med.Chem.,
45(6), 1383-1386 (2002).

[24] S.Guo, Y.Song, Q.Huang; Identification, synthesis,

and pharmacological evaluation of
tetrahydroindazole based ligands as novel antitu-
berculosis agents. J.Med.Chem., 53(2), 649-659
(2010).

[25] O.Guzel, A.Maresca, A.Scozzafava, A.Salman,
A.T.Balaban, C.T.Supuran; Discovery of low
nanomolar and subnanomolar inhibitors of the my-
cobacterial â-carbonic anhydrases Rv1284 and
Rv3273. J.Med.Chem., 52(13), 4063-4067 (2009).

[26] O.Guzel, A.Salman; Synthesis, antimycobacterial
and antitumor activities of new (1,1-dioxido-3-oxo-
1,2-benzisothiazol-2(3H)-yl)methyl N,N-disubsti-
tuted dithiocarbamate/O-alkyldithiocarbonate de-
rivatives. Bioorg.Med.Chem., 14(23), 7804-7815
(2006).

[27] X.He, A.Alian, P.R.O.de Montellano; Inhibition of
the mycobacterium tuberculosis enoyl acyl carrier
protein reductase Inh A by arylamides.
Bioorg.Med.Chem., 15(21), 6649-6658 (2007).

[28] P.C.Hopewell; Overview of clinical tuberculosis.
In: Tuberculosis: pathogenesis, protection, and con-
trol. Barry Bloom (Ed); ASM Press, Washington,
D.C., 25-46 (1994).

[29] Q.Huang, J.Mao, B.Wan; Searching for new cures
for tuberculosis: Design, synthesis, and biological
evaluation of 2-methylbenzothiazoles.
J.Med.Chem., 52(21), 6757-6767 (2009).

[30] Hurdle JG, Lee RB, Budha NR et al. A microbio-
logical assessment of novel nitrofuranylamides as
anti-tuberculosis agents. J. Antimicrob.
Chemother. 62(5), 1037-1045 (2008).

[31] G.R.Jadhav, M.U.Shaikh, R.P.Kale, M.R.Shiradkar,
C.H.Gill; SAR study of clubbed [1,2,4]-triazolyl with
fluorobenzimidazoles as antimicrobial and antituber-
culosis agents. Eur.J.Med.Chem., 44(7), 2930-2935
(2009).

[32] Y.L.Janin; Antituberculosis drugs: Ten years of re-
search. Bioorg.Med.Chem., 15, 2479-2513 (2007).

[33] L.Jean, J.L.Santos, P.R.Yamasaki; Synthesis and
in vitro anti mycobacterium tuberculosis activity of
a series of phthalimide derivatives.
Bioorg.Med.Chem., 17(11), 3795-3799 (2009).

[34] R.Joshi, A.L.Reingold, D.Menzies, M.Pai; Tuber-
culosis among health-care workers in low- and
middle-income countries: A systematic review.
PLoS Med., 3(12), 2376-2391 (2006).

[35] A.Kamal, S.K.Ahmed, K.S.Reddy; Anti-tubercu-
lar agents. Part IV: Synthesis and antimycobacterial
evaluation of nitroheterocyclic-based 1,2,4-
benzothiadiazines. Bioorg.Med.Chem.Lett., 17(19),



112

Microreview

Development of new antitubercular drugs containing benz-fused ring system OCAIJ, 9(3) 2013

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

5419-5422 (2007).
[36] A.Kamal, A.H.Babu, A.V.Ramana, R.Sinha,

J.S.Yadav, S.K.Arora; Antitubercular agents. Part
1: Synthesis of phthalimido- and naphthalimido-
linked phenazines as new prototype antitubercular
agents. Bioorg.Med.Chem.Lett., 15(7), 1923-1926
(2005).

[37] A.Kamal, K.S.Reddy, S.K.Ahmed; Anti-tubercu-
lar agents. Part 3. Benzothiadiazine as a novel scaf-
fold for anti-Mycobacterium activity.
Bioorg.Med.Chem., 14(3), 650-658 (2006).

[38] S.V.Karthikeyan, B.D.Bala, V.P.A.Raja, S.Perumal,
P.Yogeeswari, D.Sriram; A highly atom economic,
chemo-, regio- and stereoselective synthesis and
evaluation of spiro-pyrrolothiazoles as antitubercu-
lar agents. Bioorg.Med.Chem.Lett., 20(1), 350-353
(2010).

[39] S.V.Karthikeyan, S.Perumal, K.A.Shetty,
P.Yogeeswari, D.Sriram; A microwave-assisted fac-
ile regioselective fischer indole synthesis and anti-
tubercular evaluation of novel 2-aryl-3,4-dihydro-
2H-thieno[3,2-b]indoles. Bioorg.Med.Chem.Lett.,
19(11), 3006-3009 (2009).

[40] Z.Kazimierczuk, M.Andrzejewska, J.Kaustova,
V.Klime�ova; Synthesis and antimycobacterial ac-

tivity of 2-substituted halogenobenzimidazoles.
Eur.J.Med.Chem., 40(2), 203-208 (2005).

[41] V.Klime�ová, J.Koèí, M.Pour, J.Stachel, K.Waisser,

J.Kaustová; Synthesis and preliminary evaluation

of benzimidazole derivatives as antimicrobial agents.
Eur.J.Med.Chem., 37(5), 409-418 (2002).

[42] V.Klime�ová, J.Koèí, K.Waisser, J.Kaustova; New

benzimidazole derivatives as antimycobacterial
agents. II Farmaco, 57(4), 259-265 (2002).

[43] J.Koci, V.Klimesova, K.Waisser, J.Kaustova, H.-
M.Dahse, U.Mollmann; Heterocyclic benzazole
derivatives with antimycobacterial In Vitro activ-
ity. Bioorg.Med.Chem.Lett., 12(22), 3275-3278
(2002).

[44] M.T.Konieczny, W.Konieczny, M.Sabisz; Synthe-
sis of Isomeric, oxathiolone fused chalcones, and
comparison of their activity toward various micro-
organisms and human cancer cells line.
Chem.Pharm.Bull., 55(5), 817-820 (2007).

[45] R.R.Kumar, S.Perumal, S.C.Manju, P.Bhatt,
P.Yogeeswari, D.Sriram; An atom economic syn-
thesis and antitubercular evaluation of novel spiro-
cyclohexanones. Bioorg.Med.Chem.Lett., 19(13),
3461-3465 (2009).

[46] R.R.Kumar, S.Perumal, P.Senthilkumar,

P.Yogeeswari, D.Sriram; A facile synthesis and
antimycobacterial evaluation of novel spiro-pyrido-
pyrrolizines and pyrrolidines. Eur.J.Med.Chem.,
44(9), 3821-3829 (2009).

[47] R.R.Kumar, S.Perumal, P.Senthilkumar,
P.Yogeeswari, D.Sriram; An atom efficient, solvent-
free, green synthesis and antimycobacterial evalu-
ation of 2- amino-6-methyl-4-aryl-8-[(E)-
arylmethylidene]-5,6,7,8-tetrahydro-4Hpyrano[3,2-
c]pyridine-3-carbonitriles. Bioorg.Med.Chem.Lett.,
17(23), 6459-6462 (2007).

[48] R.R.Kumar, S.Perumal, P.Senthilkumar,
P.Yogeeswari, D.Sriram; Discovery of
antimycobacterial spiro-piperidin-4-ones: An atom
economic, stereoselective synthesis, and biological
intervention. J.Med.Chem. 51(18), 5731-5735
(2008).

[49] Y.-M.Lin, Y.Zhou, M.T.Flavin, L.-M.Zhou, W.Nie,
F.-C.Chen; Chalcones and flavonoids as anti-tuber-
culosis agents. Bioorg.Med.Chem., 10(8), 2795-
2802 (2002).

[50] R.Loddenkemper, D.Sagebiel, A.Brendel; Strate-
gies against multidrug-resistant tuberculosis.
Eur.Respir.J., 20(36), 66s-77s (2002).

[51] P.B.Madrid, W.E.Polgar, L.Toll, M.J.Tangaa; Syn-
thesis and antitubercular activity of phenothiazines
with reduced binding to dopamine and serotonin re-
ceptors. Bioorg.Med.Chem.Lett., 17(11), 3014-
3017 (2007).

[52] V.Makarov, G.Manina, K.Mikusova;
Benzothiazinones kill mycobacterium tuberculosis
by blocking arabinan synthesis. Science,
324(5928), 801-804 (2009).

[53] N.M.Matlola, H.C.Steel, R.Anderson;
Antimycobacterial action of B4128, a novel
tetramethylpiperidyl-substituted phenazine.
J.Antimicrob.Chemother., 47(2), 199-202 (2001).

[54] O.Moukha-Chafiq, M.L.Taha, H.B.Lazrek; Synthe-
sis and biological evaluation Of some 4-substituted
1-[1-(4-hydroxybutyl)-1,2,3-triazol-(4&5)-
ylmethyl]-1h-pyrazolo-[3,4-d]pyrimidines. Nucleo-
sides, Nucleotides & Nucleic acids 20(10&11),
1811-1821 (2001).

[55] L.R.Odell, M.T.Nilsson, J.Gising; Functionalized 3-
amino-imidazo[1,2-a]pyridines: A novel class of
drug-like Mycobacterium tuberculosis glutamine
synthetase inhibitors. Bioorg.Med.Chem.Lett.,
19(16), 4790-4793 (2009).

[56] A.K.Pathak, V.Pathak, L.E.Seitz, W.J.Suling,
R.C.Reynolds; Antimycobacterial agents. 1. Thio



Mohammad Asif 113

Microreview
OCAIJ, 9(3) 2013

Organic CHEMISTRYOrganic CHEMISTRY
An Indian Journal

analogues of purine. J.Med.Chem., 47(1), 273-276
(2004).

[57] G.D.Perri, S.Bonora; Which agents should we use
for the treatment of multidrugresistant Mycobac-
terium tuberculosis?.  J.Antimicrob.Chemother.,
54(3), 593-602 (2004).

[58] M.Pieroni, A.Lilienkampf, B.Wan, Y.Wang,
S.G.Franzblau, A.P.Kozikowski; Synthesis, biologi-
cal evaluation, and structure-activity relationships
for 5-[(E)-2-Arylethenyl]-3-isoxazolecarboxylic
acid alkyl ester derivatives as valuable antituber-
cular chemotypes. J.Med.Chem., 52(20), 6287-
6296 (2009).

[59] A.Rattan, A.Kalia, N.Ahmad; Multidrug-resistant
Mycobacterium tuberculosis: molecular perspec-
tives. Emerg.Infect.Dis., 4(2), 195-203 (1998).

[60] V.M.Reddy, J.F.O�Sullivan, P.R.Gangadharam;

Antimycobaterial activites of riminophenazines.
J.Antimicrob.Chemother. 43(5), 615-623 (1999).

[61] P.Sanna, A.Carta, L.Gherardini, M.E.R.Nikookar;
Synthesis and antimycobacterial activity of 3 aryl,
3 cyclohexyl and 3-heteroaryl- substituted -2-
[1H(2H)-benzotriazol-1(2)-yl) prop-2-enenitriles,
prop-2-enamides and propenoic acids II. II
Farmaco, 57(1), 79-87 (2002).

[62] P.Sanna, A.Carta, M.E.R.Nikookar; Synthesis and
antitubercular activity of 3-aryl substituted -2-
[(1H(2H) benzotriazol-1(2)-yl] acrylonitrile.
Eur.J.Med.Chem., 35(5), 535-543 (2000).

[63] A.Scozzafava, A.Mastrolorenzo, C.T.Supuran;
Antimycobacterial activity of 9- sulphonylated/
sulphenylated -6-mercaptopurine derivatives.
Bioorg.Med.Chem.Lett., 11(13), 1675-1678
(2001).

[64] A.Scozzafava, A.Mastrolorenzo, C.T.Supuran;
Antimycobacterial activity of 3,4-dichlorophenyl-
ureas, N,N-diphenyl-ureas and related derivatives.
J.Enz.Inhib., 16(3), 425-432 (2001).

[65] R.S.F.Silva, M.C.F.R.Pinto, M.O.F.Goulart; A
macrolactone from benzo[a]phenazine with potent
activity against Mycobacterium tuberculosis.
Eur.J.Med.Chem., 44(5), 2334-2337 (2009).

[66] P.G.Smith, A.R.Moss; Epidemiology of tuberculo-
sis. In: tuberculosis: pathogenesis, protection, and
control. Barry Bloom (Ed); ASM Press, Washing-
ton, D.C., 47-59 (1994).

[67] D.E.Snider Jr., M.Raviglione, A.Kochi; Global bur-
den of tuberculosis. In: Tuberculosis: pathogenesis,
protection, and control. Barry Bloom (Ed); ASM
Press, Washington, D.C., 3-11 (1994).

[68] V.N.Sonar, P.A.Crooks; Synthesis and antituber-
cular activity of a series of hydrazone and nitrovinyl
analogs derived from heterocyclic aldehydes.
J.Enz.Inhib.Med.Chem., 24(1), 117-124 (2009).

[69] D.Sriram, P.Yogeeswari, G.Senchani, D.Banerjee;
Newer tetracycline derivatives: Synthesis, anti-HIV,
antimycobacterial activities and inhibition of HIV-1
integrase. Bioorg.Med.Chem.Lett., 17(8), 2372-
2375 (2007).

[70] N.Sunduru, M.Sharma, P.M.S.Chauhan; Recent
advances in the design and synthesis of heterocycles
as anti-tubercular agents. Future Medicinal Chem-
istry, 2(9), 1469-1500 (2010).

[71] R.P.Tangallapally, R.B.Lee, A.J.Lenaerts, R.E.Lee;
Synthesis of new and potent analogues of anti-tu-
berculosis agent 5-nitro-furan-2-carboxylic acid 4-
(4-benzylpiperazin-1-yl)-benzylamide with
improvedbioavailability. Bioorg.Med.Chem.Lett.,
16(10), 2584-2589 (2006).

[72] R.P.Tangallapally, R.Yendapally, A.J.Daniels,
R.B.Lee, R.E.Lee; Nitrofurans as novel anti-tuber-
culosis agents: Identification, development and
evaluation. Curr.Top.Med.Chem., 7(5), 509-526
(2007).

[73] R.P.Tangallapally, R.Yendapally, R.E.Lee,
A.J.M.Lenaerts, R.E.Lee; Synthesis and evalua-
tion of cyclic secondary amine substituted phenyl
and benzyl nitrofuranyl amides as novel antituber-
culosis agents. J.Med.Chem., 48(26), 8261-8269
(2005).

[74] R.P.Tripathi, S.S.Verma, J.Pandey; Search of anti-
tubercular activities in tetrahydroacridines: Synthesis
and biological evaluation. Bioorg.Med.Chem.Lett.,
16(19), 5144-5147 (2006).

[75] G.Turan-Zitouni, A.Ozdemir, Z.A.Kaplancikli,
K.Benkli, P.Chevallet, G.Akalin; Synthesis and an-
tituberculosis activity of new thiazolylhydrazone de-
rivatives. Eur.J.Med.Chem., 43(5), 981-985
(2008).

[76] V.S.Velezheva, P.J.Brennan, V.Y.Marshakov;
Novel pyridazino[4,3-b]indoles with dual inhibitory
activity against. Mycobacterium tuberculosis and
monoamine oxidase. J.Med.Chem., 47(13). 3455-
3461 (2004).

[77] J.Vinsova, K.Cermakova, A.Tomeckova; Synthe-
sis and antimicrobial evaluation of new 2-substi-
tuted 5,7-di-tert-butylbenzoxazoles.
Bioorg.Med.Chem., 14(17), 5850-5865 (2006).

[78] WHO report 2008: The Stop TB Strategy, case
reports, treatment outcomes and estimates of TB



114

Microreview

Development of new antitubercular drugs containing benz-fused ring system OCAIJ, 9(3) 2013

An Indian Journal
Organic CHEMISTRYOrganic CHEMISTRY

burden. http://www.who.int/tb/publications/
global_report/2008 /annex_3/en/index.html.

[79] D.Zampieri, M.G.Mamolo, E.Laurini, G.Scialino,
E.Banfi, Vio L. 2-Aryl-3-(1HAzol-1-yl)-1H-Indole
derivatives: A new class of antimycobacterial com-
pounds-conventional heating in comparison with
MW-assisted synthesis. Arch.Pharm.Chem.Life
Sci., 342(12), 716-722 (2009).

[80] Y.Zhang, G.Jin, B.Illarionov, A.Bacher, M.Fischer,
M.Cushman; A new series of 3-alkyl phosphate
derivatives of 4,5,6,7-tetrahydro-1-D-ribityl-
1Hpyrazolo[3,4-d]pyrimidinedione as inhibitors of
lumazine synthase: Design, synthesis, and evalua-
tion. J.Org.Chem., 72(19), 7176-7184 (2007).

http://www.who.int/tb/publications/

