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Abstract

Due to the occurrence of antibiotic resistancetdvad infectious diseases have become a
serious threat to public health. To overcome aatibiresistance, novel antibiotics are
urgently needed. N-thiadiazole-4-hydroxy-2-quin@eBicarboxamides are a potential new
class of antibacterial agents, as one of its devies was identified as an antibacterial agent
against S. aureus However, no potency-directed structural optima@at has been
performed. In this study, we designed and syntlkees&” derivatives, and evaluated their
antibacterial activity agains. aureusATCC29213, which led to the identification of ten
potent antibacterial agents with minimum inhibitagncentration (MIC) values below 1
ug/mL. Next, we performed bacterial growth inhibiticassays against a panel of
drug-resistant clinical isolates, including methiciresistantS. aureus and cytotoxicity
assays with HepG2 and HUVEC cells. One of the dest®smpounds named
1-ethyl-4-hydroxy-2-oxo-N-(5-(thiazol-2-yl)-1,3,4nbdiazol-2-yl)-1,2-dihydroquinoline-3-
carboxamide g37) showed 2 to 128-times improvement compared wahcemycin in
term of antibacterial potency against the testemirst (MICs: 0.25 to luig/mL vs. 1 to 64
ug/mL) and an optimal selective toxicity (HepG2/MRSIA0.6 to 221.2; HUVEC/MRSA,
77.6-155.2). Further, comprehensive evaluationcaieid thag37 did not induce resistance
development of MRSA over 20 passages, and it has lgenfirmed as a bactericidal,
metabolically stable, orally active antibacterigeat. More importantly, we have identified
the S. aureudDNA gyrase B as its potential target and propasgubtential binding mode

by molecular docking. Taken together, the presestkweports the most potent derivative



of this chemical serieg87) and uncovers its potential target, which layslal$oundation
for further lead optimization facilitated by thewstture-based drug design technique.
Keywords:. antibiotic resistance, antibacterial agent, MRBAA gyrase B, molecular

docking



1. Introduction
Antibiotic resistance has been declared a serimest to public health worldwide in 2001
and is still on the rise [1]. The bacteria resistem most antibiotics in clinical use are
mainly ESKAPE species, i.€. faecium S. aureus K. pneumoniagA. baumannii P.
aeruginosaand Enterobacter2, 3]. Among them, the Gram-positive bacteriarespnted
by methicillin-resistantS. aureus(MRSA) and vancomycin-resistaft. faecium(VRE)
have been categorized as serious threatshbyUS Centers for Disease Control and
Prevention in 2013 [4]. The situation becomes ewense as the number of new drugs
approved for the treatment of drug-resistant badterfections is on the decline in recent
years [5, 6]. For these reasons, the discoveryowklnresistance-breaking antibacterial
agents is of utmost importance.
N-thiadiazole-4-hydroxy-2-quinolone-3-carboxamidegresent an important chemical
series that shows a wide range of pharmacologatalites. Several derivatives have been
reported as anticancer agents [7], fat storagelatye [8], strand transfer inhibitors of
HIV integrase [9] and anti-tuberculosis agents IP)- CompoundLl is a derivative with a
methyl group at the position 1 of the 1,2-dihydrogline and an ethyl group at the
position 5 of the thiadiazol (cf. Figure 1). Petdrih. et al have discovered that this
compound is able to inhib8. aureusATCC 25923 and not toxic to the ChoK1 cell line,
with a TG¢/MIC ratio of 20.7 [13]. To the best of our knowtg] current pipelines for
antibiotics research and development do not covisr themical series. In addition, no
structural modification that improves the potendycompoundll againstS. aureusor

other gram-positive bacteria has been reportechoéitjh the other reported derivatives



might be repurposed for antibiotics against gramsitpe bacteria, they are limited to the

structures with alkyl groups at the above-mentiopesitions.
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TCs0(ChoK1)/MIC(S. aureus)=20.7
Figure. 1. (a) Antibacterial compoundl with a desired safety margin and (b) its core
scaffold, i.e., N-thiadiazole-4-hydroxy-2-quinoleBecarboxamide.

In order to develop N-thiadiazole-4-hydroxy-2-cplome-3-carboxamides as a new
class of antibacterial agents, we herein perforstagttural modification of compourd
(mainly with aromatic or heteroaromatic rings at fmesition 5 of the thiadiazol) and
determined the MICs (minimum inhibitory concentoag) of 37 new derivatives agairgt
aureusATCC 29213. Then, we tested the derivatives thawwed higher potencies than
compoundll for their antibacterial activity spectrum and dgtacity to HepG2 and
HUVEC cells and selected the most promising deiieatMoreover, we evaluated it for its
propensity to develop bacterial resistance, its enad action (i.e. bactericidal or
bacteriostatic),in vitro metabolic stability,in vivo pharmacokinetic profile anth vivo
antibacterial efficacy. Lastly, we identified itetpntial target by cheminformatics analysis
and proposed a binding mode by molecular dockirfg¢chvcan make structure-based lead
optimization become feasible in the future.

2. Results and discussions

2.1. Molecular design



It should be noted that structural modificatiothathe aim to improve the antibacterial
potency of the compountd has never been reported up to now. As a pione&rorl, we
designed 37 new structures (cf. Table 1) iteragilsl taking into account bioassay results
and the commercial availability of the starting ematls. At first, we designed three
derivatives with alkyl groups, i.e. the methyl, ythnd propyl groups at position 1 of the
1,2-dihydroquinoline, while leaving position 5 dfet thiadiazol unsubstituted. Once the
optimal alkyl group was determined, we designed tasses of compounds with different
substituents at position 5 of the thiadiazol. Sinbes position of compoundl was
substituted with an ethyl group, it was naturaddesign derivatives with alkyl groups in
various carbon-atom lengths. Thus, we designedfitbeclass of derivatives that were
substituted with methyl, ethyln-propyl, n-butyl, n-pentyl and n-hexyl groups. As
cycloalkyl groups may show similar properties te t@ikyl groups, we introduced three
cycloalkyl groups (cyclopropyl, cyclopentyl and fylwexyl groups) to the position, which
constituted the second class of derivatives. Ireotd enhance structural novelty, we
further designed the other two classes of derieativy respectively introducing aromatic
rings (benzene rings unsubstituted and those sutesti with fluoro, chloro, bromo,
difluoromethoxy, nitro, methyl, methoxy, ethoxyldadimethylamino groups at tretho-,
meta or para- positions), and heteroaromatic rings (pyridint2pyridin-3-yl, pyridin-4-yl,
thiophen-2-yl, 1-methyl-1H-pyrazol-3-yl, thiazolyd- thiazol-2-yl groups) to position 5 of
the thiadiazol.

2.2. Chemistry



The designed molecules, i.&-thiadiazol-4-hydroxy-2-quinolone-3-carboxamides,
were synthesized according to the route describeddheme 1, which included the
reactions between the 4-hydroxy-2-oxo-1,2-dihydmogline-3-carboxylic acids c{-c3)

and the substituted aminothiadiazolisf@5).
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Scheme 1. Reagents and conditions: (i) NaH, 0 °C, DME;)XR(X=1), (i) NaH, DMF,
diethyl malonate, (iii) 2.8 M HCI in C$€OOH, 60 °C, (iv) TFA, 80°C, 8 h, (v) EDCI,
HOBt, DIPEA, DMF, r.t..

The synthesis of the 4-hydroxy-2-oxo-1,2-dihydrogline-3-carboxylic acidsc{-c3)
started with the isatoic anhydrides.(Firstly, the isatoic anhydrides were alkylatadhe
presence of both sodium hydride and the alkyl iedithe resultingN-alkylated anhydrides
were treated with diethyl malonate and sodium Hdglrito yield the N-alkylated
4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylat€s1-b3). These esters were then
transformed into the acids by the hydrolysis rescin a solution of hydrochloric acid
dissolved in acetic acid. The 2-amino-1,3,4-thiadies {1-f35) were prepared by the
reactions between the nitrilesl1(d35) and the thiosemicarbazides) (dissolved in
trifluroacetic acid (TFA) [14]. The end producttl (and g1-g37) were obtained by the
cross-linking reactions between the 4-hydroxy-2-@@-dihydroquinoline-3-carboxylic

acids €1-c3) and the 2-amino-1,3,4-thiadiazoldd-{35). The chemical structures were



validated by high resolution mass spectrometry (FRMH NMR and *C NMR (cf.
Figure S1).
2.3. Preliminary structure-antibacterial activity relationship

We tested all the synthesized derivatives forrtlagitibacterial activity (i.e. MICs)
againstS. aureusATCC29213 (i.e. a wild-type and methicillin-sensggt standard strain) by
the broth microdilution method. The chemical stowes of 37 derivativesl{ andgl-g37)
and their MIC values fo6. aureusATCC 29213 are listed in Table 1. The MIC values
range from 10Qug/mL to 0.1ug/mL, indicating that all the derivatives inhibitet growth of
S. aureusATCC 29213. Encouragingly, ten out of the 37 neddgigned and synthesized
derivatives ¢1-g37) were more potent than compoutt (MIC: 1.56 pg/mL), with MIC
values lower than Lig/mL. The MIC values of five derivatives even readhup to 0.1
ug/mL. The data demonstrate that our strategy foteowbar design was effective to
improve antibacterial potency.

As we mention in the subsection of “Molecular desj we initially designed,
synthesized and tested three derivatives with réiffe alkyl groups at position 1 of the
1,2-dihydroquinoline d1-g3). As compoundy2 with the ethyl group was more potent than
the others (MIC: 1.56ug/mL; cf. Table 1), we decided to preserve the letrpup at
position 1 of the 1,2-dihydroquinoline when perfamghfurther modification at position 5
of the thiadiazol.

Among other derivatives with the ethyl group at Re first class covered those with
alkyl groups as R With the exception a9, all compounds of this clasg4g9) exhibited

strong antibacterial activity, with MIC values lom#han 1ug/mL. The MIC values were



0.78 ug/mL for the derivatives with the methyl groug4] or the ethyl groupgs), 0.39
ug/mL for the derivatives with the-propyl- group ¢6) and 0.1ug/mL for the derivatives
with then-butyl- (g7) or then-pentyl @8) group, respectively (cf. Table 1). For this clags
derivatives, it was concluded that (i) the intratilare of the alkyl groups in a length within
five carbon atoms to the 5-position of the thiadlazas favorable for antibacterial activity,
(i) the length of the alkyl groups affected thetilbacterial activity, and four or five
carbon-atom length led to the optimal potency.

The second class of derivatives were those withcftloalkyl substituents, including
g10 (the cyclopropyl group)gll (the cyclopentyl group) angll2 (the cyclohexyl group).
Their MIC values were greater than thatg# indicating that the introduction of the
cycloalkyl groups results in a decrease of antdyaatactivity.

The third class of derivatives started wgtt8, i.e. the derivative with the benzene ring.
Compoundyl3 was as potent as the compounds bearing alkyl grgdfC: 0.39ug/mL; cf.
Table 1). This outcome was rather encouraging sscaa aromatic ring had been reported
as a substituent at position 5 of the thiadiazol r fo
N-thiadiazole-4-hydroxy-2-quinolone-3-carboxamidesfar. As a follow-up, we designed
and synthesized 17 derivatives with a variety odbssituted benzene ringg14-g30)
through parallel synthesis. The bioassay data stgdea preliminary structure-activity
relationship (SAR) for this class of derivativel$:All the substitutions in the benzene ring
reduced the antibacterial activity. The introductiof the electron-withdrawing groups
seemed to be more detrimental to antibacterialiactinan the electron-donating groups

(e.g. the methoxy group). For instance, the dexigawvith the fluoro- group at thertho-,



meta or para- position was not as potent as that with the methgroup at the same
position. As shown in Table 327 (MIC: 12.5 ug/mL), g23 (MIC: 6.25 ug/mL) andgl4
(MIC: 25 ug/mL) are less potent tha29 (MIC: 3.12ug/mL), g25 (MIC: 1.56 ug/mL) and
g20 (MIC: 3.12 ug/mL), respectively. (i) Whether the substituehtlee benzene ring was
an electron-donating group or an electron-withdrewgroup, themeta position for
substitution seemed to be better than the othemivgitions. For instance, the derivatives
with the fluoro, the methoxy or the ethoxyl grouplee meta position (i.e.g23, g25, g26)
showed better antibacterial activity than thosehwiite substituents at tlwtho- and the
para- positions (i.eg27/g14, g29/g20, g30/g21).

Seven derivatives with different heteroaromatigsi §31-g37) belong to the fourth
class of derivatives. Among them31l (the pyridin-2-yl group andg37 (the thiazol-2-yl
group showed four-fold improvement in antibacterial aityivcompared withgl3 (phenyl
group), with a MIC value as low as Qufy/mL. The compoundg32 andg36 were also
potent antibacterial compounds (MIC: less thamg/inL). To be specificg32 (pyridin-3-yl
group) displayed the activity equivalentgd3 (MIC: 0.39ug/mL), while g36 (thiazol-4-yl

group) was slightly weaker (MIC: 0.1&/mL) thang13.

Table 1. Chemical structures of the synthesized compouth@s; antibacterial activity in

terms of MICs g/mL) for S. aureusATCC29213 and GyrB inhibitory activity in term of

ICs0(uM).
N-N O HO
7\
asee
H
o” N
gl-g37 R

Compound R R> S. aureus ICso for GyrB




ID ATCC29213 (UM, mean * SB)

1 R CHs- 1.56 0.16:0.01
gl H CHs- 6.25 0.19-0.03
92 H CHzCHy- 1.56 0.11-0.01
93 H CH3(CH2)2- 3.12 0.46:0.03
g4 Sy CHsCH,- 0.78 0.24:0.01
g5 L CHsCH,- 0.78 0.45:0.01
g6 P CHsCH,- 0.39 0.27:0.01
g7 SR CH3CHy- 0.1 0.99+0.01
g8 A~~~ CHiCHy- 0.1 0.47:0.02
g9 ~~~_"  CHsCH,- 12.5 0.35-0.02
g10 %é CH3CHs- 3.12 0.58-0.10
g1l O—% CHaCH,- 6.25 0.55-0.01
Y
g12 O/ CHsCHy- 12.5 0.55-0.06
g3 @ CHsCH- 0.39 1.72+0.10
%
gl4 J@( CHsCHy- 25 2.30+0.04
F
%
915 J@( CHsCHy- 12.5 1.46-0.20
Cl
%,
916 J@( CH:CH- 12.5 2.19-0.24
Br
- 3
gl7 )t Q CHyCHy 125 1.42-0.02
F* O
5
918 Q CHsCH,- 50 1.61-0.16
O,N
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3.12

12.5

0.1

0.39

0.64+0.07

1.14-0.14

2.30t0.11

2.66-0.13

1.810.25

1.75-0.03

2.1740.05

1.69-0.06

0.99-0.16

3.18+0.11

0.76:0.01

2.35:0.08

0.42-0.05

0.24+0.02




933 [ CH4sCH,- 1.56 0.24-0.03
07
934 Q, CHsCH,- 3.12 0.22-0.05
935 \Nﬁ\fé CH3CH,- 3.12 0.49-0.04
¢ AN CHsC 0.78 0.16-0.03
36 - H3CH,- 7 .16+0.
w Ot onen
N
937 [ CHCHy- 0.1 0.15-0.02
S

® mean, the average of the duplicate; SD, standarition.
2.4. Activity spectrum against a panel of gram-positive bacteria

Following the discovery of ten compounds that ptyeinhibited methicillin-sensitive
S. aureugMSSA) ATCC 29213 (MIC: less thanlg/mL), we tested them against other
nine strains of MRSA, including clinical isolatek¢1, 15-2, 15-3, 15-6, 15-7, 15-8, 15-9,
ATCC 700699 and ATCC 700788), with compouridas a reference and vancomycin as a
positive control. Compared with their potency folSBA (0.1 to 0.78.g/mL), all new
derivatives showed decreased potency for the teBIBGA strains, with MIC values
ranging from 0.25.g/mL to >64ug/mL (cf. Table 2). Among them, the MIC values loé t
derivatives with the aromatic rings except §36 ranged from 0.25 to gg/mL, while the
MIC values of those with the alkyl groups exceptd8 were between 0.5 to >64y/mL.
The above data indicate that the introduction @& #homatic rings at position 5 of the
thiadiazol is more favorable for antibacterial @ityi against MRSA strains than the
substitutions with the alkyl groups. This obserg&dicture-activity relationship was further
validated by the bioassay against other Gram-pesitibacteria, including

methicillin-sensitiveS. epidermidigMSSE), methicillin-resistan®. epidermidigMRSE),



E. faecalis(EFA), E. faecium (EFM) and vancomycin-resist&ntfaecalis(VRE). For
these bacteria, the MIC values of most derivativel aromatic ringsd13, g31 andg37)
are lower than those with alkyl grouggl{g7).

Among derivatives with alkyl groups (including cpound 11), the most potent
compound wag8. Its MIC values for the tested bacterial strairsevbetween 0.5 and 2.0
ug/mL and hence lower than those of vancomycin (MIC8 to 64.Qug/mL). Importantly,
g8 remained active against VRE and two vancomycierimediateS. aureus(VISA)
strains, i.e. ATCC700699b and ATCC700788b. Amorggé¢hderivatives with the aromatic
rings, g31 andg37 were the only two compounds that showed bettabacterial activity
than vancomycin for most of the tested bacterralss.g37 seemed to be a bit more potent
(MICs: 0.25-1ug/mL) thang31 (MICs: 0.5-1ug/mL). In particularg37 was able to inhibit
the growth of the three VRE strains at the coneioin of 0.5ug/mL. while the MIC value
of g31 for these strains wasyb/mL.

2.5. Cytotoxicity to HepG2 and HUVEC cells

Since the essence of antibacterial therapy is®edetoxicity [13], i.e. to kill or inhibit
bacteria while not to harm patients, mammalian t&Xicity is a common metric for
antibacterial drug discovery. In this study, weteddg8 (with alkyl groups),g31 andg37
(with the aromatic/heteroaromatic rings) for theytotoxicity against two cell lines, i.e.
human hepatocellular carcinoma (HepG2) cells amdamumbilical vein endothelial cells
(HUVEC) using the sulforhodamine B (SRB) assay [1&§ shown in Table 3, the ¢
values of the three compounds were greater thamgd®L for HepG2 cells and over 25

pa/mL for HUVEC cells. To determine the compoundhvthe highest safety margin, we



calculated the selectivity indexes (Sls) for theeéhcompounds by considering both the
IC50 and MIC values for the MRSA strains. The Sl valeég37 for both HepG2 and
HUVEC were 110.6 to 221.2 and 77.6 to 155.2, respy, and hence greater than those
of g8 andg31 (HepG2: 52.1 to 104.2 and 63.2 to 126.4; HUVEC94t 83.8 and 26.5 to

53). According to the safety margins, we seleg¢f@dfor further bioassay.

2.6. Comprehensive evaluation of g37
2.6.1. Propensity to develop bacterial resistance

In order to study the propensity of bacterial isgao develop resistance 37, we
treated the bacterial strain MRSA 15-1 with the-Ribal concentration (05 MIC) of g37
to make it potentially develop resistance. The watudy resistance development had
been commonly used in antibacterial drug discoyE8y18]. Then, we determined the MIC
value of g37 against the bacterial strain selected by the camgbotreatment. The
compound treatment and the MIC determination wepeated for 20 passages. Figure 2
and Table S1 show the MIC variability @B7 during 20 passages of the test, with
vancomycin as a comparison. Clearly, the sub-lelénal of vancomycin induced the
development of bacterial resistance to vancomyasthe MIC value increased from 1
ug/mL to 8ug/mL. Encouragingly, the MIC values g87 remained unchanged (Qug/mL)
during 20 passages, which indicated thy@7 did not induce the development of

drug-resistant bacterial strain.



Table 2. Antibacterial activity spectrum of ten potentidatives (MIC

- less than jig/mL for S. aureusATCC29213) and compourid.

. . MIC (ung/mL)
Bacteriunt Strain 1 g4 g5 g6 g/ g8 gl3 g31 g32 g36 g37 Vancomycin
15-1 2 2 2 2 2 0.5 2 05 05 4 0.5 1
15-2 4 4 2 2 2 1 2 1 05 4 0.5 1
| 15-3 | 2| 2 | 2] 2 | 2| o5 | 1 | o5 o5/ 4| o5 1
15-6 4 2 2 2 2 0.5 05 05 05 4 0.5 1
MRSA | 15-7 | 4] 4 | 1] 4| 4| o5 | 1| 1| o5] 4| o5 1
15-8 4 2 1 2 2 0.5 05 05 05 4 0.5 1
| 15-9 | 4| 4 | 1| 4 | 2| 1 | o25| 1| o5 4| o0.23 1
ATCC700698 4 >64 2 4 4 1 2 05 1 4 0.5 4
| Arcc700788 | 4 | 64 | 2 | 4 | 4| 1 | 2 | o5 1| 4| o5 8
15-3 4 >64 2 2 2 1 1 1 2 8 0.5 2
MISSE | 15-4 | 2 >64a | 2| 2 | 2| 1 [ 1| 2| 1] 4] o5| 2
15-1 4  >64 2 2 2 1 1 1 1 4 0.5 1
MRSE | 15-2 | 4| >4 | 2| 4 | 2| 1 | 1| 1| 1| 8] o5] 2
15-3 4 >64 2 2 2 1 1 1 1 4 0.5 2
EFA | 15-1 | 4| >64 | 2| 4 | 2| 2 | 1 | 1| >64] 4| o5| 2
15-2 4 >64 2 4 2 1 1 1 >64 4 0.5 2
EEM | 15-1 | 4| >64 | 4| 2 | 2| 1 [ 1 | 1| >64] 8] 1] 1
15-2 4  >64 2 4 2 1 2 1 >64 4 1 2
| Atccs1299 | 32| »e4 [ 8 | 8 | 8| 1 | 1 | 1| >e4] 32| 05| 32
VRE ATCC700802 32 >64 8 8 8 1 1 1  >64 32 05 64
| Atccsis7s | 32) =64 | 8 | 8 | 8| 1 | 1 | 1] >64| 32| 05| 64

% MRSA, methicillin-resistans. aureusMSSE, methicillin-sensitivé. epidermidisMRSE, methicillin-resistart. epidermidisEFA, E.

faecalis EFM, E. faeciumVRE, vancomycin-resistait. faecalis
b vancomycin intermediate sensiti8e aureugVISA)




Table 3. Cytotoxicity of three compounds kepG2 and HUVEC cells.

Compound ICs0 (LM, mean + SD) SIP
ID HepG2 HUVEC HepG2 HUVEC
g8 52.1+12.9 41,9454 52.1-104.2 41.9-83.8
g31 63.2+7.5 26.5+6.6 63.2-126.4 26.5-53
g37 55.318.4 38.8+1.8 110.6-221.2 77.6-155.2
paclitaxel 0.009+0.0039 0.0013+0.0001 n.d¢ n.d.

@values represent cytotoxicity after 72-hour treathveith compounds. mean, the average
of duplicate values; SD, standard deviation.

Pselectivity index, IGY/MICursas

°n.d., not determined.
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Figure 2. The MIC variability ofg37 (A) and vancomycinll) against MRSA 15-1 during

20 passages of the resistance development asshywamicomycin as a comparison.

2.6.2. Time-kill kinetics analysis

In order to determine whether our lead compouy®¥ was bactericidal or
bacteriostatic, we studied its time-kill kineticgainst MRSA 15-1 at five concentrations,
i.e. 0.5xMIC, 1xMIC, 2xMIC, 4xMIC, 8xMIC. As showin Figure 3, at 4xMIC (ig/mL)
and 8xMIC (4ug/mL) concentrationsg37 reduced the starting laggCFU/mL (bacteria

concentration) by more than 3 log units over 2Zlerefore, our lead compougd7 was



bactericidal. As a comparison, we also performed thme-kill kinetics study for

vancomycin. The result showed that also vancomyeas bactericidal as the starting
bacterial concentration decreased by more thang3utots after 24 h of treatment with
vancomycin at concentrations of 4xMIC (¢/mL) and 8xMIC (8ug/mL). The time-kill

curves also showed differences betweg87 and vancomycin. (i) According to the
variability of logo CFU/mL (4xMIC and 8xMIC)g37 showed a lower bactericidal rate
than vancomycin, but it had an equivalent effectdancomycin on reducing the bacterial
concentration after 24 h. (ii) Treated at lower @amtrations (1xMIC and 2xMIC), the

bacterial logo CFU/mL was more significantly reduced §§7.

=37 8xMIC

~o-g37 4xMIC

=37 2xMIC

=a—g37 1xMIC

— . =37 0.5%MIC
M S \\: -s-growth control
—— . ¥ —s—vancomycin 8<MIC
e w-vancomycin 4xMIC

“=vancomycin 2xMIC

Bacterial Concentration (log,, CFU/mL)
i

s~vancomycin 1xMIC

Time (h)

Figure 3. Time-kill kinetics for the compoundg37 and vancomycin against MRSA 15-1
within 24 h. The compound concentrations used & desays were 0.5xMIC, 1xMIC,
2xMIC, 4xMIC, 8xMIC. Each data point is the averafe¢hree measurements.
2.6.3. In vitro metabolic stability and in vivo phaacokinetic profile

Metabolic stability of small molecules affectsvio pharmacokinetic profile and thus

in vivo efficacy.As our systemic infection model was based on mieefirstly tested the



metabolic stability 0§37 by incubating the compound with the plasma orrliméecrosomes
from mice. As shown in Table 4, the estimatggd(te. half-life)value in mouse plasma was
503.11 min, indicating37 was stable in mouse plasma. Besides, the valu@ ahd CLint
(i.e. intrinsic clearance) in liver microsomes wastimated as 35.6 min and 38.9
uL/min/mg proteins, respectively, which indicatg87 was a compound of slow clearance
[19]. Encouraged by the stabie vitro metabolism, we then performed a preliminary
pharmacokinetic study in mice. The result of tharpfacokinetic study is shown as a curve
that describes the concentration viabilityg®7 in plasma along with the sampling time
after the compound was orally administered at s dufs10 mg/kg (cf. Figure S3). We
obtained the pharmacokinetic parameters from thevecuhat (1) the maximum
concentration (Gay Of the compound in plasma (including the fredestand the bound
state) was 827.1 ng/mL, a concentration a bit grethtan its MIC value for the bacterial
strain (0.5ug/mL), (2) the time to reach the maximum concerrdfl may) was 1.0 h, (3)
the %/, value of this compound was favorable (2.3 h) drermhean residence time during
the sampling time was 2.7 h (cf. Table 4). All ti@ove data demonstrated tlgd7 had

relatively good pharmacokinetic properties.



Table 4. In vitro metabolic stability and in vivo pharmacnétics profile of the compound

g37.

in vitro metabolic stability (mouse) mouse pharmacokingtidfile

plasma . liver

. microsomes parameter 10mg/kg (p.o.)
stability .
stability
ts AUC5s(heng/mL) 2539
(min) 503.11 35.6 AUCixi(heng/mL) 2620
MRTas(h) 2.7
, t12 (h) 2.3
Clint / 38.9 Tmah) 1

L/min/
(nL/min/mg) Crmadng/mL) 827.1

2.6.4. In vivo antibacterial efficacy

In light of the favorable biological and pharmaiwiic properties ofj37, we were
curious to see whether the compound would simovivo antibacterial efficacy. Prior to the
efficacy study, we determined the minimum lethade@¢MLD) for our Kunming mice as 5
X 10" CFU/mL, by the intraperitoneal injection of the BR 15-1 inoculum (0.5 mL) at
three different doses, i.e. 5¥1GFU/mL, 5x16 CFU/mL and 5x19 CFU/mL (cf. Table
S2). As the first attempt, we treated the mousdesyatic infection model with the
compound according to a common dosing schedulerfdradministration of antibiotics,
i.e. dosing twice after bacterial infection [20,].2Unfortunately, the compound did not
protect the mice from death, even at each dose 6p mg/kg (cf. Table S3).

Antibiotic prophylaxis, the administration of dmttics before surgery or a dental
procedure, is used in patients who are faced with hsks of bacterial infections [22, 23].
Inspired by this idea, we carried out prophylaetiministration at 12 h and 6 h before the
injection of the MRSA inoculum. Here, the intenadlthe prophylactic administration was

determined as 6 h, because we would like to keensistent with the double-dosing



schedule for the treatment. Then we injected theSMEoculum (0.5 mL) at the MLD
intraperitoneally to the mice that had been pratae by the compound. Subsequently, we
orally administered the compound twice, i.e. at@dd 6 h post-infection, at the same dose
as the prophylactic administration. A significanbsd-effect relationship 0§37 was
observed from Figure 4a, i.e. a higher dose led togher survival rate. All the treated
groups demonstrated the improvement in survivasrabmpared with the vehicle control
(i.e. the untreated group, survival rate: 12.5%e $urvival rates were 87.5%, 50%, 37.5%
and 25%, when treated with the compound at thesdok® mg/kg, 3 mg/kg, 1 mg/kg and
0.33 mg/kg, respectively. Linezolid was used a®sitiye control and administered in the
same way ag37 (including the prophylactic administration). As shoin Figure 4b, both
groups of mice treated with linezolid at the dos€® mg/kg and 3 mg/kg survived the
infection. As a blank control, the uninfected graafgmice had a survival rate of 100%. In
addition, we treated the uninfected mice wgBv according to the same dosing schedule
(including the prophylactic administration) at eadtse as high as 30 mg/kg. Since no
death was observed (cf. Table S3), the compa@3icad a wide therapeutic window.

In order to uncover potential causes of the differeffects between the dosing
schedules with and without prophylactic administrat we tested mouse plasma protein
binding (PPB) 0ofg37 and found that it was rather high (99.9%). Dueh® high PPB, it
seems that both pharmacokinetics and pharmacodgeamaiuld be potentially affected by
the dosing schedules [24]. Apart from this potdrdsuse, more studies will be performed

in the near future to understand the observation.
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Figure 4. The survival rates of the mice infected witkk 50 CFU/mL of MRSA15-1
within 7 days after the treatment of the compogBd (a) or linezolid @) at four doses
ranging from 9 mg/kg to 0.33 mg/kg. The curve foe wehicle control, i.e. the mice that
were not treated with the compound is also shown.
2.7. Target I dentification
2.7.1. Inhibition of S. aureus GyrB and DNA supéirag by g37

It was noted that the chemical series studiedhis work contained a 2-quinolone
scaffold, a bioisostere to coumarins [25]. The ratantibiotic with a coumarin core, i.e.
novobiocin, exhibits antibacterial activity by ibiting the ATPase activity of DNA gyrase
B (GyrB) [26]. As the 4-hydroxyl coumarin-3-carbayhoscaffold of novobiocin is
structurally related to the 4-hydroxy-2-oxo-1,23dihoquinoline ofg37 (cf. Table S4),

we hypothesized thag37 may inhibit GyrB as well. GyrB, as a subunit of DNyrase,



functions to provide energy for DNA supercoiling\datalyzing the hydrolysis of ATP. The
ATPase inhibition causes a failure of DNA supetiogiland hence inhibits or kills bacteria
[27].

We retrieved all the available GyrB inhibitors éBr-positive bacteria) from the
ChEMBL database 25 (accessed in Apr. 2019)[28, &8] calculated their structural
similarity with g37, i.e. Tanimoto coefficients based on MACCS fingars. 31 potent
GyrB inhibitors (IGg: less than 1uM) were found to be structurally relatedg®7 [30, 31],
with Tanimoto coefficients of 0.75 and higher (Glable S4). This strengthened the
hypothesis thag37 may target GyrB.

To validate our hypothesis, we measured the ptomuof ADP before and after the
treatment ofS. aureusGyrase with different concentrations g87. A clear dose-response
relationship was observed and thej@as determined as 0.14M (cf. Figure 5a, the 16
of the positive control, i.e. novobiocin, was 0.QI\d, which was consistent with an earlier
report [32]). Since GyrB inhibitors eventually imp@®NA supercoiling, we tested the
effect of g37 on that process by agarose gel electrophoresishdsn in Figure 5bg37
clearly inhibited the production of the supercoilBNA in a dose-response manner. The

above bioassays confirmé&d aureussyrB as a potential target gB7.
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Figure 5. Target validation of§37. (a) The concentration-dependent ATPase inhibmioB.
aureusGyrase B. The I¢ value is 0.145uM. (b) The effect of the compourg87 on the
DNA supercoiling at serial concentrations, showndgarose gel electrophoresis. R, the
relaxed DNA; S, the supercoiled DNA.

As a follow up, we determined the sfalues of all the other derivatives agaiSst
aureusGyrB. As their IGp values were between 0.1 and 3.18uM (cf. Table 1), the
whole series of compounds were targeth@ureussyrB. Apart from that, we noted that (i)
all the potent antibacterial compounds (MIC: ldsant 1ug/mL) potently inhibited GyrB
(ICsp: less than 1uM) as well, with g13 as the only exception. (ii)) For the weak
antibacterial compounds (MIC: greater thangImL), however, they were not necessarily
weak GyrB inhibitors. For instance, the compounaduidinggl-g3, g9-g12 andg33-g35
showed moderate antibacterial potency but potentBGwhibition. The observations
uncovered the potential relationship between enzignrahibition and antibacterial activity.
To be specific, GyrB inhibition is an important fac for antibacterial activity, but the
increase of GyrB inhibition does not ensure strangjpacterial potency.

The homology of GyrB to the E subunit of Topoisoase 1V, i.e. ParE [27] prompted

us to measure the effect@gd7 on ParE. As a result, no inhibitory activity wadsserved (cf.



Figure S3) folg37, with the 1Go value greater than 1QM (the 1G5, value of the positive
control, i.e. novobiocin, was 7iM, which was close to an earlier report [32] ).
2.7.2 Potential binding mode g87 to S. aureus Gyrase B

We performed molecular docking to derive a plalesiiinding mode 0§37 to the ATP
binding site of GyrB using the crystal structureSfaureusGyrB bound to novobiocin
(PDB code: 4URO). Since Zhang, &t al highlighted that the cocrystallized water
molecule labeled as wat46 was potentially involiretigand recognition [33], we retained
the same water molecule during the docking simarati Due to the similarity af37 and
novobiocin in the core scaffold, we hypothesizeat the 2-quinolone scaffold may interact
with GyrB in the same way as the coumarin core. Wuest plausible binding pose is
shown in Figure 6. Figure 6a shog®7 and novobiocin share a similar binding mode, in
particular the core scaffold, while Figure 6b shdhes details of the binding mode. Similar
to the coumarin core, the carbanyl group of thaiagone scaffold forms hydrogen bonds
with Argl44. In addition, the 2-quinolone scaffdltteracts with GyrB via electrostatic
interactions with Arg84 and hydrophobic interactmith Pro87. Apart from the similar
interactions g37 also binds to GyrB through a few unique interatdioTo be specific, (i)
the thiadiazole may interact with Asp81, Thrl73 &&ly85 via the conserved water
molecule. Also, it forms the hydrophobic interantiavith 11e86 and the electrostatic
interaction with Glu58. (ii) The thiazol-2-yl growi the terminus is located at a small and
hydrophobic sub-pocket and forms the hydrophobiteraction with 1e86 and the

electrostatic interaction with Asp81. This plausibinding mode generally complies with



the bioassay data, which showed that the substitsitof the thiazol-2-yl group caused

minor variations in GyrB inhibition instead of sifjoant changes.

d

Figure 6. Potential binding modes gB7 to the ATP binding site db. aureusGyrB (PDB
code: 4URO) as derived by molecular docking withDBEking. Images were created with
Discovery Studio 2017. (a) Surface representatiothe ATP binding site wherg37 is
located. Color codes: blue, g37; orange, novobiofim Detailed view of interactions
betweerg37 and GyrB. The interacting atoms agf8¥ are shown in stick representations.
3. Conclusion

Antibiotic resistance has become a threat to pufdialth worldwide [34]. It is well
known that one of the potential solutions to th&ibémtic resistance crisis is the use of
alternative drugs structurally different from thoseclinic to treat bacterial infections.
CompoundLll, identified by Peterndl. et al. during a high-throughput screening campaign,
seems to represent a new class of antibacteriait@ageowever, no follow-up work has
been reported on this compound so far.

Starting from compoundl, in this work, we preliminarily explored the SAR the

N-thiadiazole-4-hydroxy-2-quinolone-3-carboxamid®sthe design, synthesis of 37 new



derivatives andn vitro evaluation of their antibacterial activities agaiSs aureusATCC
29213. Through the efforts, we identified ten datives with better antibacterial activity
than the reported compourd. Next, we focused on the determination of the most
promising compound from the ten derivatives by abersng both antibacterial activity
spectrum and mammalian cell toxicity. Firstly, wested them against a panel of
Gram-positive bacteria including drug-resistantnickl isolates (e.g. MRSA). Most
derivatives showed good antibacterial activitywdfich the potencies aj8, g31 andg37
were not lower than that of the marketed antib&dteirug vancomycin for any of the
tested bacterial strains. Following that, we tesiedthree compounds for their cytotoxicity
to HepG2 and HUVEC cells and demonstrated ¢3@thad the best safety among all the
tested compounds.

As a drug discovery project, we comprehensivelgleatedg37 by performing a
resistance development assay, time-Kkill kineticyais,in vitro metabolic stability tesin
vivo pharmacokinetic profile and an vivo antibacterial efficacy assay. We demonstrate
thatg37 (i) did not induce the resistance development 83 15-1 over 20 passages, (ii)
was bactericidal rather thdacteriostatic, (iii) was metabolically stable itther mouse
plasma or mouse liver microsomes, (iv) showed gdlyegood pharmacokinetic properties
in mice, (v) was orally effective in treating thecen infected with MRSA when it was
prophylactically administered and was not toxi@aatose as high as 30 mg/kg. These data
indicate thag37 is worthy of further development.

Based on visual inspection of chemical structaed cheminformatics analysis, we

proposed that bacterial GyrB was likely to be agearof g37. We then confirmed



experimentally thag37 inhibited the ATPase activity &. aureusGyrB and thus, DNA
supercoiling. By testing all the other derivativagainstS. aureusGyrB, we preliminarily
uncovered the potential relationship between enzyribition and antibacterial activity.
By molecular docking, we derived a plausible bigdmode ofg37 to S. aureusGyrase B.
To the best of our knowledge, this is the first ampof a potential target for
N-thiadiazole-4-hydroxy-2-quinolone-3-carboxamidgBis interesting discovery may help
the structure-guided optimization g87.

In summary, this paper describes the comprehensigef chemical synthesis, vitro
and in vivo bioassays as well as cheminformatics analysis isocoder a promising
antibacterial agent and its potential targgd7 is the most potent compound of this
chemical series that we have tested and its tangst never been reported so far.
Nevertheless, the high PPB of the compound somewwmdils its broad application.
Therefore, we will continue to optimize the pharokinetic properties of this compound
while aiming to maintain its favorable potency aadety profile.

4. Experimental
4.1. Chemistry
4.1.1. General Methods

The process of the chemical reaction was monitoogd analytical thin-layer
chromatography on the silica gel plates GF254 (aia@hemical Industry Research
Institute, China). BotiH NMR (500 MHz) and*C NMR (100 MHz or 125 MHz) spectra
were measured on the Bruker spectrometer (Variarcivg USA). The chemical shifts

were recorded as tlevalue (ppm), using tetramethylsilane as the irsestandard. HRMS



was performed by using the Thermo Scientific™ Exaft Plus Mass Spectrometer
(Thermo, USA). The products were purified by coluctirtomatography on silica gel
(200-300 mm; Qingdao Haiyang Chemical Co., Ltd, n@hi All the reagents were
commercially available and used without furtherifoeation unless particularly stated.
4.1.2. General procedure A for the synthesis ofpmamdsb1-b3

The synthesis of the compounils-b3 was accomplished by the following two steps.
The first step was based on the method proposedioginets I. V.,et al. [35]. At the
beginning, the isatoic anhydride (1 equiv) was alis=d in dry DMF (15 mL) and the
sodium hydride (1.3 equiv) was gradually addecheodolution at the temperature of 0 °C.
After 25 min, the halogenated compound (1.2 eqwia3 also added. The reaction mixture
was stirred at 45 °C and the stirring lasted fornl'hen, dichloromethane (15 mL) and
water (15 mL) were added. The organic phase wabkedawith brine (15 mL), dried with
magnesium sulfate and filtered. After the solvenaswevaporated, the solid was
recrystallized in dichloromethane/hexane to affibvel desired isatoic anhydride derivative.
The second step of the synthesis was based onutblecgiion from Coppola G.Met
al.[36]. Diethylmalonate was added dropwise to thdawsadhydride dissolved in dry DMF
(15 mL) under argon atmosphere and stirred for 1% ah room temperature. Then, the
mixture was added to a round-bottomed flask thattained the isatoic anhydride
derivative dissolved in DMF (15 mL) under argon asphere. The reaction mixture was
heated to 60°C and maintained at 60°C for 8 h.oMoflg that, dichlorometane (30 mL),
water (50 mL), and HCI (1 N) were added in ordeadigust the pH of the mixture to 5. The

organic layer was separated from the aqueous mrebevashed with brine (30 mL). It



was then dried with dry magnesium sulfate andrélie Lastly, the solvent was evaporated
and the resulting solid was recrystallized in dicbimethane/hexane, which produced the
compoundl§1-b3).
4.1.2.1. Ethyl 4-hydroxy-1-methyl-2-oxo-1,2-dihyglrmoline-3-carboxylatébl)
Yield 51.3%, pale yellow solidESI-MS (m/z): 248.13 [M+H] 'H NMR (500 MHz,
DMSO-dg) & 8.07 (d,J = 7.8 Hz, 1H), 7.77 (t) = 7.9 Hz, 1H), 7.54 (d] = 8.6 Hz, 1H),
7.33 (t,J=7.7 Hz, 1H), 4.36 (q] = 7.2 Hz, 2H), 3.57 (s, 3H), 1.33 Jt= 7.1 Hz, 3H).
4.1.2.2. Ethyl 1-ethyl-4-hydroxy-2-o0xo0-1,2-dihydrogpline-3-carboxylatéb?)
Yield 44.3%, white solidESI-MS (m/z): 262.21 [M+H]. *H NMR (500 MHz, DMSO#d)
§ 13.08 (brs, 1H), 8.09 (d, = 7.9 Hz, 1H), 7.76 (tJ = 8.0 Hz, 1H), 7.58 (dJ = 8.5 Hz,
1H), 7.32 (tJ = 7.6 Hz, 1H), 4.35 (] = 7.2 Hz, 2H), 4.24 () = 7.2 Hz, 2H), 1.34 (§] =
7.2 Hz, 3H), 1.21 (t) = 7.1 Hz, 3H).
4.1.2.3. Ethyl 4-hydroxy-2-oxo-1-propyl-1,2-dihygwmnoline-3-carboxylatéb3)
Yield 39.7%, pale yellow solidESI-MS (m/z): 276.34 [M+H] 'H NMR (500 MHz,
DMSO-ds) 5 13.07 (s, 1H), 8.09 (d} = 8.0 Hz, 1H), 7.76 (t) = 7.9 Hz, 1H), 7.58 (d] =
8.7 Hz, 1H), 7.32 () = 7.6 Hz, 1H), 4.36 (q] = 7.1 Hz, 2H), 4.14 () = 7.8 Hz, 2H), 1.62
(h,J=7.6 Hz, 2H), 1.34 (] = 7.1 Hz, 3H), 0.97 (] = 7.4 Hz, 3H).
4.1.3. General procedure B for the synthesis ofpmaumdscl-c3

At first, the concentrated HCI (1.38 mL, 37%) wslewly added to the acetic
anhydride (4.50 mL) at 0 °C, which yielded a sauatiof approximately 2.8 M HCI in
acetic acid. Subsequently, the prepared solutioml(3 of 2.8 M HCI in acetic acid was

added to the estebl-b3, 1.00 mmol). The reaction mixture was heated to°G0and



refluxed at that temperature for 10 After the reaction mixture was cooled down to the
room temperature, it was mixed with 2-propanol. €hd product was obtained by filtering,
washed with 2-propanol and dried in a vacuum.
4.1.3.1. 4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinel3-carboxylic acidcl)
Yield 56.2%, white solid. ESI-MS (m/z): 218.41 [M}H'H NMR (500 MHz, DMSO#dg)
§ 14.42 (s, 1H), 11.34 (s, 1H), 8.19 (d= 7.9 Hz, 1H), 7.99-7.95 (m, 1H), 7.82 (= 8.7
Hz, 1H), 7.55 (tJ) = 7.6 Hz, 1H), 3.74 (s, 3H).
4.1.3.2 1-ethyl-4-hydroxy-2-oxo0-1,2-dihydroquineh8-carboxylic acidc2)
Yield 61.5%, white solid. ESI-MS (m/z): 232.34 [MFH'H NMR (500 MHz, DMSOés) &
14.40 (brs, 1H), 8.20 (d,= 8.0 Hz, 1H), 7.97 (t] = 7.9 Hz, 1H), 7.89 (d] = 8.7 Hz, 1H),
7.54 (t,J=7.6 Hz, 1H), 4.41 (4] = 7.1 Hz, 2H), 1.30 (] = 7.1 Hz, 3H).
4.1.3.3. 4-hydroxy-2-oxo-1-propyl-1,2-dihydroquinel3-carboxylic aciqc3)
Yield 50.3%, white solidESI-MS (m/z): 246.12 [M-H]. *H NMR (500 MHz, DMSO¢) &
14.43 (s, 1H), 11.33 (s, 1H), 8.20 (b= 7.9 Hz,1H), 7.96 (t) = 7.9 Hz, 1H), 7.88 (d] =
8.7 Hz, 1H), 7.54 () = 7.6 Hz, 1H), 4.32 (] = 7.7 Hz, 2H), 1.72 (h] = 7.4 Hz, 2H), 1.00
(t, J= 7.4 Hz, 3H).
4.1.4. General procedure C for the synthesis ofpmamdsf1-35

Trifluoroacetic acid (4 mL) was added to a mixtusé nitrile (1.0 mmol) and
thiosemicarbazide (1.1 mmol). The reaction mixtuess stirred and refluxed for 6 h. Then,
it was cooled to room temperature and aqueous amamas added. The precipitated solid
was filtered, washed with hot water and air-drikcshould be noted that the compounds

f1-f35 were directly used for the next reaction withautter purification.



4.1.4.1. 5-methyl-1,3,4-thiadiazol-2-amifi&)

Yield 82.6%, white solid. ESI-MS (m/z): 116.35 [M}H'H NMR (500 MHz, DMSO#d)
$ 6.98 (s, 2H), 2.46 (s, 3H).

4.1.4.2. 5-ethyl-1,3,4-thiadiazol-2-ami(f@)

Yield 55.0%, white solid. ESI-MS (m/z): 130.18 [M}H'H NMR (500 MHz, DMSO#dq)
§7.00 (s, 2H), 2.82 (d} = 7.6 Hz, 2H), 1.23 (] = 7.6 Hz, 3H).

4.1.4.3. 5-propyl-1,3,4-thiadiazol-2-ami(ia)

Yield 71.5%, white solid. ESI-MS (m/z): 144.26 [M}¥HH NMR (500 MHz, DMSOds) &
7.00 (s, 2H), 2.78 (] = 7.4 Hz, 2H), 1.65 (h] = 7.4 Hz, 2H), 0.94 (] = 7.4 Hz, 3H).
4.1.4.4. 5-butyl-1,3,4-thiadiazol-2-ami(f&)

Yield 56.3%, white solid. ESI-MS (m/z): 158.14 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.00 (s, 2H), 2.80 (] = 7.5 Hz, 2H), 1.61 (p] = 7.5 Hz, 2H), 1.36 (h] = 7.4 Hz, 2H),
0.92 (t,J = 7.4 Hz, 3H).

4.1.4.5. 5-pentyl-1,3,4-thiadiazol-2-ami(i8)

Yield 52.9 %, white solid. ESI-MS (m/z): 172.36 [M¥. *H NMR (500 MHz, DMSO#€)
§ 6.99 (s, 2H), 2.80 (] = 7.5 Hz, 2H), 1.63 (t) = 7.2 Hz, 2H), 1.37-1.28 (m, 4H), 0.90 (t,
J=6.3 Hz, 3H).

4.1.4.6. 5-hexyl-1,3,4-thiadiazol-2-ami(ié)

Yield 62.1%, white solid. ESI-MS (m/z): 186.31 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.00 (s, 2H), 2.80 (tJ = 7.5 Hz, 2H), 1.62 (pJ = 7.4 Hz, 2H), 1.32-1.27 (m, 6H),
0.92-0.85 (m, 3H).

4.1.4.7. 5-cyclopropyl-1,3,4-thiadiazol-2-ami(i@&)



Yield 62.1%, white solid. ESI-MS (m/z): 142.36 [M}H'H NMR (500 MHz, DMSO#dg)
§7.00 (s, 2H), 2.21-2.16 (m, 1H), 1.04-1.01 (m, 2HB1-0.86 (m, 2H).

4.1.4.8. 5-cyclopentyl-1,3,4-thiadiazol-2-am({i&)

Yield 61.8%, white solid. ESI-MS (m/z): 170.09 [M}H'H NMR (500 MHz, DMSO#dg)
§7.01 (s, 2H), 3.28 (@ = 7.7 Hz, 3H), 2.04 (q] = 8.4, 6.4 Hz, 5H), 1.73-1.60 (m, 1H).
4.1.4.9. 5-cyclohexyl-1,3,4-thiadiazol-2-am{ii@)

Yield 55.8%, white solid. ESI-MS (m/z): 184.39 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.32 (s, 2H), 2.86 (td] = 10.7, 4.3 Hz, 1H), 1.97 (d,= 11.8 Hz, 2H), 1.76 (dl = 12.0
Hz, 2H), 1.67 (dJ = 13.1 Hz, 1H), 1.48-1.31 (m, 4H), 1.24 Jg 11.9, 11.5 Hz, 1H).
4.1.4.10. 5-phenyl-1,3,4-thiadiazol-2-am(ifi£0)

Yield 57.6%, white solid. ESI-MS (m/z): 178.21 [M}H'H NMR (500 MHz, DMSO#dg)
8 7.79 (s, 1H), 7.77 (s, 1H), 7.53-7.46 (m, 3H) 37(4, 2H).

4.1.4.11. 5-(4-fluorophenyl)-1,3,4-thiadiazol-2-awa(f 11)

Yield 61.2%, white solid. ESI-MS (m/z): 196.28 [M}H'H NMR (500 MHz, DMSO#dg)
§7.83 (ddJ = 8.5, 5.4 Hz, 2H), 7.44 (s, 2H), 7.34J& 8.7 Hz, 2H).

4.1.4.12. 5-(4-chlorophenyl)-1,3,4-thiadiazol-2-am(f 12)

Yield 61.2%, white solid. ESI-MS (m/z): 212.37 [M}H'H NMR (500 MHz, DMSO#dq)
§ 7.83 (d,J = 8.1 Hz, 2H), 7.58 (d] = 8.3 Hz, 2H), 7.53 (s, 2H).

4.1.4.13. 5-(4-bromophenyl)-1,3,4-thiadiazol-2-aef(ii3)

Yield 66.3%, white solid. ESI-MS (m/z): 256.47 [M}H'H NMR (500 MHz, DMSO#dg)
§7.73 (d,J = 8.3 Hz, 2H), 7.69 (d] = 8.4 Hz, 2H), 7.48 (s, 2H).

4.1.4.14. 5-(4-(difluoromethoxy)phenyl)-1,3,4-thébl-2-amingf14)



Yield 48.8 %, white solid. ESI-MS (m/z): 244.41 [M¥ . *H NMR (500 MHz, DMSO#€)
§7.84 (d,J = 8.3 Hz,2H), 7.44 (s, 2H), 7.34 (s, 1H), 7.29X¢, 8.3 Hz,2H).

4.1.4.15. 5-(4-nitrophenyl)-1,3,4-thiadiazol-2-am({fil5)

Yield 48.2%, white solid. ESI-MS (m/z): 223.38 [M}H'H NMR (500 MHz, DMSO#dq)
$ 8.32 (d,J = 8.4 Hz, 2H), 8.04 (d] = 8.4 Hz, 2H), 7.75 (s, 2H).

4.1.4.16. 5-(p-tolyl)-1,3,4-thiadiazol-2-amifd.6)

Yield 61.3 %, white solid. ESI-MS (m/z): 192.36 [M¥. *H NMR (500 MHz, DMSOd)
§ 7.66 (d,J = 7.8 Hz, 2H), 7.38 (s, 3H), 7.30 @z 7.9 Hz, 2H), 2.37 (s, 3H).

4.1.4.17. 5-(4-methoxyphenyl)-1,3,4-thiadiazol-Area(f17)

Yield 87.4%, white solid. ESI-MS (m/z): 208.19 [M}H'H NMR (500 MHz, DMSO#dg)
§7.71 (dJ = 8.5 Hz, 2H), 7.31 (s, 2H), 7.05 @z 8.4 Hz, 2H), 3.83 (s, 3H).

4.1.4.18. 5-(4-ethoxyphenyl)-1,3,4-thiadiazol-2a&{f 18)

Yield 80.1%, white solid. ESI-MS (m/z): 222.42 [M}H'H NMR (500 MHz, DMSO#dq)
§ 7.70 (d,J = 8.4 Hz, 2H), 7.31 (s, 2H), 7.03 @= 8.4 Hz, 2H), 4.10 () = 7.0 Hz, 2H),
1.37 (t,J = 7.0 Hz, 3H).

4.1.4.19. 5-(4-(dimethylamino)phenyl)-1,3,4-thiadia2-amingf19)

Yield 45.9%, white solid. ESI-MS (m/z): 221.46 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.57 (dJ = 8.7 Hz, 2H), 7.17 (s, 2H), 6.78 @= 8.6 Hz, 2H), 2.99 (s, 6H).

4.1.4.20. 5-(3-fluorophenyl)-1,3,4-thiadiazol-2-a&(f20)

Yield 52.8%, white solid. ESI-MS (m/z): 196.31 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.66-7.58 (m, 2H), 7.54 (s, 2H), 7.51 {ds 7.9 Hz, 1H), 7.29 () = 8.7 Hz, 1H).

4.1.4.21. 5-(m-tolyl)-1,3,4-thiadiazol-2-ami(f@l)



Yield 56.0%, white solid. ESI-MS (m/z): 192.06 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.62-7.55 (m, 2H), 7.47 (s, 2H), 7.38J& 7.7 Hz, 1H), 7.28 (d] = 7.6 Hz, 1H), 2.39 (s,
3H).

4.1.4.22. 5-(3-methoxyphenyl)-1,3,4-thiadiazol- re(f22)

Yield 62.3%, white solid. ESI-MS (m/z): 208.26 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.46 (s, 2H), 7.40 (1] = 7.9 Hz, 1H), 7.36-7.28 (m, 2H), 7.04 (do= 8.2, 2.5 Hz, 1H),
3.84 (s, 3H).

4.1.4.23. 5-(3-ethoxyphenyl)-1,3,4-thiadiazol-21a&{f 23)

Yield 57.0%, white solid. ESI-MS (m/z): 222.61 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.44 (s, 2H), 7.39 (1 = 8.0 Hz, 1H), 7.30 (d] = 6.3 Hz, 2H), 7.02 (d] = 8.1 Hz, 1H),
3.36 (s, 2H), 1.38 (] = 7.0 Hz, 3H).

4.1.4.24. 5-(2-fluorophenyl)-1,3,4-thiadiazol-2-a@(f24)

Yield 55.9%, white solid. ESI-MS (m/z): 196.08 [M}H'H NMR (500 MHz, DMSO#dg)
§8.11 (tJ=7.7 Hz, 1H), 7.53 (g1 = 7.1 Hz, 1H), 7.49 (s, 2H), 7.44-7.33 (m, 2H).
4.1.4.25. 5-(o-tolyl)-1,3,4-thiadiazol-2-amife5)

Yield 58.1%, white solid. ESI-MS (m/z): 192.41 [M}H'H NMR (500 MHz, DMSO#dg)
§ 7.55 (d,J = 7.7 Hz, 1H), 7.37 (d] = 5.8 Hz, 4H), 7.31 (di] = 8.7, 4.4 Hz, 1H), 2.51 (s,
3H).

4.1.4.26. 5-(2-methoxyphenyl)-1,3,4-thiadiazol- rea(f26)

Yield 59.4%, white solid. ESI-MS (m/z): 208.09 [M}H'H NMR (500 MHz, DMSO#dg)
$8.12 (d,J = 7.7 Hz, 1H), 7.45 () = 7.8 Hz, 1H), 7.23 (s, 1H), 7.20 @z= 7.1 Hz, 1H),

7.09 (t,J = 7.6 Hz, 1H), 3.96 (s, 3H).



4.1.4.27. 5-(2-ethoxyphenyl)-1,3,4-thiadiazol-21a&{f27)

Yield 57.5%, white solid. ESI-MS (m/z): 222.41 [M}H'H NMR (500 MHz, DMSO#dg)
§ 8.13 (d,J = 7.7 Hz, 1H), 7.58 (s, 1H), 7.46 {t= 7.8 Hz, 1H), 7.21 (d] = 8.3 Hz, 1H),
7.09 (t,J = 7.5 Hz, 1H), 4.24 (] = 7.0 Hz, 2H), 1.49 (] = 6.9 Hz, 3H).

4.1.4.28. 5-(pyridin-2-yl)-1,3,4-thiadiazol-2-ami(fe8)

Yield 67.9 %, white solid. ESI-MS (m/z): 179.21 [M¥. *H NMR (500 MHz, DMSO#€)
§ 8.61 (d,J = 4.8 Hz, 1H), 8.07 (d] = 8.1 Hz, 1H), 7.95 (d] = 7.8 Hz, 1H), 7.54 (s, 2H),
7.45 (ddJ = 7.4, 5.0 Hz, 1H).

4.1.4.29. 5-(pyridin-3-yl)-1,3,4-thiadiazol-2-ami(f@9)

Yield 76.4%, white solid. ESI-MS (m/z): 179.21 [M}H'H NMR (500 MHz, DMSO#dg)
$ 8.97 (d,J = 2.2 Hz, 1H), 8.64 (d] = 4.5 Hz, 1H), 8.16 (d] = 8.1 Hz, 1H), 7.57 (s, 2H),
7.53 (ddJ = 8.0, 4.9 Hz, 1H).

4.1.4.30. 5-(pyridin-4-yl)-1,3,4-thiadiazol-2-ami(f&0)

Yield 71.9%, white solid. ESI-MS (m/z): 179.21 [M}H'H NMR (500 MHz, DMSO#dg)
$ 8.68 (d,J = 4.9 Hz, 2H), 7.74 (s, 2H), 7.73 @@= 4.3 Hz, 2H).

4.1.4.31. 5-(thiophen-2-yl)-1,3,4-thiadiazol-2-am(f31)

Yield 85.3 %, white solid. ESI-MS (m/z): 184.63 [M¥. 'H NMR (500 MHz, DMSO€)
§ 7.66 (d,J = 5.0 Hz, 1H), 7.44 (d] = 5.2 Hz, 3H), 7.15 (1] = 4.4 Hz, 1H).

4.1.4.32. 5-(furan-2-yl)-1,3,4-thiadiazol-2-ami(i82)

Yield 90.4 %, white solid. ESI-MS (m/z): 168.26 [M¥. *H NMR (500 MHz, DMSO€)
§7.85 (s, 1H), 7.47 (s, 2H), 6.97 (b= 3.3 Hz, 1H), 6.70-6.65 (m, 1H).

4.1.4.33. 5-(1-methyl-1H-pyrazol-3-yl)-1,3,4-thiazbl-2-amingf33)



Yield54.6%, white solid. ESI-MS (m/z): 182.37 [M+H}H NMR (500 MHz, DMSO¢s) &
7.82 (d,J= 2.1 Hz, 1H), 7.34 (s, 2H), 6.68 @@= 2.3 Hz, 1H), 3.90 (s, 3H).
4.1.4.34. 5-(thiazol-4-yl)-1,3,4-thiadiazol-2-ami{id4)
Yield 72.3%, white solid. ESI-MS (m/z): 185.37 [M}H'H NMR (500 MHz, DMSO#dg)
$9.23 (s, 1H), 8.23 (s, 1H), 7.45 (s, 2H).
4.1.4.35. 5-(thiazol-2-yl)-1,3,4-thiadiazol-2-ami(i@5)
Yield 63.2%, white solid. ESI-MS (m/z): 185.37 [M}H'H NMR (500 MHz, DMSO#dg)
§7.96 (d,J = 3.2 Hz, 1H), 7.86 (d] = 3.1 Hz, 1H), 7.74 (s, 2H).
4.1.5. General procedure D for the synthesis ofmmdsyl-g37

EDCI (1.5 equiv) was added to a solution of thiel écl-c3, 1.1 equiv), DIPEA (1.5
equiv) and HOBt (1.5 equiv) in DMF (10 mL) at 0°@destirred for 5 min. Then, the amine
(f1-f35, 1.0 equiv) was added to the solution and theti@amixture was stirred for 48 h
at room temperature. The mixture was poured inéoitled water. The precipitated solid
was filtered and washed with iced water. After theification by a silica gel column

chromatography, the target compoufti ¢r g1-g37) was produced.

4.1.5.1.1-methyl-N-(5-ethyl-1,3,4-thiadiazol-2-4Hydroxy-2-o0xo-1,2-dihydroquinoline-3-

carboxamide 11)

Yield 14.1 %, light yellow solid. ESI-MS (m/z): 331[M+H]". *H NMR (400 MHz,
DMSO-ds) 5 8.28-8.23 (m, OH), 7.87-7.84 (m, 1H), 7.74-7.69 (), 7.51-7.44 (m, 1H),
7.32 (dd,J = 16.5, 8.5 Hz, 1H), 3.60 (s, 3H), 1.29-1.17 (H),20.98-0.85 (m, 3H):*C
NMR (100 MHz, DMSOdg) 6 162.77, 161.79, 161.38, 143.29, 140.25, 133.39,3113
123.04, 120.84, 115.87, 109.55, 98.89, 36.24, 29.634. HRMS calcd for fgH1sN4O3S

[M+H]*, 331.0865; found, 331.0859.



4.1.5.2.4-hydroxy-1-methyl-2-ox0-N-(1,3,4-thiadia2«yl)-1,2-dihydroquinoline-3-carbox
amide(gl)

Yield 13.6 %, white solid. ESI-MS (m/z): 303.28 [M¥. *H NMR (500 MHz, DMSO€)
$9.04 (dJ = 6.1 Hz, 1H), 8.29-8.13 (m, 1H), 7.77-7.45 (m)1H40-7.11 (m, 2H), 3.53 (s,
3H). ¥3c NMR (100 MHz, DMSOdg) 6 176.97, 167.80, 165.87, 163.73, 159.26, 140.73,
132.37, 126.55, 122.13, 120.83, 114.35, 97.32, 28HRMS calcd for &H11N4O3S
[M+H]", 303.3031; found, 303.3041.
4.1.5.3.1-ethyl-4-hydroxy-2-oxo-N-(1,3,4-thiadia2efl)-1,2-dihydroquinoline-3-carboxa
mide ¢2)

Yield 11.7%, white solid. ESI-MS (m/z): 317.29 [M}H'H NMR (500 MHz, DMSO#de)

§ 9.04 (s, 1H), 8.21 (dl = 7.8 Hz, 1H), 7.58 (] = 7.8 Hz, 1H), 7.38 (d] = 8.4 Hz, 1H),
7.15 (t,J = 7.5 Hz, 1H), 4.22 (d] = 7.6 Hz, 2H), 1.22-1.18 (m, 3HYC NMR (100 MHz,
DMSO-0g) 6 176.97, 166.13, 163.56, 160.98, 159.23, 139.58,508 126.88, 122.94,
122.48, 114.20, 98.88, 35.92, 13.45. HRMS calcdGpoi1sN40sS [M+H]", 317.1040;
found, 317.1048.
4.1.5.4.4-hydroxy-2-oxo-1-propyl-N-(1,3,4-thiadig2eyl)-1,2-dihydroquinoline-3-carbox
amide(g3)

Yield 17.1%, white solid. ESI-MS (m/z): 331.18 [M}H'H NMR (500 MHz, DMSO#dg)
$9.29 (s, 1H), 8.21 (dl = 8.1 Hz, 1H), 7.84 (s, 1H), 7.69 @= 21.5 Hz, 1H), 7.41 (s, 1H),
4.28 (s, 2H), 1.70 (s, 2H), 1.04-0.97 (m, 3t NMR (100 MHz, DMSOdg) § 177.78,
168.18, 164.97, 158.60, 149.13, 139.68, 139.26,8826126.35, 121.96, 115.37, 96.59,

37.27, 20.99, 11.48. HRMS calcd fors815N403S [M+H]", 331.0852; found, 331.0864.



4.1.5.5.1-ethyl-4-hydroxy-N-(5-methyl-1,3,4-thiadib2-yl)-2-0x0-1,2-dihydroquinoline-3-
carboxamide @4)

Yield 16.2%, white solid. ESI-MS (m/z): 331.13 [M}H'H NMR (500 MHz, DMSO#dg)

§ 7.93-7.87 (m, 1H), 7.77 (dd,= 23.7, 8.2 Hz, 1H), 7.65-7.61 (m, 1H), 7.42J¢; 8.5 Hz,
1H), 4.25 (qJ = 7.1 Hz, 2H), 1.22 (&) = 7.2 Hz, 6H)**C NMR (100 MHz, DMSOds) &
177.73, 167.63, 165.17, 164.90, 162.78, 133.68,9826.23.11, 122.08, 115.30, 112.82,
95.91, 36.93, 19.31, 13.43. HRMS calcd fofsHGsN4OsS [M+H]*, 331.1390; found,
331.1411.
4.1.5.6.1-ethyl-N-(5-ethyl-1,3,4-thiadiazol-2-yB¢droxy-2-oxo-1,2-dihydroquinoline-3-c
arboxamide ¢5)

Yield 11.6 %, white solid. ESI-MS (m/z): 345.09 [M¥". *H NMR (500 MHz, DMSO#€)
$8.21 (d,J = 7.6 Hz, 1H), 7.58 (J = 7.7 Hz, 1H), 7.39 (d] = 8.5 Hz, 1H), 7.15 (d] =
7.6 Hz, 1H), 4.23 (q) = 7.2 Hz, 2H), 2.92 (s, 2H), 1.20 {t= 7.1 Hz, 6H)X*C NMR (126
MHz, DMSO-dg) 6 174.63, 166.31, 163.91, 163.01, 159.09, 139.62,803 127.06, 126.65,
122.21, 114.49, 97.30, 36.45, 31.42, 23.27, 13B8MS calcd for GgH17N40sS [M+H]",
345.2236; found, 345.2206.
4.1.5.7.1-ethyl-4-hydroxy-2-oxo-N-(5-propyl-1,3Matiazol-2-yl)-1,2-dihydroquinoline-3-
carboxamide ¢6)

Yield 20.9%, white solid. ESI-MS (m/z): 359.11 [M}H'H NMR (500 MHz, DMSO#de)

§ 8.21 (t,J = 8.0 Hz, 1H), 7.64 (] = 7.4 Hz, 1H), 7.57-7.41 (m, 2H), 7.22 (t= 7.6 Hz,
1H), 4.26 (q,d = 7.8 Hz, 2H), 1.24-1.19 (m, 7H), 0.96 (s, 3fIC NMR (100 MHz,

DMSO-ds) 6 177.73, 164.58, 161.83, 160.97, 158.70, 143.29.483 130.38, 122.94,



120.84, 109.62, 98.88, 37.22, 31.36, 23.05, 1318738. HRMS calcd for GH1gN4O3S
[M+H]", 359.0956; found, 359.0968.
4.1.5.8.N-(5-butyl-1,3,4-thiadiazol-2-yl)-1-ethydroxy-2-oxo-1,2-dihydroquinoline-3-c
arboxamide ¢7)

Yield 18.5%, white solid. ESI-MS (m/z): 373.09 [M}H'H NMR (500 MHz, DMSO#dg)

§ 8.24 (dd,J = 18.4, 10.6 Hz, 1H), 7.69 (d,= 20.2 Hz, 2H), 7.53 (t] = 7.9 Hz, 1H),
7.32-7.25 (m, 1H), 4.30 (g} = 7.1 Hz, 2H), 1.36-1.12 (m, 9H), 0.93-0.72 (m,)3HC
NMR (125 MHz, DMSOdg) 6 176.97, 165.96, 163.52, 159.18, 153.96, 139.72,583
127.04, 122.69, 120.82, 114.31, 97.38, 36.04, 3201, 22.22, 14.26, 13.63. HRMS
caled for GgH21N403S [M+H]", 373.1319; found, 373.1329.
4.1.5.9.1-ethyl-4-hydroxy-2-oxo-N-(5-pentyl-1,Hiktiazol-2-yl)-1,2-dihydroquinoline-3-
carboxamide @8)

Yield 21.8%, white solid. ESI-MS (m/z): 386.93.0M4H]*. *H NMR (500 MHz,
DMSO-dg) & 8.21 (d,J = 7.8 Hz, 1H), 7.58 (t) = 7.8 Hz, 1H), 7.39 (d] = 8.5 Hz, 1H),
7.16 (t,J = 7.5 Hz, 1H), 4.23 (q] = 7.6 Hz, 2H), 2.92 (s, 2H), 1.69 (s, 2H), 1.21¢ 6.8
Hz, 7H), 0.88 (s, 3H)**C NMR (125 MHz, DMSOsdg) & 177.13, 166.33, 163.88, 163.54,
159.13, 139.68, 132.74, 127.05, 122.66, 121.03,441487.30, 37.09, 31.23, 29.59, 22.41,
22.18, 14.47, 13.61. HRMS calcd forg823N40sS [M+H]", 386.9765; found, 386.9774.
4.1.5.10.1-ethyl-4-hydroxy-2-oxo-N-(5-hexyl-1,3yadiazol-2-yl)-1,2-dihydroquinoline-3-
carboxamide @9)

Yield 16.5%, white solid. ESI-MS (m/z): 401.12 [M}H'H NMR (500 MHz, DMSO#dq)

5 8.21 (d,J = 7.9 Hz, 1H), 7.58 (1) = 7.8 Hz, 1H), 7.39 (d] = 8.5 Hz, 1H), 7.16 (d] =



7.6 Hz, 1H), 4.23 (gqJ = 7.1 Hz, 2H), 1.36-1.10 (m, 13H), 0.86 & 7.1 Hz, 3H).**C
NMR (100 MHz, DMSOsdg) 6 176.94, 166.16, 164.68, 163.71, 158.93, 139.5Q,543
126.89, 122.50, 120.83, 114.25, 97.10, 36.02, 3128166, 29.41, 28.51, 22.43, 14.36,
13.40. HRMS calcd for £H2sN403S [M+H]*, 401.1637; found, 401.1642.
4.1.5.11.N-(5-cyclopropyl-1,3,4-thiadiazol-2-yl)ethyl-4-hydroxy-2-oxo-1,2-dihydroquino
line-3-carboxamided10)

Yield 19.1%, white solid. ESI-MS (m/z): 357.17 [M}H'H NMR (500 MHz, DMSO#dq)

§ 8.16-8.06 (m, 1H), 7.68 (m, 1H), 7.44 (s, 1H)5¢B22 (m, 1H), 4.41-4.21 (m, 2H), 2.91
(s, 1H), 2.75 (s, 1H), 1.28-1.12 (m, 6~FC NMR (100 MHz, DMSOdg) 5 166.71, 161.74,
160.92, 157.24, 148.62, 139.40, 138.99, 133.55,7P26123.19, 114.85, 96.80, 37.22,
13.31, 10.91, 10.16{RMS calcd for GH1eN4O3S [M+H]*, 357.2972; found, 357.2964.
4.1.5.12.N-(5-cyclopentyl-1,3,4-thiadiazol-2-ylettyl-4-hydroxy-2-oxo-1,2-dihydroquinol
ine-3-carboxamidégll)

Yield 19.7%, white solid. ESI-MS (m/z): 385.31 [M}H'H NMR (500 MHz, DMSO#dq)

$ 8.28 (ddJ = 8.3, 3.1 Hz, 1H), 7.93-7.85 (m, 1H), 7.78-7.#8 (H),, 7.63 (tJ = 7.8 Hz,
1H), 4.29 (gJ = 7.0 Hz, 2H), 2.04 (q] = 9.0, 6.7 Hz, 3H), 1.76-1.66 (m, 6H), 1.23)t
7.1 Hz, 3H).13C NMR (125 MHz, DMSOdg) 6 170.19, 168.63, 163.69, 163.25, 163.03,
139.67, 130.00, 128.49, 126.65, 119.57, 113.4973@3.76, 31.43, 25.43, 13.93. HRMS
caled for GgH21N403S [M+H]", 385.1320; found, 385.1329.
4.1.5.13.N-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)4nd-4-hydroxy-2-oxo-1,2-dihydroquinoli

ne-3-carboxamidé¢gl?)



Yield 15.1%, white solid. ESI-MS (m/z): 399.32 [M}H'H NMR (500 MHz, DMSO#dg)

§ 7.93-7.85 (m, 1H), 7.78 (d,= 8.5 Hz, 1H), 7.63 (J = 7.8 Hz, 1H), 7.50 () = 8.3, 7.5
Hz, 1H), 4.28 (dJ = 7.6 Hz, 1H), 2.75 (s, 1H), 1.96 (m, 2H), 1.75 @hl), 1.39 (m, 6H),
1.25-1.18 (m, 3H).13C NMR (100 MHz, DMSOdg) 6 168.12, 164.06, 161.83, 160.97,
143.28, 139.23, 133.48, 130.37, 122.93, 115.61,60098.87, 37.23, 36.24, 33.44, 31.23,
25.82, 13.12HRMS calcd for GoH2aN40sS [M+H]", 399.3468; found, 399.3477.
4.1.5.14.1-ethyl-4-hydroxy-2-oxo-N-(5-phenyl-1,Bigdiazol-2-yl)-1,2-dihydroquinoline-
3-carboxamid€gl3)

Yield 15.8%, light yellow solid. ESI-MS (m/z): 398 [M+H]*. '"H NMR (500 MHz,
DMSO-ds) § 8.24 (s, 1H), 8.02 (s, 2H), 7.91 (s, 1H), 7.7814), 7.59 (s, 3H), 7.47 (s, 1H),
4.42 (s, 2H), 1.31 (s, 3H}*C NMR (100 MHz, DMSOds) & 168.98, 164.73, 161.83,
160.97, 156.81, 143.28, 133.48, 129.60, 126.77,3626.22.94, 120.84, 115.62, 112.47,
109.62, 98.88, 37.22, 13.1MRMS calcd for GoH17/N4OsS [M+H]", 393.1002; found,
393.1016.
4.1.5.15.1-ethyl-N-(5-(4-fluorophenyl)-1,3,4-thiadol-2-yl)-4-hydroxy-2-oxo-1,2-dihydroq
uinoline-3-carboxamidégl4)

Yield 13.4 %, white solid. ESI-MS (m/z): 411.14 [M¥. *H NMR (500 MHz, DMSO#€)
§7.90 (t,J = 9.1 Hz, 1H), 7.83 (dd] = 8.5, 5.4 Hz, 2H), 7.80-7.73 (m, 1H), 7.44 (s)2H
7.34 (t,J = 8.7 Hz, 2H), 4.29 (q] = 7.1 Hz, 2H), 1.23 (1) = 7.2 Hz, 3H)*C NMR (125
MHz, DMSO-dg) 6 169.28, 164.29, 163.04, 162.32, 155.93, 139.50,283 129.16, 128.19,
126.40, 123.50, 119.89, 116.92, 116.74, 113.69,28B036.24, 13.87. HRMS calcd for

Ca0H16FN4O3S [M+H]*, 411.0912; found, 411.0911.



4.1.5.16.N-(5-(4-chlorophenyl)-1,3,4-thiadiazolH3-}-ethyl-4-hydroxy-2-oxo-1,2-dihydro
guinoline-3-carboxamidéyl5)

Yield 16.4 %, white solid. ESI-MS (m/z): 427.12 [M¥. *H NMR (500 MHz, DMSO#€)

§ 7.80 (d,J = 8.2 Hz, 2H), 7.55 (dJ = 8.3 Hz, 3H), 7.50 (s, 3H), 4.27 (dti= 19.5, 12.3
Hz, 2H), 1.22 (t,J = 7.1 Hz, 3H).*C NMR (125 MHz, DMSOds) § 170.20, 169.51,
163.25, 163.03, 155.80, 139.68, 134.63, 130.45,882928.57, 126.66, 123.27, 121.20,
119.57, 113.49, 102.47, 36.47, 13.93. HRMS calcdCigH16CIN4OsS [M+H]", 427.0618;
found, 427.0618.
4.1.5.17.N-(5-(4-bromophenyl)-1,3,4-thiadiazol-2&iAethyl-4-hydroxy-2-oxo-1,2-dihydro
guinoline-3-carboxamidéyl6)

Yield 15.6 %, white solid. ESI-MS (m/z): 472.31 [M¥. *H NMR (500 MHz, DMSO#€)

§ 7.73 (d,J = 8.5 Hz, 2H), 7.69 (d] = 8.4 Hz, 3H), 7.51 (s, 3H), 4.30 (p= 6.8 Hz, 2H),
1.23 (t,J=7.1 Hz, 3H).13C NMR (125 MHz, DMSOdg) 6 169.51, 166.72, 163.22, 162.18,
155.88, 139.17, 132.74, 131.52, 130.79, 128.78,3B29.24.44, 123.30, 121.26, 114.52,
99.00, 36.95, 13.634RMS calcd for GoH16BrN4O3S [M+H]*, 472.0145; found, 472.0146.
4.1.5.18.N-(5-(4-(difluoromethoxy)phenyl)-1,3,4attiazol-2-yl)-1-ethyl-4-hydroxy-2-oxo-
1,2-dihydroquinoline-3-carboxamidgl7)

Yield 11.2 %, white solid. ESI-MS (m/z): 459.84 [M¥. *H NMR (500 MHz, DMSO#d)
$8.24 (ddJ = 14.7, 7.3 Hz, 1H), 7.89-7.81 (m, 1H), 7.71J&; 8.4 Hz, 1H), 7.60 (dd] =
13.2, 7.6 Hz, 1H), 7.51-7.39 (m, 2H), 7.37-7.29 @H), 7.19 (dJ = 12.4 Hz, 1H), 4.26
(dd,J = 15.6, 7.9 Hz, 2H), 1.23-1.17 (m, 3HYC NMR (125 MHz, DMSOde) § 166.54,

162.99, 160.57, 159.32, 152.61, 139.64, 133.14,083228.69, 127.07, 124.81, 119.80,



118.80, 116.74, 114.69, 97.13, 37.06, 13.50. HRM&dc for GsH23N404S [M+H]",
460.1884; found, 460.1876.
4.1.5.19.1-ethyl-4-hydroxy-N-(5-(4-nitrophenyl)-%3hiadiazol-2-yl)-2-oxo-1,2-dihydroqu
inoline-3-carboxamidé¢gl8)

Yield 18.4 %, white solid. ESI-MS (m/z): 438.12 [M¥. *H NMR (500 MHz, DMSO#d)

$ 8.32 (d,J = 8.4 Hz, 3H), 8.04 (d] = 8.5 Hz, 2H), 7.76 (s, 3H), 4.29 (&= 7.1 Hz, 2H),
1.22 (t,J=7.0 Hz, 3H).13C NMR (125 MHz, DMSOdg) 6 170.68, 165.96, 163.22, 163.02,
154.76, 148.02, 139.67, 137.44, 130.04, 128.50,7627125.11, 124.63, 119.62, 113.52,
98.42, 37.09, 13.92HRMS calcd for GoH1eNsOsS [M+H]", 438.1327; found, 438.1336.
4.1.5.20.1-ethyl-4-hydroxy-2-oxo-N-(5-(p-tolyl)-#3hiadiazol-2-yl)-1,2-dihydroquinoline
-3-carboxamid€gl9)

Yield 20.1 %, white solid. ESI-MS (m/z): 407.19 [M¥. *H NMR (500 MHz, DMSO€)
§7.90 (t,J = 8.8 Hz, 1H), 7.81-7.73 (m, 1H), 7.66 (b= 7.9 Hz, 2H), 7.37 (s, 2H), 7.30 (d,
J = 7.9 Hz, 2H), 4.30 (p] = 7.2, 6.4 Hz, 2H), 2.37 (s, 3H), 1.23Jt= 7.1 Hz, 3H)C
NMR (125 MHz, DMSOdg) 6 170.62, 168.85, 164.21, 161.99, 157.16, 148.18,004
139.08, 131.79, 130.33, 128.91, 126.90, 125.09,52114.71, 97.34, 37.11, 21.55, 13.58.
HRMS calcd for GiH19N4OsS [M+H]", 407.1162; found, 407.1162.
4.1.5.21.1-ethyl-4-hydroxy-N-(5-(4-methoxypheny®)4-thiadiazol-2-yl)-2-oxo-1,2-dihydr
oquinoline-3-carboxamidéy20)

Yield 22.9 %, white solid. ESI-MS (m/z): 423.43 [M¥. *H NMR (500 MHz, DMSO#€)
$8.28 (ddJ = 8.2, 4.1 Hz, 1H), 7.94-7.85 (m, 1H), 7.80-7.7% (H), 7.72 (s, 2H), 7.31 (s,

2H), 7.05 (dJ = 8.5 Hz, 2H), 4.29 (g] = 7.1 Hz, 2H), 3.84 (s, 3H), 1.27-1.22 (m, 3¢



NMR (125 MHz, DMSOdg) 6 168.54, 163.03, 160.93, 156.96, 138.99, 132.08,4R?
124.87, 124.23, 123.70, 121.86, 120.97, 115.70,161314.89, 98.65, 55.97, 36.46, 13.53.
HRMS calcd for GiH19N4O4S [M+H], 423.1111; found, 423.1122.
4.1.5.22.N-(5-(4-ethoxyphenyl)-1,3,4-thiadiazoll2iyethyl-4-hydroxy-2-oxo-1,2-dihydro
quinoline-3-carboxamidéy21)

Yield 18.6 %, white solid. ESI-MS (m/z): 437.16 [M¥. *H NMR (500 MHz, DMSO€)

§ 7.68 (d,J = 8.4 Hz, 2H), 7.30 (s, 4H), 7.02 @= 8.4 Hz, 2H), 4.28 (4] = 7.1 Hz, 2H),
4.09 (q,d = 6.9 Hz, 2H), 1.36 (t) = 7.0 Hz, 3H), 1.22 (t) = 7.1 Hz, 3H)C NMR (125
MHz, DMSO-dg) 6 168.32, 162.82, 160.02, 156.78, 139.07, 134.68,2R2 125.36, 124.04,
123.90, 120.80, 115.37, 98.08, 63.75, 36.62, 1518%0. HRMS calcd for £H21N404S
[M+H]", 437.1269; found, 437.1278.
4.1.5.23.N-(5-(4-(dimethylamino)phenyl)-1,3,4-théeb|-2-yl)- 1-ethyl-4-hydroxy-2-o0xo-1,
2-dihydroquinoline-3-carboxamidg22)

Yield 8.2%, white solid. ESI-MS (m/z): 436.09 [M+H}H NMR (500 MHz, DMSOe) §
7.57 (d,J = 8.5 Hz, 2H), 7.18 (s, 3H), 6.77 @= 8.5 Hz, 3H), 4.27 (tJ = 23.3, 17.0, 12.1
Hz, 2H), 2.98 (s, 6H), 1.21 (di,= 14.3, 7.2 Hz, 3H)*C NMR (125 MHz, DMSOds) 5
167.62, 164.31, 163.02, 157.96, 151.66, 139.58,8133.30.29, 128.06, 126.41, 125.06,
123.49, 119.13, 113.68, 112.59, 96.30, 36.45, 31.3B7. HRMS calcd for £H2:Ns03S
[M+H]", 436.1428; found, 436.1438.
4.1.5.24.1-ethyl-N-(5-(3-fluorophenyl)-1,3,4-thiadol-2-yl)-4-hydroxy-2-oxo-1,2-dihydroq

uinoline-3-carboxamidég23)



Yield 15.8%, white solid. ESI-MS (m/z): 411.06 [M}H'H NMR (500 MHz, DMSO#€g)

§ 7.92-7.87 (m, 1H), 7.80-7.73 (m, 1H), 7.62 Jc 8.4 Hz, 2H), 7.54 (s, 2H), 7.31 {t=
8.8 Hz, 2H), 4.29 (q) = 7.0 Hz, 2H), 1.23 (&) = 7.1 Hz, 3H)."*C NMR (125 MHz,
DMSO-0) 6 169.52, 163.77, 163.06, 161.83, 155.49, 139.43,583 131.84, 129.81,
128.32, 126.46, 124.29, 123.12, 119.39, 116.89,3013113.07, 102.28, 35.88, 13.74.
HRMS calcd for GoH16FN4OsS [M+H]", 411.0912; found, 411.0911.
4.1.5.25.1-ethyl-4-hydroxy-2-oxo-N-(5-(m-tolyl)-#3hiadiazol-2-yl)-1,2-dihydroquinolin
e-3-carboxamidég24)

Yield 10.8%, white solid. ESI-MS (m/z): 407.09 [M}H'H NMR (500 MHz, DMSO#dg)

§ 7.60 (s, 1H), 7.57 (dl = 7.8 Hz, 1H), 7.37 (tJ = 7.7 Hz, 1H), 7.27 (d] = 7.7 Hz, 1H),
4.29 (q,J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.24-1.20 (m, 3HE NMR (125 MHz, DMSOde)

0 169.08, 165.67, 161.73, 157.16, 153.29, 139.18,963 132.14, 131.54, 130.92, 129.68,
127.39, 124.78, 124.17, 121.95, 114.93, 99.22,237231.52, 13.51. HRMS calcd for
C21H19N403S [M+H]", 407.1161; found, 407.1172.
4.1.5.26.1-ethyl-4-hydroxy-N-(5-(3-methoxypheny®)4-thiadiazol-2-yl)-2-oxo-1,2-dihydr
oquinoline-3-carboxamidéy25)

Yield 16.3%, white solid. ESI-MS (m/z): 423.21 [M}H'H NMR (500 MHz, DMSO#dg)

$ 8.28 (ddJ = 8.3, 3.9 Hz, 1H), 7.94-7.86 (m, 1H), 7.81-7.@2 (H), 7.41 (tJ = 7.9 Hz,
2H), 7.35-7.29 (m, 3H), 7.04 (dd,= 8.2, 2.5 Hz, 2H), 4.29 (¢, = 7.1 Hz, 2H), 3.85 (s,
3H), 1.23 (t,J = 7.1 Hz, 3H).X*C NMR (125 MHz, DMSOds) 5 169.07, 161.60, 160.02,

156.65, 138.80, 132.66, 131.90, 130.83, 124.65,1623121.70, 119.51, 117.18, 116.02,



114.71, 111.23, 108.04, 98.81, 55.71, 37.10, 13HBMS calcd for GiH19N4O4S [M+H]",
423.1111; found, 423.1122.
4.1.5.27.N-(5-(3-ethoxyphenyl)-1,3,4-thiadiazoll2iyethyl-4-hydroxy-2-oxo-1,2-dihydro
guinoline-3-carboxamidéy26)

Yield 15.7%, white solid. ESI-MS (m/z): 437.25 [M}H'H NMR (500 MHz, DMSO#dg)

§ 7.45 (s, 2H), 7.39 (1 = 7.9 Hz, 2H), 7.30 (d] = 7.1 Hz, 2H), 7.04-6.99 (m, 2H), 4.29 (q,
J=7.1Hz, 2H), 4.11 (q) = 7.0 Hz, 2H), 1.37 () = 7.0 Hz, 3H), 1.27-1.14 (m, 3H)¥C
NMR (125 MHz, DMSOdg) 6 169.05, 162.83, 162.14, 159.29, 156.69, 139.03,653
130.81, 126.90, 125.33, 124.08, 120.84, 119.34,98616116.38, 114.18, 111.79, 96.95,
63.68, 36.27, 15.06, 13.49. HRMS calcd forH3iN4O4S [M+H]", 437.1269; found,
437.1278.
4.1.5.28.1-ethyl-N-(5-(2-fluorophenyl)-1,3,4-thiadol-2-yl)-4-hydroxy-2-oxo-1,2-dihydroq
uinoline-3-carboxamidég27)

Yield 18.3%, white solid. ESI-MS (m/z): 411.31 [M}H'H NMR (500 MHz, DMSO#€)

$ 8.28 (ddJ = 8.4, 4.3 Hz, 1H), 8.11 (§,= 7.7 Hz, 1H), 7.92-7.85 (m, 1H), 7.80-7.72 (m,
1H), 7.51 (dJ = 16.4 Hz, 4H), 7.43-7.34 (m, 3H), 4.29 §gz 7.1 Hz, 2H), 1.22 (1= 7.1
Hz, 3H). 3C NMR (125 MHz, DMSOdg) 6 177.03, 170.44, 163.06, 159.31, 157.34,
148.96, 139.50, 131.91, 129.81, 128.30, 128.14,4¥26.25.67, 119.39, 119.17, 116.89,
113.30, 102.29, 36.91, 13.75. HRMS calcd fopHzsFN,O3S [M+H]*, 411.0911; found,
411.0911.
4.1.5.29.1-ethyl-4-hydroxy-2-oxo-N-(5-(o-tolyl)-#43hiadiazol-2-yl)-1,2-dihydroquinoline

-3-carboxamid€g28)



Yield 16.9%, white solid. ESI-MS (m/z): 407.35 [M}H'H NMR (500 MHz, DMSO#dg)

§ 7.92-7.85 (m, 1H), 7.76-7.70 (m, 1H), 7.55Jc 7.5 Hz, 1H), 7.37 (d] = 4.1 Hz, 3H),
7.31 (dt,J = 8.5, 4.3 Hz, 2H), 4.29 (¢, = 7.1 Hz, 2H), 2.51 (s, 3H), 1.23 (&= 7.2 Hz,
3H). ¥3C NMR (125 MHz, DMSOdg) 6 169.46, 164.50, 161.72, 156.33, 153.46, 138.96,
136.51, 132.15, 132.03, 130.59, 130.40, 129.82,9826.24.77, 121.97, 117.10, 114.95,
100.63, 37.32, 21.89, 13.5HRMS calcd for GiHi1gN4O3S [M+H]*, 407.1162; found,
407.1172.
4.1.5.30.1-ethyl-4-hydroxy-N-(5-(2-methoxypheny®)4-thiadiazol-2-yl)-2-oxo-1,2-dihydr
oquinoline-3-carboxamidéy29)

Yield 20.6%, white solid. ESI-MS (m/z): 423.11 [M}H'H NMR (500 MHz, DMSO#€g)

$ 8.28 (ddJ = 8.3, 3.7 Hz, 1H), 8.12 (d,= 7.8 Hz, 1H), 7.93-7.86 (m, 1H), 7.81-7.72 (m,
1H), 7.50 (tJ = 7.5 Hz, 1H), 7.45 () = 7.9 Hz, 1H), 7.22 (d] = 8.7 Hz, 1H), 7.09 (4 =
7.6 Hz, 1H), 4.29 (q) = 7.0 Hz, 1H), 3.96 (s, 3H), 1.23 §t= 7.1 Hz, 3H)X*C NMR (126
MHz, DMSO-dg) 6 170.35, 162.83, 162.66, 154.97, 150.96, 139.30,183 128.51, 127.10,
126.89, 125.98, 123.51, 121.49, 120.09, 120.01,681312.76, 98.82, 56.42, 36.28, 13.63.
HRMS calcd for GiH19N4O4S [M+H], 423.1111; found, 423.1122.
4.1.5.31.N-(5-(2-ethoxyphenyl)-1,3,4-thiadiazoll2iyethyl-4-hydroxy-2-oxo-1,2-dihydro
guinoline-3-carboxamidéy30)

Yield 11.6%, white solid. ESI-MS (m/z): 437.23 [M}H'H NMR (500 MHz, DMSO#d)

$ 8.15 (d,J = 7.7 Hz, 1H), 7.43 (J = 7.9 Hz, 1H), 7.20 (d] = 4.4 Hz, 3H), 7.07 (d] =
7.7 Hz, 1H), 4.32-4.27 (m, 2H), 4.24 (= 7.0 Hz, 2H), 1.49 (t]) = 6.9 Hz, 3H), 1.23 (]

= 7.1 Hz, 3H).*C NMR (125 MHz, DMSOds) 5 170.37, 162.85, 161.87, 154.24, 151.06,



138.92, 134.73, 131.51, 131.11, 127.09, 124.98,3821121.28, 120.22, 114.45, 113.38,
95.40, 65.00, 36.87, 15.11, 13.41. HRMS calcd foHgN4O4S [M+H], 437.1268; found,
437.1278.
4.1.5.32.1-ethyl-4-hydroxy-2-oxo-N-(5-(pyridin-3-%13,4-thiadiazol-2-yl)-1,2-dihydroqui
noline-3-carboxamidég31)

Yield 22.8%, white solid. ESI-MS (m/z): 394.09 [M}H'H NMR (500 MHz, DMSO#dg)

§ 8.72-8.59 (m, 1H), 8.28 (dd,= 8.3, 4.0 Hz, 1H), 8.23-8.12 (m, 1H), 8.09-7.86 (H),
7.89 (t,J = 9.1 Hz, 1H), 7.76 (dd] = 24.3, 8.3 Hz, 1H), 7.62 (dd,= 16.6, 8.4 Hz, 1H),
7.49 (q,J = 7.3 Hz, 1H), 4.36-4.19 (m, 2H), 1.24 Jt=6.9 Hz, 3H)°*C NMR (125 MHz,
DMSO-ds) 6 168.55, 162.82, 161.57, 156.27, 150.09, 148.8®,.783 137.48, 131.92,
124.62, 123.22, 122.39, 121.72, 117.07, 114.73,1B088.81, 37.11, 13.34. HRMS calcd
for C1gH16N50sS [M+H], 394.0959; found, 394.0968.
4.1.5.33.1-ethyl-4-hydroxy-2-oxo-N-(5-(pyridin-3-%13,4-thiadiazol-2-yl)-1,2-dihydroqui
noline-3-carboxamidég32)

Yield 16.2%, white solid. ESI-MS (m/z): 394.09 [M}H'H NMR (500 MHz, DMSO#dg)

$ 8.28 (ddJ = 8.5, 4.5 Hz, 1H), 8.07 (d,= 7.9 Hz, 1H), 7.93-7.85 (m, 1H), 7.76 (dd=
23.3, 8.3 Hz, 1H), 7.66-7.58 (m, 1H), 7.51 {g= 8.1, 7.6 Hz, 1H), 7.39-7.31 (m, 1H),
7.16-7.07 (m, 1H), 4.29 (d,= 6.9 Hz, 2H), 1.22 () = 7.3 Hz, 3H)*C NMR (125 MHz,
DMSO-0g) 6 170.02, 164.13, 163.06, 162.85, 158.14, 151.28,483 129.81, 128.29,
126.47, 124.85, 124.30, 119.38, 118.07, 113.58,30138.80, 36.28, 13.75. HRMS calcd

for C1oH16Ns0sS [M+H]", 394.0959; found, 394.0968.



4.1.5.34.1-ethyl-4-hydroxy-2-oxo-N-(5-(pyridin-4-%13,4-thiadiazol-2-yl)-1,2-dihydroqui
noline-3-carboxamidég33)

Yield 17.3%, white solid. ESI-MS (m/z): 394.09 [M}H'H NMR (500 MHz, DMSO#dg)
$8.28 (dd,J = 8.2, 4.6 Hz, 1H), 8.08 (s, 1H), 7.93-7.86 (m),1H81-7.72 (m, 1H), 7.64 (t,
J=7.8 Hz, 1H), 7.51 () = 7.6 Hz, 1H), 7.33 (s, 1H), 7.14 (s, 1H), 4.30Xg 7.1 Hz, 2H),
1.23 (t,J=7.1 Hz, 3H).13C NMR (125 MHz, DMSOdg) 6 169.72, 165.56, 164.38, 163.19,
163.02, 151.16, 139.65, 130.08, 128.50, 126.60,0¥25123.32, 119.64, 113.53, 99.00,
36.46, 13.91. HRMS calcd for;§H:6Ns03S [M+H]", 394.0960; found, 394.0968.
4.1.5.35.1-ethyl-4-hydroxy-2-oxo-N-(5-(thiopheni21y3,4-thiadiazol-2-yl)-1,2-dihydroqu
inoline-3-carboxamidég34)

Yield 22.8%, grey solid. ESI-MS (m/z): 399.05 [M+H}H NMR (500 MHz, DMSO#) &
8.28 (dd,J = 8.4, 3.7 Hz, 1H), 7.90 (8 = 9.3 Hz, 1H), 7.75 (dd] = 15.8, 8.2 Hz, 1H),
7.68-7.61 (m, 1H), 7.50 (8 = 7.7 Hz, 1H), 7.44 (d] = 4.9 Hz, 1H), 4.29 (q] = 7.3 Hz,
2H), 1.23 (t,J = 7.1 Hz, 3H).X*C NMR (125 MHz, DMSOds) 5 168.57, 162.82, 161.65,
158.42, 151.12, 139.42, 138.83, 133.69, 131.81,4628.28.08, 126.94, 124.73, 121.60,
114.66, 96.83, 37.05, 13.36. HRMS calcd fogHGsN40sS, [M+H]*, 399.0571; found,
399.0580.
4.1.5.36.1-ethyl-4-hydroxy-N-(5-(1-methyl-1H-pyrazeyl)-1,3,4-thiadiazol-2-yl)-2-oxo-1,
2-dihydroquinoline-3-carboxamidg35)

Yield 18.1%, white solid. ESI-MS (m/z): 397.16 [M}H'H NMR (500 MHz, DMSO#dg)

$ 8.06 (d,J = 7.8 Hz, 2H), 7.45 () = 7.8 Hz, 1H), 7.33 (d] = 8.4 Hz, 1H), 7.11 (1 = 7.5

Hz, 2H), 4.26 (s, 3H), 4.20 (d,= 6.9 Hz, 2H), 1.18 () = 7.1 Hz, 3H).*3C NMR (100



MHz, DMSO-dg) 6 169.61, 164.80, 164.04, 159.92, 158.70, 151.93,883 129.62, 124.87,
121.07, 120.25, 113.47, 112.74, 103.70, 97.13,98B6X5.81, 13.63. HRMS calcd for
C1gH17N603S [M+H]", 397.2893; found, 397.2894.
4.1.5.37.1-ethyl-4-hydroxy-2-oxo-N-(5-(thiazol-3-¥)3,4-thiadiazol-2-yl)-1,2-dihydroquin
oline-3-carboxamidég36)
Yield 13.5%, white solid. ESI-MS (m/z): 400.15 [M}H'H NMR (500 MHz, DMSO#dg)
§ 8.15 (s, 1H), 7.48 (s, 2H), 7.38-7.10 (m, 3H),048, 2H), 1.32-1.16 (m, 3H}°C NMR
(100 MHz, DMSOsdg) 6 164.24, 162.78, 156.31, 155.88, 154.30, 146.77,813 131.21,
130.43, 124.91, 121.01, 117.75, 116.58, 112.67119836.25, 13.37HRMS calcd for
C17H14N50sS, [M+H] ", 400.0523; found,400.0533.
4.1.5.38.1-ethyl-4-hydroxy-2-oxo-N-(5-(thiazol-2-¥]3,4-thiadiazol-2-yl)-1,2-dihydroquin
oline-3-carboxamidég37)
Yield 18.9%, grey white solid. ESI-MS (m/z): 400.f4+H]*. *H NMR (500 MHz,
DMSO-dg) 5 8.21 (d,J = 8.0 Hz, 1H), 8.01 (d] = 27.5 Hz, 1H), 7.94 (d] = 3.1 Hz, 1H),
7.58 (d,J = 8.1 Hz, 1H), 7.39 (d] = 8.4 Hz, 1H), 7.16 () = 7.5 Hz, 1H), 4.23 (41 = 7.5
Hz, 2H), 1.22 (t,J = 7.0 Hz, 3H).*C NMR (125 MHz, DMSOds) § 177.32, 166.26,
162.99, 160.75, 159.39, 144.58, 139.83, 132.90,0627122.64, 121.07, 120.17, 114.48,
97.26, 36.45, 13.62. HRMS calcd for814Ns0sS, [M+H] ", 400. 0523; found, 400. 0533.
4.2. Bioassays
4.2.1. Bacterial growth inhibition assay

As a primary screening, the compounds were tegjathst a representative bacterial

strain, i.e.S. aureusATCC29213. The potent compounds fraureusATCC29213 (MIC:



less than Jug/mL) were submitted for a secondary screeninggchvicovered a variety of
Gram-positive clinical isolates including MRSA, MBSMIRSE, EFA, EFM and VRE. The
metrics for antibacterial activity was MIC agaitis¢ corresponding bacterial strain. In this
study, the broth microdilution assay recommended thgy Clinical and Laboratory
Standards Institute [37] was used for the screemiidp levofloxacin or vancomycin as a
positive control. Firstly, the compounds were digad in DMSO to make a stock solution
at twice the maximum concentration used for theesuing, i.e. 20Qg/mL for the primary
screening and 128g/mL for the secondary screening. Then, AQ0of the stock solution
was added to the first well of the 96-well plated @00 uL DMSO was added to the
remaining 11 wells. The 2-fold serial dilution waerformed to make 12 compound
solutions at different concentrations. Subsequea®uL of the bacterial suspension was
added to each well, which produced the compounatisok at the concentrations ranging
from 100 to 0.05ug/mL or 64 to 0.03ug/mL and the bacterial suspension at the
concentration of approximately A0FU/ml. The 96-well plate was incubated at 37 °€ fo
18-24 h. Lastly, the concentration at which thetéaal growth was completely inhibited
was determined as the MIC value of a compound byaliinspection. The assays were
performed in duplicate.
4.2.2. Cytotoxicity assay

The SRB assay in cell culture was adopted to deterthe effect of compounds on cell
viability. The decrease of cell viability is able teflect cytotoxicity [15]. In this study, two
cell lines, i.e. HepG2 and HUVEC were used. Theayssas performed in duplicate

according to the protocol described below. Thescelere seeded in 96-well plates and



treated with the tested compounds at nine speatiieatentrations ranging from10 nM to
100 uM. The cells were incubated with the tested compsuat the conditions of 37 °C
and 5% CQ for 72 h. After that, the cells were then fixediwiLO % trichloroacetic acid
(w/v) and kept at 4 °C for 1 h. The cells were thesshed for five times with distilled
water and then air-dried. Following that, the ceéHlat survived were stained with 0.4%
SRB and kept at room temperature for another 20 ey were washed for five times
with 1% acetic acid and then air-dried. Lastly, SiRBhe bound state was solubilized with
10 mM Tris and shaked for 5 min. The optical deng®OD) was recorded at the
wavelength of 540 nm by using a Tecan Infinite MQO@icroplate reader. The cell
viability (i.e. survival rate) was calculated to @&sere cytotoxicity of a compound
according to the following formula, le. survival ate (%)
={(ODcmpd-ODblank)/(ODno_cmpd-ODblank)}x100 (%). té&n, ODcmpd refers to OD
of the well with the bound SRB after the compourgatment, while ODblank means OD
of the well without the bound SRB. ODno_cmpd repreés OD of the bound SRB without
compound treatment. Based on the survival ratakeotells treated by the compounds at
nine concentrations, kg values were determined using nonlinear regressiatm
normalized dose-response fit implemented in GraghPasm 5 software (GraphPad
Software Inc., La Jolla, CA).
4.2.3. Resistance development assay

The resistance development assay was aimed dy sthether the compound may
induce bacterial resistance. Prior to the assay,ctimpound and the positive drug, i.e.

vancomycin were tested against MRSA 15-1 accorttinthe bacterial growth inhibition



assay described above and their MIC values werardeted. The suspension made up of
the bacterial strain treated by the sub-MIC conegiain (0.5xMIC) of the compound or
vancomycin was taken and diluted to the conceotmatf 10 CFU/mL for the resistance
development assay.

The resistance development assay was performebeirsame way as the bacterial
growth inhibition assay, except that the dilutedtbaal suspension after the sub-lethal
compound treatment was used. After the incubatidheobacterial strain at 37 °C for 24 h,
the MIC value against the bacterial strain for trosnd/passage was determined. After
each round, the diluted bacterial suspension #fiersub-lethal compound treatment was
prepared for the next-round assay. In this studyptal of 20 rounds of assays were
performed and the MIC value for each round wasrdemh According to the MIC viability,
whether the compound induced antibiotics resistavaedetermined.

4.2.4 Time-kill kinetics assay

Time-kill kinetics assay was performed to detemmine antimicrobial efficacy of our
lead compound. The compound solutions at five canagons, i.e. 1xMIC, 2xMIC,
4xMIC, 8xMIC and 16xMIC were respectively preparbg, adding a certain amount of
the compound to 2 mL of Mueller-Hinton (MH) brotithe sterilized test tubes. Following
that, 2 mL bacterial suspension (MRSA 15-1) waseddtb every tube. As a result, the
concentrations of the compound became 0.5xMIC, IXMIXMIC, 4xMIC and 8xMIC,
while the bacterial concentration wa$-1@’ CFU/mL in all the tubes. As a growth control,
a mixture of 2 mL MH broth and 2 mL bacterial susgien were also prepared in a

sterilized test tube. All the tubes were incubaed7 °C for 24 h.



The following measurements were performed initgte. At each of the following 4
time points, i.e. 0 h, 4 h, 8 h and 24 h, 1 mLud bacterial suspension was taken and
serially diluted by 10 folds with the sterilized ysiological saline (0.9%NacCl). 100L
aliquots were taken from the lower-concentratidntains and respectively placed on the
MH agar plates. The plates were incubated at 37ot4 h. The number of bacterial
colonies on each plate was counted. By multiplytngith ten times the dilution rate, the
total number of surviving bacteria in term of Jp@¢FU/mL was calculated. To uncover the
time-kill kinetics, the average of bacterial contation (logo CFU/mL) from three
measurements was plotted against the incubatiaa tim
4.2.5. Mouse plasma stability assay

The mouse plasma were purchased from Bioreclani&floand stored at -20 °C. The
test compound was dissolved in DMSO at a conceotratf 10 mM, which was further
diluted to a working solution (0.1 mM). The solutiof the control compound, i.e.
Tetracaine in DMSO (0.1 mM) was also prepared.dratline (5 ng/mL) and Tolbutamide
(20 ng/mL) dissolved in Methanol/CAN (1:1, v/v) wensed as two internal standards (IS)
solutions.

The stability of the test/control compound was suead according to the following
protocol. Before use, the mouse plasma was pre-ecuah 37 °C for 15 min. Then, 4 uL
of the compound/control solution was incubated V@86 L of the mouse plasma in a
96-well plate. Subsequently, a 50 uL aliquot w&emafrom the reaction mixture at each of
the time points, i.e. 0, 5, 15, 30, 60, 120 mim ¢fontrol) or 0, 15, 30, 60, 120 min (for the

test compound) and the reaction in the sample w@sped by 300 pL of IS solutions.



When the sampling was done, all the aliquots werrduged at 4,000 rpm at 4°C for
15min for plasma proteins sedimentation. Mixed vilil® pL of distilled water, 100 pL of
the supernatant was analyzed by LC-MS/MS with SHrnaHPLC system and the AB
Sciex APl 4500 QTRAP instrument. The data were yaeal by Analyst 1.6.3 software
(AB Sciex). The remaining compound (%) after indidoain plasma versus the incubation
time was plotted. By linear regression from thetpkbe half-life (i, value of the
compound was estimated.

4.2.6. Mouse microsomal stability assay

The mouse liver microsomes were purchased fromeBlamationlVT and stored at
-80 °C. The working solutions of the control compdui.e. Dextromethorphan as well as
the test compound in DMSO (0.1 mM) were preparéenil& to the plasma stability assay,
Terfenadine (5ng/mL) and Tolbutamide (10 ng/mL)xdIsed in Methanol/CAN (1:1, v/v)
were used as two internal standards (IS) solutildPH was dissolved in the phosphate
buffer (50 mM KHPO,, pH 7.4) at the concentration of 5 mM.

After being thawed at 37 °C, the stock solutiontlod mouse liver microsomes (20
mg/mL) were diluted to the concentration of 0.63@/mL with the phosphate buffer (50
mM K;HPQ,, pH 7.4). 2.5 uL of the control/test compound wagksolution was gently
mixed with 197.5 pL of the liver microsomes workisglution in a 96-well plate and
pre-incubated at 37°C for 5 min. To start the meliabreaction, 50 puL of the 5mM
NADPH working solution was added to the mixtureorrthe reaction mixture, 30 pL of
aliguot was taken one by one at each of the foligwive time points, i.e., 0, 5, 15, 30, 60

min. The reaction in each aliquot was stopped lmirgd300 L of the IS Methanol/ACN



solution (1:1, v/v). The negative control (i.e. tesay without the metabolic reaction) was
also performed, which used 50 pL of the phosphattebinstead of the NADPH working
solution. For the negative control, 30 pL of thigjabts were taken only at the time points
of 0 and 60 min. Prior to LC-MS/MS analysis, eaample was mixed vigorously for about
1 min and centrifuged at 4,000 rpm at 4°C for 15.mMi00 pL of the supernatant was then
taken from the sample and mixed with 100 pL ofdisilled water. With the same HPLC
system as the plasma stability assay, the supetnats analyzed. The residues (%) of the
test compound along with the incubation time wexewated, based on which the half-life
(ty2) value was determined.
4.2.7. In vivo pharmacokinetics study

The Kunming mice (half male and half female) & #ye of 5 to 7 weeks were used
for studying pharmacokinetics properties of the tmsmpound. The test compound was
dissolved in the solvent of 0.5% CMC-Na and adnbémed orally at a dose of 10 mg/kg.
Serial specimens of the whole blood in a volumed& mL were collected from each
mouse via the retro-orbital sinus at 0 min (primatministration) and 9 time points after
the administration, i.e. 0.5h, 1 h, 3 h, 6 h, 85,h, 24 h, 48 h and 72 h. The specimens
were immediately treated by,EDTA and then centrifuged at 8,000 rpm at 8°C fanif,
which produced the plasma samples. The concemgatd the compound in the plasma
were quantified by the same HPLC system asirih@tro metabolic stability assay. The
curve that showed the time-dependent viabilityhaf toncentration was plotted, based on
which the pharmacokinetic parameters were detemnine non-compartmental analysis

using Phoenix 8.1.



4.2.8. In vivo efficacy study

The Kunming mice weighing between 18 g and 22aif (imale and half female) were
randomly divided into three treatment groups (n=fr group), which were further
respectively injected by three corresponding dadeébe MRSA15-1 inoculum (0.5 mL),
i.e. 510" CFU/mL, 5<10° CFU/mL and 5<10° CFU/mL. After the bacterial infection,
the mice were observed for 7 days and the deaths eminted. The dose that led to the
deaths of all the mice in that group within 7 dayass considered as MLD. This dose of
bacterial inoculum would be intraperitoneally irpt to mice in order to establish the
mouse systemic infection model.

The Kunming mice (18-22g, male: female=1:1) weaadomly divided into eleven
groups, with 5 or 8 mice in each group. Four tr@éajmups (n=8 per group) were used to
evaluate the orally-administered compow3d (9, 3, 1 and 0.33 mg/kg) for its protective
effects from systemic infection. According to thesohg schedule, the mice in each group
were pre-treated with the compound (solvent: 0.5%dCcNa) at the corresponding
designed dose at 12 h and 6 h before bacteriadtiofe respectively. The mice were then
intraperitoneally injected with 0.5 mL of bacteriabculum at the MLD. Following that,
the test compound was orally administered twic@ hAtand 6 h post-infection at the same
doses as the prophylactic administration. The mieee observed for 7 days and the deaths
were counted, based on which the survival rate caésulated [38]. As a positive control,
thein vivo efficacy of linezolid was also evaluated in thensaway as the test compound,
i.e. oral administration at the doses of 9, 3, d @33 mg/kg. Apart from the positive drug

as a control, three other controls were also d&t.untreated group included the mice (n=8)



that were infected but not treated with the complous an alternative to the compound,
they were treated with the same volume of 0.5% QON&C-The uninfected group
represented the mice (n=5) neither infected natéxdkwith the compound. The mice were
intraperitoneally injected with the same volumenofmal saline and orally administered
with the same volume of 0.5% CMC-Na. Another cantepresented the mice (n=5) that
were not infected (with normal saline only) butatied with the test compound according to
the same dosing schedule (including the prophyaactministration) as the treated group at
each dose up to 30 mg/kg, which was aimed to predirily evaluate the toxicity of the
compound. The protocol for this study was revieveedl approved by the Institutional
Animal Care and Use Committee of Sichuan PrimedT&ich Group Co., Ltd.
4.2.9. Mouse plasma protein binding assay

The Dianorm equilibrium dialysis plate was usedlédermine mouse plasma protein
binding. Firstly, 200 uL of the dosing solution (1, the test compound dissolved in
plasma) was put in the plasma chamber, while 3500fibhosphate buffer (100 mM
NaPQ, 100 mM NaCl, pH 7.4) was placed in the buffermbar. Then, the plate was
sealed with an adhesive film and incubated at 37f® h while being shaken at 100 rpm.
Following that, 30 pL of aliquots were respectividien from the plasma chamber and the
buffer chamber. In order to take plasma stability iaccount, 30 uL of the aliquots were
taken from the dosing solution (TO sample). Thquadis (30 pL) from the plasma chamber
were mixed with blank plasma (120 pL) and blankggtate buffer (150 uL), followed by
the addition of the quenching solution (600 pL)e. i.Terfenadine (5ng/mL) and

Tolbutamide (10 ng/mL) dissolved in Methanol/CAN1(1v/v). The same protocol was



applied to the TO sample. As for the aliquots (30 ftom the buffer chamber, they were
mixed with the blank plasma (30 pL), followed by thddition of the quenching solution
(120 pL). The three mixtures were vortexed for h lannd centrifuged at 4,000 rpm for 15
min. 100 pL of aliquots were taken from the supamiand mixed well with distilled
water (100 pL) for LC-MS/MS analysis. LC-MS/MS qtitative sample analysis was
performed using an Kinetex 2@m C18 100 A column (3.0 mmx30 mm) and MRM
detection (the AB Sciex APl 4500 QTRAP instrumemhe percentage binding was
calculated based on the concentration of the comgp@ueach sample. Warfarin was used
as the positive control. The assays were perforimedplicate.
4.2.10. S. aureus GyrB inhibition assay

S. aureussyrase was purchased from Inspiralis Ltd (Norwidhjted Kingdom). The
GyrB inhibition assay required 1L of mixture that contained 5 nM enzym8. (aureus
Gyrase), buffer (40 mM HEPES-KOH (pH 7.6), 10 mMgnesium acetate, 10 mM
dithiothreitol, 50 g/L BSA, 500 mM potassium glutat®), a specified concentration of the
compound (0.00uM -10 uM), 1% DMSO, 10 nM linear pBR322 DNA, 100 mM ATP.
Prior to the assay, the 3-fold serial dilutionstleé compound at 10 times the specified
concentrations were prepared, by being dissolvedMisO (10 mM) and diluted with the
assay buffer and DMSO. For the assay, the buffer_}7 one of the prepared compound
dilution (1pL), the linear pBR322 DNA (0.hL) andS. aureussyrase (0.5uL) was added
to a PCR tube sequentially and mixed by vortexiniitate the enzymatic reaction, ATP (1
uL) was added to the tube. The PCR tube was seakkdnaubated at 37 °C for 30 min.

The generated ADP was quantified by using the AD®¥as. 40uL of ADP-Glo reagent



was added to the reaction mixture and incubat&¥ &C for 40 min, which was aimed to
stop the ADP-generating reaction and use up theaireng ATP. 50uL of the detection
reagent was added and mixed for 5 min. {D®f the mixture was transferred to 96-well
plate and the luminescence (LU) was measured usifjoTek Synergy 2 microplate
reader. The enzymatic activity was calculated atiogrto the following formula, i.e.
activity (%) ={(LUcmpd-LUblank)/(LUno_cmpd-LUblank¥100 (%). Herein, LUcmpd
refers to the luminescence of the mixture after dbmpound treatment, while LUblank
means the luminescence of the mixture without AQM®no_cmpd represents the
luminescence of the mixture without compound treatimBased on the activity (%) of the
S. aureusGyrase treated by the compound at nine specifiedartrations, the g value
was determined using nonlinear regression with atimed dose-response fit implemented
in GraphPad Prism 5 software (GraphPad Softwarg Lec Jolla, CA). Novobiocin was
used as a positive control and the assays wererpextl in duplicate.
4.2.11. S. aureus DNA supercoiling assay

The S. aureudDNA supercoiling assay was mostly similar to thgrBinhibition assay
described above, except that the agarose gel @pbciresis was used to detect the status of
DNA. With the same mixture (10L) as that for the GyrB inhibition assay in the P{CRe,
the enzymatic reaction was carried out at 37 °G@min. Subsequently, the sample in the
PCR tube was centrifuged at 1,500 rpm for 1 min #reh mixed with 2uL of DNA
loading buffer. The mixture was run through a 1%rage gel in TAE buffer (40 mM
Trisacetate, 2 mM EDTA) for 2 h at 80V. The gel vgéaned with ethidium bromide for 60

min, visualized and photographed under UV light.



4.2.12. S. aureus ParE inhibition assay

The S. aureusParE inhibition assay was performed almost in dame way as the
GyrB inhibition assay. The only difference was thé uL of the reaction mixture
composed of 8.5 nM enzym8&.(aureugopoisomerase IV purchased from Inspiralis Ltd.),
buffer (100 mM Tris (pH 7.5), 2 mM magnesium chilarj 1 mM dithiothreitol, 50 g/L
BSA, 200 mM potassium glutamate), a specified cotredon of the compound (0.01
uM-100 uM), 1% DMSO, 10 nM pBR322 DNA, 300 mM ATP. The pos control was
novobiocin as well. The assay was performed inidafd.
4.3 Molecular docking

As the compound to dock contained a core scafotdlar to the coumarin ring of
novobiocin, the X-ray structure of the novobiocioubd S. aureusGyrB (PDB code:
4UROQO) was retrieved from the Protein Data Bankpgittwww.rcsb.org/). The identical
protein chains, nonessential cofactors were remdwau the X-ray structure. All the
cocrystallized water molecules except for the coreskone potentially involved in ligand
binding (i.e. wat46 [33]) were removed. Then, thet@in structure was prepared by using
the “Clean Protein” module in Discovery Studio 20TRe protein preparation was aimed
to correct all potential problems with amino acslsch as alternative conformations,
nonstandard names, incomplete residues and termimagsrect bonds and bond orders as
well as atom orders, add hydrogen atoms and genanatotonation state at pH 7.0.

A maximum of 200 conformers for the compound wesagated by OMEGA (version
2.5.1.4; OpenEye Scientific Software, Inc., SargaNM, USA) [39]. The prepared protein

structure was converted to a receptor ready foeoubar docking by OEDocking (version



3.0.1, OpenEye Scientific Software, Inc., SantaNfd, USA) [40] , in which a binding

site was defined by the cognate ligand from thandibound X-ray structure and an
acceptor constraint on the guanidine of Argl44 wsed. Then, all the conformers of the
ligand structure were docked against the recepfo©BDocking. The plausible binding
poses were scored by Chemgauss4 scoring functiastlyl all the binding poses were
visually inspected, from which the poses similarthat of novobiocin were retained for

binding mode analysis.
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Medicinal chemistry efforts lead to a novel antibacterial agent g37.

No evidence of resistance development was observed for g37.

g37 isoraly activeto treat MRSA infection.

g37 inhibits the ATPase activity of Gyrase B and impairs S. aureus DNA
supercoiling.

g37 can be further developed into anew class of antibacterial agents.
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