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a  b  s  t  r  a  c  t

Acetohydroxyacid  synthase  (AHAS)  has  been  regarded  as  a  potential  drug  target  against  Mycobacterium
tuberculosis  as  it catalyses  the  first  step  in  the pathway  for  biosynthesis  of branched-chain  amino  acids.
In our  previous  work,  several  monosubstituted  sulfonylureas  that  are  inhibitors  of  AHAS  showed  obvious
in vitro  activity  against  M.  tuberculosis.  In this  study,  further  exploration  of  the antitubercular  activity
of  newly  synthesised  monosubstituted  sulfonylureas  was  conducted.  A series  of  new  compounds  were
identified  that  exhibit  significant  activity  against  in vitro  and  intracellular  extensively  drug-resistant  M.
tuberculosis.  These  results  provide  a further  insight  into  the  structural  requirements  for  targeting  AHAS
to develop  potential  new  agents  to combat  tuberculosis.

© 2012 Published by Elsevier B.V.

1. Introduction

The emergence of multidrug-resistant tuberculosis (MDR-TB)
and extensively drug-resistant tuberculosis (XDR-TB) seriously
threatens the control of TB globally [1–4]. To combat these
MDR/XDR-TB infections, new and effective pharmaceuticals
are urgently needed [5,6]. Recently, acetohydroxyacid synthase
(AHAS; EC 2.2.1.6) has been identified as an attractive target for
designing a new generation of anti-TB agents [7–9]. AHAS is a
key enzyme in the biosynthesis of branched-chain amino acids
(leucine, isoleucine and valine) by higher plants, algae, fungi
and bacteria, and no homologous enzyme has been observed in
humans or animals [10]. Sulfonylureas, with the general features
of a central sulfonylurea bridge with an o-substituted aromatic
ring attached to the sulphur atom and a heterocyclic ring attached
to the nitrogen atom, have been recorded as inhibitors of AHAS
[8]. Preliminary studies indicated that some sulfonylurea com-
pounds, such as sulfometuron-methyl (SM), chlorimuron-methyl
and metsulfuron-methyl, displayed antitubercular activity. A
common feature of all the above compounds is that they are
meta-substituted in both meta-positions [7,8].
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Our team have reported that some monosubstituted
sulfonylureas in which the heterocyclic ring is substituted
with only one substituent at the meta-position also exhibited
potent activity against TB in vitro, even against clinical MDR  and
XDR cases [11,12]. Experimental data demonstrated that these
compounds are potential lead structures for the development of
novel antimycobacterial agents. Further structural optimisation
is required to find more effective anti-TB agents. In addition,
because TB is an intracellular infection, demonstration of in vitro
activity must be followed by evaluation of the compound’s killing
ability against intracellular organisms. In previous studies, a
branched-chain amino acid auxotrophic mycobacterial strain
failed to proliferate because of its inability to use amino acids from
the host [13], indicating that inhibitors of branched-chain amino
acid biosynthesis could kill the infectious Mycobacterium despite
amino acids being freely available from the host. Several reports
have confirmed that sulfonylurea compounds are effective against
TB in cultured macrophages [8] and in mice [7].  Here we  report
a series of new monosubstituted sulfonylureas and determined
their inhibitory activity against intracellular XDR-TB isolates.

2. Materials and methods

2.1. Compounds and strains

Synthesis and determination of the in vitro activity of mono-
substituted sulfonylurea derivative compounds 30–33 were as
described in our previous report [11]. Synthesis of compounds 1–12
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Table  1
Antimycobacterial activities of title sulfonylurea compounds.
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Compound R1 R2 R3 MIC  for
H37Rv
(mg/L)

MIC  range for
XDR-TB isolates
(mg/L)a

1 COOC2H5 NO2 CH3 >80 N/D
2 COOCH3 Cl CH3 40 40
3 COOC2H5 Cl CH3 10 5–10
4  COOC2H5 Cl OCH3 >80 N/D
5  COOCH3 Br CH3 40 40–80
6  COOCH3 Br OCH3 >80 N/D

7 COOCH3 N
CN

CO2C2H5

H
N CH3 >80 N/D

8  COOCH3 N
CN

CO2C2H5

H
N OCH3 >80 N/D

9  COOC2H5
N

CN

CO2C2H5

H
N CH3 >80 N/D

10  COOC2H5
N

CN

CO2C2H5

H
N OCH3 >80 N/D

11  COOCH3 NHSO2CH3 CH3 >80 N/D
12  COOCH3 NHPO(OC2H5)2 CH3 >80 N/D
13  COOCH3 COOC2H5 CH3 >80 N/D
14 Br COOCH3 OCH3 >80 N/D
15  Br COOCH(CH3)2 CH3 10 10–20
16 Br  CONH2 CH3 >80 N/D
17  Br CONHC2H5 OCH3 >80 N/D
18  Br CONHCH(CH3)2 OCH3 >80 N/D
19 COOCH3 NHCOCH2Cl CH3 >80 N/D
20  COOCH3 NHCOCHCl2 CH3 20 10–20
21 COOCH3 NHCOCCl3 CH3 80 40–80
22  COOCH3 NHCOCH2Cl OCH3 >80 N/D
23  COOCH3 NHCOCHCl2 OCH3 40 20–40
24  COOCH3 NHCOCCl3 OCH3 >80 N/D
25  COOC2H5 NHCOCH2Cl CH3 >80 N/D
26 COOC2H5 NHCOCHCl2 CH3 80 80
27  COOC2H5 NHCOCH2Cl OCH3 >80 N/D
28 COOCH(CH3)2 NHCOCH2Cl CH3 >80 N/D
29  COOCH(CH3)2 NHCOCH2Cl OCH3 >80 N/D

30b Cl NHCOCH2Cl CH3 10 5–10
31b Cl NHCOCH2Cl OCH3 10 5–10
32b Cl NHCOCH CH2 CH3 20 20
33b Cl NHCOCH CH2 OCH3 40 20–40

MIC, minimum inhibitory concentration; XDR-TB, extensively drug-resistant Mycobacterium tuberculosis; N/D, not determined.
a In total, 16 XDR-TB strains isolated from The 309th Hospital of Chinese People’s Liberation Army (Beijing, China).
b Reference [12].

was as reported in the literature [14]. Other compounds reported
in this paper were first synthesised as follows: 1,8-diazabicyclo
[5.4.0] undec-7-ene was added to 10 mL  of acetonitrile containing
sulfonamide (2 mmol) and phenyl 4-substituted pyrimidin-2-
ylcarbamate (2 mmol). After 8–24 h of stirring at room temperature,
the solution was slowly adjusted to pH 1. The resulting precip-
itate was collected, washed with water and dried to obtain the
final product, which was recrystallised (petroleum ether and ace-
tone) or purified by flash chromatography on silica gel (petroleum
ether/acetone).

Standard M.  tuberculosis strain H37Rv (ATCC 27294), which is
susceptible to all the anti-TB drugs, was purchased from the Bei-
jing Institute for Tuberculosis Control. XDR-TB refers to strains
that are resistant to at least: (i) isoniazid (INH) and rifampicin
(RIF); (ii) one of the three injectable second-line drugs amikacin
(AMK), kanamycin (KAN) or capreomycin; and (iii) one of the

fluoroquinolones. In total, 16 clinical XDR-TB isolates identified
from The 309th Hospital of Chinese People’s Liberation Army (PLA)
(Beijing, China) were used in this work [15].

2.2. Determination of in vitro activity

The detailed protocol to determine the in vitro activity of
the compounds against M. tuberculosis has been described pre-
viously [11,12]. Briefly, each compound was diluted two-fold on
Middlebrook 7H10 agar media supplemented with OADC (oleic
acid–albumin–dextrose–catalase). Prepared M. tuberculosis strains
were added to the plates, incubated at 36.5 ◦C and cultures were
examined for bacterial growth 4 weeks later. The minimum
inhibitory concentration (MIC) was  defined as the lowest concen-
tration of a compound that inhibited visible bacterial growth of M.
tuberculosis.
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