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ABSTRACT

The valuable treatment of tuberculosisis difficult, due to the complicated
or unusual structure and chemical composition of the mycobacterial cell
wall. These complex properties of cell wall make many antibioticsand cur-
rently used drugsineffective and hinder the entry of drugsin to the myco-
bacterium cells. Tuberculosisis still the one of the most crucial infectious
disease worldwide. The most important complication in the treatment of
tuberculosis is drug resistant multidrug (MDR-TB) and extensive drug
resistant tuberculosis (XDR-TB), persistent infection or latent-TB and
synergismof TB with Human Immuno deficiency Virus (HIV). New chemi-
cal entitiesare required for the MDR-TB and XDR-TB. Furthermore not
any new chemical entity hascomeinlast 40 yearsfor pontent and effective
antitubercular drug against resistant strain. Currently available data from
the recently doveloped antitubercular drugs which containing five mem-
bered heterocyclic ring system. The modern drug design promisesto bring
significant development for effectiveness against tuberclosis. In present
review we discussed brief introduction of recently doveloped antitubercu-
lar agents containing five membered heterocylic ringsin their structures.
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Tuberculosis(TB) isachronic infectious disease
caused by mycobacterium specieses, including prima:
rily M. tuberculosis, that dividesevery 16 to 20 hours,
an extremely slow rate compared with other bacteria,
which usualy divideinlessthan an hour, but also M.
bovisand M. africanum, M. canetti, and M. microti
can also cause TB, but these species do not usually
infect healthy adults. Tuberculosis, an airborne com-
muni cabl edi sease caused by transmission of aerosolized
dropletsof M. tuberculosis. The primary sourceof in-
fectionisviabletubercular bacilli, expelledintheen-

vironment by apatient with active TBI*, Mycobacte-
riumgrowssowly under aerobic conditionsandisdis-
tinguished by acid-fast staining. They are Gram posi-
tive, non-motile, rod-shaped, obligate aerobic bacteria
that bel ong to the order actinomycetales, family Myco-
bacteriaceae. Severa species, including M. tubercu-
losis, M. bovis, M. africanum, M. microti, M.
canetti, M. kansasii, M. avium, and M. leprae, are
intracd lular pathogensof higher vertebrates. Ontheother
hand athough M. microti isnot usualy pathogenic, itis
possiblethat the prevalence of M. microti infections
has been under estimated. Other Known pathogenic
mycobacteria include M. leprae, M. avium and M.
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kansasii. Thelast two are part of the non tuberculous
mycobacterium (NTM) group. Non tuberculous
mycobacateria cause neither TB nor leprosy, but they
do cause pulmonary diseasesresembling TB. TB re-
quiresmuch longer periodsof treetment toentirdy eimi-
nate mycobacteriafrom the body¢ 1,

Tuberculosisan overview

Tuberculosis (TB) isone of the oldest and most
pervasive, respiratory transmitted or contagiousdisease
infecting one-third of theworld’s population and killing
between 2 and 3 million people each year. According
World Health Organization (WHO) report, TB has
spread to every corner of theglobe. Theincreasein TB
incidenceduring recent yearsislargely duetothepreva
lenceof TB issynergy with Human Immunodeficiency
Virus (HIV/AIDs) epidemic, which augmentstherisk
of developing the disease 100-fol d*“ where 31% of
new TB caseswere attributableto HIV co-infection
and emergenceof MDR-TB and extensively drug re-
sistance (XDR-TB) strains. Thetreatment of MDR-
TB and XDR-TB hasbecomeamg or concern world-
wide. However, thetotal number of new TB casesis
gl risngdowly. Theoccurrenceof thisdiseaseislinked
to dense popul ation, poor nutrition, and poor sanita-
tion™>7, Observed Treatment, short-course (DOTS)
strategy, constitutesthe cornerstone of the current pro-
tocol for control of TB. Despitethesuccessof DOTS
srategy, theemergenceof MDR-TB grains, recurrently
isolated from patient’s sputum, darken the future. In
additiontothis, theincreasein M. tuberculosisstrains
resistant to front lineanti-TB drugssuch asrifampin
and INH hasfurther complicated the problem, which
clearly indicatesthe need for moreeffective drugsfor
the efficient management of TB. Asper WHO reports,
approximately 90% of the patientshaving both TB and
HIV diedwithin afew monthsafter clinica symptoms.
Therefore, WHO warned theworld for “even greater
TB-HIV crisgs” and called for wide availability of free
anti-TB drugsto thoseliving with HIV. As per WHO,
HIV isspreadingrapidly in Indiawith thelargest num-
ber of TB casesin theworld*®'9, dueto XDR-TB and
MDR-TB which promot usfor thedevel opment of new
anti-TB drugs. Eventhoughthefact that it istreatable
and avoidable, the TB has been spreading at asecure
ratd®, Inaddition, thereappearancein TBisdarming
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dueto thedevel opment of pathogenicsynergy with HIV.
TB frequently hasamuch prior inceptionin AIDS pa-
tients than other pathogens and is hard to detect by
standard techniques. The occurrence of TB in HIV
patientsis 50 times morethanthe HIV negativeindi-
viduas. In addition, theemergence of multi drugresis-
tant TB (MDR-TB) and extensively drugresistant TB
(XDR-TB) asasgnificanceof lengthy trestment, makes
patient compliancedifficult?>?, TheMDR-TB isde-
scribed asastrainsthat areresi stant to two or more of
thefivefirg-lineanti-TB drugs|[isoniazid (INH), rifampi-
cin(RIF), pyrazinamide(PZA), ethambutol (EMB) and
streptomycin] 4. MDR-TB treat with second-linedrugs
(DOT-Plus), whicharemore expensiveand have more
side-effects. XDR-TB will devel op when these sec-
ond-linedrugsare mismanaged and thereforea so be-
comeineffective. Thisdrug resistance hasincreased
concern that TB may onceagain becomeanincurable
diseasd®!. Thesefinding providesastrong motivation
for thedevel opment of new effectiveand inexpensive
antitubercular agents. Currently chemotherapy of TB
started in 1940s. In anti-TB research, the active anti-
TB agent, streptomycin (1943), anumber of agents
have been introduced as anti-TB agent, including p-
aminosaicylic acid (PAS) (1949), INH (1952), PZA
(1954), cycloserine (1955), ethionamide (ETH) (1956),
RIF (1963) and EMB (1962) etc. The current short-
course TB therapy used to treat drug-susceptible TB
congssof 2months’ treatment with four first-line drugs
including RIF, INH, PZA and EMB, followed by 4
months’ treatment with RIF and INH. Infection by
MDR-TB strainsrequirestreatment with second-line
drugssuch askanamycin, amikacin, capreomycin, PAS,
fluoroquinolones, ETH, and cycloserinewheretreat-
ments often extend for aslong 2 yearg?27.

Tuberculoss-HIV combination

The current estimationsreved that one-third of the
42 million peoplelivingwithHIV/AIDSworldwideare
co-infected with tuberculosis(TB). Asper WHO re-
ports, approximately 90% of the patients having both
TB and HIV died within afew months after clinical
symptoms. Therefore, WHO warned the world for
“even greater TB-HIV crisis” and called for wide avail-
ability of freeanti-TB drugstothoselivingwithHIV.As
per WHO, HIV isspreading rapidly in Indiawith the
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largest number of TB casesin the Worl diz%,
Drug-resistant tuberculosis

Drug resi stance displayed by M. tuberculosisisan
important obstaclefor thetreatment and control of TB.
Thisres stance hastraditionally been attributed to the
unusua multi-layer cell envelopeand activemultidrug
efflux pumps. Recent ingghtsinto mechanismsthet neu-
traizethetoxicity of antibioticsinthecytoplasm have
reved ed other systemsthat functionin synergy with the
permesbility barrier and efflux systemsto provide natu-
ral resistance. Drugsinhibiting theseintrinsic systems
would enablemany antibiotics, which aredready avall-
ablebut have not been used for TB, to gain new activi-
tiesagainst M. tuberculosig34%2,

Multi drugsresistant-tuberculosis

Multi-drug-resistance (MDR) TB refersto smul-
taneousresistanceto at | east two or more of thefive
fird-lineanti-TB drugs (isoniazid, rifampicin, pyrazina-
mide, ethambutol, and streptomycin). Multi-drug-re-
Sistance arisesfrom sharing of genesbetween different
species or genera, generaly mediated by small pieces
of extra-chromosomal DNA, known as transposons
or plasmids. Trestment for multi-drug-resi stance tuber-
culosisislonglasting, lesseffective, costly, and poorly
tolerated®>%,

Extensively-drug-resistancetuber culosis

Extensvdy-drug-resstant (XDR) tuberculosis, by
definition, isthe resistanceto at least isoniazid and
rifampicin, inadditionto any quinoloneand at least one
injectable second-line agent (any fluoroguinolone,
capreomycin, amikacin, kanamycin). The principlesof
treatment for MDR-TB and XDR-TB are the same.
Themaindifferenceisthat XDR-TB isassociated with
amuch higher mortality ratethan MDR-TB, because
of thereduced number of effectivetreatment options.
Hence, thereisan urgent need for novel drugsthat are
activeagainst M. tuberculosisin order to shorten the
duration of tubercul osistherapy!3*%,

Currently clinically used 5-membered Hetrocyclic
antitubercular drugs

(a) Cycloserineand terizidone

Cydoserineand Terizidoneisthemain synthetic anti-
TB drugsthat contained 5-membered heterocyclicring
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for trestment of TB. D-Cycloserineor D-4-Amino-3-
isoxazolidone (1) isastructural analog of theamino
acid D-serine. Itisactiveat aconcentration of 5-20ug/
mL and isdestroyed by acidic and neutra pH. It blocks
the synthesi sof peptidoglycan that isanimportant com-
ponent of thecell wall, by inhibiting the enzymesD-
aanineracemase and D-aaninyl alanine synthetase.
Whereasabicycoserinederiveiveterizidone, (2) isleast
tolerable second-lineanti-TB drugg®9.
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(b) Currenty synthesized potential anti-tuber cular
agents

Thenewey potentia anti-TB agentswith 5-mem-
bered heterocyclic compopoundsare classified onthe
basisof their chemica entities.

Heter o atomscontaining antituber cular agents

(a) N-heteroatom containing pyrrole and
pyrrolidinederivatives

TheLBK-611 (3a) isan anti TB agent. A seriesof
LBK-611 (3a) derivativeswereintroducing benzimida:
zolesand benzoxazolesmoietiesat 2-position and pep-
tidesat N-1 position. The Compounds (3b) and (3c)
have shown potent IC50 of 0.010, 0.013uM respec-
tively against TB strain. TheMIC vauesof 0.1ug/mL
and 0.15ug/mL against TB-H37Rv in comparison to
LBK-611. These compounds al so showed promising
MIC vaue 0.03 and 0.06pg/mL, respectively against
MDR-TB straing®. Compound (4) with semi-rigid
ethambutol framework beingthepart of pyrrolidinewith
cisconfiguration hasshown modest growthinhibition at
concentrations of over 60pug/mL, 30 times less potent
than EMB, whileby pyrrolidinewithtrans-semi-rigidi-
fied EMB framework wasfound to beinactiveagainst
Mtbt7,

Two different seriesof spiro-compounds, first se-
ries, 1-methyl-4-(2,4-dichlorophenyl) pyrrolo
(spiro[2.3”]oxindole)spiro[3.3°]-1’-methylpiperidin-4°-
one (5) has shown activity withaMIC of 1.76 and
0.88uM against MTB and MDR-TB respectively.
While another series, compound (6) showed increased
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potency withMIC vaue of 0.40ug/mL against TB and
was 4 and 15.6 times more potent than EMB and

pyrazinamide, respectively*®. Thepyrrolidine contain-

an 1C50 of 39.48ug/mL“,

A series of N-substituted-2-pyrrolidine-3-
carboxamidesasare potent InhA inhibitors. Amongall,
the racemic compound (8) hasshowninhibition of IC50
140nM, whileoneof itsenantiomeric molecule showed
inhibition of IC5062 nM against InhA of Mtb H37Rvi*Y,

against Mtb H37Rv!2,

A pyrrolederivative BM 212 (10), showed very
good invitro activity of MIC 0.7ug/mL against M. tu-
berculosis. A serieswas devel oped by the variation of
N-1, C-3and C-5 positions. Among these, compound
(12) showed potent inhibition of M1C 0.4 ug/mL against
Mtbi3, While compounds (12)1“4 and (13)“% showed
comparableMIC of 1ug/mL. Surprisingly, substitution
of 4-isopropylbenzene at C-5 position and 4-

ing bis-heterocycliclibraries, bis-cyclic guanidinede-
rivative (7) showed most excellent potency withaMIC
of 3.9ug/mL against TB and found to be less toxic with

The tetramic acid (N-substituted-2,4-pyrrolidone)
moleculeswith structural similarity to theantibiotic
reutericyclin (9) were exhibited antibacterial activity.
Many of them have shown promising activity against
Gram-positive bacteriaand two compounds (9a) and
(9b) showed moderate activity of MIC 12.5 ug/mL

OH ()} 9

9a:R=/< 9b:R=/%

fluorobenzene at N-1 position (14) hasincreased the
potency withaMIC of 0.25ug/mL, which is equal to
that of INH 8., Whileby repl acing 4-isopropylbenzene
with 4-methyl benzene (15)1“" at C-5 position of com-
pound (14) showed decreased potency of MIC 0.4ug/
mL but lowered thetoxicity. Onthebasisof aboveac-
tivity, introducing an ethyl group at position-2 of the
pyrrole nucleus by keeping both N-1 and C-5 phenyl
rings, the same subgtituentsthat gavethebest resultsin
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termsof activity inprevious2-methyl derivatives Among
them, 1-(4-fluorophenyl)-2-ethyl-3-(thiomorpholin-4-
yl) methyl-5-(4-methyl phenyl)-1H-pyrrole (16) proved
to beparticularly active, withaMIC 0.25ug/mL, which
isbetter than or comparableto thereference drugs*!.
Compounds (11-16) were also active againgt resistant
Mtb strains. A similar seriesof pyrrolederivativesob-

N  N-CHjs
__/

| S—CH, Ry
N

12: R,;=H. R,=H

13: Ri=2-F, R»=2-F
14: R1:i -C3H7. R1:4-1:
15: Ri=4-CH;. R,=4-F

ateactivity withaMIC 16pg/mL™,

(b) O and S-containing furan and thiophene de-
rivatives

Thenitrofuranylamide (19) with an IC50 12ug/mL
and a so showed good anti-TB activity withaMIC of
1.6pug/mL. With this interest, a series of 5-
nitrofuranylamides(NFAS), 5-sulfinylfuranylamidesand
5-aulfonylfuranylamides, anong dl, compound (20) has
shown great potency against MtbwithMIC of 0.1 pg/
mL and 1C50 115uM/mL. This may be due to the in-
fluence of 4-methoxybenzylamideat 2-position of fu-
ran ring. While by replacing 2-position with 3,4-
methoxybenzylamide (21), led to drop off inthe anti-

al
OCH, i
NH
WH 7 /\Q\OCHE,
19

20: X=H 21: X=0CH;

TB activity of MIC 0.2ug/mL and IC50 23uM/mL5Y,

Theefficacy of anti-TB activity of NFAs (22-26)
againg TB complext® and theNFAsweresignificantly
active against Mtb complex[5253, Compound (22)
showed preeminent inhibitionof MI1C 0.006mg/L against
Mtb UT30 (streptomycin resistant at 4mg/L). Where
ascompound (23) showed same potency against Mtb
UT18 and M. bovis BCG. Compound (24) showed
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tained by thevariation of N-1, C-2, C-3and C-4 po-
sitions, compound (17) wasfound to be most potent
withaMIC of 0.5ug/mL 9, By variation of smplepyr-
roleat N-1 position, aseries of N-(4-substituted) ben-
zoic acid hydrazide analogs and some derived
oxadiazole, triazole and pyrrole have been synthesized.
Oxadiazole-2-thiol derivative (18) has shown moder-
S
N
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Sy N/
18

the best potency of al, against M. bovisBCG witha
MIC of 0.0008 mg/L and a so showed the same po-
tency against boththeMtb UT15and UT18. Similarly,
Compound (25) showed the same potency against Mtb
UT 18 but shown increased potency of MIC of 0.0004
mg/L against Mtb UT15. Compound (26) showed the
best potency against M. bovis BCG with aMIC of
0.0015 mg/L. These NFAs have shown MIC in the
rangeof 0.012-0.006mg/L in broth assay, 0.012-0.0015
mg/L in agar assay and 0.85- 0.17 in low-oxygen re-
covery assay (LORA) against Mtb H37Ruv.

A seriesof di-cationic 2,5-bis (4-guanidinophenyl)
furans, 2,5-big4-(akyl/arylimino) amino phenyl]furans
were showed activity against Mtb. Thethe DNA bind-
ing affinitiesare highly dependent on structureand are
significantly affected by substituentsboth on the phenyl
ringsof the 2,5 diphenyl furan nucleusand on the cat-
ionic centers. Threedicationic compounds (27), (28),
and (29) wereexhibited MIC = 1ug/mLB,

A series of 2,3,4-pentanetrione, 3-[4-[{ (5 nitro-/
2furyl/pyridyl substituted phenyl) methylene} hydrazino
carbonyl} phenyl] hydrazones. Inthese compounds(30)
wasthe most promising compound showed MIC and
ED vaueof 3.13ug/mL and 0.32pg/mL, respectively.
Other compound wth minor modificationsshowed less
activity. Thebest activity wasshown by (31) havingMIC
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of 6.25ug/mL1. A number of 5-nitrofuran-2-yl derivac and equally active as RIF in log-phase culture of Mtb
tives, pyridyl derivative(32) hasshown best potency with  H37Rv. In starved Mtb H37Ry, it asoinhibited witha
aMIC0.22uM and was 3 times more active than INH MIC of 13.9uM and was found to be 50 times more

No_R,
Ry H\Q R1\H/03/ M@\Rzm\ﬂ/ J\j,

22a
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26
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27: X=CH;, R=NH-C(=NH)NH, HsC

0
28: X=CH;, R=NH-C(=NH)-2-Pyr M€
29: X=OCH;, R=NH-C(=NH)-2-Pyr

X Nﬁg*pmrQ

32
activethan INH and dightly moreactivethan RIF®. most active, havingaMIC of 2ug/le57]. Whileinthe
A series of substituted benzoic acid-[(5-nitro-  seriesof N-(aryl)-2-thiophen-2-ylacetamides, com-
thiophen-2-yl)-methylene]-hydrazides were tested pound (34) showed MIC of 25ug/mL and also non-
againgt Mtb. The compound (33) of theserieswasfound  toxic against murinemacrophage cellseven at the con-

(0]
WSI O
HO
36
COOC,Hs
| \ NH,
H3CO E,co

37
centration of 100pg/mL1, ti Cul a, 5—(4’-benzyloxy—b1phen—4—y1methy1)—4-hydroxy—
Synthesized Thiolactomycin (TLM) andogueswith  3,5- dimethyl-5H-thi ophen-2-one (35) exhibited ap-
biphenyl-based 5-substituents, wasfound to haveex-  proximately a4-fold (IC50=17uM) increased potency
cdlent in-vitroinhibitory activity against Mtb. Inpar-  compared to TLMB%. Whereasin TLM series with

e, Onganic CHEMISTRY
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acetylene based side chains, 5-[ 3-(4-acetyl-phenyl)-
prop-2-ynyl]-4-hydroxy-3,5-dimethyl-5H-thi ophen-2-
one (36) showed morethan an 18-fold (IC50=4uM)
increased potency, compared to TLM, Another se-
ries, 5-(4-methoxycarbonyl -bi phenyl-4-ylmethyl)-4-
hydroxy-3,5-dimethyl -5H-thiophen-2-one (37) gave
an IC50 value of 3uM compared to the TLM
(75uM)Y, Thenew TLM serieswasidentifying most
potent TLM derivative (38) withaMIC of 1ug/mL
against Mtb H37Rv. Thisderivative a so exhibited ac-
tivity against resistant strains of Mthi®2. Inadifferent
advance, a series of 2-amino-5-arylthieno[2,3-
b] thiophenes exhibited in-vitro activity against Mtb
H37Rv and MDR-TB strains. Among all, ethyl 2-

40a

(40d) and (40e) have shown potency similar tothat of
(40c)fs8l,

A seriesof 5-aryl-1-isonicotinoyl-3-(pyridin-2-yl)-
4,5-dihydro-1H-pyrazol e derivatives eval uated for
their anti-TB activity toward Mtb H37Rv and Mtb
H4 strains. In this series, compounds (41a-€) has
shown equal potency against the abovestrainswith a
MIC of 8ug/mL. The presence of the 2-pyridinyl resi-

7\ N
WYy
41a: R=H

41b: R=2-Cl
41c: R=3-C1
41d: R=4-C1
4le: R=2-CHj
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amino-5-(1-naphthyl) thieno [2, 3-b] thiophene-3-
carboxylate (39) wasfound to bethemost active com-
pound withMIC of 1.1uM against Mtband MDR-TB
strain(®.

(c) Two nitrogen hetero compounds-pyrazoleand
pyrazolinederivatives

A seriesof both pyrazoles and pyrazoloneswith
the basi sobtai ned from the 5-hydroxy-pyrazole, asan
inhibitor of Mtb. Out of both the series, 5-hydroxy-
pyrazolederivatives (40a) and (40b) have shownMIC
of 6.25ug/mL1% and (40c) exhibited most improved
potency of MIC 4ug/mL against Mth!®. In continua-
tion, nove rigid pyrazolonederivatives, two compounds

40d: R=N-Me-piperazine

40e: R=Morpholine

due at 3-position on the pyrazoline cycle exerted an
important role on the activity of these mol ecul es®”

and substituent variation at pyrazolering, a seriesof
4-[2-(substitutedphenyl) -3-phenyl-2,3-dihydro-1H-
5-pyrazolyl]-2-methylphenol and 2-[5-(3-
Phenoxyphenyl)-4,5-dihydrol(benzoyl)-pyrazol -3-yl]

pyridine (42) derivatives®l, compound bearing a4-
fluorophenyl radical at 5-position of the pyrazoline
nucleus (43), wasfound to bethe most activewith a

R
HO ‘
%G

)

44a: X=F, R=H
44b: X=F. R=4-MePh
44c: X=F, R=2-furyl
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MIC of 0.62ug/mL against INH resistant Mtb
H37Rv%, while compound (42) exhibited 100%in-
hibition at 1 png/mL against Mtb H37Rv.

A series of 3-substituted-5-hydroxy-5-trifluoro
[chloro] methyl-1H-1- isonicotinoyl-4,5-dihydro
pyrazoleswereexhibited in-vitroantimicrobid activity
aswell asant-TB activity against INH-susceptible Mtb
H37Rv. Of these derivatives, compound (44a) exhib-
ited best potency against INH-susceptible Mtb H37Rv
and INH-resstancestran RGH102 withaMIC of 0.77
uM, 24.13uM, respectively. In addition, compound
(444) dso exhibited potency against non-tubercular my-
cobacterial, whereas compound (44b) exhibited good
inhibition against INH-resistance strainsRGH101 &
RGH104 with a MIC of 8.94uM and 4.47uM, re-
spectively. Compound (44c) showed best potency
against INH-resistancestrain RGH103 withaMIC of

= Review

19.23uM. The trifluoromethyl-substituted pyrazoles
were more activethan the respectivetrichloromethyl-
substituted pyrazoles™.

The effort to increase the activity, a series of 3-
phenoxy acetic acid pyrazoline derivatives, compound
(45) withaMIC of 0.10ug/mL and 0.64pg/mL, re-
spectively against INH-sensitive and Mtb resistant
straind’™. In continuation, a series of amino-5-
[ (substituted)phenyl]-3-(4-hydroxy-3-methyl phenyl)-
4,5-dihydro-1H-1-pyrazolylmethanethiones, among
them, compound (46) has shown equa potency of 0.43
uM against both INH-sensitive and Mtb resistant
straind’. Similarly, aseriesof 2-{ 4-[1-carboxamide/
carbothioamide-5-(substitutedphenyl)-4,5-dihydro-
1H-3-pyrazolyl]-2-methoxy phenoxy} acetic acid de-
rivatives, carbothioamide derivative (47a) and
carboxamidederivative (47b) haveexhibited improved

H,c, ~ OH
[~ / §
@ j\ OCH; _
0
N7y o \N
| HsC HO \
45 46
H
N

47a: X=S  47b: X=0

48

activity of 0.06pg/mL and 0.13ug/mL, respectively,
against the both INH-sensitive and Mtb resistant
graing™.

A seriesof smal moleculeshavingsmilar structure
of Mtb (MTB) siderophores (mycobactins,
carboxymycobactins) have been targeted theinhibition
of theiron scarcity-induction and siderophore-medi-
ated iron-scavenging sysemsof Mtb. Thesecompounds
showed anti-TB againgt Mtb under iron-limiting condi-
tions(GAST-D), which mimictheiron scarcity, these

49

pathogens encounter and must adapt tointhe host, and
under standard iron-rich conditions (GAST-D-Fe) for
comparison. New anti-TB agent (48) showed MIC of
12.5uM on average, whose ratio is equal to that of
RIF™., In4-arylhydrazono-2-pyrazoline-5-onederiva:
tived™, the best activity was exhibited by compound
(49) having >90% inhibition and aMIC >12.5ug/mL.
(d) Imidazole, oxazine, pyrimidineand piperazine
derivatives

Thesearch for new anti-TB drugsledtotheidenti-
ey, Onganic CHEMISTRY
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fication of nitroimidazopyran, PA-824 (49) and CGl-
17341 (50) as promising anti-TB compounds, with
novel modeof actionsand showed efficacy against re-
sistant Mtb strains. In this apprehension, 2-
nitroimidazol e, 4-nitroimidazole and 1,2-dimethyl-5-
nitroimidazoleweretested against replicating M. bovis
BCG and Mtb H37Ra. Among these compounds, 2-

nitroimidazole (51) showed greatest efficacy of
0.226pg/mL", Thetwo diastereomersof 7-methyl-
nitroimidazo-oxazine, 7-(S-methyl derivetive(52), (ci9)
and 7-(R)-methyl derivative (53), (trans) derivatives
displayed similar activities against Mtb (M1C=0.2-
0.4uM). Conformational analyssrevealed that al three
(49), (52) and (53) compounds have similar energeti-

OCF3 OCF3 oc
¢
0 ]\o 0
. ralie
o} 0 N o} 0
N B [ B N
N_/ N% N NH N\/ N\%
\ ‘ \ \ \
NO, NO, NO, NO, NO,
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3 \ y
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N/
N 0 0 o)
\ :
JIN>‘ WA j>—o WA V>ANH }‘NH
OoN 2 o, o N
OH NO, NO, NO,
54a 54b S4c 54d

caly accessible conformationsin solution. Theresults
suggest that the nitroreductasethat initialy recognizes
PA-824 issomewhat insensitiveto substitutions at the
7-position™,

Theimportanceof SAR of PA-824 (49) dongwith
Metronidazole (Mtz) (60a), all themolecules (54a-d)
were exhibited activity against aerobic and anaerobic
Mtb H37Rv. Among all, compound 54b showed prom-
ising aerobicinhibition of 99% at 4-8uM and anaero-
bicinhibition of 90% at 31.25uM, which are less than
that of PA-824. The SAR of thesemoleculesconfirmed
that, thestructurd requirementsfor aerobic and anaero-
bic activity for the4- and 5-nitroimidazoles arefunda-
mentdly different”®. Whilethemoleculeswhich have
shownmorepotency of aerobic & anaerobicinhibition
in comparison to parent molecule PA-824, compound
(54c) exhibited aerobic 99%inhibition a 0.039uM and

@Wu'c CHEMISTRY —

compound (54d) showed 90% anaerobicinhibition at
1.56-3.13uMI™,

Analoguesof 2- nitroimidazooxazines, compound
(55) has shown best activity withaMIC of 0.11 and
2.7ug/mL against Mtb in aerobic and anaerobic condi-
tionsrespectively®, In adifferent approach, imidazo
[1,2-c] pyrimidinederivatives, one compound (56) has
shown promising MIC of 2ug/mL against Mtb H37Rv
onday 14 and 21, whichisequa to that of amikacin®Y,
Hydrazidederivativesof imidazo[1,2-a pyrazine, com-
pound (57) showed moderateactivity with 86% inhibi-
tion at 6.25pug/mLE.

A series of bis-imidazole derivatives have been
screened for their anti-TB activity against Mtb H37Rv.
Inthis series, three compounds (58a), (58b) and (58¢)
have exhibited moderate potency of MIC 8ug/mLE,

Au Tudian Yournal



OCAIJ, 9(5) 2013

Mohammad Asif

189

Whileinanimidazole & bis-imidazoleseries provided

_—N
R Qif&;

58a: R=CH3 58b: R=Ph 58¢
Mtb H37Raand thevirulent strain Mtb H37Rv. Com-
pound (59a) showed highest potency with MIC of
12.5ug/mL against Mtb H37Raand compound (59b)
exhibited MIC of 6.25 pg/mL against Mtbh H37Rv.

(e) Oxazole, isoxazoleand thiazolederivatives

A series of 4-(5-cyclobutyloxazol-2-yl)
thiosemi carbazoneswereexhibited preliminary in-vitro
and in-vivo activity against Mtb H37Rv (MTB) and
MDR-TB. Among them, (4-bromophenyl)
(phenyl)methanone N-(5-cyclobutyl-1,3-oxazol -2-yl)-
thiosemicarbazone (60a) was found to bethe highly

Q
s;i

xﬁ;

TB grains. Inthein-vivo activity, compound (66b) de
creased the Mtb load in lung and spleen tissueswith
2.8 and 3.94 10g10 reductionsrespectively at 25 mg/
kg, whichisequal tothat of INH®,

OH =N
) )
Br b

NHCOCH;

s Review
themoleculeswhichwereactiveagaing avirulent strain
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N
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59a 59b

active compound in-vitro with MIC of 0.05ug/mL
aganst MTB and MDR-TB. Inthein-vivo study, com-
pound (60a) decreased the bacteria load in lung and
spleen tissues with 2.1 and 3.72 log 10 protections,
respectively at 50 mg/kg body weight dose, whichis
better than that of gatifloxacin and comparable to
INH®, While, to optimize the series, anumber of 1-
(5-cyclobutyl-1,3-oxazol-2-yl)-3-(sub)-phenyl/
pyridylthioureas were evaluated for their efficacy.
Amongthese, compound (60b) showed highestin-vitro
potency of MIC 0.14ug/mL against MTB and MDR-

NHCOCH;

Oﬁ/fNHCOCHg

:

o ,O
F

@

The oxazolidinones, linezolid (61) represent anew
classof antibacterid agent. Thesecompoundshavebeen
showntoinhibit trandation at theinitiation phaseof pro-
tein synthesisin bacteria. The effortsto increasethe

e, Onganic CHEMISTRY
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potency led to the identification of PNU-100480,
thiomorpholineana oguedf linezolid (61) which showed
aninteresting anti-TB activity. For increasetheanti-TB
activity of oxazolidinones, 3-(1H-pyrrol-1-yl)-2-
oxazolidinoneana oguesof PNU-100480 wereevalu-
ated aspotent anti-TB agents. Among all, compound
(62) showed 90% inhibition at 5.8uM concentration,
which is comparable to PNU-100480 and INHI®,
While, oxazolidinonederivativeswith benzotriazoleas
pendant and one compound showed greater potency
intherangeof 2-4 ng/mlL against S aureus, E. faecalis
and E. faeciumand moderate potency of >32 ug/mL

N

0
o}
:\;_j‘\NHCSCHg, N

H—\ I
CN —
N-N '
Y ;
(j R
0
NO
62 63a: R= W

63b: R= COOC,Hx

most active molecule (63c) hasshownaMIC of 0.4ug/
mL against Mtb H37RvI*®®, Similarly, isoxazolederiva
tives, compounds (64a), (64b) and (64c) have shown
100%inhibitionat 1pg/mLY,

In the same direction, the SAR of 5-[(E)-2-
arylethenyl]-3-isoxazol ecarboxylic acid akyl ester de-
rivativesand found them asapromising anti-TB agents.
Among all, 5-[(E)-2-(3,5-Dichloro-4-
pyridinyl)ethenyl]-3-i soxazol ecarboxylic acid ethyl es-

64a

Onganic CHEMISTRY

againgt Mth®, A seriesof nitrofuranyl isoxazolineswith
increased proteolytic stability over nitrofuranyl amides
were screened for their anti-TB activity against Mtb.
Amongal, compound (63a) showed greet in vitro po-
tency of 0.00005ug/mL. However, their in-vivo activ-
ity wasrestricted by high protein binding and poor dis-
tribution. Thus, aseries of non-nitrofuran containing
isoxazolineswere determined if the core had residual
anti-TB activity. Thisledto thediscovery of isoxazoline
compound (63b) asanti-TB molecul e, which showed
90% inhibition at aconcentration of 1.56pg/mLe. In
3,5-disubgtituted isoxazolinesand their SAR studied, a
CgH43
o}
N
R
s
b
(O~

()

@
N = fl \
CHs 0 O N
63c 64a: R=H 64b: R=Cl

64c: R=0OCH;

ter (65a) hasshown most excellent activity withaMIC
0.59uM in MABA assay, whereas compound 5-[ (E)-
2-(6-methoxy-4-quinolinyl)ethenyl]-3-
isoxazolecarboxylic acid butyl ester (65b) showed the
best activity against Mtb H37Rv withaMIC1.8uM
in LORA assay. Both these mol ecul es showed almost
equal potency with standard drugs (INH, RMP) in
termsof activity and cytotoxicity®®d. Whilein an an-
other series, (R)-methyl 2-(5-((2-methylbenzo
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[d]thiazol-5-yloxy)methyl)isoxazol e-3-carboxamido)-
2-phenylacetate (65) has shown less activity with a
MIC 1.4uM in MABA assay'®¥ in comparison to com-
pound (64a).

A seriesof thiazolylhydrazonederivativeswereeva u-
atedfor their anti-TB potency and cytotoxicity. Among
all, compound (66) showed best inhibition of 89%at a
concentration of >6.25ug/mL and also found less toxic
withan1C50 of 200ug/mL*. Whereasinaseriesof 4-
isopropylthiazole hydrazideana ogues, two compounds
(67a) and (67b) have shown better activity with=99%
inhibition at a concentration of 8ug/mL against Mtb

\,/
7 G 3
N\ N -

NH N X
N7
.
66

N=

S
~~

absence of bovineserum albumin, respectively. It also
showed theactivity against Mtb under replicating and
nonreplicating conditionsby killing 21og10 CFUsin4
daysat aconcentration of 50ug/mL".

A seriesof akyl 1-heteroaryl-1H-1,2,3-triazole-4-
carboxylaesweretested for their anti-TB activity against
Mtb H37Rv.Amongall, the best potency was shown by
n-pentyl 1-(6-phenyl pyridazin-3-yl)-1H-1,2,3-triazole-
4-carboxylate (70) withaMIC of 3.13 ug/mL". While
in search of novel compoundswith anti-TB potency,

<> HO,

|67a: X=0 67b: X=NH,

= Review

H37RvI®., Whilewith amoativation to generatethenove
compoundsthat can mimicthemodeof action, 2-Ami-
nothiazole-4-Carboxyl ate derivativeswereevd uated as
anti-TB agents. Particularly, methyl 2-amino-5-
benzylthiazole-4-carboxylate (68) exhibited outstanding
activity with MIC 0.06pg/ml against Mtb H37Rvin com-
parisonto TLM®, |nthe samedirection, Nitazoxanide
(NTZ), (69), anti-infectious agent used for thetreatment
of infections caused by the protozoans Giardia and
Cryptosporidiumasan novel lead compound that kills
replicating and nonreplicating M. tuberculosis. It has
shown MIC values 16 and1 pg/mL in the presence and

NH; Q

E o)
o s 3O
o L

68 69

anumber of two bis-arylsulfonamides(71a) and (71b)
with theinterest gained from theanti-TB triazole-based
sulfonamide(71). Compound (72a) and (72b) showed
aninhibition of 92% and 50% respectively at aconcentra:
tion of 100ug/mL. A series of clubbed [ 1,2,3] triazoles
with fluoro-benzimidazolewereexhibited anti-TB activ-
ity, based onthe somekey factors; such as, over 10% of
newly registered drugs and some40% of newly regis-
tered agrochemi ca'scontain oneor morefluorineatoms,
reported promising biologicd activity of fluorinecontain-

SO,NH, F
CI—C)
N
B
N

7N

N N N
N i\ /J/ N /"
N p
/ . N.y DKo it N%
R1 l
'H"> [
N Rs X
COOCgH{1 SO,NH, SO,NH, F
70 71 72a: X=0 72b: X=NH  73a: R;=H, R.=F 73b: R,=F, R;=H

O cl cl o/\© Br@ R
O O cl ﬁ&;w/@
SO

T4a 74b

T4c¢

— @)u;am'c CHEMISTRY

Hn Tndéan g%wumé



192

Some recent approaches in the design of synthetic anti-tubercular agents

OCAIJ, 9(5) 2013

Review ==

ingbenzimidazolesand dsotheazoles. The[1,2,3] triazole
derivatives, two compounds(71a) and (72b) haveshown
amost equal MIC of 0.34 uM and 0.32 puM respec-
tively, againgt Mtb H37Rv1™,

Similarly, preliminary biologica eva uation against
Mtb of nove polycydlic azoleand ogueswhichresemble

the classical antifungal/antibacterial azole drugs,
Clotrimazole (74a) and Econazol e (74b). Compound
(74c), whichisenantiomericaly pure (R configuration)
and has better anti-TB profile in comparison to
Clotrimazole. Compound (74c) exhibited aMIC of
16pg/mL against Mtb H37Rv, whileitsenantiomer (S

N= &
Ne— N. NH N:\
N. N- T N. NH S
Y CHs S bid N—
S NO, S Ny N-g
ﬁ) f\%
cl cl NO,  O:N NO, N7
75 76a 76b 77

configuration) showed decreased potency, confirming
theimportance of enantiomericaly purecompoundsdue
to thedifferent interactions of singleenantiomerswith
chira biologica systemdo,

Keepinginview of biologica importanceof azoles,
a series of N-alkyl/aryl-N’-[4-(4-alkyl/aryl-2,4-
dihydro -3H-1,2,4-triazole-3-thione-5-
yl)phenyl]thioureasand three S-dkylated, N-al kyl/aryl-
N’-[4-(3-arakylthio-4-alkyl/aryl-4H-1,2 4-triazol e-
5-yl)phenyl] thioureas. Among all, S-akylated deriva

SWNHN—CHO
"{ A 0
R/LS R
R1

78a: R:NHCO(‘ﬁHs. R1:-3-NO:-C5H4
78b: R=NHCOCH;, R;=-3-NO>-CsHy

S
F
N
N\
w O )5n
F N s
R

80a: R=-CH,(3-FCsHs5)

80b: R=-CH,(3-CIC4Hs)
straing*®, While, inaamost similar series 2-(4-sub-
stituted-5-(pyridin-4-yl)-4H-1,2 4-triazol-3-ylthi 0)-
1-phenylethanones, compounds (77) exhibited less
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81a: R=o-phenoxy

tive (75) showed the best potency of MIC 6.25 ng/
mL against Mtb H37Rv2%4, With the similar type of
modifications, aseriesof 3-benzylsulfanyl derivatives
of 1,2,4-triazole and S-substituted-1,2,4-triazolesand
evaluated for in-vitro anti-TB activity against Mtb,
M. avium, and two strains of M. kansasii. Among
all, two compounds (76a) and (76b) showed moder-
ate potency of MIC 32uM/L and 62.5uM/L, respec-
tively, against Mtb H37Rv on day 14. Compound
(76b) exhibited moderate potency against other

NS/\gNHNCH@
R)l\s °
g

79a: R=NHCOCsHs,
79b: R=-NHCOCHCl

H
N\
N

81b: R=m-phenoxy

81c: R=p-phenoxy

than 90% inhibition at a concentration of 6.25ug/
mLo4,
A number of 3,4,5-substituted-1,2,4-triazole de-
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rivativeswereevaduated for their ant-TB activity against
Mtb H37Rv. Among all, two compounds (78a) and
(78b) have shown the best potency of MIC 0.39uM
and 0.79uM, respectively!*® and two more compounds
(79a), (79b) having same activity profile of MIC

o)
95 Otﬁ{%cm

= Review

0.39uM and 0.79uM respectively against Mtb
H37Rv1%],

A seriesof 2-[4-(1H-[1,2,4]-triazol-1-yl)phenyl]-
1-substituted-4,6-difluoro-1H-benzo[ d] imidazole de-
rivativeswereeva uaed for their anti-TB efficacy agangt
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87 88 89
Mtb H37Rv.Amongdl, two derivatives(80a) and (80b)
have shown paramount potency of M1C 0.36pg/mL
and 0.58ug/mL, respectively! ™, While anumber of
three, 3,4-substituted-1H-1,2 4-triazole-5(4H)-thione
compounds (81a), (81b) and (81c) wereshown asur-
prising 100%inhibition a 1pg/mL".
In the search for new compounds possessing anti-
TB activity withalow toxicity report, aseriesof substi-
tuted 2-nitro-1-(4-tolyl sulfonyl)-2-(3-methyl phenyl -

1,2,4-oxadiazol-5-yl)ethanes evaluated their anti-TB
activity against to M. lufu and Mtb species. Amongst

o
OC3zH
2&; 37 o
o~

86a: R=o-phenoxy 86b: R=m-phenoxy

86¢: R=p-phenoxy

NO, NO,
90 91

al, two compounds (82a) and (82b) exhibited the
greater minimum bactericida concentration (MBC), on
average of 6.35ug/mL and 8.5ug/mL, respectively
against M. lufu and Mtb, comparable to INH%!, A
seriesof 3H-1,3,4-Oxadiazole-2-thioneand 3H- 1,3,4-
oxadiazol-2-ones weretested for their in-vitro anti-
TB activity against Mtb H37Rv. Among both the se-
ries, oxadiazolonederivatives(83a) and (83b) showed
aninteresting anti-TB activity of MIC 1.25ug/mL, de-
spitethefact that the corresponding thionederivatives
showed poor activity’®. In an effort to increase the
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potency of oxadiazolones, 3-
[ (arylmethylamino)methyl]-5-(pyridin-4-yl)-1,3,4-
oxadiazol-2(3H)-ones (84a) and 3-(2,3, and 4-
methyl piperidin-1-ylmethyl and piperidin-1-ylmethyl)-
5-aryl-1,3,4-oxadiazol-2(3H)-ones (84b) which
showed poor activity in compari son to previous com-
pounds™¥. Unexpectedly, thecombination of dapsone
and oxadiazol ethione, exhibited the promising potency
against both Mtb H37Rv (MTB) and INH resistant
Mtb. Of these, one compound (85) showed best po-
tency of MIC 0.10 uM and 1.10uM against Mtb and
INH resistant Mtb straind™. Similarly, three compounds
(86a), (86b) and (86c) a so showed 100% inhibition at

N= P
N> N
HNJ¢CJ
NH I
ey N)\S
HN s e
7N
=N
92 93

to increasethe activity, the 5-nitrofuryl wasreplaced
with 1-methyl-5-nitro imidazol €. Of thisseries, the
ethyl sulfonyl anaogue (90) wasactivewithaMIC of
1.56ug/mL. In the same way, compound (91) showed
the greatest potency of MIC 1.56pg/mL among two
seriesof 2- and 3-[5-(nitroaryl)-1,3,4-thiadiazol-2-yI
thio, sulfinyl and sulfonyl propionic acid akyl esterg€l,

A seriesof N-Phenyl-N-[4-(5-cyclohexylamino-
1,3,4- thiazole-2-yl)phenyl]thiourea, the highest activ-

@Wu'c CHEMISTRY —

aconcentration of 1pug/mL against Mtb H37Rv.
1,3,4-thiadiazolesarewd | known to exhibit anti-
TB activity, so avariety of seriesweretested against
Mtb. A seriesof 2-(5-nitro-2-furyl)-1,3,4-thiadiazole-
2-sulphide, sulphoxide and sulphones**? showed anti-
TB activity. Themost active compound of the series
was(87), which showedaMIC of 0.78ug/mL and least
toxic compound among the series. Wheress, other se-
ries, compound obta ned by thereplacement of thiodkyl
group with thio-4-ethylaceto group (88) exhibited a
MIC <6.25ug/mLI13 while propyl 2-(5-(5-
nitrothiophen-2-yl)-1,3,4-thiadiazol - 2-ylthio)acetate
(89) showed MIC of 0.39g/mL™*4, In another effort

s .
N“ s
Vs N=
b
7N
a D
=N F
94 95

ity wasexhibited by compound (92), which hasshown
MIC of 6.25ug/mL, Whileother series, [5- (Pyridin-
2-y1)-1,3,4 thiazol-2-yl thio] acetic acid arylidene hy-
drazides, compound (93) showed MIC intherange of
20-80 pg/mL against Mth H37Rv*#, |n continuation,
the same group series of [5-(Pyridin-2-yl)-1,3,4-
thiadiazol-2-ylthio] acetic acid (3,4-diaryl-3H-thiazol -
2-ylidene)-hydrazides (94) and found them less active
than theformer molecules™'?, In search of potent 1,3,4-
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thiadiazoles, a series of 2,5-disubstituted-1,3,4-
thiadiazoles were screened for the anti-TB activity
against Mtb H37Rv using the BACTEC-460 radio-
metric system. Among the tested compounds, 2-
phenylamino-5-(4-fluorophenyl)-1,3,4-thiadiazole (95)
showed the MIC activity of 69% at aconcentration of
>6.25uL/mLI*2%,

2,6-Disubgtituted piperidin-4-onesare considered
asanimportant structure. Thebiological activities of
piperidoneswerefound to be outstanding if 2- and/or
6-positions are engaged by aryl groups. In this con-
cern, a series of 2,6-diarylpiperidin-4-ones and
tetrahydropyridin-4-ol based benzimidazole and O-
arylsulfonyl derivativeswerescreened for their anti-TB

= Review

activity. Compounds (96) have shown equal potency
of MIC 16pg/mL against Mtb H37Rv, which are one-
fold more potent than RIF*?U, In an effort to increase
the potency of piperidones, aseriesof spiro-piperidin-
4-oneswere evaluated. Among all, compound (97)
showed promising in-vitro potency of MIC 0.07ug/
mL and 0.16pg/mL against Mtbsand MDR-TB re-
spectively. Compound (97) a so showed in-vivo ef-
fectiveness by reducing the bacterial load in lung and
spleen tissueswith 1.30 and 3.73-log 10 protections
respectively, whichiscomparableto INH!?2, Inthis
trend, a series of pyridines substituted with 1,2,4-
oxadiazole-5-ones, 1,2,4-oxadiazole-5-thionesand
1,3,4-oxathiazoline-2-ones weretested against Mtb

101: R=3-phenylpropyl

H37Rv.Amongall, 1,3,4-oxathiazoline-2-onederiva:
tive (98) showed finest activity with MIC of 4.5 ng/
mL12%1, Other two series of 4-thiazolidinone and 2-
azitidinone derivatives of INH, compound (99) hav-
ing 4-hydroxy-3-methoxyphenyl substituent have
shown grestest activity withaMIC 0.31pug/mL against
Mtb H37Rv*?4,

A seriesof dihydropyridinederivatives, compound
(100a) wasfound to be most potent showing 87% and
85% inhibition repectively, at aconcentration of 12.5ug/
mL %5, While, presence of imidazole group at 4-posi-
tionand amidegroup at 3,5-position (100b) increased
theactivity upto 1ug/mL against Mtb. Inthesametrend,
new derivativesof 1,4-dihydropyridinesinwhich dif-
ferent alkyl and aryl estersand diethylcarbamoyl are

102: R=4-chlorophenyl

subgtituted in C-3 and C-5 of thedihydropyridinering.
Inaddition nitroimidazoleringissubstitutesat C-4 po-
sition, compound (101) was showed best potency with
aMIC 1uM/mL against Mtb H37Rv, whichisequal to
INH©29, Other 1,4-dihydropyridine3,5-dicarboxamide
compounds, inthisseries, most activecompound (102)
showed equal potency similar to that of compound
(101)121,

Severd derivativescontainingpyrazinenucleushave
been tested for their anti-TB activity against Mtb. The
pyrazinederivativessubstituted with 1,2,4-oxadiazole-
5-ones, 1,2,4-oxadiazole-5-thiones and 1,3,4-
oxahiazoline-2-oneswereshowed anti-TB activity. The
most active compound of theseries (102) exhibited a
MIC of 4.5ug/mL in comparison to 49ug/mL for pyrazi-
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namide. With the same conception, aseriesof ring sub-
stituted (E)-3-Phenyl-1-(2 pyrazinyl)-2-propen-1-ones
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homopi perazines, compound (103) showed MIC of
62.5uM[128129 |n a different approach, some
pentacycloundecane (PCU) tetra-amine compounds
were screened their in-vitro anti-TB activity against
H37Rv and XDR gtrainsof Mtb (194). Themost active
compound (104) of theserieshasshownMIC of 5.04uM
against Mtb H37Rv and 1.26uM against XDR (194)%,

A seriesof a-methylene-y-butyrolactones supported
onthenatura compound protolichesterinic acid (105)
wereevd uated for their potency against M. bovisBCG.
Compounds (105a-d) bearing an allylamide group at
the C-4 position showed enhanced activity withMICs
intheseriesof 6.25-12.5 ug/mL™*%Y, Inthe sameway,
several structural analogues of the polyketide
passifloricinlactone (152) were screened against Mtb
H37Rv*¥3, Of these, compound (152a) displayed an
inhibition percentage higher than 97% at 128ug/mL,
whilepassifloricin A reached 82.9%. Moreover, it has

werescreened for their efficacy aganst Mtb H37Rv. Ina
different approach, aseriesof 1,4-substitutedpi perazine/

)
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N

H

104

1051a: R=C4Hg 105b: R=C6H13 105c¢: R=C3H17 105d: R=(,‘12H25

shown best MIC of 17.31ug/mL, which is better than
passifloricinA (29.4 pg/mL).
Indolederivativeshaveshowninteresting biologica
properties. Hence, for the purpose of obtaining new and
more potent anti-TB agentsthat canimprovethecurrent
anti-TB therapy. Some spirooxindolederivativeswere
evad uated asanti=TB agents Amongal, two compounds
(106a) and (106b) showed preeminent M1C of 0.05ug/
mL against Mtb H37Rv, which iscomparableto INH
and RIF*3, With the same motivation, aseries of hy-
drazone and 3-nitrovinyl analogs of indole-3-
carboxal dehydes, compound (107), exhibited 91%in-
hibition at <6.25ug/mL against Mtb H37Rv and hasa
good selectivity index (SI) of >1.61**4, While N-
Hydroxythiosemi carbazi des (108a) and (108b) showed
poor potency of MIC 62.04 uM and 24.58uM, respec-
tively™*!, Indolederivative (109) showed moderate ac-
tivity of M1C 2ug/mL against Mtb H37RVI*®, A series

HiaC  clo,-

» al
/ % CH3
. O‘ NHOH HaC™ "N
’ S S= O
* NH 7
Ny P & NH
NV =
NoN~#"NH
R
R O HaNO,S
106a: R=CH; 107 108a: R=H 109 110
106b: R=CH; 108b: R-F
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of 2-(hydrazinocarbonyl)-3-aryl-1H-indole-5-sulfona
mideswereeva uated asinhibitorsof two -carbonic
anhydrases(CAs, EC) from Mtb, Rv1284 and Rv3273.
Thewholeseries(110) showed outstanding nanomol ar
inhibitory activity. Theactivity profile confirmed that the
Rv1284 and Rv3273 have potentid for devel oping anti-
TB agentswith an dternate mechanism of action(**,

(e) Benzofused compounds-benzimidazole,
benzoxazole, benzothiazoleand benzoxathiolede-
rivatives

Benzimidazolesand their broad spectrum of activi-
ties (antibacterid, antifungd, antihelminthic, antipara-

= Review

sticand promising anti-TB activity). Withthismotiva-
tion, aseriesof 2-alkylsulfanyl benzimidazoleswere
tested against Mtb. Thevauesof MIC werewithinthe
range4-125uM/L in comparison to INH having a MIC
of 4uM/L. The most active compounds of the series
were(111a) and (111b), exhibited aM|C of 4uM/LE7,
Inview of thegood activity of (111a), thebenzenering
of benzimidazolewasfurther subdtituted by methyl group
at the 5-position. The most active compound (112)
showed same potency of MIC 4uM/LE*, In another
effort, aseriesof substituted 2-polyfluoroakyl and 2-
nitrobenzylsul phanyl benzimidazoleswereeva uated for

O,N

C oy S L

111a: R=3,5-(NOz);
111b: R=2.4-(NO,);

their activity against four Mtb strains. Among all,
sul phanyl benzimidazol es (113) exhibited preeminent
potency of MIC intherange 2-32uM/L against Mtb.
WhileMIC valuesagainst M. kansasii and M. avium
exceeded that of INH. 3,5-dinitro compounds were
severd timesmoreeffectiveagaingt Mtb and M. kansasii
than therespectiveisomeric 2,4-dinitro derivatives'®,

Benzoxazoles, recently havebeenidentified for ther
anti-TB activity. With thisinterest, anumber of 2-substi-
tuted 5,7- di-tert-butyl benzoxazol eswereeva uated for
their anti-TB activity. Of these, 5,7-ditert- butyl-2-

114 a: X=0. R=3.5-NO,
b: X=0, R=2.4-NO,
c: X=8, R=3.5-NO,
d: X=S, R=2.4-NO,
e: X=0, R=4-CSNH,
f: X=0, R=3-CSNH:
g: X=S. R=4-CSNH,
h: X=S. R=3-CSNH:

113

styrylbenzoxazole (113) showed MIC of 3.13ug/mL
against Mtb H37Rv and also found least toxic of this
seriesd™, Inthesimilar way, aseriesof 2-benzylsulfanyl
derivetivesof benzoxazoleand benzothiazolewereeva u-
atedfor their in-vitro anti-TB activity against Mtb and
non-tubercul ous gtrains. Thesubstancesbearing twoni-
tro groups (114a-d) or athiocamidegroup (114e-h) ex-
hibited gppreciableanti-TB activity of MICintherange
2-8 uM/L against Mtb and also exhibited gresat activity
against non-tuberculous strains. Themost active com-
poundswereeva uated asmoderately cytotoxicd#l. Ina

B n /
—Q e}
O 7
Msf =(
0. __s
bg
o}
163 a: R=3-methylpiperidine 116 a: R=H
b: R=4-methylpiperidine b: R=2-C1
c: R=pyrrolidine ¢: R=4-OCH;
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seriesof (1,1- dioxido-3-0x0-1,2-benzisothiazol -2(3H)-
yl)methyl N,N-disubstituted dithiocarbamatesand (1,1
dioxido-3-ox0-1,2-benzisothiazol-2(3H)-yl)methyl O-
alkyl dithiocarbonates, three compounds (115a-c)
showed equal potency of M1C 0.78ug/mL against Mtb
H37Rvi*3, Whilebenzoxathiolonederivatives(116a-C)
exhibited poor activity of MIC 50ug/mLi4,

117a: R=H 117b: R=Br

showed moderateactivity whereasthemgority of them
showed no activity. Thereplacement of e ectron with-
drawing substituent in the C-4 of the phenyl ring with
two or more electron releasing substituents or with
cyclohexyl or larger aromatic rings produced astrong
reduction in activity inspite of theincreased lipophilic
character4l,

Limited work hasbeen doneto expl orethe potency
of purineand oguesasanti-TB agents. Activecompounds
intheseseriesmay target new biochemica mechanisms,
potentidly alowing treetment of MDRTB. Recently, pu-
rine anal ogues possessing anti-TB activity have been
pursued with great interest. In this perception, 9-

N~ N 2 cl
119a

compound exhibited rdatively low cytotoxicity andit was
dsoactiveagaing severa SDR strainsof Mth?41. Some
anal ogues of 9- sulphonated/sul phenylated 6-mercap-
topurines8 andfew of them exhibited MICintherange
of 0.39-0.78ug/mL. The most potent compound (120)
(MIC=0.39 ug/mL) also exhibited good activity against
severd drugresigtant srains.

A seriesof 9-aryl-, 9- arylsulfonyl- and 9-benzyl-
6-(2-furyl)purineswere screened for their anti-TB ac-
tivity against Mtb H37Rv. Among all, 2-chloro-6-(2-
furyl)-9-(4-methoxyphenylmethyl)-9H-purine (121)
exhibited best potency of MIC 0.39ug/mL and also

@Wu'c CHEMISTRY —

N: Q\N

119b

A series of 3-arylsubstituted-2-[1H (2H)
benzotriazol-1 (2)-yl] acrylonitriles(117a) and (117b)
were showed 98, 99% inhibitionand aMIC of 6.25ug/
mL and 12.5ug/mL, respectively against Mthi*#4. A
diversevariety of substitutionswere madein the ben-
zeneringand dsothelr attachment to the benzotriazole
ring (118) wasvaried. Some compounds of thisseries

v
N 73
N .
Nﬁ/k N
NC
118

benzyl purineswith avariety of substituentsat 2, 6 or 8
positionswerefound asgood anti- TB agents. High ac-
tivity wasexhibited by 9-benzyl purinescarryingaphenyl
ethynyl, transstyryl or aryl substituentsat the 6th position
and generally chlorineat the 2nd position. Themost ac-
tive compounds (119a) and (119b) showed aMIC of
3.13and 0.78 ug/mL respectively, against Mtb H37Rv
and also asdlectivity index (Sl) of 2.7 and 10.4%41, In
continuation, aseriesof 6-arylpurineshaving avariety of
subgtituentsinthe 9 position were screened against Mtb
H37Rv. The most active compound of the serieswas
again found to be same 9-benzyl-2-chloro-6-(2-
furyl)purine (119b) havingaMIC of 0.78ug/mL. This

S
D HN™ )

SO.N(CHs)s
120

low toxicity against mammalian cellsand activity in-
side macrophages'**!. A purine derivative 9-
(ethyl carboxymethyl)-6-(dodecylthio)-9H-purine
(122) was showed MIC of 0.78ug/mL™, Analogues
of agelasine E (123), onederivative (123a) showed
promising activity with MIC of 1.56pg/mL against Mtb
H37Rv®Y, Other 6-(2-furyl)-9-(p-methoxybenzyl)
purines carrying avariety of substituentsin the 2- or
8-position and was successful inidentifyingamore
potent molecule (124), (MIC=0.20ug/mL)*%2 of
aboveall series. The purine derivativesand found a
more potent molecule (125) of aboveall series, which
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130a: n=2 131a: R=2,4-dichlorophenyl 134
130b: n=3 131b: R=2,4-difluorophenyl
130c: n=4
has shown an 1C90 of <0.20ug/mL against Mtb In search of new anti-TB purinetypeanal ogues, a
seriesof 1-[ 1-(4-hydroxybutyl)-1,2,3-triazol-(4 and 5)-

H37RvIS,
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ylmethyl]-1H pyrazol o[ 3,4-d] pyrimidinesand all of
them wereinactive but one compound (126) hasshown
MIC of 12.5pug/mL15+156l,

In continuation, a series of di/trisubstituted
pyrazolo[ 3,4-d]pyrimidines (127), (128) were ob-
served and haveno significant anti-TB activity a con-
centrationsupto 6.25 pg/mL. A series of N,S-bis-alky-
lated thiopyrazol o] 3,4- d] pyrimidines, based on sequen-
tid S then N-akylation, thesecompounds showed sig-
nificant anti-TB activity (MICsdownto=2 pug/mL) and
their potential assignificant drug-likeleadsisauthenti-
cated through cytotoxicity evaluation. Amongall, one
compound (129) hasshown MIC=0.5-1ug/mL against
Mtb H37Rv**1. A homologous series of three
pyrazol opyrimidine and ogues (130a-c) wereeva uated
aslumazine synthaseinhibitors. All three compounds
wereextremely potent inhibitors (Inhibition constant:

0 FaC

Y
Rsﬁi\l w OH

Rz

138 Ry = ethyl, cyclopropyl
R,=H.OCH; R;=H.CH;R4~ILCLF

remarkableactivity of MIC 0.77uM against Mtb H37Rv
and 0.99-1.55 uM against MDR-TB strains*®. In con-
tinuation, isoxazolebased quinolinederivativeswerefound
alead molecule (134), which showed MIC of 0.2uM
and 2.6uM in MABA and LORA assay against Mtb
H37Rv*3, Thus, optimization of quinolinesfor thede-

@W CHEMISTRY —

[s]
<> F\\’/1‘ \\/,COOH

139

Ki=15-40 nM) of thelumazine synthases of Mtb with
inhibition congantsin thel ow nanomol ar to subnanomolar
range. Molecular modeling of one of the homologues
bound to Mtb lumazine synthase suggeststhat both the
hypotheticd intermediatein thelumazine synthase-cata:
lyzed reaction pathway and the metabolicaly stableana:
logues bind similarly!**¥, In a series of Thieno[2,3-
d] pyrimidin-4-one, two compounds (131a) and (131b)
have shown moderate potency of 5 uM/L against Mtb
and M. avium, whichisequal to that of RIF*,
Insearch of noved potent quinolinederivatives, quino-
linederivativescongging of triazolo, uredoand thioureido
subgtituentsat C-6 position, Of these, triazolo derivative
(132b) have shown moderateactivity of MIC 3.125ug/
mL against Mtb H37Rv!*®16U |n the same direction,
quinoline-based derivativeswereeva uated for ther anti-
TB efficiency. Among dl, compound (133) hasshown

COCH

137
I'f\iNHCONHz

o}
N

velopment of anti-TB agentsisafruitful approach.
Recently, new quinolone antibacterid agentswere
observed for their potency against certain typesof my-
cobacterial speciesinin-vitro andin-vivotests. With
thismotivation, aseriesof pyridobenzoxazinederiva-
tivesby replacement of the N-methyl piperazinyl group

Au Tudian Yournal



OCAIJ, 9(5) 2013

Mohammad Asif

201

of Levofloxacin (LVFX) (135) with variousbasic sub-
stituents. Among these compounds, compound (136),
whichwasa?2,8-diazabicycl o[4.3.0|nonanyl derivative
withrelatively low lipophilicity, showed themost potent
activity against mycobacteria species: theactivity was
4- to 32-fold more potent than that of LVFX. These
resultssuggested that anincreaseinthelipophilicity of
LVEX anaoguesin part contributed to enhancement of
anti-TB activitiesbut that lipophilicity of thecompound
wasnot acritical factor affecting the potency*®4. While
in the investigation of potency against M. kansasii
LVEX showed MICintherangeof 0.12-0.25 pug/ml
while Moxifloxacin (137) showed the range of
MIC==0.06-0.12 pg/mL1*%!. Theseresults prompted
for optimization of other quinolone antibacteriadstobe

NNHCONH;»
FiC

141 142

abletofind out amost potent molecule (142) which de-
creasedthebacterid |oad inlung and spleentissueswith
2.42- and 3.66-10g10 protections, respectively, at 25
mg/kg body weight'*®¥, Contrarily, 7-[4-(5-amino-1,3,4
thiadiazole-2-sulfonyl)]-1-piperazinyl fluoroquinolonic

OH O
OH X N
jsohon.
F N~ ~O
H

144 145

moderate activity of MIC 3.125ug/mL1". Surpris-
ingly, theseriesof 1-hydroxy-3-oxo-5,6-dihydro-3H-
pyrrolo [3,2,1-ij]quinoline-2-carboxylic acid
hetarylamidesexhibited excdlent activity (M1C=0.39-
6.251g/mL) in comparison to (144). Themost active
compound (145) showed MIC of 0.39 pg/mL against
Mtb H37Rv*72,

= Review

investigated asanti-TB.

A other series of Lamivudine prodrugs bearing
fluoroquinoles (138) wereevaluated for their efficacy
againgt Mtb H37Rv. All thecompoundsexhibited anin-
hibition of 92-100% at aconcentration of 6.25ug/ml*%,
Whileinciprofloxacin derivatives, onecompound (139)
showed in-vivo anti-TB activity by reducing the bacte-
rid loadin gpleentissuewith 0.76-1og10 protectionsand
wasconddered to bemoderady activein reducing bac-
terid countin spleen. In continuation, Gatifloxacin
(140) derivatives was found more potent compound
(141) in comparison to compound (139). Inthein-vivo
model compound (141) decreased thebacteria loadin
lung and spleen tissueswith 3.62- and 3.76-10g10 pro-
tections, respectively'®. With thismoativation, hewas

143a: R=ethyl 143: R=cyclopropyl

derivatives(143a) and (143b), showed moderate anti-
TB activity at MIC of 10 png/mL compared to INHI*7.

In another approach, 3-unsubstituted 4-
hydroxyquinolin-2(1H)-one were exhibited potency
against Mtb H37Rv. One compound (144) showed

kow

146

Theeffect of nitro subgtitution onquinolinering, in
that direction, aseriesof 2-(sub)-3-fluoro/nitro-5,12-
dihydro-5-oxobenzothiazol of 3,2-a] quinoline-6-car-
boxylic acid derivativeswere evaluated for in-vitro
and in-vivo anti-TB activities against Mtb H37Rv
(MTB), MDR-TB, and M. smegmatis (MC2), and
alsotested for the ability to inhibit the supercoiling
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activity of DNA gyrasefrom M. smegmatis. Among
the thirty-four compounds, 2-(3-(diethylcarbamoyl)
piperidin-1-yl)-)-3-fluoro-5,12-dihydro-5-
oxobenzothiazol o] 3,2-a] quinoline-6-carboxylic acid
(146) wasfound to bethe most active compound with

0O
N

\
<mN¢ A

other investi gatl on, 6-nitroquinolone (147) wasa so
found to be the most active compound in vitro with
MIC of 0.08 and 0.16 uM against MTB and MDR-
TB, respectively. Inthein-vivo modd compound 147
decreased the bacterial |oad in lung and spleen tissues
with 2.78 and 4.15-1og 10 protections, respectively,
at the dose of 50mg/kg body weight!*™,

148:

NO, O ©

OH

N N
N% O\)\
&/

N
HOOC
150

HOOC

seriesof [1,2,3] Triazol o] 4,5-h] quinolonessynthesized by
thesame group, Compounds (149a) and (149b) exhib-
ited better potency of MICintherange0.125-16.0ug/
mL against H37Rv and 11 dinicd isolatesof MDR-TB.
These results showed that [1,2,3]-triazolo[4,5-
h]quinol oneswere endowed with an excellent activity
agang MDR-TB strainswith no cytotoxicity!*7d.
Intheprocessof investigating novel quinolonesas
anti-TB agents, many derivatives of quinoloneswere
screened for their in-vitro efficacy against MTB and
MDR-TB. The most potent (in-vitro) compound of
the serieswas screened for in-vivo potency too. Com-

@W CHEMISTRY —

MIC of 0.18 and 0.08 uM against MTB and MDR-
TB, respectively. In the in-vivo model compound
(146) decreased the bacteria load inlung and spleen
tissueswith 2.78 and 3.12- og10 protections, respec-
tively, at the dose of 50mg/kg body weight!*3. In an-

/'\
H3C~ N

R=C;Hs 149a: R=C,Hs 149b: R=CH.CH=CH,

Inaneffort to increasethe potency of quinolones,
Cartaet d. synthesized aseriesof [1,2,3] Triazolo[4,5
h]quinolonesand eval uated their antitubercular activity
agang MtbH37Rv andfurther 11 dinicdlyisolaed srains
of Mthb endowed with different drug res sance. Among
al, compound (148) exhibited best activity against all
strainswithaMIC of 0.5ug/mL™. Whereasin another

NO, O O

F
| OH
OCHA

154

pound (150) exhibited M1C99 of 0.19uM and 0.09uM
agangt MTB and MDR-TB, repectively and decreased
thebacteria load inlung and spleentissueswith 1.91
and 2.91-10g10 protections, respectively, inthein-vivo
model at a dose of 50mg/kg body weight!*”1. Com-
pound (151) decreased the bacteria load inlung and
spleentissueswith 2.54 and 2.92-1og10 protectiong*™,
while (152) decreased the bacterial |oad by 30% and
42%, respectively, at a dose of 50 mg/kg body
weight!*™, Inan effort to increasethe anti-TB potency
of quinolones, 1-(cyclopropyl/2,4-difluorophenyl/tert-
butyl)-1,4-dihydro-8-methyl-6-nitro-4-oxo-7-(substi-
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tuted-secondary-amino)quinoline-3- carboxylic acids.
Themost active compound (153) of the series showed
MIC of 0.42 uM and 0.09 uM against MTB and MDR-
TB respectively!*®, Whilein an another series, 7-(3-
(diethyl carbamoyl) piperidin-1-yl)-1-cyclopropyl-6-
fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
(154) exhibited promising MIC of 0.09uM against
MTB and MDR-TB respectively. Inthein-vivo model
compound (154) a so decreased the mycobacterid load
inlung and spleen tissueswith 2.53- and 4.88-1og10
protections respectively at a dose of 50mg/kg body
weight!8l, With the samemotivation, Moxifloxacinand
Gatifloxacin derivativeswere eval uated against Mtb
H37Rv (MTB). The most active compound (155) ex-
hibited aMIC of 0.31ug/mL182,

158

= Review

(e) Benzothiadiazine, pyranopyridinephenazine
derivatives

Inan effort to devel op new and moreeffective anti-
TB agents, aseriesof benzothiadiazine1,1-dioxidede-
rivativesweretested in-vitro against Mtb, M. avium
and M. intracellulare. Of these, compound (158)
showed most excellent potency of MIC 0.5ig/mL
against MTB H37Rv and 0.5-2 ig/mL against MDR-
TB strains. However, thein-vivo activity model of TB-
infectiondid not show sgnificant anti-TB activity, prob-
ably duetoitspoor bioavailability™*®l, In continuation,
5-nitrofuran, 5-nitrothiophene and arylfuran coupled
benzothiadiazineswereexhibited anti-TB activity. These
compounds exhibited moderate anti-TB activity. The
most active compound (159) showed MIC of 1ug/mL

160

SUowaTayee

(e

162a: n=3
Cl

162b: n=4

163

164 165

against MTB H37RvI*#, With thesame stimulation, 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-carbonitrileswere eva uated for anti-TB

cl ¢
NH _N\O
s HN B
— o

_\__NH =

Yoy
N

a N

o] O /—~\ o
i Cl Cl
166

activity. Amongall, compound (160) wasfound to be
the most potent compound (MIC: 0.43uM) against
MTB and MDR-TB, being 100 timesmore activethan
INH against MDR-TBU!1&,

167
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Clofazimineisafat-solubleriminophenazine dye
used incombinationwith RIF and dgpsoneasmultidrug
therapy (MDT) for the therapy of leprosy. It hasbeen
used in combination with other anti-TB drugsto treat
M. aviuminfectionsin AIDS patientsand M. avium
paratuberculosisinfectionin Crohn’s disease patients.
Onthisbasisand to minimizetheside-effectsand to
improvetheanti-TB activity of Clofazimine, 3-(2,4-
dichloroanilino)-10-(2,4-dichlorophenyl)-2,10-
dihydro -2-(2,2,6,6tetramethylpiperid-4-
ylimino)phenazine (B4128), which posses similar
mode of action of Clofazimind®, With the samemo-
tivation, aseriesof phthalimido- and naphthalimido-
linked phenazines, two compounds (162a) and (162b)
with apotency of MIC 1 ug/mL against Mtb H37Rv.

ity at 6.25ug/mL against Mtb H37Rv, with a100 %
inhibition**¥, Compound (166) wasinhibited 80%at a
concentration of 6.25uM*%2. While, Enamine-contain-
ing analogues of heteroaryl quinones were showed
promisnganti-TB activitywithaMICintherange6.25-
0.1ug/mL against Mtb H37Rv. Thebest selectivity in-
dex (SI=15.1) was displayed by the molecule (167)
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These compounds also exhibited potency against
MDR-TB straind*®, Most interestingly, thisserieswas
found to be nontoxicl*®, authenti cate them asfuture
anti-TB drugs.

In search of potential anti-TB agents,
pyridazi noindol e anal ogues were screened for inhibi-
tion of thegrowth of Mtb. The most active compound
(163) exhibited aMIC50 of 1.42 pg/mL against Mtb
H37Rv*#, |n the series (2-aryl-3,4-dihydro-2H-
thieno[ 3,2-b]indoles), compound (164) wasfound to
be themost active compound with MIC of 0.4 pug/mL
against MTB and MDR-TB,

With thesame enthusiasm, aseriesof pyrrolofl,2-
a] quinoxaline-2- or -4-carboxylic acid hydrazidesand
compound (165) showed aninteresting anti-TB activ-

Rz Rj e Rz

175b

withaMIC 0.39ug/mL1*.

So, for the devel opment of anew classof anti-TB
agentsin order tofight res stance and shorten thedura
tion of therapy, inthisconcern, aseriesof 3,3-dimethyl-
3Hbenzofurg[ 3,2-f]Mbenzopyran and 1,2-dihydro-3,3-
dimethyl-3Hbenzofuro[ 3,2-f]™M benzopyran weredis-
played sgnificant anti-TB activitieswhen tested against
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Mtb H37Rv and Beijing strains, withMIC99intherange
of 1-10pg/ml. The most active compound (168a) ex-
hibited aMIC99 of 5 ng/ml and 1ug/ml, respectively
againgt Mtb H37Rv and M. smegmatis**4, In an effort
to increase the potency, another serieswasfound to be
thedropoff intheactivity. The most active compound
(169) exhibited M1C95 8ug/ml against Mtb H37Rv%.,

= Review

Inthenexttrid, compounds(170) and (171) weremore
potency of MIC95intherange0.6-2.5ug/ml against Mtb
H37Rv11%197 \With the same inspiration, a series of
pyranocoumarin derivatives, two compounds(172a) and
(172b) werebactericidd intheir effect on Mtb sincethear
MBC/MIC ratioswas 2. Thesetwo compounds had a
MIC vaueof 16pg/mL1%.

178a

A seriesof pthalamide derivatives, themost active
compound (173) was displayed a MIC of 5ug/mL
against Mtb H37Rv and agood sel ectivity index™%,
Whiletwo series of thiophene (174) and benzopyrrole/
pyridine (175a) and (175b) triarylmethanes0.201,
thiophene analoguesdisplayed MIC intherange 3.12-

25

179a: R;=4-C(CH;);
179a: R;=4-OCF3
179a: R;=4-CCF;

d)\ Qj% QJ{

178b
12.5ug/mL and benzopyrrole/pyridine analogues dis-
played 6.25-25ug/mL against Mtb H37Rv.

A nove seriesof spiro-pyrrolothiazoleswereevau-
atedfor their anti-TB activity. Amongal, the best po-
tency was showed by compound (176) withaMIC of
0.6uM against MTB and MDR-TB[?%2, 3-amino-

OH
181
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imidazo 1,2-g| pyridinesasanove dassof Mtbglutamine
synthetaseinhibitors. Themost active compound (177)
showed aninhibition of IC50=0.38+ 0.02uM?®l. In
adifferent approach, Rifabutin (RBT) ana ogues, com-
pound (178a) showed good potency of MIC
<0.013pg/mL against Mtb H37Rv, while compound
(178b) showed potency of MIC 0.08 uM against non-
replicating Mtb straing?4.

In search of novel antitubercular agents,
tetrahydroindazol e based compoundswereeva uated for
their anti-TB efficiency. Among al, three compounds
179a-c haveshownMICintherange1.7-1.9uM against
Mtb H37Rv in MABA assay. These compounds a so
displayed any toxicity against VERO cdlsup tothecon-
centration 128 uM®!. The 1,3-benzothiazin-4-ones

(BTZ) killsMtb by blocking arabinan synthesis. Themost
advanced compound, BTZ043 (180), wasfoundto a
candidatefor inclusonin combination therapiesfor both
MRD-TB and XDR-TB strains®®. The 1,2,4-
Triazolo[1,5-g] pyrimidine-6-carboxylicacid derivatives,
onecompound (181) hasshown 92% growth inhibition
of Mtb H37Rv at 6.25ug/mL concentration!?”.

A number of sdected imidazo[ 2,1-b]thiazoles, one
of these compounds, 2-chloro-6-phenyl-imidazo[2,1-
b]thiazole (155a) showed anti-TB activity. Anal ogues
bearing asubstituted ring at the 6-position and com-
pounds bearing nitroso group at 5-position were
screened against Mtb H37Rv, compound (155b) ex-
hibited best activity of MIC 0.39 pg/mL, which is bet-
ter than that of (155a) and comparableto RIF%, Ina

OzN O5N

Ro Ry (/KN 2/\"\'
/
)ﬁ/Rf’ /‘y% N— N
N\ N s 0O
I Sl ¢
R/ S R S CH,
155a: R,;=Cl, R,=H, Ry;=C¢H: 156a: R,=2-furyl, R,=CHO 157 CGI17341

155b: R,=H. R;=NO, R=4-C1-C¢Hs  1556b
series of 2,6-disubstituted and 2,5,6-trisubstituted
imidazo[2,1-b][ 1,3 ,4]thiadiazoles, only two compounds
(156a) and (156b) showed 100% inhibition at acon-
centration of >6.25 ug/mL?. A seriesof 2,3-dihydro-
7-nitroimidazo[ 5,1-b] oxazoleson thebas sof (PA-824)
and (CGI-17341). Among all, one compound (227)
exhibited amoderate activity of MIC 5ug/mL against
Mtb H37Rv29,

DISCUSSION

Tuberculosis(TB), ahighly infectiousdisease pri-
marily caused by M. tuberculosis, isone of the ol dest
recorded human afflictionsand remainstoday aleading
cause of impoverishment, human suffering and degth.
Themagority of deathsresulting from TB infection oc-
cur in poverty strickenregionsof thedeve opingworld.
TB isresponsiblefor the deaths of nearly two million
peopl e per year, with approximately onethird of the
globa populationinfected with thelatent form of the
diseaseWhile TB in humansisprimarily dueto infec-
tionwith M. tuberculosis, severa other speciesof the
M. tuberculosis complex, namely M. bovis, M.

@Wu'c CHEMISTRY —

: Ri=cyclohexyl, R,=CH,OH

africanum, M. microti and M. canettii may also cause
thedisease. Recently two additiona specieshavebeen
suggested as belonging to the M. tuberculosis com-
plex: M. capraeand M. pinnipedii. Mycobacteriapos-
sessauniquecell wall of highlipid content, whichin-
cludesmycolic acidsand other glycolipids. Mycolic
acidsof themycobacterial cell wall are one of the spe-
cificfeaturesof bacteriabelonging to thisgenus. How-
ever, thesefatty acidscandsobefoundinthecd | wals
of certain generaof aerobic Actinomycetesandinthe
mgjority of speciesof thegenus Corynebacterium. This
uniquecell wall isthought to beresponsiblefor certain
features of mycobacteria, includinglow cell wall per-
meability and pathogenicity. It isthelow permesbility
of themycobacterid cell wal whichisbdievedtoplay
asignificant roleinthe antibiotic resistance of M. tu-
berculogs TB usudly affectsthelungs(pulmonary TB)
of an infected person, but the disease can a so affect
other areasof the body including kidneys, bones, joints
and lymph nodes (extrapulmonary TB). TBisanair-
borne di seasethat spreads much likethe common cold,
withthecirculation of M. tubercul os s-containing aero-
solsinto theair caused by the coughing, sneezing, talk-
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ing or spitting of aperson with infectious pulmonary
TB. Inhaation of only asmall number of these TB ba-
cilli by apersonwill result intheir infection with the
disease. A personinfected with latent TB will exhibit
none of theobvioussymptomsof TB, whichincludea
fever, fatigue, weight | oss, apersistent cough and spu-
tum productionwhichwill containblood at an advanced
stage of thedisease. Whileapersonwithlatent TB is
not infectious, they may devel op the activeform of the
diseaseif theirimmune system iscompromi sed?1-24,
It isestimated that one personin every 10 of thetwo
billion peopleinfected worldwidewill develop infec-
tious TB. A number of factorshaveledto thereduction
insuccessful trestment of thedisease. Theseincludea
lengthy (6-9 months) multi-drug treetment program, the
misuse or mismanagement of which canleadtothede-
velopment of multi or extensive drug resistant TB
(MDRTB or XDRTB) and the co-infection of TB with
the human immunodeficiency virus(HIV). Asaresult
of thisinteractionwith HIV, TB hasbecometheleading
cause of death among peopleinfected with HIV, while
infection with HIV hasbecomethemost significant risk
factor for aperson with latent TB devel oping theactive
form of the diseasd?>28, Treatment with multipledrug
regimensover an extended period of timeisnecessary
in order to minimize the emergenceof MDRTB. The
long period of treatment isal so necessary asaresult of
the persistence of M. tuberculosisin the host during
infection. Patient non-compliance, often due to the
lengthy treatment period, has led to an increase in
MDRTB. MDRTB isdefined astuberculebacilli resis-
tant to at least isoniazid and rifampin (thetwo maost potent
antitubercular drugs). Treatment of MDRTB requires
up to two years of treatment with second-line antitu-
bercular drugs (for exampl e cycloserine and ethiona-
mide, which have more side effectsand are more ex-
pensivethan thefirst-line drugs. The development of
XDRTB can then occur when second-linedrugs are
misused. XDRTB isdefined as TB that isresistant to
any fluoroquinolone, and at least oneof threeinjectable
second-line drugs (capreomycin, kanamycin, and
amikacin), inadditiontoisoniazid andrifampinress-
tance(MDRTB).

CONCLUSION

= Review

Tuberculosis(TB) isachronicinfectious disease
caused by Mtb strains. Theterm MDR-TB isused to
describe strainsthat areresistant to two or more of the
fivefirst-lineanti-TB drugs. Treatment regimen of tu-
bercul osiscomprisesfivefirg lineanti TB drugsfollowed
by second lineanti TB drugs. Besdesthetraditiona an-
titubercular drugsavailablecommercialy, severa new
heterocycleswere synthesized in recent past. The new
potentid anti-TB agentshave been classified according
totheir chemical entities. Inan effort to devel op new
and moreeffectivetherapies, moleculescan dso effec-
tiveagainst MTB and MDR-TB. The World Health
Organization (WHO) haveimplemented adirectly ob-
served therapy short course (DOTS) programin an
attempt to overcomethe problem of patient non-com-
pliance.23 However, thisstrategy isdifficult to carry
out in areas most at risk dueto thelack of resources
and infrastructure required to ensure adequate moni-
toring of drug administration.23 Thereisthereforean
urgent need to devel op new antitubercular drugswith
greater potency, requiring shorter duration of trestment.
Thisshouldresult in better patient compliance, whichin
turn should reduce the development of MDRTB and
XDRTB. Nove antitubercular drugs are al so needed
to treat the current strainsof MDRTB and XDRTB.
Resistanceof M. tuberculosisstrainsto anti-TB agents
isanincreasing problem worldwide. However, potent
new anti-TB drugswith new mechanism of action have
not been developedinthelast four decades. TB iscon-
Sidered to bethemost important chronic communicable
disease and about 32% of the world’s population is
currently infected with TB. The emergence of AIDS,
decline of socioeconomic standards and a reduced
emphasison TB control programs contribute to the
disease’s resurgence. Now research effort towards the
development of nove anti-TB agentsisinthedirection
of discovering new classes of compounds, which are
structurdly different from known anti-TB drugs. The
continuousand sturdy risein tubercul osistogether with
the appearance of res stance against conventiona anti-
TB drug regimen and the pathogeni c synergy with HIV
has put vast stress on public health systemstointro-
duce new drug management. Indrugresistant TB itis
important to understand how the resi stance appears.
Remarkably, the mechanisms of action of these new
arriva sarewdl-understood with new and nove target.
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Also, inthefidd of preclinica research, wel-established
classes of compounds and molecular targetsare still
interesting, however, in someof the caseswhensimilar
target moleculesare present in humans; futuredevel -
opment hasto ensureahigh degreeof sdectivity. How-
ever, dl thesepossbilitiesrequireresearch activitiesand
therefore, thereisademand in continuing researchin
thisdirectionand morefinancial ass stancefrom deve-
oped nationsand industria housesto achievethegod
of eradicating Mtb from theworldin coming years.
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