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a b s t r a c t

A set of novel gatifloxacin-1H-1,2,3-triazole-isatin hybrids 6a-l was designed, synthesized and evaluated
for their in vitro anti-mycobacterial activities against M. tuberculosis (MTB) H37Rv and MDR-TB as well as
cytotoxicity. The results showed that all the targets (MIC: 0.025–3.12 lg/mL) exhibited excellent inhibi-
tory activity against MTB H37Rv and MDR-TB, but were much more toxic (CC50: 7.8–62.5 lg/mL) than the
parent gatifloxacin (GTFX) (CC50: 125 lg/mL). Among them, 61 (MIC: 0.025 lg/mL) was 2–32 times more
potent in vitro than the references INH (MIC: 0.05 lg/mL), GTFX (MIC: 0.78 lg/mL) and RIF (MIC:
0.39 lg/mL) against MTB H37Rv. The most active conjugate 6 k (MIC: 0.06 lg/mL) was 16–>2048 times
more potent than the three references (MIC: 1.0–>128 lg/mL) against MDR-TB. Both of the two hybrids
warrant further investigations.

� 2017 Elsevier Ltd. All rights reserved.

Introduction

Tuberculosis (TB), which is caused mainly by Mycobacterium
tuberculosis (MTB), is one of the most devastating and common
infectious disease threaten human for thousands of years. Accord-
ing to the World Health Organization (WHO) 2016 report, TB led to
1.4 million deaths and 10.4 million newly clinical cases in the year
2015.1 Unfortunately, the numbers are in continual increase, espe-
cially in developing countries. The wide spread of drug-resistant TB
(DR-TB), multidrug-resistant TB (MDR-TB) and co-infection with
HIV, as well as the emergence of extensively drug-resistant TB
(XDR-TB) and totally drug resistant TB (TDR-TB) making the situa-
tion even worse.2,3 In the last 50 years, only a handful of com-
pounds have entered human trials after the discovery of
rifampicin (RIF). In particular, sirturo (bedaquiline/TMC207) and
delamanid have recently received approval for treatment of
MDR-TB infected patients, but both drugs are associated with
side-effects and are only recommended for those MDR-TB patients
without other treatment options.4 Therefore, there is an urgent
need to develop novel, potent and fast-acting anti-TB agents.

Great efforts have been put on synthesizing new analogues or
modifying old drugs or existing compounds with an established

activity for shortening and improving TB potency, since it’s the
most promising strategy to develop new anti-TB agents in the
short time. Isatin and its derivatives exhibited various biological
properties such as anti-TB, anti-malarial, anti-bacterial, anti-fun-
gal, anti-virus, anti-tumor and anti-HIV profiles.5 Fluoroquinolones
are emerged as one of the widest used antibiotics, besides their
classical anti-bacterial activity, FQs also displayed diverse biologi-
cal activities including anti-TB potency.6–10 Moreover, some FQs
such as ciprofloxacin (CPFX) are currently recommended as the
second-line agents by the WHO for the treatment of TB11, so FQs
derivatives caused continuous interests in searching new anti-TB
agents.

Gatifloxacin (GTFX, has been withdrawn from the therapy due
to dysglycaemia, but still worth to be investigated attribute to its
excellent in vitro and in vivo anti-TB properties) methylene isatin
hybrid 1 (Fig. 1) exhibited higher in vitro (16 and 64 folds against
MTB H37Rv and MDR-TB) and in vivo potency than the parent
GTFX.6 Further studies revealed that the anti-TB activity of these
derivatives was greatly influenced by the linkers between FQs
and isatin.9,12 The favorable properties of 1,2,3-triazole ring
such as moderate dipole character, hydrogen bonding capability,
rigidity making it as a promising linker for developing new drugs.13

Indeed, 1,2,3-triazole derivative I-A09 (Fig. 1) is in clinical evalua-
tions currently, and may be used to treat TB infection in the near
future.14
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Inspired by the above research results and as a continuous pro-
gram for developing new anti-TB agents, we synthesized and eval-
uated a set of novel gatifloxacin-1H-1,2,3-triazole-isatin hybrids in
this study. Illustration of the design strategy for these hybrids is
depicted in Fig. 1. These derivatives were screened for their
in vitro anti-mycobacterial activity against MTB H37Rv and MDR-
TB strains, along with Isoniazid (INH), rifampicin (RIF) and GTFX
as references, and the cytotoxicity was also tested in VERO cell line.

Detailed pathways for synthesizing gatifloxacin-1H-1,2,3-tria-
zole-isatin hybrids 6a-l are depicted in Scheme 1. C-5 substituted
N-(2-bromoethyl)isatins 2a-d (yield: 51–67%) and propargyl GTFX
4 (yield: 39%) were obtained by alkylation of C-5 substituted isa-
tins and GTFX with 1,2-dibromoethane and propargyl bromide,
respectively, in the presence of anhydrous potassium carbonate
via literature methods.9,15,16 Treatment of C-5 substituted N-(2-
bromoethyl)isatins 2a-d with sodium azide at 60 �C gave the
desired azido precursors 3a-d.17 The precursors 3a-d and 4 were
used for the synthesis of ketone gatifloxacin-1H-1,2,3-triazole-isa-
tin hybrids 5a-d (yield: 28–39%) via Cu-promoted azide-alkyne
cycloaddition reaction in the presence of CuI in DMF.18,19 Subse-
quent condensations of compounds 5a-d with requisite substi-
tuted amine hydrochlorides in the presence of sodium
bicarbonate formed the desired hybrids 6a-l (21–54%).18,19

Compared with the parent GTFX (Log P: 1.51), all of the synthe-
sized hybrids 6a-l (Log P: 1.68–3.87) was much more lipophilic,

and this profile may be rendering them more capable of penetrat-
ing various biomembrane, consequently improving their perme-
ation properties toward mycobacterial cell membrane. All
hybrids 6a-l were initially evaluated for their in vitro anti-
mycobacterial activity against MTB H37Rv and MDR-TB.9 The
MDR-TB strain was resistant to INH, RIF and ethambutol (EMB).
The minimum inhibitory concentration (MIC) is defined as the
minimum concentration of compound required to give 90% inhibi-
tion of bacterial growth andMICs of the compounds are reported in
Table 1.

The preliminary results indicated that all hybrids (MIC: 0.025–
3.12 lg/mL) exhibited excellent inhibitory activity against MTB
H37Rv and MDR-TB. Against MTB H37Rv, all semicarbazone and
thiosemicarbazone conjugates except 6e were more active than
that of the parent GTFX (MIC: 0.78 lg/mL). In particular, thiosemi-
carbazone 6l (MIC: 0.025 lg/mL) was found to be the most active
hybrid, and was 2–32 times more potent in vitro than the refer-
ences INH (MIC: 0.05 lg/mL), GTFX (MIC: 0.78 lg/mL) and RIF
(MIC: 0.39 lg/mL) against MTB H37Rv. Against MDR-TB, all semi-
carbazone and thiosemicarbazone conjugates with MIC of 0.06–
0.5 lg/mL were more active than the references GTFX (MIC:
1.0 lg/mL), INH (MIC: >128 lg/mL) and RIF (MIC: 32 lg/mL). The
most potent hybrid 6k (MIC: 0.06 lg/mL) were 16–>2048 times
more active than the three references (MIC: 1.0–>128 lg/mL)
against MDR-TB. The SAR revealed that the relative contribution

Fig. 1. Illustration of the design strategy for gatifloxacin-1H-1,2,3-triazole-isatin hybrids.
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