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ABSTRACT

N-(5-Chlorobenzo[d]oxazol-2-yl)-4-methyl-1,2,3-thiadole-5-carboxamideox-amide has been identified astent inhibitor of Mtb
H37Rv, with a minimum inhibitory concentration (MI@f 0.42 uM. In this study, a series of substituted 2-acytievl,3-zole
analogues were designed and synthesized, and tiieitb activities were analyzed. In total, 17 corapds were found to be potent
anti-Mtb agents, especially against the MDR- and XDRB\Vktrains, with MIC values < 1(0M. These analogues can inhibit both
drug-sensitive and drug-resistant Mtb. Four repredere compounds were selected for further prdafiliand the results indicate that
compoundl8is acceptably safe and has favorable pharmacog&i(fel) properties. In addition, this compound digplaotent activity
against Gram-positive bacteria, with MIC values ie tange of 1.48-11.86M. The data obtained herein suggest that promising
anti-Mtb candidates may be developed via structuification, and that further research is needeskplore other compounds.
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1. Introduction

Tuberculosis (TB), an airborne contagious diseasesed bymycobacterium tuberculosis (Mtb) bacteria, is considered to be one of
the most serious health hazards in the world, ardranked as the top infectious killer on a gloleakl [1]. According to the World
Health organization (WHO), an estimated 10.0 milli@ojple contracted TB worldwide in 2018. Of the infdgpatients, an estimated
1.45 million die each year, including 1.2 million\Hhegative and 0.25 million HIV-positive patientd.[Zhe first-line drugs currently
used in combination anti-Mtb chemotherapy (rifamsoniazid, pyrazinamide, and ethambutol) conithe most effective weapons
against drug-sensitive TB, as they target diffepntsiological phases (replicating and non-repica{3]) affected by Mtb in human
lungs. However, these drugs are limited by the neegrolonged directly observed therapy (DOT) treattr(at least 6 months) and
follow-up support [35]. Moreover, the emergence of multi-drug-resisMiDR-TB) and extensively drug-resistant (XDR-TB) sig
of Mtb have limited the effectiveness of the avaltadrugs and exacerbated the TB epidemi@]6The risk of disease reactivation in
asymptomatically infected individuals or those lmaithg latent Mtb constitutes an additional challergsociated with TB, particularly
if these individuals are co-infected with HIV, havaltes, or are subject to anti-tumor necrosis fabtrapy [6,9].

Most first-line and second-line anti-Mtb drugs weliscovered in the 1950s and 1960s [9]. In facty twb drugs (bedaquiline and
delamanid) were approved by the US Food and Drug Adimation (FDA) for MDR-TB treatment during the lastuf decades.
Although many new/repurposed drugs and combinatierafiies, such dsS-1, PA-824, TBA-7371, linezolid, and nitrazoxanide, are
available at the Clinical Trials website, new cheitsidhat simplify and shorten treatment, target MDRB/or XDR-MTB strains,
require low dosing frequency and can be co-admimdtevith HIV medications [6,10,11] still need to bevdloped in order to control
the TB epidemic.

Whole-cell-based high-throughput screening (HTS)stitutes a promising method for the synthesis aff m@ti-Mtb compounds
[12-14]. Previously, we had shown that the IMB-T097 molecule,
N-(5-chlorobenzo[d]oxazol-2-yl)-4-methyl-1,2,3-thiadole-5-carboxamideox-amide (Figure 1) preparddgue/hole-cell-based HTS
is a potent inhibitor of Mtb H37Rv, with an MIC of42 uM [15]. Herein, we establish a robust method fordimethesis of drug-like
molecules based on the preliminary structativity relationship (SAR) analysis ¢f1B-T097. Considering that fused or non-fused
2-aminothiazole is a frequent emergency segmeanhtibacterial agents [16-20], and that non-fusexh®io oxazol analogues have
weak anti-Mtb H37Rv activity (the data are not shamthis study), only fused oxazole derivatives explored.

NMH\ZQ&
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IMB-T097
anti-Mtb H37Rv MIC: 0.42 uM

Figure 1. Hit molecule:IMB-T097
2. Chemistry

Figure 2 depicts the systematic structural modifices ofIMB-T097 implemented in this study. To examine the effdatlectrical
properties and steric hindrance on anti-Mtb agtj\ét series of derivatives with different Broups was synthesized. Another series of
IMB-T097 analogues was prepared by replacing the 1,2,3itzialé ring with different five- or six-membered g& (R), including
thiophene, furan, and benzene. Also, the benzoxazgpleup was replaced with benzothiazole, benzimidazobe
oxazolo[4,5-b]pyridine. Among the synthesized denixes, compound that has a large hydrocarbon grotB() at C-5 position
showed excellent anti-Mtb activity (MIC: ~0.40M). Therefore, other compounds comprising large osobstituted groups or fused
cycles at C-4 and/or C-5 positions of the 2-amieezo[d]oxazol were also explored.
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Figure 2. Systematic modification and SAR BAB-T097

The synthetic route used to prepare the target oongs is outlined in Scheme 1. The derivatives iicviX is an oxygen atom
were prepared by reacting different 2-amino pheifbés-11a 25a 27a-298) with cyanogen bromide in methanol. The resulting
2-amine benzo[d]oxazols were obtained at relatiieiyh yields (75%93%). Compound®25c and 26c were synthesized via
2-aminobenzo[d]oxazol-4-ol substitution of compour@bb at C-4 position in the presence of a halide andbase.
Benzo[d]thiazol-2-amind.2b and 1H-benzo[d]imidazol-2-amink3b were directly purchased from a commercial suppharfor the
substituted 2-acylamide-1,3-benzo[d]zole analodied7, 25-29), they were prepared by condensation reaction dfozglic acid
with amide {b—11b, 25¢c-26¢ 27b—29b) using the EDCI-HoBt-TEA system and the DMF solvertie yields of these analogues
ranged between 22 and 75%. The compounds comprsingnsaturated cycle at C-4 or C-5 positions (camge 18-24) were
synthesized via the Suzuki-Miyaura cross couplisaction of 4-Br/5-Br substituted compounéler 7 with the corresponding boric
acid. Considering that pyridin-2-ylboronic acidas unstable agent that cannot be readily usedeiratoratory, compoundl9 was
prepared via the Stille coupling reaction with ateralative agent, 2-(tributylstannyl)pyridine. Filyacompound24 was obtained with
19% vyield by reacting compourdwith morpholine (BuchwaldHartwig cross coupling reaction).
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1 R4 = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-Cl, X=0,L=C 18 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-(pyridin-2-yl), X=0,L=C

2 Rq = 4-methyl-1,2,3-thiadiazole-5-yl, R, =H, X=0,L=C 19 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, Ry = 4-(pyridin-2-yl), X=0,L=C

3 Ry = 4-methyl-1,2 3-thiadiazole-5-yl, Ry = 5-F, X =0, L=C 20 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, Ry = 5-(pyridin-3-yl), X=0,L=C

4 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R = 5-Br, X=0, L =C 21 R = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-(pyridin-4-yl), X= O, L = C

‘z Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R; = 5-CHs, X =0, L = C 22 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-((4-methoxycarbonyl)phenyl), X = O, L = C
R1 = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-+-Bu, X=0,L=C .

7 Ry = 4-methyl-1.2.3-thiadiazole-5-yl. R, = 4-Br, X = O, L= C 23 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, Ry = 5-(1-methyl-1H-pyrazol-4-yl), X=0,L=C

8 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, =6-Cl, X = O, L=C 24 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-morpholino, X=0,L=C

9 R, = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 6-£-Bu, X =0, L=C 25 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 4-(pyridin-2-ylmethoxy), X=0,L=C

10 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, = 5-methoxycarbonyl,, X =0,L=C 26 R = 4-methyl-1,2,3-thiadiazole-5-yl, Rz 4-(pyrimidin-2-yloxy), X=0,L=C

11 Rq = 4-methyl-1,2,3-thiadiazole-5-yl, Rz =H,X=0,L=N 27 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, Ry = C445 = phenyl, X=0,L =C

12 R4 = 4-methyl-1,2,3-thiadiazole-5-yl, R, =H, X=§,L =C 28 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, Ry = C445 = pyridin-2-yl, X=0,L=C

13 Ry = 4-methyl-1,2,3-thiadiazole-5-yl, R, =H, X=NH, L =C 29 R, = 4-methyl-1,2,3-thiadiazole-5-yl, Rz Cyes = pyridin-5-yl, X=0,L=C

14 R = Furanyl-2-yl, R, =H,X=0,L=C

15 Ry = Thienyl-2-yl, R, =H,X=0,L=C

16 Ry = 5-Cl-thienyl-2-yl, R, =H,X=0,L=C

17 Ry = Phenyl, R,=H,X=0,L=C

Scheme 1General scheme of the synthesis of DisubstitutenleA&nalogued—29. Reagents and conditions: (a) BrCN, MeOH, 0°C evernight; (b) copper,

CsCO;, DMF, 110°C, 2 h or KCOs, ACN, reflux, 8 h; (c) carboxylic acid, EDCI, HoBEEA, DMF, 0°C — rt, 16 h; (d) SuzukMiyaura reaction: boronic acid,
Pd(PPh)s, KsPOQ:,, DMF-H,O, microwave, 150°C, 30 min; Stille reaction: Zkitylstannyl)pyridine, Pgdba}, KsPQ, anhydrous DMF, reflux, 5 h;
Buchwald-Hartwig reaction: XPhos, Pd(RRh-BuOK, DME, 110°C, 2 h.

3. Results and discussion

3.1. Invitro anti-Mtb activity and structure activity relations hip (SAR)

In vitro analyses of the activities of all synthesized @larnide-1,3-benzo[d]zole analogues agaMstuberculosis H37Rv, the MDR
strain (FJ05120), and the XDR strain (FJ05195) werglected in 7H9 medium using the Micro plate AlamaneBAssay (MABA).
The isoniazid (INH), rifampicin (RIF), streptomyqi8M), and ethambutol (EMB) first-line drugs were dises standards (Table 1).

Seventeen of the 29 target compounds preparednhgieiwed high anti-H37Rv potency, as well as excebetivity against the
MDR- and XDR-MTB strains (MIC < 1@M). In fact, many of these compounds were founddaarore effective than the standard
drugs. Specifically, strong anti-Mtb activity (MI€ 10 pM) was observed for the compounds having electrohdséwing or
electron-donating groups on the aryl rifglQ). Notably, the anti-Mtb activity of the compoundngprising a Stert-butyl substituent
(compound6, MIC ~0.40 uM) was found to be 16 times less than that of themmnd with a Gert-butyl substituent (compour@|
MIC 3.16-6.32uM), which indicates that the exotonier of C-5 is msuitable for holding large groups.

When the benzene ring of compoudidias replaced with pyridine (compoutd)), the MIC of anti-Mtb activity was increased from
0.48 to 7.66uM, possibly due to the low cLogP value df. Compared with the oxazole analogues, the thiaaolk imidazole
compoundsi2 and13) showed loweanti-Mtb activity (MIC 28.9557.90uM), indicating that oxazole is a more suitable segtrin
the scaffold. Similarly, the substitution of the B-thiadiazole ring with other aromatic rings difahred anti-Mtb activity, especially
for compoundl7 (MIC 268.63-537.25uM).

Table 1
In vitro anti-MTB evaluation of all the synthesized compdsirand four controls against H37Rv, MDR-MTB (FJ0512&d
XDR-MTB (FJ05195) and cell cytotoxicity in HEK-293.

Strain range of anti-MTB MIC MTT ICso
(nM) (uM)
Compd ClogP
P 9 MDR" XDR®
H37Rv FJ05120 FJ05195 HEK-293
HR® HRSCO

1 1.60 0.42 1.70 1.70 6.65
2 0.84 0.48 0.48 0.48 19.56
3 1.03 0.45 0.45 1.80 42.03
4 1.75 2.95 1.47 1.47 45.01
5 1.34 1.82 7.29 7.29 21.93
6 2.67 0.40 0.40 0.40 6.73



7 1.75 1.47 0.74 0.74 10.59

8 1.60 0.42 0.42 0.85 7.14
9 2.67 3.16 6.32 6.32 2.42
10 0.89 3.14 1.57 3.14 ND?
11 -0.17 7.66 3.83 7.66 15.18
12 1.53 28.95 57.90 57.90 >100
13 0.99 30.85 30.85 30.85 >100
14 1.93 17.53 70.11 35.06 >100
15 2.50 16.38 32.75 32.75 81.94
16 3.25 14.35 14.35 14.35 ND
17 2.75 268.63 537.25 537.25 >100
18 1.45 0.74 0.37 0.37 >100
19 1.45 23.71 23.71 47.43 ND
20 1.24 2.96 1.48 2.96 54.93
21 1.24 1.48 0.74 1.48 ND
22 2.70 1.27 0.63 0.63 ND
23 0.85 1.47 0.73 1.47 ND
24 0.71 11.58 23.16 23.16 18.32
25 1.40 5.44 2.72 5.44 61.82
26 0.49 2.82 5.64 2.82 >100
27 2.84 103.12 103.12 103.12 80.86
28 0.89 102.79 6.42 25.70 ND
29 0.89 102.79 25.70 25.70 59.03
INH <3.65 7.29 29.17 -
RIF <0.61 >311.08 >311.08 -
SM <0.69 <0.69 87.83 -
EMB <2.45 4.89 39.16 -

*ClogP values were calculated using ChemDraw verk®@, Perkin—Elmer.

PMDR-MTB = multidrug resistant Mtb; XDR-MTB = exteivgly drug resistant Mtb.

‘Drugs abbreviated as H = isoniazid, R = rifampi@rs streptomycin, C = capreomycin, O = ofloxacin.
9Not determined.

All of the derivatives with substituents at C-4 (caupdsl19, 25, and26) or C-5 (compound4d8, and20-24 presented potent
anti-Mtb activity (MIC 0.37#23.16 uM). Except for the compound substituted with an hlkgterocycle (compoun@4, MIC
11.58-23.16 pM), the C-5-substitued derivatives (compourtl and 20-23) showed particularly high anti-Mtb activity (MIC
0.37-2.96 uM), with pyridin-2-yl substitution (compound8) yielding the best effectiveness (MIC 0.8K). The obtained results
confirm that C-4 and C-5 are capable of accommnodaltirge groups, resulting in broader exposureh&target. Inspired by the
effectiveness of the C-4 and C-5 substituted dévies, three other analogues with fused aromatigsrat these positions (compounds
27-29 were further synthesized. Unfortunately, these aamps showed relatively low anti-Mtb activity, which probably due to

their rigid characteristics.
3.2. Cell cytotoxicity and acute toxicity

The above 29 compounds were tested for mammalideytetoxicity using human embryonic kidney celdHK-293) measured as
IC5 value as compared to control, and the resultsegrerted in Table 1. The result reflects that conmuts1-11 (except compoundO)
exhibit a certain degree of cytotoxicity g§-2.42-45.01uM). Meanwhile, the compounds8, 20, 25, 26 and29, which have different
aryl groups at C-4 or/and C-5 site, show lower tyjtiwity (ICs0> 54.93uM).

Considering the potent anti-Mtb activities, compdsih, 6, 18, and26, which represent different design strategies werectlefor



further profiling. As shown in Table 2, compouridand6 yield similar IG, values (6.65 and 6.73Vl, respectively), with the latter
showing a higher selectivity index value due tasttenger anti-Mtb activity (MIC 06 is 4 times less than that bf. As for compounds
18 and26, they both present low cytotoxicity (6> 100uM) and high selectivity indexXn vivo acute toxicity study was implemented
by recording the number of survivors after an smagjle dose in mice of 1000 mg/kg following a 7 dafgservation. As shown in Table
2, compoundL shows some oral acute lethal toxicity, while commtaéand 18 show very low oral acute lethal toxicity. In general
derivativesl, 6, and18 are safe for use in mice.

Table 2
The cytotoxicity and acute toxicity of compoury$, 18, and26.
OB e Gy ines_ Seeciiy ndex (s T odese o ol sl et e
1 6.65 4 1000 4/6
6 6.73 17 1000 6/6
18 >100 >270 1000 6/6
26 >100 >18 N/R N/A®

3Selectivity Index: 1G (LM)/MIC (uM); Pnot tested, sinc26 shows poor PK property
3.3. Invivo pharmacokinetics (PK)

Thein vivo pharmacokinetic (PK) profiles of compoun@isl8, and 26 were tested in rats after oral administration ofrals 40
mg/kg dose. Blood samples were collected at timegimg between 0 and 8 h post-ingestion. As showrabieT3, the G,,, AUCq.,
MRT, and T,ax values of compoun@6 are 6.93 + 1.44 ng/mL, 37.97 £ 10.21 heng/mL, 4#1P.38 h, and 2.83 h, respectively.
Comparatively, the PK properties of compouhdre relatively better, with £z, = 6836.55 + 740.10 ng/mL, AUC(0-t) = 24802.17 +
2888.66 heng/mL, and MRT = 5.26 + 0.35. However, ltest properties were observed for compoliidvhose G, AUCe., and
MRT values are 9048.41 + 1473.34 ng/mL, 27794.425%5.06 heng/mL, and 5.59 £ 0.12 h, respectivelgc& the analyzed blood
samples were collected during the limited perio8 afonly, the T, Vd/F, and CL/F values & and18 could not be obtained. Overall,
the PK results suggest that substitution at C-Stipasfavors the PK profiles of the benzoxazoleffd.

Table 3
Pharmacokinetic parameters of compouBidEs, and26 in rats administered with single 40 mg/kg oral do@dean + SD, n = 3).
compd Tnax (N) Crax (Ng/mL) AUCq. (h-ng/mL) MRT (h)
6 >8 6836.55 + 740.10 24802.17 + 2888.66 5.26 +0.35
18 >8 9048.41 +£1473.34 27794.11 + 4255.06 5.59+0.12
26 2.83 6.93+1.44 37.97 £10.21 4.12 £0.38

3.4. Broad-spectrum panel study

Ten representative bacterial strains (Five GramtpesiS. aureus 29213,S. aureus 33591,S. epidermidis 12228,E. faecalis 29212,
and E. faecium 700221; and five Gram-negative: coli 25922,K. pneumonia 700603,K. pneumonia 7, P. aeruginosa 27853, A.
calcoacetious 19606) were used to study the broad-spectrum pahetsmpound$ and18. The results summarized in Table 4 indicate
that both compounds exhibit more potent activitgingt the Gram-positive bacterial strains (MIC +#8.64 uM) than against the
Gram-negative ones (MIC > 379.4®).

Table 4
Broad-spectrum panels of compouGdend18.
. MIC (uM)
Species 6 18

S. aureusATCC29213 6.32 5.93
S aureusATCC33597F 6.32 1.48
S. epidermidisATCC12228 6.32 2.96
E. faecalisATCC29217 12.64 11.86



E. faeciumATCC70022% 12.64 5.93

E. coli ATCC25922 > 404.58 >379.42
K. pneumoniaATCC700608 > 404.58 > 379.42
K. pneumonia 7' > 404.58 > 379.42
P. aeruginosaATCC27853 > 404.58 >379.42
A. calcoacetiousATCC19606 > 404.58 > 379.42

aMethicillin sensitiveSaphylococcus aureus, MSSA; "Methicillin resistantSaphylococcus aureus, MRSA; “Methicillin sensitiveStaphylococcus epidermidis,
MSSE; Vancomycin susceptibl&nterococcus, VSE; ®ancomycin resistanEnterococcus, VRE; ‘Extended-Spectrun-Lactamases negative, ESBLs (-);
9Extended-SpectrurLactamases positive, ESBLS (+).

4. Conclusion

A series of substituted 2-acylamide-1,3-benzo[djzahalogues were designed and synthesized, andathities against H37Rv,
MDR-MTB, and XDR-MTB were assessed. The obtained resulficate that most of the synthesized compounthbi¢ strong
anti-Mtb activity. The mechanism of this activity probably novel, considering that the analoguesimaibit both, drug sensitive and
drug resistant Mtb. Based on preliminary structativity relationship (SAR) assessments, large-grsuigstitution at positions C-4
and C-5 oflMB-T097 might lead to higher activity due to greater expesto the target. Of the 29 compounds preparedrdoair
were assessed in terms of their potential to be asettugs. Of these four compounti8 displayed the lowest cytotoxicity and acute
toxicity, as well as the best pharmacokinetic (Prperties. Broad-spectrum panel studies revealgdcthmpound.8 is also a potent
anti-Gram-positive agent. In order to develop a psorg novel anti-Mtb candidate for TB treatmentpesally MDR-TB and
XDR-TB, a further SAR exploration of compou8 and corresponding ADMET research are in progresdtendtudy results will be
communicated in due time.

5. Experimental
5.1. General information

All of the reagents and solvents were purchased mmmercial suppliers and used without further peaiion. The reactions were
monitored using thin-layer chromatography (TLC) Igsia performed on commercial silica-gel plates 264), or using LC-MS
analysis on an Agilent 1100 HPLC systefil NMR (nuclear magnetic resonance) ali@ NMR spectra were recorded in
DMSO-d¢/CDCl/CD;0OD solvent on a Bruker spectrometer (400 MHz/100 Mkz, 800 MHz/150 MHz), using the tetramethylsilane
(TMS) peak as an internal reference. ESI-HRMS data weeasured on Thermo LTQ XL.

5.2. Synthesis of compounds

5.2.1Ethyl 4-methyl-1,2,3-thiadiazole-5-carboxyl atete

Methyl hydrazinecarboxylate (5.40 g, 0.06 mol) wasalved in 30 mL anhydrous EtOH, and then a solutibathyl acetoacetate
(7.81 g, 0.06 mol) in 20 mL anhydrous EtOH was slovdgtead. The mixture was stirred and reacted at roompéeature for 6 h before
evaporating the solvent under reduced pressure.y&haw solid (hydrazone) obtained at the end wagl iisehe next step without
further purification.

A solution of the crude hydrazone dissolved in 30dithloromethane was added dropwise to 15 mL of S@Qkmperatures < 5°C.
The mixture was stirred and reacted overnight amréemperature, and then the solvent and excess,3@f€ evaporated under
reduced pressure. The residue was purified onaasiliromatography column using PE/EA (1/1, vivirabile phase. The yield of the
yellow oil (5.37 g) collected at the end was foundo®w 52%, and based on MS-ESI (mass spectromeiriratespray ionization)
analysis, itsnz ratio is 173.06 [M+H].

5.2.24-methyl-1,2,3-thiadiazole-5-carboxylic acid

In a 100 mL flask, 20 mL NaQk, (3 M) were added to 10 mL EtOH and 5.14 g (0.03 methyl
4-methyl-1,2,3-thiadiazole-5-carboxylatet. The migt was stirred at room temperature for 3 h, and Et®H was evaporated and the
residue was dispersed in 40 mL of water. The pH ofstiletion was adjusted to ~3 using HCI (conic.). Phecipitated solid was
collected and washed with ester to give the title pound (white solid, 3.67 g) at 85% yield without dasther purification.'H NMR
(400 MHz, CROD): 5 2.85 (s, 3H)*C NMR (100 MHz, CROD): § 161.74, 160.48, 140.82, 12.29. MS-E&IZ): 145.0 [M+H]".



5.2.3General Procedure for the Synthesis of benzoxazohi®o compoundglb—12b, 25b, 27b-29b)

BrCN (2.03 g, 17.6 mmol, 1.1eq) was slowly added ®olation of 2-aminophenol (16.0 mmol, 1.0 eq) inr@Q MeOH. The
reaction mixture was stirred overnight at room terapge. Excess BrCN was quenched with saturate€®gain a fume hood, until
the pH value reached ~7. Then, MeOH was evaporate@#@wc (30 mL) was added. The organic phase was washbdvater (20
mL x 2) and brine (20 mL), and then it was driedroaehydrous NSO, filtered, and evaporated to give the title commbwithout
further purification.

523.1  5-Chlorobenzo[d] oxazol-2-amine (1b). Pale solid, 91% yieldH NMR (400 MHz, DMSO«d): § 7.61 (brs, 2H), 7.32 (d,=
8.0 Hz, 1H), 7.23 (d) = 2.0 Hz, 1H), 6.97 (ddl = 8.0, 2.0 Hz, 1H). MS-ESh{2): 169.0 [M+HT.

5232  benzo[d] oxazol-2-amine (2b). White solid, 83% yield*H NMR (400 MHz, DMSO€,): 6 7.16 (t,J = 8.0 Hz, 2H), 7.36 (d]
= 8.0 Hz, 2H), 9.58 (s, 2H). MS-EStz): 135.1 [M+HT.

5233  5-fluorobenzo[ d] oxazol-2-amine (3b). Pale solid, 86% yieldH NMR (400 MHz, DMSOe): 6 7.64 (brs, 2H), 6.76—7.31 (m,
3H). MS-ESI (W2): 153.0 [M+HT.

5.2.34  5-bromobenzo[d] oxazol-2-amine (4b). Beige solid, 87% yield'H NMR (400 MHz, DMSO«): 6 7.61 (brs, 2H), 7.36 (d,=
2.0 Hz, 1H), 7.31 (d) = 8.4 Hz, 1H), 7.12 (dd] = 8.4, 2.0 Hz, 1H). MS-ESh{/2): 213.2 [M+HT.

5235  5-methylbenzo[d] oxazol-2-amine (5b). Pale solid, 93% yieldH NMR (400 MHz, DMSO«): d 7.28 (brs, 2H), 7.18 (d} =
8.0 Hz, 1H), 7.01 (d) = 2.0 Hz, 1H), 6.77 (ddl = 8.0, 2.0 Hz, 1H), 2.31 (s, 3H). MS-E®¥¢): 148.9 [M+HT.

5.2.3.6  5-(tert-butyl)benzo[d] oxazol-2-amine (6b). Yellow solid, 88% yield'H NMR (400 MHz, DMSO«y): § 7.54 (brs, 2H), 7.20
(d,J=8.0 Hz, 1H), 7.11 (dl = 2.0 Hz, 1H), 6.65 (ddl = 8.0, 2.0 Hz, 1H), 1.30 (s, 9H). MS-E&¥f): 191.1 [M+HT.

5.2.3.7  4-bromobenzo[ d] oxazol-2-amine (7b). Beige solid, 81% yield'H NMR (400 MHz, DMSO«d): 6 8.25 (brs, 2H), 7.44 (d,=
8.0 Hz, 1H), 7.37 (d) = 8.0 Hz, 1H), 7.01 (t] = 8.0 Hz, 1H). MS-ESInyYz): 213.2 [M+HT.

5.2.3.8  6-chlorobenzo[ d] oxazol-2-amine (8b). Brown solid, 80% yield'H NMR (400 MHz, DMSOd): § 7.61 (brs, 2H), 7.50 (s,
1H), 7.13-7.19 (m, 2H). MS-ESin(2): 169.0 [M+HT]".

5.23.9  6-(tert-butyl)benzo[ d] oxazol-2-amine (9b). Pale solid, 75% yieldH NMR (400 MHz, DMSO#d): 5 9.66 (brs, 2H), 7.62 (d,
J= 1.2 Hz, 1H), 7.34 (d] = 8.0 Hz, 1H), 7.31 (d] = 8.0 Hz, 1H) 1.27 (s, 9H). MS-ESh/z): 191.2 [M+HT.

5.2.3.10 methyl 2-aminobenzo[d] oxazole-5-carboxylate (10b). Slightly pink solid, 80% yieldH NMR (400 MHz, DMSO«d): J 7.69
(d,J=1.6 Hz, 2H), 7.61-7.63 (m, 3H), 7.40 {d; 8.4 Hz, 1H), 3.80 (s, 3H). MS-EStfz): 193.10 [M+H].

5.2.3.11 Oxazolo[4,5-b] pyridin-2-amine (11b). Black solid, 78% yield*H NMR (400 MHz, DMSOdg): ¢ 8.02 (dd,J = 5.2, 1.4 Hz,
1H), 7.60 (ddJ) = 7.8, 1.4 Hz, 1H), 6.90 (dd,= 7.8, 5.2 Hz, 1H). MS-ESh{2): 135.1 [M+HT.

5.2.3.12 2-aminobenzo[d] oxazol-4-ol (25b). Black solid, 77% yield'H NMR (400 MHz, DMSO#€,): § 10.23 (brs, 1H), 8.65 (brs,
2H), 8.92-8.95 (m, 2H), 6.72 (m, 1H). MS-E&V%): 151.2 [M+H].

5.2.3.13 naphtho[ 1,2-d] oxazol-2-amine (27b). Brown solid, 83% vyield'H NMR (400 MHz, DMSOQds): ¢ 8.11 (d,J = 8.0 Hz, 1H),
7.95 (d,J = 8.0 Hz, 1H), 7.63 (d) = 8.4 Hz, 1H), 7.51-7.56 (m, 2H), 7.46-7.47 (m, 2H32#7.44 (m, 2H). MS-ESin{2): 185.1
[M+H] .

5.2.3.14 Oxazolo[5,4-h] quinolin-2-amine (28b). Pale solid, 83% yieldH NMR (400 MHz, DMSOs): § 9.03 (dd,J = 8.8 Hz, 1H),
8.94 (dd,J = 8.8 Hz, 1H), 8.12 (brs, 2H), 7.99 (dii= 8.0, 4.0 Hz, 1H), 7.88 (dd,= 8.0, 4.0 Hz, 1H), 7.72-7.82 (m, 1H). MS-ESI
(MV2): 186.1 [M+HT.

5.2.3.15 oxazolo[4,5-f] quinolin-2-amine (29b). Slightly yellow solid, 66% yield'H NMR (400 MHz, DMSO#d): § 8.82 (dd,J = 4.0,
1.2 Hz, 1H), 8.47 (dd] = 8.4, 1.2 Hz, 1H), 7.83 (d,= 8.8 Hz, 1H), 7.62 (d] = 8.8 Hz, 1H),7.59 (brs, 2H), 7.49 (dbs 8.4, 4.0 Hz,



1H). MS-ESI (W2): 186.1 [M+HT.

5.2.44-(pyridin-2-ylmethoxy)benzo[ d] oxazol-2-amine (25c)

2-(Bromomethyl)pyridine hydrobromide (835 mg, 3.&0i) and potassium carbonate (911 mg, 6.6 mmol) wedded to a solution
of 2-aminobenzo[d]oxazol-4-d5b (450 mg, 3.0 mmol) in 15 mL acetonitrile. The mid was stirred at 70C for 4 h and the
reaction progress was monitored by LCMS. Solid iritasr were removed by filtration, and the filtratesnevaporated under vacuum.
The product solution was reconstituted in 20 mL D@#shed with water and brine, and then dried over MgSObsequently, the
solution was loaded on a silica chromatography calamd eluted with DCM/MeOH (20/1, v/v) to afford ther@ibrown solid product
25¢ (410 mg, 57% yield)*H NMR (400 MHz, DMSO#d): & 8.75 (brs, 2H), 8.56-8.67 (m, 2H), 8.61 Jds 4.8 Hz, 1H), 8.35 (d] =
2.8 Hz, 1H), 8.22 (m, 1H), 7.89 (m, 1H), 6.59](t 8.0 Hz, 1H), 5.25 (s, 2H). MS-ES2):242.0 [M+HT.

5.2.54-(pyrimidin-2-yl oxy)benzo[ d] oxazol-2-amine (26c)

A mixture of 2-aminobenzo[d]oxazol-4-8bb (650 mg, 4.33 mmol), 2-iodopyrimidine (893 mg, 3l1@mol), copper (273 mg, 4.33
mmol), and cesium carbonate (2.11 g, 6.50 mmof)dmL DMF was reacted in a microwave at 100 for 30 min. Thereafter, the
reaction mixture was filtered by cilte and washed viltbM. The filtrate was purified by column chromatquig with DCM/MeOH
(95/5, viv) mobile phase. The yellow solid produsiiected at the end (210 mg) was labe?éd, and the reaction yield was determined
to be 21%'H NMR (400 MHz, DMSOdy): 6 8.57 (d,J = 4.4 Hz, 2H), 7.44 (s, 1H), 7.297.24 (m, 2H), 6.94 6.99 (m, 2H). MS-ESI
(MV2): 229.2 [M+HT.

5.2.6General Procedure for the Synthesis of compoard3and25-29
TEA (2.0 eq), EDCI (1.5 eq), and HoBt (1.5 eq) werdeatito a solution of 4-methyl-1,2,3-thiadiazoleasboxylic acid (10 mmol,

1.0 eq) in 15 mL DMF kept at 0°C. The mixture wasratl at this temperature for 1 h before addingatméne (1.0 eq). The resulting
solution was then stirred and allowed to react foh 6 room temperature. The progress of the reaetéss monitored using LCMS. At
the end of the 16 h, the mixture was poured intanBODCM-THF (5/1, v/v) and washed with water (30 mL).eTorganic phase was
collected, and the solvent was slowly evaporated motary evaporator under vacuum. When lots of sol@terial appeared, the
evaporation process was ceased, and the solid weredil The crude material was triturated with acétiteior methanol to give the
desired product with high purity (> 95%).

5.2.6.1 N-(5-chlorobenzo[ d] oxazol-2-yl)-4-methyl-1,2,3-thiadiazol e-5-carboxamide (1, IMB-T097). Slightly yellow solid, 41% vyield.
'H NMR (600 MHz, DMSOd): 6 13.33 (brs, 1H), 7.64 (d,= 8.4 Hz, 1H), 7.46 (s, 1H), 7.36 (dHi= 8.4, 2.4 Hz, 1H), 2.92 (s, 3H).
¥C NMR (150 MHz, DMSOdg): 6 160.1, 159.8, 146.6, 142.6, 129.3, 124.3, 1131211 13.5. HRMS-ESInf/2): calculated for
C:HgN,O,CIS [M+H]" 295.00510; found 295.00520.

5.2.6.2 N-(benzo[ d] oxazol-2-yl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (2). White solid, 71% yield'H NMR (600 MHz, DMSOe):
0 13.33 (brs, 1H), 7.60 (d,= 7.8 Hz, 1H), 7.47 (d] = 7.8 Hz, 1H), 7.36 (dt]= 7.8, 1.2 Hz, 1H), 7.32 (di,= 7.8, 1.2 Hz, 1H), 2.93 (s,
3H). ®C NMR (150 MHz, DMSOd,): ¢ 167.3, 159.9, 147.4, 143.3, 129.7, 125.4, 12418.0, 110.7, 13.5. HRMS-ESh(2):
calculated for GHgO,N,S [M+H]" 261.04407; found 261.04517.

5.2.6.3 N-(5-fluorobenzo[ d] oxazol-2-yl)-4-methyi-1,2,3-thiadiazole-5-carboxamide (3). White solid, 65% vyield’'H NMR (600 MHz,
DMSO-dq): § 13.34 (brs, 1H), 7.65 (dd,= 9.0, 4.2 Hz, 1H), 7.26 (brd,= 6.6 Hz, 1H), 7.17 (ddd] = 9.0, 9.0, 3.0 Hz, 1H), 2.90 (s,
3H). *C NMR (150 MHz, DMSOdy): 6 160.2, 160.0, 158.6, 146.8, 140.0, 111.8, 1111%,3] 111.1, 100.9, 13.5. HRMS-E$W¥):
calculated for GHgO,N,FS [M+H]"279.03465; found 279.03418.

5.2.6.4 N-(5-bromobenzo[ d] oxazol-2-yl)-4-methyi-1,2,3-thiadiazole-5-carboxamide (4). White solid, 46% yield'H NMR (600 MHz,

DMSO-dq): ¢ 13.33 (brs, 1H), 7.60 (d,= 8.4 Hz, 1H), 7.59 (d] = 2.4 Hz, 1H), 7.50 (dd] = 8.4, 2.4 Hz, 1H), 2.93 (s, 3HC NMR

(150 MHz, DMSO+dg): 6 160.0, 127.0, 116.9, 112.5, 13.5. HRMS-E®Z: calculated for GHsO,N,BrS [M-H]™ 336.93894; found
336.93886.

5.2.6.5 4-methyl-N-(5-methylbenzo[ d] oxazol-2-y1)-1,2,3-thiadiazole-5-carboxamide (5). White solid, 56% yield'H NMR (600 MHz,



DMSO-dy): 6 13.29 (brs, 1H), 7.48 (d,= 8.4 Hz, 1H), 7.27 (s, 1H), 7.13 @z 8.4 Hz, 1H), 2.94 (s, 3H), 2.39 (s, 3HC NMR (150
MHz, DMSO<d): ¢ 167.3, 160.0, 159.8, 147.6, 141.3, 135.1, 12®6,1], 112.8, 110.2, 21.0, 13.5. HRMS-EB¥Z): calculated for
C1H1N,0,S [M+H]" 275.05972; found 275.05963.

5.2.6.6 N-(5-(tert-butyl)benzo[ d] oxazol-2-yl)-4-methyi-1,2,3-thiadiazol e-5-carboxamide (6). Slightly brown solid, 70% yield'H NMR
(600 MHz, DMSOH): 6 13.21 (brs, 1H), 7.48 (d,= 9.0 Hz, 1H), 7.46 (d] = 1.8 Hz, 1H), 7.36 (dd] = 9.0, 1.8 Hz, 1H), 2.92 (s, 3H),
1.30 (s, 9H)°C NMR (150 MHz, DMSOde): 6 167.2, 160.1, 159.8, 148.5, 147.4, 141.2, 1294,8, 110.0, 109.5, 34.8, 31.3, 13.5.
HRMS-ESI (W2): calculated for GH,,0,N,S [M+H]*317.10667; found 317.10661.

5.2.6.7 N-(4-bromobenzo[ d] oxazol-2-yl)-4-methyl-1,2,3-thiadiazole-5-carboxamide (7). Pale solid, 22% yield'H NMR (400 MHz,
DMSO-dy): 6 7.71 (dd,J = 8.4, 0.8 Hz, 1H), 7.57 (d,= 8.4, 0.8 Hz, 1H), 7.27 ( = 8.4 Hz, 1H), 2.85 (s, 3HJC NMR (100 MHz,
DMSO-dy): ¢ 160.5, 155.4, 147.6, 127.8, 125.4, 109.9, 13.4. I3RS (1/2): calculated for GH;O,N,BrS [M+H]" 339.9546; found
338.9549.

5.2.6.8 N-(6-chlorobenzo[ d] oxazol-2-yl)-4-methyi-1,2,3-thiadiazole-5-carboxamide (8). White solid, 58% yield'H NMR (600 MHz,
DMSO-dq): 6 13.37 (brs, 1H), 7.84 (d,= 1.8 Hz, 1H), 7.45 (d] = 8.4 Hz, 1H), 7.42 (dd] = 8.4, 1.8 Hz, 1H), 2.93 (s, 3HJC NMR

(150 MHz, DMSO€dg): 6 160.0, 159.6, 146.9, 144.1, 128.3, 125.5, 11413,3] 109.1, 13.5. HRMS-ESim(2): calculated for
CyHsO,N,CIS [M+H]" 295.00510; found 295.00517.

5.2.6.9 N-(6-(tert-butyl)benzo[ d] oxazol-2-y1)-4-methyl-1,2,3-thiadiazole-5-carboxamide (9). Yellow solid, 36% vyield.'"H NMR (400
MHz, DMSO-dg): 6 13.24 (brs, 1H), 7.61 (s, 1H), 7.39 (m, 2H), 2.933(), 1.30 (s, 9H)**C NMR (100 MHz, DMSOd,): 6 159.5,
156.0, 143.7, 122.3, 112.6, 107.5, 105.8, 34.9%,182.2. HRMS-ESIr{/z): calculated for GH;,0,N,S [M+H]" 317.10667, found
317.10795.

5.2.6.10 methyl 2-(4-methyl-1,2,3-thiadiazole-5-carboxamido)benzo[ d] oxazole-5-carboxylate (10). White solid, 28% yield'H NMR
(600 MHz, DMSO#): 6 13.46 (brs, 1H), 7.99 (s, 1H), 7.95 (dd;s 8.4, 1.8 Hz, 1H), 7.73 (d,= 8.4 Hz, 1H), 3.88 (s, 3H), 2.94 (s, 3H).
*C NMR (150 MHz, DMSOd,): d 165.4, 160.1, 126.8, 126.0, 110.9, 52.5, 13.5. HFAA&S (W2): calculated for GHsON,S, [M+H]"
277.02123, found 277.02144.

5.2.6.11 4-methyl-N-(oxazolo[4,5-b] pyridin-2-y1)-1,2,3-thiadiazole-5-carboxamide (11). Pale solid, 22% yield'*H NMR (600 MHz,
DMSO-dy): 6 8.32 (d,J = 4.2 Hz, 1H), 8.03 (dd] = 8.4, 1.2 Hz, 1H), 7.33 (dd,= 8.4, 5.4 Hz, 1H), 2.90 (s, 3HJC NMR (150 MHz,
DMSO-dy): § 160.0, 159.0, 119.3, 118.0, 13.4. HRMS-E8H: calculated for GHzO,NsS [M+H]" 262.03932, found 262.03888.

5.2.6.12 N-(benzo[ d] thiazol-2-y1)-4-methyl-1,2,3-thiadiazole-5-carboxamide (12). Pale solid, 46% yield'H NMR (600 MHz,
DMSO-dg): 6 10.97 (s, 1H), 7.82 (dl = 8.4 Hz, 2H), 7.68 (d] = 8.4 Hz, 2H), 2.80 (s, 3H}*C NMR (150 MHz, DMSQdy): 6 159.3,
157.9, 143.7, 139.7, 132.0, 121.7, 118.8, 111.82.1BIRMS-ESI (V2): calculated for GH4O,N,S [M+H]" 261.04407, found
261.04502.

5.2.6.13 N-(1H-benzo[ d] imidazol-2-y1)-4-methyl-1,2,3-thiadiazole-5-carboxamide (13). Yellow solid, 70% yield'H NMR (400 MHz,
DMSO-dy): 6 12.70 (brs, 1H), 7.41 (m, 2H), 7.22 (m, 2H), 2.9533); "°C NMR (100 MHz, DMSOd,): § 166.5, 158.8, 152.1, 149.1,
129.0, 123.0, 111.6, 13.4; HRMS-E®V?): calculated for GH;(ONsS [M+H]" 260.06006; found 260.06141.

5.2.6.14 N-(benzo[ d] oxazol-2-yl)furan-2-carboxamide (14). White solid, 66% yield‘H NMR (600 MHz, DMSOd): § 12.02 (brs, 1H),
8.00 (brs, 1H), 7.62 (overlap, 1H), 7.60 (overlap,,ZH33 (dt,J = 7.2, 1.2 Hz, 1H), 7.29 (df,= 7.2, 1.2 Hz, 1H), 6.72 (s, 1H)'C
NMR (150 MHz, DMSOs): 6 154.9, 147.8, 147.3, 145.8, 140.6, 124.7, 123.8,4] 117.0, 112.3, 110.2. HRMS-E&V%): calculated
for Cy;HeO3N, [M+H] " 229.06077; found 229.06061.

5.2.6.15 N-(benzo[ d] oxazol-2-yi)thiophene-2-carboxamide (15). Slightly yellow solid, 71% yield'H NMR (600 MHz, DMSOd): &
12.13 (brs, 1H), 8.15 (brs, 1H), 7.95 (brs, 1H), {d&rlap, 2H), 7.33 (dtj = 7.2, 1.2 Hz, 1H), 7.30 (,= 7.2 Hz, 1H), 7.23 (brs, 1H).
¥C NMR (150 MHz, DMSOd,): § 158.8, 155.0, 147.7, 137.7, 133.9, 131.4, 12824,8 123.8, 118.3, 110.2. HRMS-ESW#):



calculated for GHyO,N,S [M+H]" 245.03792; found 245.03760.

5.2.6.16 N-(benzo[ d] oxazol-2-y1)-5-chlorothiophene-2-carboxamide (16). White solid, 49% yield'H NMR (600 MHz, DMSQdy): &
7.74 (brs, 1H), 7.59 (d} = 7.2 Hz, 1H), 7.51 (brs, 1H), 7.33 (dtz 7.2, 1.2 Hz, 1H), 7.29 (di,= 7.2, 1.2 Hz, 1H), 7.24 (brs, 1HJC
NMR (150 MHz, DMSO¢l): § 131.2, 128.5, 125.0, 124.0, 110.3. HRMS-E8k): calculated for GHgCIO,N,S [M+H]" 278.99895,
found 278.99908.

5.2.6.17 N-(benzo| d] oxazol-2-yl)benzamide (17). White solid, 75% yield'H NMR (600 MHz, DMSO€,): 6 12.06 (brs, 1H), 8.05
(overlap, 2H), 7.63 (brt] = 7.2 Hz, 2H), 7.60 (overlap, 1H), 7.54 (kIt; 7.2 Hz, 2H), 7.33 (dt] = 7.2, 1.2 Hz, 1H), 7.30 (di,= 7.2,
1.2 Hz, 1H).*C NMR (150 MHz, DMSOd,): § 165.0, 155.5, 147.8, 140.6, 132.6, 128.5, 12£3,9, 118.3, 110.2. HRMS-ESh(2):
calculated for GH;0,N, [M+H] " 239.08150; found 239.08170.

5.2.6.18 4-methyl-N-(4-(pyridin-2-ylmethoxy)benzo[ d] oxazol-2-yl)-1,2,3-thiadiazol e-5-carboxamide (25). Yellow solid, 47% vyield.'H
NMR (400 MHz, DMSO#€): 6 10.66 (s, 1H), 8.45 (ddd,= 4.8, 1.6, 0.8 Hz, 1H), 7.81 (dt~= 7.6, 2.0 Hz, 1H), 7.44 (brd,= 7.6 Hz,
1H), 7.29 (dddJ = 6.0, 4.8, 0.8 Hz, 1H), 7.14 (ddi= 8.4, 8.4 Hz, 1H), 7.13 (s, 1H), 6.79 (ddd; 8.4, 8.4, 6.0 Hz, 1H), 5.55 (s, 2H),
2.80 (s, 3H).°C NMR (100 MHz, DMSOdy): § 163.7, 159.3, 155.8, 154.8, 149.1, 148.4, 1454@,3, 137.1, 124.6, 122.7, 121.4,
117.4,112.8, 105.7, 102.0, 48.9, 13.4. HRMS-E8#)( calculated for GH;,0;NsS [M+H]* 368.08119, found 368.08169.

5.2.6.19 4-methyl-N-(4-(pyrimidin-2-yloxy)benzo[ d] oxazol-2-yl)-1,2,3-thiadiazole-5-carboxamide (26). White solid, 29% yield.'H
NMR (400 MHz, DMSOe): & 8.63 (d,J = 4.8 Hz, 2H), 7.59 (d] = 8.0 Hz, 1H), 7.38 () = 8.0 Hz, 1H), 7.28 (t] = 4.8 Hz, 1H), 7.24
(d,J = 8.0, 0.8 Hz, 1H), 2.83 (s, 3HJ'C NMR (100 MHz, DMSOd,): 6 164.3, 160.3, 160.1, 158.4, 158.0, 129.7, 124.8,41 117.2,
108.0, 105.8, 13.4. HRMS-ESh(2): calculated for GH;,0sNsS [M+H]" 355.06079, found 355.06039.

5.2.6.20 4-methyl-N-(naphtho[ 1,2-d] oxazol-2-y1)-1,2,3-thiadiazole-5-carboxamide (27). Black solid, 58% yield'H NMR (400 MHz,
DMSO-dg) J 8.58 (s, 1H), 8.09 (d] = 8.0 Hz, 1H), 7.93 (d] = 8.8 Hz, 1H), 7.86 (d] = 8.8 Hz, 1H), 7.69 (di = 8.0, 1.2 Hz, 1H),
7.59 (dt,J = 80, 1.2 Hz, 1H), 2.93 (s, 3HY'C NMR (100 MHz, DMSQdy): ¢ 160.0, 130.8, 128.8, 127.2, 125.7, 125.2, 12110,71
13.5. HRMS-ESIi{v2): calculated for GH1,0,N,S [M+H]* 311.05972, found 311.05972.

5.2.6.21 4-methyl-N-(oxazol o 5,4-h] quinolin-2-y1)-1,2,3-thiadiazol e-5-carboxamide (28). Brown solid, 35% yield*H NMR (400 MHz,
DMSO-dg): d 9.02 (s, 1H), 8.55 (d) = 8.4 Hz, 1H), 7.99 (dJ = 7.2 Hz, 2H), 7.64 (s, 1H), 2.90 (s, 3HJC NMR (100 MHz,
DMSO<dy): 6 160.1, 150.9, 137.1, 125.9, 124.7, 121.1, 111057, 13.4. HRMS-ESInf/2): calculated for GH;O,NsS [M+H]*
312.05497, found 312.05450.

5.2.6.22 4-methyl-N-(oxazol o[ 4,5-f] quinolin-2-yl)-1,2,3-thiadiazole-5-carboxamide (29). Yellow solid, 25% yield'H NMR (400 MHz,
DMSO-dq):  8.83 (s, 2H), 7.90 (dJ = 8.0 Hz, 1H), 7.77 (dJ = 6.8 Hz, 1H), 7.50 (s, 1H), 2.82 (s, 3HJC NMR (100 MHz,
DMSO-de): § 164.5, 157.8, 148.6, 145.4, 143.2, 120.5, 11918.4 13.3. HRMS-ESIn{/2): calculated for gH;;0.,NsS [M+H]"
312.05497, found 312.05453.

5.2.74-methyl-N-(5-(pyridin-2-yl)benzo[ d] oxazol-2-yl)-1,2,3-thiadiazol e-5-car boxamide (18)

A mixture of N-(5-bromobenzo[d]oxazol-2-yl)-4-methyl-1,2,3-thiadole-5-carboxamide4 (600 mg, 1.77 mmol) and
2-(butyldipentylstannyl)pyridine (843 mg, 2.12 mmalas dissolved in 10 mL anhydrous DMF, and then (G0l mg, 0.27 mmol),
Pd,(dba) (165 mg, 0.18 mmol), and TEA (354 mg, 3.54 mmoljeredded. The solution was stirred and reacted°& @Ader nitrogen
atmosphere. After 5 h, the reaction mixture wasrédethrough celite, and the solvent was evaporateéruvacuum. The residue was
purified by prep-TLC using THF/MeOH (20/1, v/v) as @aent. The yield of the obtained while solid protl8 (310 mg) was found
to be 52%H NMR (400 MHz, DMSOd): § 13.46 (brs, 1H), 8.68 (brd,= 6.0 Hz, 1H), 8.16 (d] = 1.2 Hz, 1H), 8.03 (ddl = 8.4, 1.6
Hz, 1H), 7.96 (d,J = 8.0 Hz, 1H), 7.90 (td] = 8.0, 1.6 Hz, 1H), 7.70 (d,= 8.4 Hz, 1H), 7.38 (dddl = 8.0, 8.0, 1.6 Hz, 1H), 2.95 (s,
3H).X*C NMR (100 MHz, DMSOd,): 6 160.0, 155.0, 149.6, 137.5, 136.4, 123.2, 1228,4, 110.8, 105.8, 13.5. HRMS-ESW{):
calculated for GH;,0,NsS [M+H]* 338.07062, found 338.07050.

5.2.84-methyl-N-(4-(pyridin-2-yl)benzo[ d] oxazol-2-yl)-1,2,3-thiadiazole-5-carboxamide (19). The method used to synthesize this



compound is the same as that used to prek@ark9: slightly yellow solid, 41% yield'H NMR (400 MHz, DMSOs): ¢ 8.38 (ddd,J =
4.8, 2.0, 0.8 Hz, 1H), 7.76 (ddd#i= 8.0, 7.6, 2.0 Hz, 1H), 7.65 (dt= 8.0, 0.8 Hz, 1H), 7.60 (brd,= 8.4 Hz, 2H), 7.50 (dd, = 8.4, 2.0
Hz, 1H), 7.45 (dddJ = 7.6, 4.8, 0.8 Hz, 1H), 2.93 (s, 3fC NMR (100 MHz, DMSOd,): § 160.0, 150.6, 141.5, 139.6, 128.2, 127.1,
123.5, 116.9, 112.6, 13.5. HRMS-E&V¥): calculated for gH;,0,NsS [M+H]" 338.07062, found 338.07068.

5.2.94-methyl-N-(5-(pyridin-3-yl)benzo[ d] oxazol-2-yl)-1,2,3-thiadiazol e-5-car boxamide (20)

A  mixture of N-(5-bromobenzo[d]oxazol-2-yl)-4-methyl-1,2,3-thiadole-5-carboxamide 4 (130 mg, 0.38 mmol),
pyridin-3-ylboronic acid (230 mg, 1.90 mmol)gKO, (400 mg, 1.90 mmol), and Pd(PRh43 mg, 0.038 mmol) in 7 mL DMFA®
(6/1, viv) was heated in a microwave at 150°C undtengen atmosphere and monitored using LCMS. Af@mn8n, the solvent was
evaporated under vacuum, and the residue was plhfieorep-TLC using DCM/THF/MeOH (10/10/1, v/viv) as eluent. The yield
of the obtained yellow solid produ26 (45 mg) was found to be 35%1 NMR (400 MHz, DMSOd): 6 8.84 (d,J = 1.6 Hz, 1H), 8.52
(dd,J=4.8, 1.6 Hz, 1H), 8.01 (brd,= 8.0 Hz, 1H), 7.71 (d) = 1.6 Hz, 1H), 7.44 (dd] = 7.6, 4.8 Hz, 1H), 7.40 (d,= 8.4 Hz, 1H),
7.35 (dd,J = 8.4, 1.6 Hz, 1H), 2.89 (s, 3HYC NMR (100 MHz, DMSOd,): § 165.8, 163.7, 157.4, 147.8, 147.6, 147.4, 13634,Q,
132.0, 123.8, 120.1, 114.7, 108.8, 105.8, 13. 3. ISRA&I (W2): calculated for GH;,0,NsS [M+H]* 338.07062, found 338.07100.

5.2.10  4-methyl-N-(5-(pyridin-4-yl)benzo[ d] oxazol-2-yl)-1,2,3-thiadiazole-5-carboxamide (21). The method used to synthesize this
compound is the same as that used to preffar2l: pale solid, 31% yieldH NMR (400 MHz, DMSO#€): ¢ 8.58 (d,J = 5.2 Hz, 2H),
7.82 (s, 1H), 7.65 (dl = 5.2 Hz, 2H), 7.45 (d] = 8.0 Hz, 1H), 7.42 (d] = 8.0 Hz, 1H), 2.89 (s, 3H}*C NMR (100 MHz, DMSOd):

0 165.9, 163.8, 157.4, 152.1, 150.0, 148.1, 14748.7, 144.6, 132.0, 121.1, 120.0, 114.6, 109.5,8,083.3. HRMS-ESIn{V/2):
calculated for GH;,0,NsS [M+H]* 338.07062, found 338.07070.

5.2.11  methyl 4-(2-(4-methyl-1,2,3-thiadiazole-5-carboxamido)benzo[ d] oxazol-5-yl)benzoate (22). The method used to synthesize
this compound is the same as that used to pr&fa&®: white solid, 45% yield'H NMR (400 MHz, DMSO#d):  7.65 (m, 4H), 7.19
(m, 3H), 3.84 (s, 3H), 1.34 (s, 3HJC NMR (100 MHz, DMSOde):  166.2, 163.2, 151.9, 139.6, 135.6, 129.9, 1263,3, 52.6, 13.5.
HRMS-ESI (W2): calculated for @H,;s0,N,S [M+H]* 395.08085, found 395.08017.

5.2.12  4-methyl-N-(5-(1-methyl-1H-pyrazol -4-yl )benzo[ d] oxazol-2-yl)-1,2,3-thiadiazol e-5-carboxamide (23). The method used to
synthesize this compound is the same as that ogeepare20. 23: yellow solid, 35% yield'H NMR (600 MHz, DMSOd): 6 8.04 (s,
1H), 7.78 (s, 1H), 7.46 (d,= 1.8 Hz, 1H), 7.23 (d] = 7.8 Hz, 1H), 7.18 (dd] = 7.8, 1.8 Hz, 1H), 3.85 (s, 3H), 2.87 (s, 3HE NMR
(150 MHz, DMSO+dg): ¢ 165.1, 162.9, 157.2, 152.4, 146.2, 144.1, 135%,.4, 127.3, 122.7, 117.9, 112.4, 108.4, 38.6,.13.2
HRMS-ESI @2): calculated for GH;30,NgS [M+H]" 341.08152, found 341.08195.

5.2.13  4-methyl-N-(5-mor pholinobenzo[ d] oxazol-2-yl)-1,2,3-thiadiazol e-5-carboxamide (24)

XPhos (76mg, 0.16 mmol) and Pd(RRh (92 mg, 0.08 mmol) were added to a mixture of
N-(5-bromobenzo[d]oxazol-2-yl)-4-methyl-1,2,3-thiadole-5-carboxamidé (260 mg, 0.77 mmol), morpholine (134 mg, 1.54 mmol)
andt-BuOK (173mg, 1.54 mmol) in 10 mL anhydrous DME. Tasulting solution was reacted at 110°C under nénogtmosphere for
2 h and monitored using LCMS. Then, the solvent eaeporated under vacuum and the residue was pubfiegrep-TLC using
DCM/MeOH (20/1, viv) as eluent. The yellow solid protdabtained at the end was labeRt(50 mg), and its yield was determined to
be 19%."H NMR (400 MHz, DMSOdy): 6 7.46 (d,J = 8.0 Hz, 1H), 6.95 (d] = 8.0 Hz, 1H), 6.6 (s, 1H), 3.75 (&= 4.8 Hz, 4H), 3.08
(t, J = 4.8 Hz, 4H), 2.93 (s, 3HJ°C NMR (100 MHz, DMSOdy): § 159.7, 149.6, 112.6, 110.8, 66.0, 49.2, 13.5. HRAES-(V2):
calculated for GH;60:NsS [M+H]" 346.09684, found 346.09750.

5.3. Determination of Anti-Mtb MIC values

The anti-Mtb activities of the synthesized compaumgre tested against the standard Mtb strain H3AREC 27294), as well as
the drug-resistant MDR-FJ05120 and XDR-FJ05195 stré&itisical isolates). The first-line anti-TB drugsoniazid, rifampicin,
streptomycin, and ethambutol were used as positwérals. The MICs oM. tuberculosis replication inhibition were determined by
Microplate Alamar Blue Assay (MABA). The final conceattons of the investigated compounds varied betv@e&®5 and 128 mg/L.
The bacterial strains (f@fu/mL cell concentration) were cultured with eacte @f the synthesized compounds (varying concéonst



at 37°C in Middlebrook 7H9 broth (Difco) supplementeith 0.2% glycerol and 10% oleic acid-alumin-desgecitric acid (OADC).
The culture was arrested when the mid-log phasemfthrwas reached. The MIC values were then measnrsttiile 96-well plates
with a final volume of 100 uL per well. These valwesrespond to the lowest drug concentrations for wiktie color of alamar blue
reagent remains unchanged [21].

5.4. Cell cytotoxicity

The cytotoxicity of all compounds was examined in HEX/T cells. The compounds were dissolved in DMSOatreentration of
10 mM, and then the solutions were diluted with DMEMture medium containing 5% PBS to varying concians between 0.78
and 200 pM. The cells were seeded in 96-well platesdensity of 5X 10’ cells per well, and then they were incubated with the
compounds at 37°C. Forty-eight hours later, 20 filthe Cell Counting Kit-8 (CCK-8) solution was addtam each well, and the
mixtures were incubated for another 4 h. Finallg #bsorbance of each well was measured at 450 nrg asMicroplate reader
(EnVision, PerkinElmer). The Kgvalues were calculated based on a concentratiguomes curve using GraphPad Prism 5.

5.5. Acute Toxicity

SPF BALAC/c female mice purchased from Beijing ViRiler Laboratory Animal Technology Co., Ltd (BeginChina) weighing
between 18 and 22 g were used to evaluaténthiero acute toxicity of compoundk 6, and18. The mice were randomly divided into
groups of six, and each group was administered withaf the investigated compounds in 0.5% CMC-Nat&wiysingle 1000 mg/kg
dose) by oral gavage. All of the mice were rearedppropriate environments where the temperature wasamed between 20 and
24°C, with mean day and night times. The number of igimy mice was monitored during the 14-day periotiofsing compound
administration. The animal care and experimentalc@dures performed herein are in accordance withregelations of the
Institutional Animal Care and Use Committee of thstitute of Medicinal Biotechnology.

5.6. Determination of pharmacokinetic profiles

SPF male SD rats weighing between 180 and 220 g (8haippr-BK laboratory animal Co., Ltd.) were faktvernight in
metabolism cages before being administered withafrthe investigated compounds. The rats were allofnesl access to water, but
they were given food only after 4 h of compound atdstiation. Each treatment group consisted of theég and all of them were
treated with a single dose (40 mg/kg) of the testedpounds suspended in 5% DMSO, 10% Solutol, and @5&nized water. Blood
samples (200 pL) were collected from the jugulanseif rats at 0.25, 0.5, 1, 2, 4, 6, and 8 h aftenpound administration. The
samples were put on ice and centrifuged at 6800gta@ for 6 min in order to obtain the plasmasraZtd. The protein contents in 20
pL aliquots of the plasma samples were precipitatitd 400 uL MeOH containing the internal standardd(h@/mL). The mixtures
were vortexed for 1 min then centrifuged at 18000rg7 min. Subsequently, 200 pL of the supernatargse transferred to 96-well
plates, and 3 pL aliquots were analyzed by LC-MS/NI& area under the concentration time curve (AUG,geak concentration
(Cray, the time to reach peak concentration QI and mean residence time (MRT) of each sample wdetermined based on the
plasma concentration data using WinNonlin.

5.7. Broad spectrum panel analysis

The anti-bacterial activities and MIC values of qgmunds6 and 18 were determined for a series of Gram-positive and
Gram-negative bacterial pathogens, in accordance tivithagar dilution method recommended by the CO8E selected strains
represent important bacteria, and they include @vam-positive . aureus ATCC 29213 S. aureus ATCC 33591 S. epidermidis ATCC
12228, E. faecalis ATCC 29212,E. faecium ATCC 700221) and five Gram-negative straihs¢oli ATCC 25922,K. pneumonia
ATCC700603,K. pneumonia 7, P. aeruginosa ATCC 27853,A. calcoacetious ATCC 19606). Inoculations were adjusted using a
multipoint inoculator (Bolney, Sussex, UK) to yieldlicconcentrations of about 4€fu/spot, and then the cells were incubated at 35°C
for 18 h. The MICs of compoundsand18 were taken to be the lowest concentrations at wiacherial growth is inhibited.
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Highlights

® Twenty-nine 2-acylamide-1,3-benzo[ d] zole anal ogues were synthesi zed.

® 17 compounds were found to be potent anti-Mtb agents, especialy against the
MDR- and XDR-MTB strains, with MIC values < 10 uM.

® Compound 18, with a 5-(pyridin-2-yl) at R,, show potent anti-Mtb activities,
acceptably safe and favorable pharmacokinetic (PK) properties.

® Compound 18 is aso a potent anti-Gram-positive agent.
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