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Graphical Abstract
Azide-alkyne cycloaddition towards 1H-1,2,3-triazole-tether ed
gatifloxacin and isatin conjugates. design, synthesisand in

vitro anti-mycobacterial evaluation

Xianghua Xia® Qianhua Zhang®, Lichun Zhao® B Yuangiang HU",

dngtitute of Guangxi Medicinal Plant, National Engineering Laboratory of Southwest Endangered Medicinal
Resources Devel opment, Nanning, P R Ching;

PCollege of Pharmacy, Guangxi University of Chinese Medicine, Nanning, PR Chinga;

°School of Chemistry and Materials Science, Hubei Engineering University, Hubei, PR China.

Control the lipophilicity Responsible for anti-TB activity

favorable properties

A new class of 1H-1,2,3-triazole-tethered gatifloxacin isatin conjugates (MIC: 0.10-8
ng/mL) with greater lipophilicity compared with gatifloxacin exhibited excellent
inhibitory activity against MTB Hs;Rv and MDR-TB.
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Abstract: Twelve novel 1H-1,2,3-triazole-tethered gatifloxadGTFX) isatin conjugate®a-|
with greater lipophilicity compared witleTFX were designed, synthesized and evaluated for
theirin vitro anti-mycobacterial activities againdgt tuberculosis (MTB) Hz;Rv and MDR-TB as
well as cytotoxicity. The preliminary results shalvthat all the targets (MIC: 0.10+83/mL)
exhibited excellent inhibitory activity against MTH&,Rv and MDR-TB, but eight of them (G&
7.8-62.5ug9/mL) were much more toxic than the par&itFX (CGsq: 125ug/mL). Among them,
5g (MIC: 0.10ug/mL) was 4-8 times more poteimtvitro than the referencgSTFX (MIC: 0.78
ng/mL) andRIF (MIC: 0.39 ug/mL) against MTB HRv, but less active thalNH (MIC: 0.05
©g/mL). The most poterig and5h (MIC: 0.25ug/mL) were 4->512 times more active than the
three references (MIC: 1.0->128/mL) against MDR-TB. Unfortunately, both of theauybrids
(CCsp: 7.8 ug/mL) were much more cytotoxic than the other denxes, need to be further

optimized.

Keywords. Gatifloxacin; Isatin; Triazole; Conjugates; Antberculosis activity;

Anti-mycobacterial activity; Structure-activity eglonship

1. Introduction

Tuberculosis (TB) remains one of the most widespeaad leading deadliest diseases

result in 1.4 million deaths and 10.4 million ctial cases, and is in continual increase,
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especially in developing countries according toWerld Health Organization (WHO)
2016 report [1]. The emergence of drug-resistan{DDB-TB), multidrug-resistant TB
(MDR-TB, only 40-80% cure rate, results in 0.48lmon deaths in 2015), extensively
drug-resistant TB (XDR-TB) and the recently casewtally drug resistant (TDR) as
well as co-infection with HIV (a major cause of teamong people living with
HIV/AIDS, leads to 0.4 million deaths in 2015) atang the serious problem in TB
control and demanding the need for new drugs motenp than earlier with safe
ADME profile. However, no new chemical entity haseh emerged in last 50 years
after the discovery of rifampicirR( F), creating an urgent need to develop new drugs
and strategies for efficient treatment. Severaltsgies are being pursued in order to
identify new leads, although only a few leads agedp optimized to generate drug
candidates. Most of the efforts have been diretti@drds making new analogues or
modifying old drugs or existing compounds with atablished activity for shortening
and improving TB treatment, since it's the mostmiging strategy to develop new

anti-TB agents in the short time.

The isatin (1H-indole-2,3-dionésig. 1) moiety is a privileged scaffold for chemical
modification and is responsible for a broad spewstaf biological properties such as
anti-TB, anti-bacterial, anti-fungal, anti-virus,ntatumor, anti-HIV, and well
tolerance in humans [2-4]. The traditional antilgi®tfluoroquinolones (FQig. 1)
exhibited excellent anti-bacterial activity, and ms of them are currently
recommended as the second-line agents by the WiH@héotreatment of TB [5].
Moreover, the lipophilicity of the FQs plays an ionfant role in the penetration of
these compounds into bacterial cells, which suggtsdt increasing the lipophilic
character at C-7 position could also increase thieTd8 activity [6]. Therefore,
several series of FQs-isatin derivatives with réa@hble improvement in lipophilicity
have been synthesized and their anti-TB activity been explored [7-12]. Among
these derivatives, gatifloxaciGTFX, Fig. 1, has been withdrawn from the therapy

because of its side effects (dysglycaemia), blitvetirth to be investigated attribute



to its excellentin vitro andin vivo anti-TB activities) methylene isatin hybritl
exhibited highein vitro (16 and 64 folds against MTB3#Rv and MDR-TB) andn
vivo potency than the pare@TFX [6]. Further investigation indicated that the
anti-TB activity of these derivatives was greathflienced by the linkers between
FQs and isatin [7-12]. Chemical structures of msatQs, GTFX, GTFX-isatin

derivativel andl-AQ9 are shown irFig. 1.
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<Fig 1. Chemical structures of isatin, FQs, GTFX, GTFXiisaerivative 1 and I-A09>

Azoles, are one of the most important classes wbgen containing heterocycles,
exhibited various biological activities. In partiay 1,2,3-triazole and its derivatives,
which are easily to be obtained by ‘Click chemistiyave attracted continuous
interest. Indeed this particular application ofidRIchemistry’ has become one of the
mainstays of currently favored approaches for thduction of structural diversity
in medicinal chemistry. Moreover, some drugs cutyerin use are based on
1,2,3-triazole moiety such as anti-HIV ageiitSAO, antibiotic Cefatrizine,
anti-bacterial agentazobactum as well as anti-cancer age®Al [13]. In addition,

[-A09 is in clinical evaluations currently, and may [ed to treat TB infection in the
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near future [14]. Obviously, the favorable propestiof 1,2,3-triazole ring like
moderate dipole character, hydrogen bonding capalibidity and stability undem
vivo conditions are responsible for their enhancedlgichl activities [15].

Control the lipophilicity Responsible for anti-TB activity

favorable properties

< Fig 2. lllustration of the design strategy for triazodthered GTFX-isatin derivatives>

Inspired by the above research results, we desigmed synthesized a series of
triazole-tethered GTFX-isatin derivatives in thimdy. lllustration of the design
strategy for triazole-tethered GTFX-isatin derivas is depicted irFig 2. These
derivatives were initially evaluated for thein vitro anti-mycobacterial activity
against MTB H;Rv and MDR-TB strains, with IsoniazidNH), rifampicin RIF)

andGTFX as references.

2. Resultsand discussion

Detailed synthetic pathways to triazole-tetheredF&-Isatin derivativesba-I are
depicted in Scheme 1. C-5 substituted isatins @&id-X were alkylated with
1,2-dibromoethane and propargyl bromide, respdgtivethe presence of anhydrous
potassium carbonate to give the correspon®n@-bromoethyl)isatin®a-d (yield:
51-67%) and propargyl GTFX (yield: 39%)via literature methods [10, 16, 17]. The
subsequent treatment of C-5 substitud2-bromoethyl)isatin®a-d with sodium
azide at 60 °C resulted in the formation of theréesazido precursoi®a-d [18]. The



precursors8a-d and4 were utilized for the synthesis of desired 1,2i&zble-tethered
conjugatesvia Cu-promoted azide-alkyne cycloaddition reactiorthie presence of
Cul in DMF gave target®a-d (yield: 28-39%) [17]. Subsequent condensations of
targetsba-d with requisite substituted amine hydrochloridethi& presence of sodium
bicarbonate formed other derivativassl (43-67%) [10].
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5a: R, = H; 5b: R, = CHg;

5c: Ry = Cl; 5d: R, = F. 5e: R; = CH3, R, = H; 5f: Ry = CHj3, R, = CHj;
5g: Ry =CHs, Ry, =Cl; 5h: Ry =CHj, Ry =F;
5i: Ry =H, Ry =H; 5j: Ry =H, Ry = CHy; 5k: R,
=H,R;=CI;5l: Ry=H,R, =F.

5a-d 5e-l

< Scheme 1 Synthesis of 1H-1,2,3-triazole-tethered GTFX isabnjugate$a-1>

All hybrids 5a-1 (Log P: 2.32-3.53) with greater lipophilicity comparedtiviGT FX
(Log P: 1.51), and this profile may be rendering them encapable of penetrating
various biomembrane, consequently improving the&rmpeation properties toward
mycobacterial cell membrane. The conjugdizs$ were initially evaluated for thein
vitro anti-mycobacterial activity against MTB3zRv and MDR-TB by rapid direct
susceptibility test technique [10]. The MDR-TB stravas resistant toNH, RIF and
ethambutol EMB). The minimum inhibitory concentration (MIC) isfded as the



minimum concentration of compound required to gd@® inhibition of bacterial
growth and MICs of the compounds are reported ibldd. All triazole-tethered
GTFX-isatin conjugates exhibited consideraivlesitro activity against MTB H/Rv
and MDR-TB with MIC ranging from 0.10 to/&)/mL. Against MTB H/Rv, three of
them B¢, 59 and 5h) were more active than that of the par&@itFX (MIC: 0.78
ug/mL), particularly,5g (MIC: 0.10ug/mL) was 4-8 times more potemmt vitro than
the reference&STFX (MIC: 0.78 ug/mL) andRIF (MIC: 0.39ug/mL) against MTB
Hs7Rv, but less active thadNH (MIC: 0.05 wxg/mL). Against MDR-TB, five
conjugatesHc, 5d, 5f, 5g and5h) with MIC of 0.25-0.5¢g/mL were more active than
the reference&TFX (MIC: 1.0 ug/mL), INH (MIC: 32 ug/mL) andRIF (MIC: >128
ng/mL), and the most potent derivativeg and5h (MIC: 0.25ug/mL) were 4->512

times more active than the three references.

The lipophilicity of the synthesized targets (Cl&g2.32-3.46) was much greater than
the parenGTFX (ClogP: 1.51), to some extent, increasing the lipophilicf targets
could increase the anti-TB activity as evidencedHh®sy fact that the most lipophilic
targets $c, 5g and5k) in each series also exhibited the highest agtibwever, in
general, the anti-TB activity did not boost up witie incensement of the lipophilicity,
indicating simply increasing lipophilicity of thedted compounds does not improve
the anti-mycobacterial activity accordingly whicbutd also be associated with other
steric factors [10,11].

The resistance index (RI: Mifgr-18 : MICuts H.RY) Of the targets was in a range of
0.32 to 2.56, and eight of them showed RI arounth Jarticular, the Rl obb, 5d
and5f was less than 1, indicated this kind of hybridsldaeduce the cross-resistant

to some extent.

Tablel

Structures, lipophilicity, anti-mycobacterial adtyvand cytotoxicity of compoundsa-|



R F | COOH
R: st/&U OMeg
MIC (ug/mL)

Compd. R R, ClogP? CGCso“(ug/mL)

MTB HsRv  "MDR-TB
5a o) H 2.32 1.56+0.52 4.0+1.3 125+41.7
5b o) Me 2.81 1.56+0.52 1.0+0.33 250+83.3
5¢ o) Cl 2.88 0.39+0.13 0.5+0.17 62.5+20.8
5d o) F 2.48 0.78+0.26 0.5+0.17 125+41.7
5e NOCH; H 2.97 0.78+0.26 1.0+0.33 62.5+20.8
5f NOCH; Me 3.46 1.56+0.52 0.5+0.17 31.2+10.4
59 NOCH; Cl 3.53 0.10+0.03 0.25+0.08 7.842.6
5h NOCH; F 3.13 0.20+0.06 0.25+0.08 7.842.6
5i NOH H 2.71 3.12+1.04 8.0+2.7 250+83.3
5 NOH Me 3.20 6.25+2.08 8.0+2.7 62.5+20.8
5k NOH Cl 3.27 0.78+0.26 2.0+0.67 31.2+10.4
5l NOH F 2.85 1.56+0.52 1.0+0.33 7.842.6
GTFX 1.51 0.78+0.26 1.0+0.33 125+41.7



INH -0.67 0.05+0.16 >128 125+41.7

RIF 3.71 0.39+0.13 32+10.7 500167

®The ClogP is calculated with ChemOffice 2004 software.

PMDR-TB: resistant to INH, RIF and EMB.

“CCsq: The 50% cytotoxic concentration in a mammaliarRZEcell line.

Against MTB H;7Rv, the relatively order of substituents at C-5igp@s on isatin
affecting activity was -Cl > -F > -H > -Me, whilgainst MDR-TB, the order was -F >
-Cl > -Me > -H. The relative contribution of iminearbonyl of Schiff's base to
activity against both strains is as follows: metixyine > carbonyl > oxime. The SAR
revealed that conjugates with electron-withdrawigm@ups (-Cl and -F) at C-5
position on isatin boost up the activity againdhddTB Hs,Rv and MDR-TB strains,
suggesting further modification should focus on radtuction of various

electron-withdrawing groups like -NO

The conjugateda-l were subsequently examined for toxicity @dn a mammalian
VERO cell line [10]. After 72 h of exposure, viabjl was assessed on the basis of
cellular conversion of MTT (3-(4,5-dimethylthiazaiyl)-2,5-diphenyltetrazolium
bromide) into a formazan product and the resuléesraported in Table 1. Eight of
them (CGp: 7.8-62.5ug/mL) were much more toxic than the par@IFX (CGCsg:
125ug9/mL), and four hybrids (C&: 125-250ug/mL) were equal to or less toxic than
the parent. Unfortunately, the cytotoxicity of theost potencysg and 5h (CGCsg:
7.8ug/mL) is much more than the other derivatives. émeyal, the carbonyl hybrids
were less toxic than methyloxime and oxime derixestj indicating the introduction
of imines increased the cytotoxicity. In additidralogen atoms at C-5 position on

isatin also increased the cytotoxicity.

In summary, a series of novel triazole-tethered X% Tgatin conjugates with greater
lipophilicity compared withGTFX were synthesized and evaluated for theivitro

anti-mycobacterial activity against MTB sfRv and MDR-TB. All the targets



exhibited excellent inhibitory activity against thested MTBH3;Rv and MDR-TB,
and the most active derivatives were more potean thhe parenGTFX, INH and
RIF against both strains. The SAR of this kind of y®rwas enriched, and the
results warrant further development of the anti-TBRroperties of

1,2,3-triazole-tethereBQs isatin conjugates.

3. Experimental section

3.1.9ynthesis
3.1.1. General Procedure for the Preparation of 5a-d

N-(2-azidoethyl)isatin8a-d and propargyl GTFX (yield: 39%) were prepareda
literature methods [10, 16, 17]. To a mixture Nf(2-azidoethyl)isatins3a-d (1.0
mmol) and propargyl GTFX (1.0 mmol) in DMF (50 mL), Cul (30 mg) was added
under N atmosphere. The mixture was allowed to react forat room temperature.
After removal of the solvent, the residue was pedifby silica gel column
chromatography eluted with DCM W9DCM):v(MeOH)=10:1.

3.1.1.1. 1-cyclopropyl-7-(4-((1-(2-(2,3-dioxoindolin-1-yl)ethyl)-1H-1,2,3-triazol -4-yl)
methyl)-3-methyl pi per azi n-1-yl)-6-fluoro-8-methoxy-4-oxo- 1,4-di hydroquinoline-3-ca
rboxylic acid (5a)

Yellow solid, yield: 36%. Mp: 167-169 °C‘*H NMR (400 MHz, DMSOsdg) &
1.02-1.22 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.37 (2H, m, piperazine-2H),
2.62-2.64 (1H, m, piperazine-1H), 2.94-3.26 (4H,piperazine-4H), 3.61-3.83 (5H,
m, -CH, chain and -OC§), 4.01-4.14 (3H, m, cyclopropyl-CH and -gdf linker),
4.66 (2H, s, -CHlof linker), 6.91 (1H, d, Ar-H), 7.04 (1H, t, Ar-HY.49-7.57 (2H, m,
Ar-H), 7.70 (1H, s, Ar-H), 8.13 (1H, s, triazole-H), 8.@H, s, C2-H), 14.91 (1H, brs,
COOH).**C NMR (100 MHz, DMSOdg) & 9.38, 16.10, 41.19, 47.33, 48.13, 50.98,
51.25, 54.32, 57.46, 63.43, 106.92, 107.12, 11Q1T7,74, 121.21, 123.65, 124.93,
125.17, 125.34, 134.56, 138.59, 139.36, 139.49,2743146.16, 150.76, 150.97,
158.54, 166.21, 176.67, 183.39. ESI-M&: 630 [M+H]".

3.1.1.2. 1-cyclopropyl-6-fluoro-8-methoxy-7-(3-methyl-4-((1- (2-(5-methyl -2,3-dioxoi
ndolin-1-yl)ethyl)-1H-1,2,3-triazol -4-yl )methyl ) pi per azin-1-yl )-4-oxo-1,4-dihydroquin



oline-3-carboxylic acid (5b)

Light yellow solid, yield: 28%. Mp: 154-155 °CH NMR (400 MHz, DMSO#dg) &
1.03-1.13 (7H, m, 2xcyclopropyl-GHand -CH), 2.20 (3H, s, -Cb), 2.33-2.36 (2H,
m, piperazine-2H), 2.62 (1H, d, piperazine-1H), 62.61H, t, piperazine-1H),
3.23-3.31 (3H, m, piperazine-3H), 3.70 (3H, s, -QL.73 (2H, g, -CH chain),
4.10-4.16 (3H, m, cyclopropyl-CH and -Glaf linker), 4.63-4.66 (2H, m, -CHof
linker), 6.76 (1H, d, Ar-H), 7.32 (1H, s, Ar-H),3& (1H, d, Ar-H), 7.73 (1H, d, Ar-H),
8.10 (1H, s, triazole-H), 8.77 (1H, s, C2-H), 14(a5{, brs, COOH)**C NMR (100
MHz, DMSO-dg) 6 8.92, 15.58, 19.92, 40.79, 46.91, 47.67, 50.4&®’%0.79, 53.83,
56.99, 62.97, 106.50, 110.01, 117.21, 120.63, 220.24.66, 132.49, 134.13, 138.34,
138.97, 139.09, 142.81, 145.75, 148.17, 150.48,11754156.65, 158.10, 165.64,
176.27, 183.11. ESI-MBVz: 664 [M+H]".

3.1.1.3. 7-(4-((1-(2-(5-chloro-2,3-dioxoindolin-1-yl)ethyl)-1H-1,2,3-triazol-4-yl )meth
yl)-3-methyl pi perazin-1-yl)- 1-cyclopr opyl-6-fluor o-8-methoxy-4-oxo- 1,4-dihydroquin
oline-3-carboxylic acid (5c)

Light yellow solid, yield: 39%. Mp: 182-183°CH NMR (400 MHz, DMSOs) &
1.02-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.35 (2H, m, piperazine-2H),
2.64 (1H, d, piperazine-1H), 2.96 (1H, t, piperaziH), 3.21-3.30 (3H, m,
piperazine-3H), 3.64-3.83 (5H, m, -@Hhain and -OCk, 4.15-4.17 (3H, m,
cyclopropyl-CH and -CHlof linker), 4.65 (2H, s, -CHof linker), 6.89 (1H, d, Ar-H),
7.53-7.58 (2H, m, Ar-H)7.71-7.74 (1H, m, Ar-H), 8.15 (1H, s, triazole-8)81 (1H,
s, C2-H), 14.95 (1H, brs, COOHYC NMR (100 MHz, DMSOds) & 9.45, 16.07,
41.27,47.41, 48.12, 48.52, 50.97, 51.31, 54.2447%63.51, 107.00, 112.38, 113.27,
119.08, 121.21, 124.40, 125.30, 127.82, 134.60,3837139.46, 143.25, 146.26,
149.31, 150.96, 154.67, 157.15, 158.33, 166.14,7476182.29. ESI-MSnz 664
[M+H] ™.

3.1.1.4. 1-cyclopropyl-6-fluoro-7-(4-((1-(2-(5-fluoro-2,3-dioxoindolin-1-yl)ethyl)-1H
-1,2,3-triazol-4-yl)methyl)-3-methyl pi per azin-1-yl )-8-methoxy-4-oxo- 1,4-di hydroquin
oline-3-carboxylic acid (5d)

Light yellow solid, yield: 33%. Mp: 171-174 °CH NMR (400 MHz, DMSO#dg) &
0.92-1.08 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.37 (2H, m, piperazine-2H),
2.62 (1H, d, piperazine-1H), 2.90-2.93 (1H, m, pazéne-1H), 3.19-3.33 (3H, m,
piperazine-3H), 3.64-3.83 (5H, m, -Gkthain and -OCk), 4.01-4.14 (3H, m,
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cyclopropyl-CH and -CHlof linker), 4.65 (2H, s, -CHof linker), 6.90 (1H, s, Ar-H),
7.42-7.72 (3H, m, Ar-H)8.13 (1H, s, triazole-H), 8.69 (1H, s, C2-H). ESEMvVZ
648 [M+H]".

3.1.2. Thegeneral procedure for preparing targets Se-l

To a solution of substituted amine hydrochlorid@snmol) and sodium bicarbonate
(6 mmol) dissolved in water (10 mL) and methand) (iL) was addeda-d. The
reaction mixture was stirred at room temperatune Zé h. After removal of the
solvent, the residue was diluted with water (20 rahyl stirred for 10 min, and then
filtered. The solid crude product was purified mfuenn chromatography (silica gel)
eluted with DCM tov(DCM):v(MeOH)=10:1 to give the title compoundse|
(43-67%).

3.1.2.1. 1-cyclopropyl-6-fluoro-8-methoxy-7-(4-((1-(2-(3-(methoxyimino)-2-oxoindoli
n-1-yl)ethyl)-1H-1,2,3-triazol-4-yl)methyl )-3-methyl pi per azin-1-yl)-4-oxo-1,4-dihydro
quinoline-3-carboxylic acid (5e)

Light yellow solid, yield: 67%. Mp: 136-137 °CH NMR (400 MHz, DMSOdg) &
1.03-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.37 (2H, m, piperazine-2H),
2.63 (1H, d, piperazine-1H), 2.96 (1H, t, piperaziH), 3.21-3.31 (3H, m,
piperazine-3H), 3.70 (3H, s, -OGK 3.72 (2H, q, -CH chain), 4.09-4.17 (6H, m,
cyclopropyl-CH, -CH of linker and NOCH), 4.66 (2H, s, -Chlof linker), 6.88 (1H,
d, Ar-H), 6.99 (1H, t, Ar-H), 7.33 (1H, t, Ar-H),.73 (1H, d, Ar-H),7.81 (1H, d,
Ar-H), 8.02 (1H, s, triazole-H), 8.70 (1H, s, C2;H%.96 (1H, brs, COOH). ESI-MS
m/z. 659 [M+HT".

3.1.2.2. 1-cyclopropyl-6-fluoro-8-methoxy-7-(4-((1-(2-(3-(methoxyimino)-5-methyl-2-
oxoindolin-1-yl)ethyl)-1H-1,2,3-triazol -4-yl )methyl)-3-methyl pi per azin- 1-yl)-4-oxo-1,
4-dihydroquinoline-3-carboxylic acid (5f)

Light yellow solid, yield: 58%. Mp: 126-129 °CH NMR (400 MHz, DMSO#dg) &
1.03-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.20-2.30 (5H, m, -CHand
piperazine-2H), 2.63 (1H, d, piperazine-1H), 2.981,(t, piperazine-1H), 3.17-3.26
(3H, m, piperazine-3H), 3.59-3.81 (5H, m, -Ct¢hain and -OCBh), 4.12-4.20 (6H, m,
cyclopropyl-CH, -CH of linker and NOCH), 4.68 (2H, s, -Cklof linker), 6.70-6.86
(1H, m, Ar-H), 7.11-7.31 (1H, m, Ar-H), 7.69-7.72H, m, Ar-H), 8.04 (1H, s,
triazole-H), 8.71 (1H, s, C2-H), 14.91 (1H, brs, @@). ESI-MSm/z: 644 [M+H]".
3.1.2.3. 7-(4-((1-(2-(5-chloro-3-(methoxyimino)-2-oxoindolin-1-yl)ethyl )-1H-1,2,3-tri
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azol-4-yl)methyl)-3-methyl pi per azin- 1-yl)- 1-cycl opr opyl-6-fluor 0-8-methoxy-4-oxo-1,
4-dihydroquinoline-3-carboxylic acid (5g)

Light yellow solid, yield: 61%. Mp: 156-158 °CH NMR (400 MHz, DMSOdg) &
1.03-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.34 (2H, m, piperazine-2H),
2.61 (1H, d, piperazine-1H), 2.96 (1H, t, piperaziH), 3.22-3.31 (3H, m,
piperazine-3H), 3.66-3.79 (5H, m, -Gkthain and -OCk), 4.13-4.20 (6H, m,
cyclopropyl-CH, -CH of linker and NOCH), 4.65 (2H, d, -Chlof linker), 6.88 (1H,
d, Ar-H), 7.40 (1H, d, Ar-H), 7.71-7.77 (2H, m, At}, 8.04 (1H, s, triazole-H), 8.69
(1H, s, C2-H), 14.95 (1H, brs, COOHJC NMR (100 MHz, DMSOdg) & 9.45, 16.05,
41.37, 47.36, 48.09, 50.99, 51.26, 54.21, 57.441635.25, 107.00, 110.98, 116.34,
121.20, 125.01, 126.90, 126.97, 132.61, 134.61,4839139.57, 142.56, 142.64,
143.17, 146.20, 150.97, 154.65, 157.14, 162.31,1866.76.78. ESI-MSwz 693
[M+H] ™.

3.1.2.4. 1-cyclopropyl-6-fluoro-7-(4-((1-(2-(5-fluor o-3-(methoxyimino)-2-oxoindolin-
1-yl)ethyl)-1H-1,2,3-triazol -4-yl ) methyl )-3-methyl pi per azin-1-yl )-8-methoxy-4-oxo- 1,
4-dihydroquinoline-3-carboxylic acid (5h)

Light yellow solid, yield: 63%. Mp: 139-141 °CH NMR (400 MHz, DMSO#dg) &
1.02-1.13 (7H, m, 2xcyclopropyl-GHand -CH), 2.33-2.35 (2H, m, piperazine-2H),
2.61 (1H, d, piperazine-1H), 2.94 (1H, t, piperaziH), 3.25-3.31 (3H, m,
piperazine-3H), 3.70 (3H, s, -OGH 3.72 (2H, g, -CHhl chain), 4.12-4.19 (6H, m,
cyclopropyl-CH, -CH of linker and NOCH), 4.66 (2H, d, -CHl of linker), 6.90 (1H,
d, Ar-H), 7.24 (1H, t, Ar-H), 7.58 (1H, d, Ar-H),.73 (1H, d, Ar-H),8.03 (1H, s,
triazole-H), 8.70 (1H, s, C2-H), 14.96 (1H, brs, @@). *C NMR (100 MHz,
DMSO-dg) 6 9.44, 16.07, 41.25, 47.31, 48.11, 50.96, 51.22&%457.46, 63.47, 65.16,
107.01, 110.57, 114.59, 114.85, 115.67, 119.33,5619121.16, 124.97, 134.64,
139.46, 140.13, 143.13, 143.20, 146.17, 150.98,6854157.10, 159.46, 162.50,
166.14, 176.79. ESI-M8Vz 677 [M+H]".

3.1.2.5. 1-cyclopropyl-6-fluoro-7-(4-((1-(2-(3-(hydroxyimino)-2-oxoindolin-1-yl )ethyl
)-1H-1,2,3-triazol-4-yl)methyl)-3-methyl pi per azin- 1-yl)-8-methoxy-4-oxo- 1,4-dihydro
quinoline-3-carboxylic acid (5i)

Light yellow solid, yield: 54%. Mp: 188-190 °CH NMR (400 MHz, DMSOdg) &
1.03-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.30-2.37 (2H, m, piperazine-2H),
2.60 (1H, d, piperazine-1H), 2.95 (1H, t, piperaziiH), 3.20-3.21 (3H, m,
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piperazine-3H), 3.69 (3H, s, -OGK 3.72 (2H, q, -CH chain), 4.16-4.17 (3H, m,
cyclopropyl-CH and -Chlof linker), 4.67-4.68 (2H, m, -CHof linker), 6.84 (1H, d,
Ar-H), 6.97 (1H, t, Ar-H), 7.29 (1H, t, Ar-H), 7.7@H, d, Ar-H),7.91 (1H, d, Ar-H),
8.04 (1H, s, triazole-H), 8.70 (1H, s, C2-H), 13@H#, brs, NOH), 14.94 (1H, brs,
COOH). '3C NMR (100 MHz, DMSQdg) & 9.40, 9.46, 16.03, 41.28, 47.46, 48.16,
51.03, 51.19, 54.33, 57.42, 63.48, 107.00, 109105,58, 121.06, 121.16, 122.98,
124.90, 127.27, 132.25, 134.64, 139.60, 143.12,2743143.66, 146.18, 150.98,
154.67, 157.15, 163.49, 166.16, 176.79. ESHNS 645 [M+H]".

3.1.2.6. 1-cyclopropyl-6-fluoro-7-(4-((1-(2-(3-(hydroxyi mino)-5-methyl -2-oxoindolin-
1-yl)ethyl)-1H-1,2,3-triazol-4-yl ) methyl)-3-methyl pi per azi n-1-yl )-8-methoxy-4-oxo- 1,
4-dihydroguinoline-3-carboxylic acid (5))

Light yellow solid, yield: 47%. Mp: 175-177 °CH NMR (400 MHz, DMSO#dg) &
1.02-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.19 (3H, s, -Ch), 2.28-2.32 (2H,
m, piperazine-2H), 2.59 (1H, d, piperazine-1H), 62.61H, t, piperazine-1H),
3.17-3.26 (3H, m, piperazine-3H), 3.69 (s, 3H, -QLRB.72 (2H, g, -CH chain),
4.13-4.16 (3H, m, cyclopropyl-CH and -Glaf linker), 4.64-4.67 (2H, m, -CHof
linker), 6.69 (1H, d, Ar-H), 7.10 (1H, d, Ar-H),70-7.76 (2H, m, Ar-H), 8.00 (1H, s,
triazole-H), 8.69 (1H, s, C2-H), 13.70 (1H, brs, NQ14.74 (1H, brs, COOH)*C
NMR (100 MHz, DMSOek) 6 9.42, 16.00, 20.89, 41.25, 47.54, 48.19, 51.012(%1
54.34, 57.43, 63.48, 107.05, 108.73, 115.63, 121.24.87, 127.78, 131.86, 132.35,
134.60, 139.47, 140.89, 143.29, 143.77, 146.22,9550154.66, 157.14, 163.55,
166.14, 176.76. ESI-M8Vz 659 [M+HT".

3.1.2.7. 7-(4-((1-(2-(5-chloro-3-(hydroxyimino)-2-oxoindolin-1-yl)ethyl )-1H-1,2,3-tri
azol-4-yl)methyl)-3-methyl piper azin-1-yl)-1-cycl opr opyl -6-fluor o-8-methoxy-4-oxo-1,
4-dihydroquinoline-3-carboxylic acid (5k)

Light yellow solid, yield: 48%. Mp: 194-196 °CH NMR (400 MHz, DMSO#dg) &
1.00-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.33 (2H, m, piperazine-2H),
2.60 (1H, d, piperazine-1H), 2.96 (1H, t, piperaziH), 3.27-3.31 (3H, m,
piperazine-3H), 3.65-3.80 (5H, m, -Gkthain and -OCk), 4.16-4.19 (3H, m,
cyclopropyl-CH and -Chlof linker), 4.65-4.67 (2H, m, -CHof linker), 6.83 (1H, d,
Ar-H), 7.37 (1H, d, Ar-H), 7.73 (1H, d, Ar-H), 7.8[LH, t, Ar-H), 8.01 (1H, s,
triazole-H), 8.70 (1H, s, C2-H), 13.77 (1H, brs, N0 14.98 (1H, brs, COOHY>C
NMR (100 MHz, DMSO+dg) 6 9.45, 15.99, 41.25, 47.45, 48.13, 50.98, 51.23/”A1
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54.23, 57.42, 63.53, 107.01, 110.63, 116.65, 121.24.99, 126.50, 126.70, 131.63,
134.63, 139.61, 141.91, 142.91, 143.23, 146.19,9950154.68, 157.16, 163.15,
165.25, 166.15, 176.80. ESI-M8z 679 [M+H]".

3.1.2.8. 1-cyclopropyl-6-fluoro-7-(4-((1-(2-(5-fluoro-3-(hydr oxyimino)-2-oxoindolin-
1-yl)ethyl)-1H-1,2,3-triazol-4-yl )methyl)-3-methyl pi per azi n-1-yl )-8-methoxy-4-oxo- 1,
4-dihydroquinoline-3-carboxylic acid (5l)

Light yellow solid, yield: 43%. Mp: 191-192 °CH NMR (400 MHz, DMSOdg) &
1.02-1.14 (7H, m, 2xcyclopropyl-GHand -CH), 2.31-2.35 (2H, m, piperazine-2H),
2.60 (1H, d, piperazine-1H), 2.96 (1H, t, piperaziH), 3.27-3.30 (3H, m,
piperazine-3H), 3.69 (3H, s, -OGK 3.72 (2H, q, -CH chain), 4.16-4.19 (3H, m,
cyclopropyl-CH and -CHof linker), 4.65-4.68 (2H, m, -C}bf linker), 6.84-6.87 (1H,
m, Ar-H), 7.18 (1H, t, Ar-H), 7.29 (1H, t, Ar-H),.65 (1H, d, Ar-H),7.72 (1H, d,
Ar-H), 8.01 (1H, s, triazole-H), 8.70 (1H, s, C2;HB.70 (1H, brs, NOH), 14.97 (1H,
brs, COOH).**C NMR (100 MHz, DMSOds) & 9.39, 16.00, 41.25, 47.40, 48.14,
50.96, 51.21, 54.31, 57.40, 63.48, 107.00, 110112,09, 115.99, 116.08, 118.31,
118.55, 121.07, 124.96, 134.62, 139.46, 143.24,3643146.18, 150.96, 154.65,
157.08, 159.44, 163.34, 166.14, 176.77. ESHKIB 663 [M+H]".

3.2. MIC determination

Conjugatesba-l along withGTFX, RIF andINH were evaluatedn vitro activity
against MTB H;Rv and MDR-TBvia rapid direct susceptibility test technique [9].
The compounds along with the referen€&EFX, RIF andINH were dissolved in
dimethyl sulfoxide (DMSO) and two-fold diluted abrentrations from 0.0125 to
200ug/mL (for MTB Hz7Rv) or 0.062 to 12@&g/mL (for MDR-MTB). The wells of a
sterile 48-well plate were filled with 100 mL twoldl diluted tested compounds and
100 mL MTB Hi;Rv or MDR-MTB suspension containing 4x10ng cells. Pure
medium replaced the diluted compounds in two wellsthe positive control of
growth, and deionized water instead of the cultarether two wells as the negative
control of growth in the plates. The plates wereeted and sealed, then incubated at
37 °C in a wet box. The positive and negative aintvells should show obvious
difference after 3 days. The MIC was determinedbserving the quantity and state

of the cells in each test well by a continuous aisuigh magnification system, and
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re-determined 7 days later. The MIC is definedh&sdoncentration of the compound

required to give complete inhibition of bacteriabgth.

3.3. Cytotoxicity

The synthesized conjugatsg-| along with the referenc&sTFX, RIF andINH were
further examined for toxicity (C4g) in a mammalian VERO cell line dissolved in
DMSO at concentrations from 1000 to (/4/mL [10]. The VERO cells were
maintained in culture medium (Minimum Essential Mead with Earle’s salt,
supplemented with 10% fetal bovine serum) at 37utder 5% CQ@ Cells were
seeded in 96-well plates at the plating densitg>cf0f cells per well and allowed to
recover for 24 h. Culture medium was replaced lsapsmedium containing the
compound to be tested or drug-free. After 72 hxpiosure, cells were harvested and
cell viability was assessed by MTT assay. Thed3@lues were calculated by Bliss

analyses.
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5g was 4-8 times more potent in vitro than the references GTFX and RIF against MTB Hs/Rv.
The most potent 5g and 5h were 4->512 times more active than the three references (MIC:
1.0->128 ug/mL) against MDR-TB, and the results warrant further development of the anti-TB

properties of triazole-tethered FQsisatin conjugates.



