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hERG IR >90% at 10 uM hERG IR = 23.0% at 10 uM hERG IR = 34.9% at 10 uM
MIC < 0.035 uM MIC < 0.035 pM MIC < 0.035-0.078 uM
LDsp > 500 mg/Kg LDsp > 500 mg/Kg

IMB1603, a new benzothiazinone lead discovered unylab, exhibited potent anti-TB
activity in vitro andin vivo, but significant hERG binding potency (IR > 90%dlatuM).
Thus, we embarked on a hERG optimization programltiMeries of compounds were
designed, synthesized, and evaluated. Among thempound<2c and4c were found to
haveacceptable hERG binding potency, potent anti-TB/égtin vitro, acceptable safety,
and pharmacokinetic properties. Currently, compsutdand 4¢c were selected as new

leads and subjected for vivo assessment.
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Abstract

IMB1603, a new benzothiazinone lead discoveredumiab, exhibited potent anti-MTB
activity in vitro andin vivo, but significant hERG binding potency (IR > 90%datuM).
Thus, we embarked on a lead optimization prograrth vhe goal of identifying
alternative leads that could reduce the hERG lighilwithout sacrificing
antimycobacterial potency. Compour2ts and 4c were identified to maintain the anti-
MTB activity (MICs <0.035-0.07&M), and had lower hERG binding affinity (IR < 50%
at 10uM). Both of them were also found to have acceptablety and pharmacokinetic
properties. Studies to determine the&ivo efficacy of2c and4c are currently underway.
KEYWORDS: Antitubercular agents, benzothiazinones, structure-activity relationships,
hERG

1. Introduction

Tuberculosis (TB) is an old disease whics fexisted for millennia. The TB is

caused byycobacterium tuberculosis (MTB), which can spread when people who are



sick with TB expel bacterial into the air, suchcasighing: According to World Health
Organization (WHO) statistics, TB has been thelt®pgeading cause of death in the past
decades. Thus, WHO has declared TB a global heaigrgency since 1993, published a
global TB report every year since 1997, and stdfied TB Strategy at the World Health
Assembly in 2014. But nevertheless, TB still cauabout 1.6 million deaths including
1.3 million HIV-negative people in 20£7.At the current control efforts, the goal of
ending the TB epidemic by 2030 will not be achievdd addition, the emergence of
multidrug-resistant (MDR) TB and extensively drgsistant (XDR) TB have intensified
the situatior:® The treatment of MDR-TB is extremely difficult, qairing daily
administration of a combination of 5-7 drugs foperiod of 18-24 monthSSome of
these existing drugs show significant toxicitiese& now XDR-TB has no guidelines or
evidence that may guide its treatm@mtithough Bedaquiline and Delamanib were
approved for the treatment of MDR-TB in recent ge#oth of them were limited for use
in the clinical due to pronounced issues in terfnBERG toxicity concerns and ADME
issues’ Therefore, there is an urgent need for the disgowé new drugs with novel
mechanisms of action for the treatment of TB.

O
NO, ;é NO, (N NO, OCN
o adiil ool e seile
F+C I F5C I F+C I .

BTZ043 PBTZ169 IMB1603

Figure 1. Structures of BTZ043, PBTZ169 and IMB1603
Benzothiazinones (BTZs), a novel class @ &gents targeting decaprenyl
phosphorylB-D-ribose 2-epimerase (DprE1l), were reported to have stromgpitory
potency against drug-sensitive MTB, MDR-MTB and XIMRB strains®'* BTZ043

and PBTZ16Qnow known as Macozinong) the most advanced candidates (Figure 1)

from this series, are in Phasé and Phase Y(clinical trials at present, respectively, for
the treatment of both drug-susceptible TB and MCER-However, PBTZ169 also have
limitations such as its low solubility.

The co-crystal structures of the DprE1 v8fhiz043 / PBTZ169 complexes and the
structure-activity relationship (SAR) of this serisuggested that the crucial moieties for

potent activity are the S atom and carbonyl grouptlee thiazinone ring, a strong



electron-withdrawing one (GFCN, etc.) at C-6 position, and more importankig NG
group at C-8 positior?** On the other hand, it should be prudent to coetipopulating
the pipeline of antimycobacterial leads due to thgh failure rate in new drug
development®*® Based on it, we have previously focused on stratmodification of
the side chain at C-2 position of the BTZ core darfd more effective candidat&®s?
Among of the derivatives, IMB1603 (Figure 1) contag a C-2 nitrogen spiro-
heterocycle moiety displayed excellentvitro activity against MTB H37Rv and clinical
isolated MDR-MTB strains (MIC: < 0.035 uM), accdpta pharmacokinetic property,
greater aqueous solubility than PBTZ#88ore importantly, IMB1603 showed strong
efficacy in a mouse model of acute MTB H37Rv ini@ct(25 mg/kg, P.O., once daily
for 5 days a week for 3 weeks in BALB/c mice), proihg 3.20 logs of colony forming
unit (CFU) reduction in the lung (no published).w&ver, our subsequent investigations
revealed that IMB1603 turned out to inhibitvitro hERG ion channels in mammalian
cell lines, with inhibition rate (IR) of >90% at 1QuM, predicting potential
electrocardiogram (QT) prolongation risk. Consedyenwe embarked on a lead
optimization program to identify novel analogueshweduced hERG cardiac toxicity but
not at the expense of antimycobacterial potencyase critical compound progression
decisions.
2. Results and Discussion

Many efficient strategies to combat the affirof drugs to hERG have been proposed,
but in fact making even subtle changes in the siras of small molecules have been
found to cause profound impact on the hERG actiVityHerein, we described SAR of
three moieties (benzene ring, linker, N-heterogyole the C-2 side chain of the BTZ
core toward the discovery of the promising le@dsand4c. We believe that the SAR
developed could also be applicable to other compenies.
2.1. Substitutions on Benzene Ring

We first examined the influence of benzenesstiliions, such as halogen (F, Br) and /
or strong electron-withdrawing groups (ZFCN, NQ) in IMB1603 derivativesla-i
which were easily synthesized according previoymnted proceduré’ As shown in
Table 1, all of them displayed the same excellenttro antimycobacterial activity (MIC
< 0.035 uM) as PBTZ169. Compared with mono sulistittcompoundslé-e, IR >



90%), disubstituted oneslf(i) exhibited decreased binding potency against hERG
channel, with IR values of < 90% which were stitit racceptable. Subsequently, two
compounds 1j and 1k with bulkier naphthalene rings were also inveséda
Interestingly,-naphthalene compoundjj with potent antimycobacterial activity (MIC

< 0.035 uM), displayed a relatively lower leveln®RG inhibition (IR = 78%) than all of
substituted benzene ones with an exceptidgof

Table 1. Activity against MTB H37Rv and hERG inhibition 8fTZs with a substituted

benzene moiety
NO, OCN\\W
S N
T
FsC N
(0]

1a-k

Compd. w MIC hERG
(LM) (IR at 10 uMm)

la 4/ )+ <0.085 95.7+1.3%

(IMB1603)

1b }i@ <0.035 94.9+1.5%
F

1c +{ V-ocr, <0.035  90.2+1.8%

1d %@N% <0.035 94.1+2.2%

le @CN <0.035 90.6%3.4%

1f FE EF <0.035 88.5+3.5%

19 FsC <0.035 68.614.8%
@CFs

1h ECFB <0.035 83.3+2.3%

CF,

1i Br <0.035 88.6+3.6%

@Noz




3 0.055  NT

1k <0.035 78.1+5.2%
PBTZ169 <0.035 41.6+5.3%
INH 0.269
RFP 0.164

INH, isoniazi®RFP, rifampicin.
2.2. Benzene Ring M odifications.

Among the most successful reported approafdnetminishing binding to the hERG
channel is reducing the lipophilicity, as measuitsd cLog P> 2> We probed the
consequences of replacing the benzene moiety inlehd IMB1603 with other
heteroaromatic ringsll-s, cLog P: 2.32 — 4.65). With a few exceptions, ¢hasalogues
were found to have much less antimycobacterialviggtthan IMB1603. For the top 3
most active compounddm, 1g and 1s, their antimycobacterial activity and hERG
affinity decreased as cLog P values reduced. Famele, thiophene derivativiem (cLog
P = 4.28) maintaining the same potency to IMB1ad8%; < 0.035uM), turned out to
be a strong hERG inhibitor at 1M (IR = 96.2%). Oxazole derivativém with the
lowest CLog P of 2.32 displayed moderate hERG itibib (IR = 53.2%) (Table 2). It
suggested that increasement of the polarity coatitehse hERG inhibition, but this also
results in reduced antimycobacterial activity polesi due to lower membrane
permeability and is illustrative of the challengdsnultidimensional optimization.

Table 2. Activity against MTB H37Rv and hERG inhibition &TZs with a modified

benzene ring

0
1l-s
Compd. w MIC hERG cLog P

(LM) (IR at 10
HM)




la Z@/F <0.035 95.7+1.3% 4.78
(IMB1603)
1l ijg 1.478 NT 4.65
\
im N <0.035 96.2+0.8% 4.28
JD
1n N/ 0.479 NT 3.71
0
1o N : 0.477 NT 3.14
1p My 0.235  NT 3.14
1q | N 0.122 74.1+1.5% 3.14
=
1r R 1.576 NT 3.24
N
1s ",‘ N\ 0.248 53.2+2.4% 2.32
()
PBTZ169 <0.035 41.615.3% 5.10

2.3. Linker M odifications.

The effect of the methylene linker betweer tienzene and spiro-heterocycle in
IMB1603 was subsequently investigated. As showiiahle 3, the length of the linker
had little impact on antimycobacterial activitydanERG inhibition slightly decreased as
the carbon chain extendeth(vs 2a vs 2b). Surprisingly, compoungc by removal of the
methylene linker, maintained excellent antimycobaat potency (MIC: < 0.03mM)
and was virtually inactive in hERG inhibition ass#ylOuM with IR value of 23% lower
than PBTZ169 (IR = 41%). The significantly decreh$d&=RG binding affinity of2c
might attribute by the removal of the basic cenberthe rigid structure of the C-2 side
chain. Based on the above data, compd&awierited further study.

At the same time, an alkyl group was tried to idtroed on the methylene linker of
IMB1603 to explore the impact of the steric hindranHowever, the synthesis of these

alkyl derivatives has low yields, and the prodwegse very hard to purification. Thus, an



alkyl group was introduced to IMB160&d) and IMB1605 8b) which has the similar
structure feature and pharmacological propertie$MB1603. As shown in Table 3,
replacement of a hydrogen atom on the methyler8a ofith methyl remained the same
antimycobacterial potency (MIC: < 0.08M), and led to reduced hERG inhibitioBa(
vs 3c¢), although changes of the halogen atonpamb-position of the benzene ring had
little effect on hERG activity3c vs 3d vs 3e). The same trend was also observed by
comparison betweeBb and3f. Introduction of ethyl seemed to be preferred avethyl
(3f vs 3g). Our results suggested that a bulky alkyl on reghylene linker might be
favorable for reduction of hERG potency. Currenthyore analogues with other bigger
substituents were under investigation.

Table 3. Activity against MTB H37Rv and hERG inhibition iker modifiedBTZs

N,W
S N
SYN Y
F.C N FsC N
e} (0]
2a-f

3a-g

MIC hERG

Compd. W
(LMm) (IR at 10 uM)

1a(MB1603) , (]  <0.035 95.7+1.3%

2a T 0055 92.7:0.6%
2b x < )F <0.035 85.8+2.6%

2c () <0.035 23.043.3%

3a(IMB1604) © [l <0.035 97.0+1.6%

3 (IMB1605) * [l <0.035 94.6+2.5%

3c %)\©\ <0.035 77.2+3.0%

Br

3d z/\@ 0107  74.0+4.2%
F




CH,
3e %\@ <0.035  73.4+4.6%
Cl

CH,

3f z*@ <0.035  72.9+4.0%

CF3

C,Hs

3g ?\@L <0.035 69.7+2.1%
CF

3

2.4. N-Heterocycle M odifications.

In order to get more candidates with diigrstructure features, changes were
subsequently focused on the spiro-heterocycle &1803 while thepara-fluorobenzene
moiety was maintained. As shown in table 4, complesudb-d exhibited good
antimycobacterial activity (MIC: < 0.035 — 0.078/). To our delight, compoundc
containing an azabicyclo[2.2.2]octane ring showigdiBcantly decreased hERG affinity
with IR of 34.9% at 1M, even lower than that of PBTZ169, indicatingptgential for

further development.

Table 4. Activity against MTB H37Rv and hERG inhibition dbFheterocycle modified
BTZs

MIC Herg
(LM) (IR at 10 uM)

N‘%
4a & 0.248 NT
‘%N

%
b %@ <0.035 94.3+0.6%




%
4c %N@“ 0.078  34.9+2.9%

N
4d (\N/O 0.054 95.6+0.5%
%N

2.5. Additional assessments of selected compounds

On the bases of the above studies, compamasd4c with potent antimycobacterial
activity (MIC: <0.035-0.07&M) and poor hERG inhibition (IR:23.0-34.9%) at M
were evaluated against two clinical isolated MTB-RI16833 and 16995) strains
resistant to both INH and RFP. As shown in Tabld&h of them exhibited strong
activity (MIC: < 0.035-0.062:M) similar to that against MTB H37Rv, suggestingith
promising potential for both drug-sensitive andstesit MTB strains (Tables 3-5).

The above 2 compounds were testedraivo tolerability by recording the number
of survivors after a single oral dose in ICR mide560 mg/kg, followed by a 7-day
observation. In general, compoun®s and 4c showed good tolerance in mice at 500
mg/kg (Table 6).

Table5. Anti-MDR-MTB activity and acute toxicity of selesi compounds

MIC? (uM) Acute
Compd. oy
MDR-MTB16883 MDR-MTB16995 Toxicity
2c <0.035 <0.035 5/5
4c 0.062 <0.035 5/5
PBTZ169 <0.035 <0.035 5/5
INH >40 >40 -
RFP >40 >40 -

*MIDR-MTB 16883 and MDR-MTB 16995 were isolated frgatients in Beijing Chest
Hospital.bNo. of animals that survived / total no. of animals

Compound®c and 4c with low oral acute lethal toxicity were evaluated theirin

vivo PK profiles in ICR mice after a single oral admstration of 25 mg/kg. As shown in



Table 6, both of them displayed good drug exposwiésough shorter 1J, (1.25-4.79 h)
than PBTZ169 (6.33 h). In particular, the AJ©f 2c were significantly higher than

PBTZ169. Currently, these two compounds were dljestied tan vivo assessment.

Table 6. Invivo PK profiles of selected compounds in mice at 23kag

Compd. T Tmax Crax AUC

(h) (h) (ng-mL*)  (h-ng-mL))
2c 4.79+1.19 0.50+0 1613+231 5033%311
4c 1.25+0.04 0.25+¢0 304041480 3550+1450

PBTZ169 6.33+x1.07 0.33+t0 17464281  2475+702

3. Conclusion

In summary, we reported on optimization @decompound IMB1603 discovered in
our lab, including SAR studies of three moietiesnene ring, linker, and N-heterocycle)
on the C-2 side chain of the BTZ core, to idenafyernatives with reduced hERG cardiac
toxicity while keeping potent anti-TB activity. Theptimization process led to
compounds2c and 4c which showed potenéntimycobacterial activity ((MIC: <0.035-
0.078uM) against MTB H37Rv as well as two MDR-MTB clinlcggolates, acceptable
hERG affinity (IR: 23.0-34.9%) at 1@M. In addition, these two compounds also
displayed acceptable safety and good PK properfiagdies to determine the in vivo

efficacy of2c and4c are currently underway.
4. Chemistry

The synthesis of these molecules was carried ©8hawn in various schemes 1-2. A
general synthetic route for compounti8 was shown in scheme 1. Introduction of
diverse W groups to 2,8-diazaspiro[4.5]decahe by previous reported reductive
amination with aldehydes, Buchwald-Hartwig aminatigith 1-Bromo-4-Flurobenzene,
nucleophilic substitution with bromides, or Ti(OjRnediated reductive amination with
ketone gave compound@sll, which upon removal of Boc protecting group aftdhe
desired side chain intermediates14. Coupling compound$2-14 with benzothiazinone
15 yielded the target$-3.



e e oo
N ]
Boc” N Boc HN NO, N-w
8 9a-s 12a-s S N
10a-c 13a-c c \\(
11c-g 14c-g FAC N
NO, (e}
S._SMe 125
he i 2a-c
N 3c-g
F3C
o

Reagents and conditions. a): i) ArCHO, NaCNBH, AcOH, rt-50°C (for 9a-s); OR iii)
KoCOs, CHsCN, 1-(2-Bromoethyl)-4-fluorobenzene or  1-(3-bromogpyl)-4-
fluorobenzene (forlOa-b); OR ii) Pd(OAc), BINAP, 1-bromo-4-fluorobenzend;

BuONa, anhydrous toluene (fi@c); OR iv ) Ti(OiPr),, ketone, MeOH, NaCNB#{for
3c-g); b): DCM, TFA, c): EtN, MeOH.
Scheme 1. Synthesis of compounds:-s, 2a-c and3c-g

The synthesis of compounds-d was shown in scheme 2. Reductive amination of
commercially available compoundd6a-d with 4-fluorobenzaldehyde afforded
compounds17a-d. Removal of Boc-protecting group followed by cadogl with

compoundl5 gave target compounds-d.

- NO 7 ON
SONH O a SN b SN ¢ 2 Q!
Q! —> 1. Q ! — 1 Q ! - S N<_.- E
Boc- N~ Boc N~ c HNZ r W‘N/
FsC

16a-
6a-d 17a-d 18a-d o 4a-d
Boc—N NH Boc—N NH Boc—N N NH
/
16a 16bn=1 16d
16cn=2

Reagents and conditions. a) 4-fluorobenzaldehyde OR cyclohexanecarbaldghyde
NaCNBHs, AcOH, rt-50°C; b) DCM, TFA; c)15, EN, MeOH.

Scheme 2. Synthesis of compounds-d

5. Experiment section



MIC determination. MICs against replicating M. tuberculosis were daieed by the
microplate Alamar blue assay (MABA). PBTZ169 (syetdized by our lab), RIF and INH

were included as positive controls. M. tuberculd$8/Rv( ATCC27294) and clinical

isolate strains were grown to late log phase (700@ Klett units) in Difco Middlebrook
7H9 Broth (catalog no. 271310) supplemented witt%0.(vol/vol) glycerol, 0.05%
Tween 80, and 10% (vol/vol) albumin-dextrosecamld8BL Middlebrook ADC
Enrichment, catalog no. 212352) (7H9-ADCTG). Cudtirwere centrifuged, washed
twice, and then suspended in phosphate phosph#trdil saline. Suspensions were
then passed through an 8 um-pore-size filter tawentlumps, and aliquots were frozen
at -80 °C. Two fold dilutions of test compounds gusitive controls were prepared in
7H9-ADC-TG in a volume of 100 pl in 96-well, blac&lear-bottom microplates (BD
Biosciences, Franklin Lakes, N tuberculosis (100 pl containing 2 x fOCFU) was
added, yielding a final testing volume of 200 pheTplates were incubated at 37°C; on
day 7 of incubation, 12.5 pl of 20% Tween 80 anquR6f Alamar blue were added to all
wells. After incubation at 37 °C for 16 to 24 hetthuorescence was read at an excitation
of 530 nm and an emission of 590 nm. The MIC wdmdé as the lowest concentration
effecting a reduction in fluorescencex80% relative to the mean of replicate bacterium-

only controls.

Inhibition evaluation on hERG K+ channel. The electrophysiology recording of hERG
channel current was carried out following the staddrotocol as described previoudly.
HEK 293 cells were stably transfected with humaheE&a-gogo related gene (hERG)
channel. The voltage-gated hERG potassium charmeerdt was recorded at room
temperature (28C) from randomly selected transfected cells usihgla-cell recording
techniqgue with an EPC10 USB (HEKA) or Multiclamp OB) amplifier (Molecular
Devices), while electrical data was digitalizedgidatal440A with acquisition rate of
10 kHz and signals filtered at 2.5 KHz using Patabtar or pClampl10 respectively.
Dofetilide was included as a positive control te@® the accuracy and sensitivity of the

test system. All experiments were performed intBrés.

Acute toxicity determination of compounds 2c and 4c. The toxicity study was carried

out using female ICR mice weighting 18-21 g eache Tanimals were randomly



distributed to control group and treated groupsit@ioing five animals per group. They
were maintained on animal cubes, provided with watel foods. After depriving the
animals’ food overnight, the control group receis® CMC solution orally (0.5 mL),
whereas each treated group received orally thetagerspended in 5% CMC solution
(500 mg/kg). The animals were observed continuofmslyhe first 4 hours and then each
hour for the next 24 h and at 8 hourly intervals tbe following 7 days after

administering, to observe any death or changes.

Phar macokinetic Profiles determination of compounds 2c and 4c. SPF female ICR
mice weighing 18-28 were used in the pharmacokinetic study. The IGBemnwere
fasted overnight before dosing. Every treatmentigroontain 3 rats. Mice were dosed
with the tested compounds suspension ahgg (p.o.). Compounds were suspended in
0.5% CMC for oral administration. Blood was collttfrom the jugular vein of each
animal at the following times after administratiohdrugs: 0.25, 0.5, 1, 2, 4, 6, 8 and
24h after a single oral dosing. All blood samples aveentrifuged at 300@min for
10min to obtain serum which was then stored at —20 °C. 150 uL of the serum was added
to 500uL of acetonitrile and the mixture was centrifugedl8000r/min for 10min to
remove protein. The supernatant was dried and leiessso 100uL of acetonitrile, the
solution was centrifuged at 1300fin for 10min. The supernatant was moved to a
sample bottle for HPLC analysis. Total area untderdoncentration time curve (AUC),
the elimination half-time (i), the peak concentration {&) and the time to reach peak
concentration (fay of samples were determined directly from the expental data
using WinNonlin V6.2.1.

General Chemical Methods. All commercially available solvents and reagentsewe
used without further purification. All moisture s#iive reactions were carried out under
Argon atmosphere in commercially available anhydrsolvents’H NMR spectra were
determined on a Varian Mercury-400 or Bruker 50@pé@ctrometer in MeOD, CDg;lor
DMSO-ds using tetramethylsilane as an internal standalectispray ionization (ESI)
mass spectra was obtained on an Agilent 1260-64@8sNpectrum instruments. The
reagents were all of analytical grade or chemigallse. TLC was performed on silica gel
plates (Merck, ART5554 60F254).



Purity was determined by HPLC, and all targempounds were confirmed to

have >95% purity.

Purity determination. All samples were performed on an Agilent 1260 HRIZ
system. Conditions (solvent A = methanol, solvent B.1% TFA + H20): Zorbax SB-
C18 column (250 mm x 4.6 mmun, PN: 883975-902). Injection volumn: 10 pL. Flow:
1.3 mL/min. Gradient elution: 0.00 min, 10% A; 3nm50% A; 15 min, 100% A; 16 min,
10% A; 18 min 10%A. UV at 254 nm.

General synthesis procedure of compounds 1b-s. To a stirring solution 08 (0.3 mmol)
in MeOH (5 mL) was added the corresponding aldel{@de mmol) and NaCNBH(0.5
mmol) at room temperature. The mixture was adjustedH 6-7 by acetic acid, stirred
overnight at room temperature, and quenched by Na®H solution (5 mL). The
mixture was diluted by O (15 mL), and extracted by DCM (10 mL x 3). Thentined
organic layer was washed by brine, dried over ardusl MgSQ filtered, and
concentrated. The residue was purified over sgglacolumn (DCM : MeOH = 20: 1) to
yield oils 9b-s (70-93%).

To a stirred solution &b-s (0.2 mmol) in DCM (5 mL) was added TFA (1 mL) at
room temperature. The mixture was stirred for 2rhand concentrated to afford the
crude producfii2b-s which was used directly in the next step withautHer purification.
To a stirred solution of above crud2b-s in anhydrous MeOH (10 mL) was added BTZ
core compound5 (0.2 mmol) and BN (0.6 mmol) at room temperature. The mixture
was stirred overnight at 4%, and concentrated. The residue was purified bynuo

chromatography over silica gel (DCM : MeOH = 20 td yield the yellow solid4b-s.

2-(2-(2-fluor obenzyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr o-6-(trifluor omethyl)-4H-
benzo[€][1,3]thiazin-4-one (1b) According to above general procedure, employing 2-
flurobenzaldehyde afforded compoufid as a yellow solid (30% for two steps), mp:
115-117°C; HPLC purity: 95.3%, retention time 9.02 mttt NMR (500 MHz, CDC})

§ 9.14 (s, 1H), 8.78 (s, 1H), 7.43-7.40 (m, 1H),0¢77328 (m, 1H), 7.17-7.15 (m, 1H),
7.10-7.06 (m, 1H), 4.22-3.70 (m, 6H), 2.74 (brs),2M54 (brs, 2H), 1.79 (brs, 6H)'C
NMR (125 MHz, DMSOds) 5 165.54, 161.28, 160.93 (d, J = 244.2 Hz), 144128,80,
131.73 (g, J = 3.5 Hz), 131.50 (d, J = 4.5 Hz),.329d, J = 8.1 Hz), 127.75 (q, J = 35.5



Hz), 126.56, 126.50, 125.83 (d, J = 15.1 Hz), 184d J = 2.8 Hz), 123.01 (g, J = 274.1
Hz), 115.60 (d, J = 21.8 Hz), 65.35, 53.12, 5245113, 40.84, 37.37, 36.12; HRMS-ESI
(m/z): Calcd. For €Ho3F4N403S (M+H)": 523.1422; Found: 523.1422.

8-nitr 0-2-(2-(4-(trifluor omethoxy)benzyl)-2,8-diazaspir o[4.5]decan-8-y!)-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1c) According to above general
procedure, employing 3-(trifluromethoxy)benzaldedydfforded compoundlc as a
yellow solid (35% for two steps)mp: 119-121°C; HPLC purity: 97.5%, retention time
10.51 min;*H NMR (500 MHz, CDCY) §9.14 (s, 1H), 8.79 (s, 1H), 7.39 (brs, 2H), 7.22
(d, J = 7.70 Hz, 2H), 4.30-3.85 (m, 4H), 3.64 (4),2.70 (brs, 2H), 2.49 (brs, 2H), 1.80
(s, 6H),13C NMR (125 MHz, DMSOdg) 6165.66, 161.36, 147.62, 144.83, 139.16, 134.84,
131.73 (q, J = 3.5 Hz), 130.44, 127.75 (q, J = B&} 126.56, 123.01 (q, J = 274.1 Hz),
121.12, 120.57 (g, J = 252.4 Hz), 65.40, 58.942%345.10, 40.84, 36.12; HRMS-ESI
(m/z): Calcd. For @H23FsN4O4S (M+H)™: 589.1339; Found: 589.1328.

8-nitr 0-2-(2-(4-nitrobenzyl)-2,8-diazaspir o[4.5]decan-8-yl)-6-(trifluor omethyl)-4H-
benzo[€e][1,3]thiazin-4-one (1d) According to above general procedure, employing 4-
nitrobenzaldehyde afforded compouhd as a yellow solid (42% for two stepsjp:
136-138°C; HPLC purity: 99.8%, retention time 9.01 mitd NMR (500 MHz, DMSO-

ds) 6 8.86 (s, 1H), 8.81 (s, 1H), 8.22 (d, J = 8.4 H4),27.63 (d, J = 8.4 Hz, 2H), 4.07
(brs, 4H), 3.74 (s, 2H), 2.62 (t, J = 6.3 Hz, 2PI¥8 (s, 2H), 1.74 (brs, 6H}*C NMR
(100 MHz, DMSOdg) & 165.70, 161.39, 148.05, 146.92, 144.89, 134.86,753(q, J =
3.5 Hz), 129.72, 127.84 (q, J = 35.1 Hz), 126.625.99, 123.88, 122.53 (q, J = 272.3
Hz), 65.35, 59.02, 53.30, 45.13, 37.15, 36.21; HRB& (m/z): Calcd. For
Cu4H23F3N505S (M+H)™: 550.1367; Found: 550.1369.

8-nitr o-2-(2-(4-nitrilebenzyl)-2,8-diazaspir o[ 4.5]decan-8-yl)-6-(trifluor omethyl)-4H-
benzo[€e][1,3]thiazin-4-one (1e) According to above general procedure, employing 4-
formylbenzonitrile afforded compountke as a yellow solid (33% for two stepsnp:
161-162°C; HPLC purity: 96.4%, retention time 8.90 mitt NMR (500 MHz, CDC})

§ 9.13 (s, 1H), 8.79 (s, 1H), 7.64 (d, J = 7.60 PH), 7.48 (d, J = 7.60 Hz, 2H), 4.30-
3.90 (m, 4H), 3.70 (s, 2H), 2.69 (brs, 2H), 2.565(12H), 1.80 (brs, 6H)*C NMR (125
MHz, DMSO-d) 6 165.61, 161.33, 145.67, 144.81, 134.82, 132.6%,78B3(q, J = 3.5



Hz), 129.57, 127.84 (q, J = 35.5 Hz), 126.59, 126123.11 (q, J = 274.1 Hz), 119.37,
65.33, 59.27, 53.27, 45.13, 40.90, 36.99, 36.13;MSHESI (m/z): Calcd. For
CosH23F3N503S (M+H)+: 530.1468; Found: 530.1465.

2-(2-(2,3-difluor obenzyl)-2,8-diazaspir o[ 4.5]decan-8-yl)-8-nitr o-6-(trifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (1f) According to above general procedure, employing
2,3-difluorobenzaldehyde afforded compoutidas a yellow solid (41% for two steps),
mp: 99-101°C; HPLC purity: 99.6%, retention time 9.15 mitdf NMR (500 MHz,
CDCl) & 9.14 (s, 1H), 8.79 (s, 1H), 7.20-7.10 (m, 3H),443288 (m, 4H), 3.76 (s, 2H),
2.75 (brs, 2H), 2.56 (brs, 2H), 1.83 (brs, 6f0;NMR (125 MHz, DMSOdg) § 165.61,
161.33, 150.12 (dd, J = 150.1 Hz, 13.1 Hz), 14806 J = 251.1 Hz, 12.8 Hz), 144.83,
134.82, 132.65, 131.73 (g, J = 3.5 Hz), 128.681(d,10.7 Hz), 127.84 (g, J = 35.5 Hz),
126.59, 126.53, 124.93, 123.13 (q, J = 274.1 H¥j,34 (d, J = 16.8 Hz), 65.26, 53.07,
52.00, 45.05, 40.84, 37.06, 36.10; HRMS-ESI (mZAtcd. For G4HFsN403S (M+H)':
541.1327; Found: 541.1326.

2-(2-(2,4-bis(trifluoromethyl)benzyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1g) According to above general
procedure, employing 2,4-bis(trifluoromethyl)bemiadlyde afforded compourit as a
yellow solid (45% for two steps)mp: 137-138°C; HPLC purity: 95.8%, retention time
10.95 min;*H NMR (500 MHz, CDCJ) 6 9.14 (s, 1H), 8.79 (s, 1H), 7.98 (d, J = 7.2 Hz,
1H), 7.92 (s, 1H), 7.83 (d, J = 7.2 Hz, 1H), 4.2883(m, 4H), 3.88 (s, 2H), 2.75 (brs, 2H),
2.56 (brs, 2H), 1.83 (brs, 6HIC NMR (100 MHz, CDG)) § 166.56, 161.75, 143.94,
142.66, 134.21, 133.40 (q, J = 3.5 Hz), 130.68,62%q, J = 35.3 Hz ), 128.66, 126.73,
126.05 (g, J = 3.5 Hz), 123.76, 123.09, 121.0534555.28, 53.25, 44.67, 40.92, 37.24,
36.24; HRMS-ESI (m/z): Calcd. For »2:FoN4OsS (M+H)": 641.1263; Found:
641.1250.

2-(2-(3,5-bis(trifluoromethyl)benzyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1h) According to above general
procedure, employing 3,5-bis(trifluoromethyl)bermadiydeafforded compounth as a
yellow solid (37% for two steps), mp: 148-149; HPLC purity: 97.3%, retention time
11.25 min;*H NMR (500 MHz, CDCY) § 9.14 (s, 1H), 8.79 (s, 1H), 7.85-7.80 (brs, 3H),



4.24-3.76 (m, 6H), 2.72 (brs, 2H), 2.52 (brs, 2HB2 (brs, 6H); HRMS-ESI (m/z):
Calcd. For GgH2:FgN4OsS (M+H)™: 641.1263; Found: 641.1234.

2-(2-(3-bromo-4-nitrobenzyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1i) According to above general
procedure, employing 3-bromo-4-nitrobenzaldehyderdéd compound.i as a yellow
solid (41% for two steps), mp: 150-152°C; HPLC purity: 98.9%, retention time 9.71
min; *H NMR (500 MHz, DMSOds) & 8.86 (s, 1H), 8.80 (s, 1H), 8.02 (d, J = 8.2 H4),1
7.86 (s, 1H), 7.59 (d, J = 8.2 Hz, 1H), 4.07-3.86 4H), 3.71 (s, 2H), 2.63 (t, J = 6.3 Hz,
2H), 2.48 (s, 2H), 1.74 (brs, 6H)*C NMR (125 MHz, DMSOdq) & 165.68, 161.38,
148.60, 146.96, 144.88, 134.86, 134.30, 131.79 (€,3.5 Hz), 128.98, 127.84 (q, J =
35.5 Hz), 126.59, 126.15, 123.11 (q, J = 274.1 HZR.56, 65.22, 58.24, 53.21, 45.18,
40.96, 36.96, 36.17; HRMS-ESI (m/z): Calcd. FeiHGBrFsNsOsS (M+H)™: 628.0472;
Found: 628.0443.

2-(2-(naphthalen-1-ylmethyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1j) According to above general
procedure, employing 1-naphthaldehyde afforded cam@1j as a yellow solid (44%
for two steps), mp: 195-19C; HPLC purity: 95.6%, retention time 10.33 mtht NMR
(500 MHz, CDC}) 6 9.13 (s, 1H), 8.77 (s, 1H), 8.33 (d, J = 7.6 H4),17.89 (d, J = 7.6
Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.57-7.52 (m))2A47-7.43 (m, 2H), 4.08-3.82 (m,
6H), 2.76 (brs, 2H), 2.54 (brs, 2H), 1.79 (brs, BHC NMR (125 MHz, DMSOde)
0166.48, 161.58, 134.25, 133.77, 133.29 (q, J H2)5 132.22, 129.49 (q, J = 35.5 Hz),
128.41, 127.92, 126.70, 126.47, 125.90 (q, J =Hx)p 125.72, 125.67, 125.19, 124.46,
122.40 (q, J =272.4 Hz), 65.24, 58.33, 53.27, 444672, 37.49, 36.19; HRMS-ESI
(m/z): Calcd. For GgHogFsN4O3S (M+H)': 555.1672; Found: 555.1665.

2-(2-(naphthalen-2-ylmethyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1k) According to above general
procedure, employing 2-naphthaldehyde afforded ecam@ 1k as a yellow solid (53%
for two steps)mp: 170-172C; HPLC purity: 98.6%, retention time 10.46 mtht NMR
(500 MHz, CDC4) & 9.12 (s, 1H), 8.78 (s, 1H), 7.86 (brs, 4H), 7.6&( 3H), 4.01-3.78
(m, 6H), 2.78 (brs, 2H), 2.55 (brs, 2H), 1.82 (bBs!). *C NMR (125 MHz, CDGJ)



0166.48, 161.63, 143.88, 136.58, 134.24, 133.34,263Q@), J = 3.5 Hz), 132.72, 129.56
(g, J = 35.5 Hz), 127.96, 127.66, 127.64, 126.26, 12, 126.01, 125.92 (q, J = 4.0 Hz),
125.62, 122.40 (q, J =272.4 Hz), 65.24, 60.35, 533.99, 40.72, 37.30, 36.40; HRMS-
ESI (m/z): Calcd. For §H26FsN4OsS (M+H)': 555.1672; Found: 555.1654.

2-(2-((5-methoxy-1H-indol-2-yl)methyl)-2,8-diazaspir o[4.5]decan-8-yl)-8-nitr 0-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1l) According to above general
procedure, employing 5-methoxy-1H-indole-3-carbhidke afforded compountl as a
yellow solid (50% for two steps)mp: 199-201°C; HPLC purity: 95.1%, retention time
9.51 min;*H NMR (500 MHz, DMSO#€g) § 10.72 (s, 1H), 8.86 (s, 1H), 8.81 (s, 1H), 7.24
(d, J = 8.5 Hz, 1H), 7.19 (s, 1H), 7.14 (s, 1HY85(d, J = 8.2 Hz, 1H), 4.08-3.72 (m, 4H),
3.78 (s, 3H), 3.71 (s, 2H), 2.60 (brs, 2H), 2.46 (RH), 1.69 (brs, 6H); HRMS-ESI (m/z):
Calcd. For GH,7FaNs04S (M+H)': 574.1730; Found: 574.1728.

8-nitr 0-2-(2-(thiophen-2-ylmethyl)-2,8-diazaspir o[4.5] decan-8-yl)-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1m) According to above general
procedure, employing thiophene-2-carbaldehyde ddidrcompoundlm as a yellow
solid (46% for two steps), mp: 143-145°C; HPLC purity: 96.9%, retention time 8.75
min; 'H NMR (500 MHz, CDC})) 6 9.14 (s, 1H), 8.80 (s, 1H), 7.28-7.26 (m, 1H),96.9
6.96 (m, 2H), 4.10-3.88 (m, 6H), 2.77 (brs, 2HER(brs, 2H), 1.82 (brs, 6HJC NMR
(125 MHz, DMSOe€g) 6 165.67, 161.37, 144.88, 143.23, 134.86, 131.732 &€3.5 Hz),
127.80 (q, J = 35.5 Hz), 126.95, 126.60, 126.58,1%(q, J = 274.1 Hz), 65.03, 54.19,
53.02, 45.15, 40.85, 36.97, 36.12; HRMS-ESI (mZatcd. For GoHzoF3sN4OsS, (M+H)™
511.1080; Found: 511.1058.

2-(2-((1-methyl-1H-pyrrol-2-yl)methyl)-2,8-diazaspir o[ 4.5] decan-8-yl)-8-nitr 0-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1n) According to above general
procedure, employing 1-methyl-1H-pyrrole-2-carbalgtde afforded compountin as a
yellow solid (38% for two steps)mp: 160-162°C; HPLC purity: 95.5%, retention time
8.84 min;"H NMR (500 MHz, CDC}) § 9.14 (s, 1H), 8.78 (s, 1H), 6.62 (s, 1H), 6.0&(br
1H), 6.02 (brs, 1H), 4.23-3.82 (m, 4H), 3.69 (s)3B159 (brs, 2H), 2.65 (brs, 2H), 2.45
(brs, 2H), 1.76 (brs, 6HYC NMR (125 MHz, DMSOds) 5 165.63, 161.34, 144.84,
134.85, 131.73 (g, J = 3.5 Hz), 129.95, 127.75)(g,35.5 Hz), 126.57, 123.04 (g, J =



272.4 Hz), 122.59, 108.33, 106.22, 65.46, 53.1045145.13, 37.42, 35.99, 33.80;
HRMS-ESI (m/z): Calcd. For GHsFsNs0sS (M+H)': 508.1625; Found: 508.1649.

8-nitr o-2-(2-(pyridin-2-ylmethyl)-2,8-diazaspir o[4.5]decan-8-yl)-6-(tr ifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (10) According to above general procedure, employing
picolinaldehyde afforded compourdg as a yellow solid (37% for two steps), mp: 120-
122°C; HPLC purity: 98.8%, retention time 8.37 miit NMR (500 MHz, DMSOdg) &
8.83 (s, 1H), 8.77 (s, 1H), 8.47 (d, J = 4.3 Hz),1H76 (t, J = 7.5 Hz, 1H), 7.42 (d, J =
7.8 Hz, 1H), 7.25-7.23 (m, 1H), 3.83 (brs, 4H),8(8, 2H), 2.62 (t, J = 6.7 Hz, 2H), 2.48
(brs, 2H), 1.80-1.68 (m, 6H}*C NMR (100 MHz, DMSOds) § 165.67, 161.36, 159.46,
149.17, 144.88, 137.00, 134.86, 131.74 (g, J =H2)p 127.75 (q, J = 35.5 Hz), 126.59,
123.04 (q, J = 272.4 Hz), 122.80, 122.50, 108.3®.22, 65.54, 61.68, 53.40, 45.20,
40.90, 37.42, 37.05, 36.27; HRMS-ESI (m/z): Cal€tr GaH3FNs50:S (M+H)'™
506.1468; Found: 506.1451.

8-nitr 0-2-(2-(pyridin-3-ylmethyl)-2,8-diazaspir o[4.5]decan-8-yl)-6-(tr ifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (1p) According to above general procedure, employing
nicotinaldehyde afforded compoudg as a yellow solid (39% for two steps), mp: 154-
156 °C; HPLC purity: 97.5%, retention time 7.53 mit§ NMR (500 MHz, CDCJ) &
9.14 (s, 1H), 8.78 (s, 1H), 8.59-8.56 (m, 2H), 7(§31H), 7.30 (brs, 1H), 4.19-3.88 (m,
4H), 3.69 (brs, 2H), 2.72 (brs, 2H), 2.52 (brs, 2HB1 (brs, 6H)**C NMR (100 MHz,
CDCl;) 6 166.56, 161.74, 150.01, 148.79, 143.94, 136.38,283 133.33 (g, J = 3.0 Hz),
129.63 (g, J = 35.5 Hz), 126.73, 125.96 (q, 3.6, H2B.48, 122.52 (q, J = 273.2 Hz),
65.14, 57.37, 53.23, 44.7, 40.77, 37.31, 36.17; IRB&SlI (m/z): Calcd. For
Cu3H23F3N505S (M+H)™: 506.1468; Found: 506.1457.

8-nitr o-2-(2-(pyridin-4-ylmethyl)-2,8-diazaspir o[4.5]decan-8-yl)-6-(tr ifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (1q) According to above general procedure, employing
isonicotinaldehyde afforded compoutid as a yellow solid (48% for two stepsip:
137-139°C; HPLC purity: 99.0%, retention time 7.32 miit{ NMR (500 MHz, DMSO-

ds) & 8.86 (s, 1H), 8.81 (s, 1H), 8.53 (d, J = 5.1 H4),27.36 (d, J = 5.1 Hz, 2H), 4.07-
3.85 (m, 4H), 3.63 (s, 2H), 2.62 (t, J = 6.3 Hz,)2R46 (s, 2H), 1.72 (brs, 6H}°C
NMR (100 MHz, DMSO#) 6 165.65, 161.36, 150.00, 148.70, 144.86, 134.85,783(q,



J = 3.5 Hz), 127.75 (q, J = 35.5 Hz), 126.58, 123123.08 (q, J = 272.4 Hz), 65.36,
58.59, 53.34, 45.17, 37.01, 36.19; HRMS-ESI (nZatcd. For GzH23F3Ns0sS (M+H)':
506.1468; Found: 506.1486.

2-(2-((112-pyrrol-2-yl)methyl)-2,8-diazaspir o[ 4.5]decan-8-yI)-8-nitr 0-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (1r) According to above general
procedure, employing 1H-pyrrole-2-carbaldehyde rafd compoundlr as a yellow
solid (52% for two steps)mp: 94-96°C; HPLC purity: 95.1%, retention time 8.90 min;
'H NMR (500 MHz, CDCJ) § 9.14 (s, 1H), 8.79 (s, 1H), 6.82 (s, 1H), 6.161¢4), 6.09

(s, 1H), 4.17-3.90 (m, 4H), 3.75 (brs, 2H), 2.80s(2H), 2.59 (brs, 2H), 1.84 (brs,
6H)::*C NMR (100 MHz, CDCJ) & 166.56, 161.84, 143.94, 134.16, 133.41 (g, J = 3.5
Hz), 129.65 (q, J = 35.5 Hz), 126.70, 126.03 (g,3.2 Hz), 122.54 (q, J = 272.3 Hz),
118.42,107.97, 64.46, 58.49, 52.89, 44.58, 4@B81,1, 35.98; HRMS-ESI (m/z): Calcd.
For GoH23F3NsO3S (M+H)™: 494.1468; Found: 494.1492.

8-nitr 0-2-(2-(oxazol-2-ylmethyl)-2,8-diazaspir o[4.5]decan-8-yI)-6-(trifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (1s) According to above general procedure, employing
oxazole-5-carbaldehyde afforded compousdas a yellow solid (42% for two steps),
HPLC purity: 95.5%, retention time 7.90 mifi}y NMR (500 MHz, CDC}) § 9.14 (s, 1H),
8.79 (s, 1H), 7.75 (s, 1H), 7.19 (s, 1H), 4.17-380 4H), 3.12-2.96 (m, 4H), 1.84 (brs,
6H); ); 3¢ NMR (125 MHz, DMSOdg) 6 165.67, 161.84, 161.37, 144.87, 140.26,
134.85, 131.73 (q, J = 3.5 Hz), 127.80 (q, J = B&} 127.31, 126.60, 126.56, 123.15 (q,
J=274.1 Hz), 64.91, 52.81, 51.17, 44.41, 40.9248 36.24; HRMS-ESI (m/z): Calcd.
For G1H21F3Ns04S (M+H)™: 496.1261; Found: 496.1266.

General synthesis procedure of compounds 2a-b. To a stirring solution o8 (0.5 mmol)

in CHzCN (10 mL) was added 1-(2-Bromoethyl)-4-fluorobemzer 1-(3-bromopropyl)-
4-fluorobenzene (0.5 mmol) and®O; (1.0 mmol) at room temperature. The mixture
was stirred overnight at room temperature andrétte The filtrate was diluted by,B

(25 mL), and extracted by DCM (20 mL x 3). The camald organic layer was washed
by brine, dried over anhydrous Mg®@ltered, and concentrated. The residue was
purified over silica gel column (DCM : MeOH = 2Q) to yield oils10a-b (yield, 65-
89%).



To a stirred solution d0a-b (0.2 mmol) in DCM (5 mL) was added TFA (1 mL) at
room temperature. The mixture was stirred for 2rhand concentrated to afford the
crude product3a-b which was used directly in the next step withauwtHer purification.
To a stirred solution of above crudi@a-b in anhydrous MeOH (10 mL) was added BTZ
core compound5 (0.2 mmol) and BN (0.6 mmol) at room temperature. The mixture
was stirred overnight at 4%, and concentrated. The residue was purified bynto
chromatography over silica gel (DCM : MeOH = 20 td yield the yellow solids, which
were further treated by n-hexane to give compoasls.

2-(2-(4-fluor ophenethyl)-2,8-diazaspir o[4.5]decan-8-yI)-8-nitr o-6-(trifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (2a) According to above general procedure, employing
1-(2-Bromoethyl)-4-fluorobenzene afforded compo@ads a yellow solid (38% for two
steps), mp: 174-175°C; HPLC purity: 96.8%, retention time 9.63 miit§ NMR (500
MHz, DMSO-dg) § 8.85 (s, 1H), 8.79 (s, 1H), 7.30 (brs, 2H), 7.85(2H), 4.07-3.87 (m,
4H), 3.33 (s, 4H), 2.94 (brs, 4H), 1.76 (brs, 6HJRMS-ESI (m/z). Calcd. For
CasH25F4N403S (M+H)™: 537.1578; Found: 537.1596.

2-(2-(3-(4-fluor ophenyl)propyl)-2,8-diazaspir o[ 4.5]decan-8-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (2b) According to above general
procedure, employing 1-(3-bromopropyl)-4-fluorobene afforded compoungb as a
yellow solid (45% for two steps)HPLC purity: 95.4%, retention time 9.95 mifH
NMR (500 MHz, CDC}4) 6 9.10 (s, 1H), 8.79 (s, 1H), 7.18 (brs, 2H), 7.08%7(m, 2H),
4.20-3.84 (m, 6H), 3.07-2.65 (m, 4H), 2.34-2.10 @hl), 1.81 (brs, 6H); HRMS-ESI
(m/z): Calcd. For gHo7F4N403S (M+H)": 551.1735; Found: 551.1739.

2-(2-(4-fluor ophenyl)-2,8-diazaspir o[ 4.5] decan-8-yl)-8-nitr o-6-(trifluor omethyl)-4H-
benzo[€][1,3]thiazin-4-one (2c¢) To a stirring solution o8 (60 mg, 0.3 mmol) in
anhydrous toluene (5 mL) was added 1-bromo-4-flobenzene (45 pL, 0.4 mmol),
BINAP (19 mg, 0.03 mmol), t-BuONa (58 mg, 0.6 mmahd Pd(OA¢) (7 mg, 0.03
mmol) at room temperature. The mixture was stioedrnight at room temperature and
filtered. The filtrate was diluted by B (15 mL), and extracted by DCM (10 mL x 3).

The combined organic layer was washed by brineddover anhydrous MgSG@iltered,



and concentrated. The residue was purified ovieagijel column (EtOAc: n-hexane =5 :
1) to yield oils10c (58 mg, 58%).

To a stirred solution d0c (50 mg, 0.15 mmol)n DCM (5 mL) was added TFA (2
mL) at room temperature. The mixture was stirred2fthours and concentrated to afford
the crude productl3c which was used directly in the next step withouttter
purification. To a stirred solution of above crute in anhydrous MeOH (10 mL) was
added BTZ core compountb (48 mg, 0.15 mmol) and & (0.6 mmol) at room
temperature. The mixture was stirred overnight@®f@, and concentrated. The residue
purified by column chromatography over silica gegCM : MeOH = 20 : 1) to yield the
yellow solids, which were further treated by n-hexao give2c (32 mg, 43%), mp: 192-
194 °C; HPLC purity: 96.3%, retention time 14.07 mikt NMR (500 MHz, CDC}J) §
9.15 (s, 1H), 8.80 (s, 1H), 7.00 (t, J = 8.5 Hz),26153-6.50 (M, 2H), 4.20-3.84 (m, 4H),
3.45 (t, J = 6.7 Hz, 2H), 3.26 (brs, 2H), 2.03])( 6.7 Hz, 2H), 1.86 (brs, 4H); HRMS-
ESI (m/z): Calcd. For §H21F4N403S (M+H)": 509.1265; Found: 509.1245.

General synthesis procedure of compounds 3c-g. A mixture of compoun@® (0.3 mmol)
and corresponding ketones (0.4 mmol) in Ti(QRvas stirred at 76C for 8 hours and
cooled to room temperature. MeOH (5 mL) and NaCNBH6 mmol) was added to the
mixture, and stirred for 5 hours at A0. The mixture was quenched by 1 N NaOH (10
mL), filtered by celite, and washed by MeOH. TheQ#ewas evaporated under vacuo.
The residue was diluted by,@, and extracted by #d. The combined organic layer was
washed by brine, dried over anhydrous MgSikered, and concentrated. The residue
was purified over silica gel column (DCM : MeOH 8 31) to yield oilslic-g (yield,
40-70%).

To a stirred solution aflc-g in DCM (5 mL) was added TFA (1 mL) at room
temperature. The mixture was stirred for 2 hourd eoncentrated to afford the crude
productl4c-g which was used directly in the next step withautter purification. To a
stirred solution of above crudéc-g in anhydrous MeOH (10 mL) was added BTZ core
compoundl5 (0.3 mmol) and BN (0.6 mmol) at room temperature. The mixture was

stirred overnight at 40C, and concentrated. The residue was purified bynoo



chromatography over silica gel (DCM : MeOH = 20 td yield the yellow solids, which
were further treated by n-hexane to gdeeg.

2-(9-(1-(4-bromophenyl)ethyl)-3,9-diazaspir o[ 5.5]undecan-3-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (3c) According to above general
procedure, employing 1-(4-bromophenyl)ethan-1-agnkedone afforded compould as

a yellow solid (38% for two stepshp: 171-172C; HPLC purity: 97.7%, retention time
10.67 min; *H NMR (500 MHz, DMSO#€) & 8.82 (s, 1H), 7.53 (d, J = 7.9 Hz, 2H), 7.29
(d, J =7.9 Hz, 2H), 3.96 (brs, 2H), 3.79 (brs, 2Bi%8 (q, J = 6.8 Hz, 1H), 2.39 (brs, 2H),
2.32 (brs, 2H), 1.52 (brs, 8H), 1.29 (d, J = 6.5 Bt4);*C NMR (100 MHz, DMSQsdg) &
165.69, 161.37, 144.90, 143.81, 134.90, 131.71,413130.05, 126.63, 122.53 (q, J =
272.5 Hz), 120.04, 63.44, 45.76, 35.55, 30.41, 3;9BRMS-ESI (m/z): Calcd. For
CoeH27BrFsN403S (M+H)™: 611.0934; Found: 611.0936.

2-(9-(1-(4-fluor ophenyl)ethyl)-3,9-diazaspir o[ 5.5]undecan-3-yl)-8-nitr 0-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (3d) According to above general
procedure, employing 1-(4-fluorophenyl)ethan-1-ase&ketone afforded compouBd as

a yellow solid (35% for two steps), mp: 166-1&% HPLC purity: 97.5%, retention time
9.74 min;*H NMR (500 MHz, CDCJ) § 9.14 (s, 1H), 8.79 (s, 1H), 7.30 (brs, 2H), 7.06-
7.03 (m, 2H), 4.11 (brs, 2H), 3.83 (brs, 2H), 3(46J = 6.4 Hz, 1H), 2.50 (brs, 2H), 2.42
(brs, 2H), 1.82 (brs, 8H), 1.41 (d, J = 6.4 Hz, 3¥) NMR (100 MHz, CDGJ) § 166.55,
162.35 (d, J = 247.5 Hz), 161.69, 143.93, 139.66) (d 3.0 Hz), 134.29, 133.35(q, J =
3.5 Hz), 129.54 (q, J = 35.5 Hz), 128.98, 126.7%.96 (q, J = 3.7 Hz), 122.54 (q, J =
272.5 Hz), 115.12, 114.91, 64.17, 45.99, 43.069%530.25, 19.69; HRMS-ESI (m/z):
Calcd. For GgH27FsN40sS (M+H)™: 551.1735; Found: 551.1721.

2-(9-(1-(4-chlor ophenyl)ethyl)-3,9-diazaspir o[ 5.5]undecan-3-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (3e) According to above general
procedure, employing 1-(4-chlorophenyl)ethan-1-asdetone afforded compouBd as

a yellow solid (46% for two steps), mp: 178-1T9 HPLC purity: 98.9%, retention time
10.42 min;*H NMR (500 MHz, CDC}) & 9.14 (s, 1H), 8.79 (s, 1H), 7.30-7.28 (m, 4H),
4.11 (brs, 2H), 3.83 (brs, 2H), 3.45 (g, J = 6.4 Hd), 2.50 (brs, 2H), 2.41 (brs, 2H),
1.82 (brs, 8H), 1.38 (d, J = 6.4 Hz, 3HE NMR (125 MHz, DMSOds)165.69, 161.38,



144 .91, 143.35, 134.89, 131.74, 131.56, 129.66,5228.27.88, 126.65, 123.10 (q, J =
2725 Hz), 63.38, 45.79, 35.55, 30.40, 19.32; HRBAS- (m/z): Calcd. For
CaeH27CIF3N4OsS (M+H)": 567.1439; Found: 567.1427.

8-nitr o-6-(trifluor omethyl)-2-(9-(1-(4-(trifluor omethyl)phenyl)ethyl)-3,9-

diazaspir o[5.5]undecan-3-yl)-4H-benzo[ €][ 1,3]thiazin-4-one (3f) According to above
general procedure, employing 1-(4-(trifluorometpy@nyl)ethan-1-one as ketone
afforded compound@f as a yellow solid (51% for two steps), mp: 141-282 HPLC
purity: 97.3%, retention time 10.64 miniH NMR (500 MHz, CDCJ) & 9.14 (s, 1H),
8.79 (s, 1H), 7.61 (d, J = 7.8 Hz, 2H), 7.48 (&, .8 Hz, 2H), 4.12 (brs, 2H), 3.83 (brs,
2H), 3.50 (q, J = 6.4 Hz, 1H), 2.52 (brs, 2H), 2(8fs, 2H), 1.63 (brs, 8H), 1.40 (d, J =
6.4 Hz, 3H)**C NMR (100 MHz, DMSOds) & 164.60, 160.30, 148.48, 143.83, 133.81,
130.67 (q, J = 3.6 Hz), 127.47, 126.71 (q, J = 3%} 125.57, 125.51 (q, J = 3.5 Hz),
124.43, 124.41, 122.08 (q, J = 272.4 Hz), 62.688%442.13, 34.48, 29.31, 18.29;
HRMS-ESI (m/z): Calcd. For £H,7FsN40sS (M+H)™: 601.1703; Found: 601.1695.

8-nitr o-6-(trifluor omethyl)-2-(9-(1-(4-(trifluor omethyl)phenyl)propyl)-3,9-

diazaspir o[5.5]undecan-3-yl)-4H-benzo[ €][ 1,3]thiazin-4-one (3g) According to above
general procedure, employing 1-(4-(trifluorometpy@nyl)propan-1-one as ketone
afforded compound@g as a yellow solid (38% for two steps), mp: 231-283 HPLC
purity: 99.1%, retention time 10.89 miftd NMR (500 MHz, DMSOd) 5 8.87 (s, 1H),
8.81 (s, 1H), 7.92 (d, J = 7.5 Hz, 2H), 7.79 (&, 3.5 Hz, 2H), 3.98 (brs, 2H), 3.80 (brs,
2H), 3.69 (d, J = 10.5 Hz, 1H), 3.39 (brs, 2H),23(brs, 2H), 2.32 (brs, 1H), 2.08 (brs,
1H), 2.03-1.54 (m, 8H), 1.29 (t, J = 6.5 Hz, 3H)RMS-ESI (m/z): Calcd. For
CagH20FsN403S (M+H)": 615.1859; Found: 615.1846.

General synthesis procedure of compounds 4a-d. To a stirring solution ofiéa-d (0.3
mmol) in MeOH (5 mL) was added the f 4-fluorobeniedlyde (0.4 mmol) and
NaCNBH; (0.5 mmol) at room temperature. The mixture wagisidd to pH 6-7 by
acetic acid, stirred overnight at room temperatarel quenched by 1 M NaOH solution
(5 mL). The mixture was diluted by,B (15 mL), and extracted by DCM (10 mL x 3).

The combined organic layer was washed by brineddover anhydrous MgSG@iltered,



and concentrated. The residue was purified oveasgel column (DCM : MeOH = 20 :
1) to yield oilsl7a-d (yields, 65-83%).

To a stirred solution df7a-d (0.3 mmol) in DCM (10 mL) was added TFA (3 mL)
at room temperature. The mixture was stirred ftwors and concentrated to afford the
crude produci8a-d which was used directly in the next step withauwtter purification.
To a stirred solution of above crudi@a-d in anhydrous MeOH (10 mL) was added BTZ
core compound5 (0.3 mmol) and BN (0.6 mmol) at room temperature. The mixture
was stirred overnight at 4%, and concentrated. The residue was purified bynto
chromatography over silica gel (DCM : MeOH = 20 td yield the yellow solids, which

were further treated by n-hexane to gheaed.

2-(5-(4-fluor obenzyl)hexahydr opyrr olo[ 3,4-c] pyrr ol-2(1H)-yl)-8-nitr 0-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (4a) According to above general
procedure, employing compourdéa and 4-fluorobenzaldehyde afforded compodad
as a yellow solid (45% for two steps), mp: 175-2@6 HPLC purity: 95.2%, retention
time 8.96 min*H NMR (500 MHz, CDCJ) § 9.20 (s, 1H), 8.81 (s, 1H), 7.30 (brs, 2H),
7.05-7.01 (m, , 2H), 4.23 (brs, 1H), 4.03-3.96 #H), 3.64 (m, 3H), 3.17 (brs, 1H), 3.04
(brs, 1H), 2.73-2.61 (m, 4HFC NMR (125 MHz, DMSQdg) §165.03, 161.62 (d, J =
243.6 Hz), 159.43, 144.50, 135.53, 135.13, 132180,60, 130.54, 127.83 (q, J = 35.5
Hz), 126.64, 125.50 (q, J = 3.6 Hz), 123.14 (q, 272.3 Hz), 115.41, 115.27,59.94,
59.81, 58.03, 56.35, 53.48, 41.74; HRMS-ESI (mZaAtcd. For GH19F4N403S (M+H)':
495.1109; Found: 495.1109.

2-(5-(4-fluor obenzyl)-2,5-diazabicyclo[2.2.1]heptan-2-yl)-8-nitr o-6-
(trifluoromethyl)-4H-benzo[€][1,3]thiazin-4-one (4b) According to above general
procedure, employing compound6b (tert-butyl 2,5-diazabicyclo[2.2.1]heptane-2-
carboxylate) and 4-fluorobenzaldehyde afforded caunpl4b as a yellow solid (47% for
two steps), mp: 240-24C; HPLC purity: 95.2%, retention time 8.59 mtit NMR (500
MHz, CDCk) § 9.20 (s, 1H), 8.81 (s, 1H), 5.49 (brs, 0.6H), 4(Bfs, 0.4H), 4.22 (brs,
0.4H), 3.84-3.59 (m, 4.6H), 3.17-2.76 (m, 2H), 2244 (m, 1H), 2.02-1.89 (m, 1HjC
NMR (125 MHz, DMSOe) 6 166.19, 166.00, 162.88, 161.26, 160.59, 159.33,5B4
143.54, 134.43, 134.31, 133.73, 133.68, 129.88,8629.29.83, 129.49, 127.05, 126.98,



125.95 (q, J = 3.5 Hz), 125.86 (q, J = 3.5 Hz),.402q, J = 272.4 Hz), 115.40, 115.38,
115.26, 60.90, 60.24, 59.70, 59.12, 58.78, 58.7815 57.15, 54.45, 52.56, 36.55, 34.83;
HRMS-ESI (m/z): Calcd. For &H;7FN40sS (M+H)": 481.0952; Found: 481.0931.

2-(5-(4-fluor obenzyl)-2,5-diazabicyclo[ 2.2.2] octan-2-yl)-8-nitr o-6-(trifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (4c) According to above general procedure, employing
compound 16¢ (tert-butyl 2,5-diazabicyclo[2.2.2]octane-2-carblate) and 4-
fluorobenzaldehyde afforded compoufras a yellow solid (49% for two step$)PLC
purity: 95.1%, retention time 8.20 mittf NMR (500 MHz, DMSOs) & 8.86-8.80 (m,
2H), 7.38-7.35 (m, 2H), 7.15-7.12 (m, 2H), 5.01s(l0.6H), 4.39 (brs, 0.4H), 4.04-3.97
(m, 1H), 3.78-3.70 (m, 3H), 3.07-3.03 (m, 1H), 2283 (m, 2H), 2.07 (brs, 1H), 1.96
(brs, 1H), 1.86 (brs, 1H), 1.68 (brs, 1H); HRMS-EB8I/z): Calcd. For &HidFsN4O3S
(M+H)™: 495.1109; Found: 495.1093.

2-(4-(1-(4-fluor obenzyl)piperidin-4-yl)piper azin-1-yl)-8-nitr o-6-(trifluor omethyl)-
4H-benzo[€][1,3]thiazin-4-one (4d) According to above general procedure, employing
compoundl6d and 4-fluorobenzaldehyde afforded compodddas a yellow solid (55%
for two steps)mp: 157-158C; HPLC purity: 95.0%, retention time 7.45 miit} NMR
(500 MHz, DMSO#) 6 8.84 (s, 1H), 8.78 (s, 1H), 7.31 (dd, J = 7.2 613,Hz, 2H), 7.12
(t, J = 8.0 Hz, 2H), 3.93 (brs, 2H), 3.83 (brs, 2BI}2 (s, 2H), 2.82 (d, J = 10.4 Hz, 2H),
2.63 (brs, 4H), 2.25 (t, J = 11.1 Hz, 1H), 1.9(12H), 1.72 (d, J = 10.5 Hz), 1.41 (dd, J
= 11.1 Hz, 10.4 Hz, 2H)*C NMR (125 MHz, DMSOdg) & 165.64, 162.49, 161.67 (d, J
=245.5 Hz), 144.87, 134.73, 131.79, 131.07, 127B4) = 34.5 Hz), 126.63, 126.60,
123.10 (g, J = 272.4 Hz), 125.37, 115.23, 61.543@®152.78, 48.77, 40.53, 28.19;
HRMS-ESI (m/z): Calcd. For &H26FsNs0sS (M+H)": 552.1687; Found: 552.1668.

Funding Sour ces

This work is supported by the National Megajgecb for Innovative Drugs
(20182X09721001-004-007; 20182X09711001-007-002QMS Innovation Fund for
Medical Science (CAMS-2018-12M-3-004; CAMS-2017-12M011; CAMS-2016-12M-
1-010), National Natural Science Foundation of @hi81872753; 21502041), The
University Science and Technology Research Projeldebei (YQ2014031). .



References

1.

Nusrath Unissa, A.; Hanna, L. E.; Swaminathan A Note on Derivatives of
Isoniazid, Rifampicin, and Pyrazinamide Showing ity Against Resistant
Mycobacterium tuberculosis. Chemical biology & ddesign 2016, 87 (4), 537-50.
Global Tuberculosis Report 2018, World Health  g#ization.
www.who.int/tb/publications/global_report/en/

Daley, C. L., The Global Fight Against Tubhdosis. Thorac Surg Clin 2019, 29 (1),
19-25.

Hoagland, D. T.; Liu, J.; Lee, R. B.; Lee, R, Rew agents for the treatment of drug-
resistant Mycobacterium tuberculosis. Adv Drug RD&ev 2016, 102, 55-72.

5. Jones, D., Tuberculosis success. Nature reviews) discovery 2013, 12 (3), 175-6.

6. Schraufnagel, D.; Abubaker, J., Global actiocaimg multidrug-resistant tuberculosis.

10.

JAMA 2000, 283 (1), 54-5.

Gandhi, N. R.; Nunn, P.; Dheda, K.; Schaaf, H.Zgnol, M.; van Soolingen, D.;
Jensen, P.; Bayona, J., Multidrug-resistant andnsktely drug-resistant tuberculosis:
a threat to global control of tuberculosis. Lar2@t0, 375 (9728), 1830-43.
Campanico, A.; Moreira, R.; Lopes, F., Drug disry in tuberculosis. New drug
targets and antimycobacterial agents. Europeamgbaf medicinal chemistry 2018,
150, 525-545.

Neres, J.; Pojer, F.; Molteni, E.; Chiarelli,R.; Dhar, N.; Boy-Rottger, S.; Buroni, S.;
Fullam, E.; Degiacomi, G.; Lucarelli, A. P.; Re&l, J.; Zanoni, G.; Edmondson, D.
E.; De Rossi, E.; Pasca, M. R.; McKinney, J. D.s@y, P. J.; Riccardi, G.; Mattevi,
A.; Cole, S. T.; Binda, C., Structural basis fonbethiazinone-mediated killing of
Mycobacterium tuberculosis. Sci Transl Med 2012130), 150ral21.

Makarov, V.; Manina, G.; Mikusova, K.; Mollmand.; Ryabova, O.; Saint-Joanis,
B.; Dhar, N.; Pasca, M. R.; Buroni, S.; Lucarefi, P.; Milano, A.; De Rossi, E.;
Belanova, M.; Bobovska, A.; Dianiskova, P.; Kordwaa, J.; Sala, C.; Fullam, E.;
Schneider, P.; McKinney, J. D.; Brodin, P.; Chi®te, T.; Waddell, S.; Butcher, P.;
Albrethsen, J.; Rosenkrands, I.; Brosch, R.; NaMdj, Bharath, S.; Gaonkar, S.;
Shandil, R. K.; Balasubramanian, V.; Balganesh,T¥agi, S.; Grosset, J.; Riccardi,



G.; Cole, S. T., Benzothiazinones kill Mycobacterituberculosis by blocking
arabinan synthesis. Science 2009, 324 (5928), 801-4

11.Makarov, V.; Lechartier, B.; Zhang, M.; Neresvan der Sar, A. M.; Raadsen, S. A;;
Hartkoorn, R. C.; Ryabova, O. B.; Vocat, A.; Deeodt L. A.; Widmer, N.; Buclin,
T.; Bitter, W.; Andries, K.; Pojer, F.; Dyson, P, Lole, S. T., Towards a new
combination therapy for tuberculosis with next gatien benzothiazinones. EMBO
molecular medicine 2014, 6 (3), 372-83.

12. Trefzer, C.; Rengifo-Gonzalez, M.; Hinner, M. Schneider, P.; Makarov, V.; Cole,
S. T.; Johnsson, K., Benzothiazinones: prodrugs fttwavalently modify the
decaprenylphosphoryl-beta-D-ribose  2'-epimerase EDprof Mycobacterium
tuberculosis. Journal of the American Chemical &yc2010, 132 (39), 13663-5.

13. Ribeiro, A. L.; Degiacomi, G.; Ewann, F.; Buro8.; Incandela, M. L.; Chiarelli, L.
R.; Mori, G.; Kim, J.; Contreras-Dominguez, M.; RaY. S.; Han, S. J.; Brodin, P.;
Valentini, G.; Rizzi, M.; Riccardi, G.; Pasca, M.,RAnalogous mechanisms of
resistance to benzothiazinones and dinitrobenzamid®lycobacterium smegmatis.
PloS one 2011, 6 (11), e26675.

14. Karoli, T.; Becker, B.; Zuegg, J.; Mollmann,, Ramu, S.; Huang, J. X.; Cooper, M.
A., ldentification of antitubercular benzothiazimorcompounds by ligand-based
design. Journal of medicinal chemistry 2012, 55,(7940-4.

15. Piton, J.; Vocat, A.; Lupien, A.; Foo, C. Siabova, O.; Makarov, V.; Cole, S. T.,
Structure-Based Drug Design and Characterization Sifilfonyl-Piperazine
Benzothiazinone Inhibitors of DprEl from Mycobaaten tuberculosis.
Antimicrobial agents and chemotherapy 2018, 62.(10)

16. A Single Ascending Dose Study of BTZ043,
https://www.clinicaltrials.gov/ct2/show/NCT03590600

17. Phase 2a Study of PBTZ169, https://clinicdkrgov/ct2/show/NCT03334734

18. Waring, M. J.; Arrowsmith, J.; Leach, A. R.;dsen, P. D.; Mandrell, S.; Owen, R.
M.; Pairaudeau, G.; Pennie, W. D.; Pickett, S.\Dgng, J.; Wallace, O.; Weir, A.,
An analysis of the attrition of drug candidatesnirdour major pharmaceutical

companies. Nature reviews. Drug discovery 2015,7),4475-86.



19. Hay, M.; Thomas, D. W.; Craighead, J. L.; Ecaides, C.; Rosenthal, J., Clinical
development success rates for investigational dridgsure biotechnology 2014, 32
(1), 40-51.

20. Lv, K.; You, X.; Wang, B.; Wei, Z.; Chai, Y.; &g, B.; Wang, A.; Huang, G.; Liu,
M.; Lu, Y., Identification of Better PharmacokinetBenzothiazinone Derivatives as
New Antitubercular Agents. ACS medicinal chemidatgers 2017, 8 (6), 636-641.

21. Lv, K,; Tao, Z.; Liu, Q.; Yang, L.; Wang, B.;WS.; Wang, A.; Huang, M.; Liu, M.;
Lu, Y., Design, synthesis and antitubercular ev&dna of benzothiazinones
containing a piperidine moiety. European journahwddicinal chemistry 2018, 151,
1-8.

22. Zhang, R.; Lv, K.; Wang, B.; Li, L.; Wang, B.iu, M.; Guo, H.; Wang, A.; Lu, Y.,
Design, synthesis and antitubercular evaluatiorberizothiazinones containing an
oximido or amino nitrogen heterocycle moiety. RstvAR017, 7 (3), 1480-1483.

23. Jamieson, C.; Moir, E. M.; Rankovic, Z.; Wish&., Medicinal chemistry of hERG
optimizations: Highlights and hang-ups. Journainedicinal chemistry 2006, 49 (17),
5029-5046.

24. Kalyaanamoorthy, S.; Barakat, K. H., Developmeh Safe Drugs: The hERG
Challenge. Medicinal research reviews 2018, 3852%;555.

25. Mitcheson, J. S.; Chen, J.; Lin, M.; Culbers@r, Sanguinetti, M. C., A structural
basis for drug-induced long QT syndrome. Proceedofghe National Academy of
Sciences of the United States of America 2000227, 12329-12333.

26. Hong, C. Y.; Kim, Y. K.; Chang, J. H.; Kim, B.; Choi, H.; Nam, D. H.; Kim, Y. Z.;
Kwak, J. H., Novel fluoroquinolone antibacterialeags containing oxime-substituted
(aminomethyl)pyrrolidines:  synthesis and antibaater activity of 7-(4-
(aminomethyl)-3-(methoxyimino)pyrrolidin-1-yl)-1-clopropyl-6- fluoro-4-oxo-1,4-
dihydro[1,8]naphthyridine-3-carboxylic acid (LB2080 Journal of medicinal
chemistry 1997, 40 (22), 3584-3593.

27. Choi, D. R.; Shin, J. H.; Yang, J.; Yoon, S, Hing, Y. H., Syntheses and biological
evaluation of new fluoroquinolone antibacterials nteaning chiral oxiimino
pyrrolidine. Bioorganic & medicinal chemistry let$e2004, 14 (5), 1273-1277.



28. Wang, X. Y.; Guo, Q.; Wang, Y. C.; Liu, B. Qiy, M. L.; Sun, L. Y.; Guo, H. Y.

Synthesis and antibacterial activity of 7-(3-am#alkoxyimino-1-piperidyl)-

qguinolones, Acta Pharm. Sin. 2008, 43(8), 819-827.
29. Lu, Y.; Zheng, M.; Wang, B.; Fu, L.; Zhao, Wi; P.; Xu, J.; Zhu, H.; Jin, H.; Yin,
D.; Huang, H.; Upton, A. M.; Ma, Z., Clofazimine aogs with efficacy against

experimental tuberculosis and reduced potential documulation. Antimicrobial

agents and chemotherapy 2011, 55 (11), 5185-5193.
30. Trudeau, M. C.; Warmke, J. W.; Ganetzky, B.p&tson, G. A., HERG, a human

inward rectifier in the voltaggated potassium channel family. Science 1995, 269 (5220),

92-95.



Highlights

1. 2cand 4c showed lower hERG binding affinity (IR < 50% at 10 pM) than IMB1603.
2. 2c and 4c exhibited potent in vitro anti-TB activity (MIC < 0.035-0.078 uM).
3. 2c and 4c have acceptable safety and pharmacokinetic properties.



