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Abstract: A novel series of 2-aryl substituted benzothiopyranone compounds was designed and synthesized
based on our previously obtained benzothiopyranone scaffold with significant antituberculosis activity. All target
compounds were evaluated for their antimycobacterial activity and preliminary druggability was subsequently
investigated for some selected compounds with good activity. The results indicated that most compounds showed
good activity against Mycobacterium tuberculosis H,,;Rv. Among them, compounds 8g, 8h, 8q and 9f showed
potent activity with MIC ranged from 0.2 to 0.4 pug-mL". Furthermore, some active compounds exhibited low
cytotoxicity and cardiotoxicity risk. It is worth noting that compounds 8h and 8q with good liver microsome
stability and low inhibition of CYPs 3A4/5 and 2C9 were suitable for combination drug regimen to treat
tuberculosis.
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Hs7Ra: MIC = 12.5 ug-mL™’

HazRv: MIC = 46.2 pg-mL"’!
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Ha7Rv: MIC = 58.5 pg-mL""

Vero: ICgg = 28.7 pg-mL™" Vero:  ICsq =20.2 pg-mL""

Ha7Rv: MIC = 0.454 pg-mL""
Vero:  ICsp=53.1 ug-mL™"

Ha7Rv: MIC = 0.938 pg-mL""
Vero:  ICg = 8.8 ug-mL™"

Figure 1 Representative structures and antituberculosis activity of flavone compounds
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Figure 2 Design strategy of 2-aryl substituted benzothiopyranone compounds

NO, NO, o
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8a-8x R, = phenyl
9a-9g R, = heteroaryl

Scheme 1  Synthetic route to 2-aryl substituted benzothiopyranone compounds. Reagents and conditions: a. H,0,, AcOH, 60 °C, 12 h; b.
ArB(OH),/ArBPin, XPhos, Pd(OAc),, Zn(OTf),, DMF, 80 °C, 6 h; 9b was synthesized from 9a in 30% sodium methylate solution
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S 3L IR T (MIC = 32 ug-mL™), T 5 A A AR 8k
() 2. Tk 3 BUAR 1 AL & 4 8v B A B9 11 3 M (MIC =
0.9 ng-mL™). I 5l i 5] AR BRIk MR 1], %
A IR 51 N0 1 R s e, R LR e R ERAR
1k &%) 8w (MIC = 0.5 pg-mL™") B A B i 140 45 %
TETE.

Table 1 The biological activities of target compounds (8a— 8x)
against M. tuberculosis H;,;Rv and Vero cell lines in vitro. MIC:
Minimum inhibitory concentration; INH: Isoniazid; IC,;: Half

maximal inhibitory concentration; —: Not determined

R; R,
NO, 2 3
S
]
FsC

(¢}

H;,Rv Vero
Compd. R, R, 0 .
MIC/ug-mL™ IC,/ug-mL
8a -H -H >32 -
8b -CH, -H 1.7 -
8¢  -CHCH, -H >32 -
8d -H -CH,CH, 11 -
8e -H ' 2.0 -
8f H E_)\ 40 -
8g H BN 0.3 >64
8h H i 04 ~64
8i H Y 1.0 -
8 H \ P >32 -
8k H Q >32 -
%
81 -H -F 31.7 -
8m H -Cl 14.2 -
8n -H -Br 6.8 -
80 -CH, F 1.9 -
8p F F >32 -
8q -Cl -Cl 02 >64
8r -Cl -F 0.5 >64
8s H -OH >32 -
8t H -OCH, >32 -
8u H -CF, 32.0 -
o
8v H A 0.9 >64
e
8w -H ¥ D 0.5 -
P i
8x H ¥ G 3.9 -
INH - - 0.07 -

Rt — 5 R IG5 ) T IR B B A 45 R PR A
FSC 245 1 1) 2R I B AL g e 2R 4k & 4, AE BEAZ 2 AL 9T
TR 05 5, Wit & T BARtb &4 9a~9¢
(#2). GiRER, TR GENNEY 9a~9c B H
HH S5 B R BT AT 1, LR R AR AEAR i g
WA G W) 9a B & AL IS P (MIC = 0.2 pg'mL™)

A A B2 1% (IC,, > 64 pg-mL™). 7N T044% 75 3L
R 9d A1 9e 1) I R 4P (BT &5 1% AE H, E [FR] i)
BN E AR . A R B K I bk (] 4
A9t (MIC = 0.2 pg-mL™") FIPLEE A% 0E HAR T 5 A 14
FRAH 7N 1 B 30 35 [ 4k & 40 9g (MIC = 7.7 pg-mL™), H.
TC2m M B R L, (A5 I A0 B2 VR PEA o

Table 2 The biological activities of target compounds (9a-9g)
against M. tuberculosis Hy,;Rv and Vero cell lines in vitro. MIC:
Minimum inhibitory concentration; INH: Isoniazid; IC,: Half

maximal inhibitory concentration; —: Not determined

SRy
|
FsC
o
H, R AY
Compd. R, sV . ero 0
MIC/pg-mL IC /ug-mL
ED
9a N 0.2 >64
B
\
9%b E/Q 32.0 -
H

9¢ ED 1.0 >64

N
9d ELJ 0.9 08
/NW
|
9e ak” 0.5 39.3

of g 0.2 >64
=N

9 Y /C( 2 7.7 -

INH - 0.07 -

22 MERAMITFN  EICE A BRI S R
B AN A 75 M 194k A ) 8 8h . 8q A1 9F #EAT T AT ARk
AR a5 P ChERG K T8 0041 3% 7 LA K2 BT 25 i
CYPs 3A4/5 F12C9 i /E FHVEAN, W10 H %2 T ik ik
GV (R 3). 45 R TR, R ITHRAR I R 1 2%
B EESAEM T HIUCHL &9 8h Al — S HEURHIAL &
W 8q 7E /N B A JE FFSORL A Hh 1y B0 B AR
PE, LT 1E T BB AL A 4 8g 2K FEBAR Ik i 8 (19 2
7 A W BRI Ak 5 420 Of, R 4k &4 8h TE /N RFFfCkE
R RaSE (¢, > 93.2 min), 11L& 4 8q 76 N Tk
bi kb e A8 5E (1, = 53.5 min). LA AL AR KB
W 42 (¥ hERG K@ 18 I AE A (IC,, > 10 pmol-L™), Tl
TN T BRAL A P T TE O I B3 M B B . I R AR
e PR AR (1) 8h R 8q T R X = B i 24 g (1) 0 ) 4
PEAN, 45 R IRIX ML A P CYPs 3A4/5 F12C9 3
TE WA &AM HIVE A (IC,, > 50 umol-L™), #2785 BT & ik &
W R AR 25 - 25 WA ELAE FE R RO B, & T 45 %
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Table 3 Liver microsome stability, CYP and hERG K" channel inhibition of selected compounds. z,,,:

. Half-life; % remaining: Substrate

concentrations were determined in incubations after 30 min and normalized to concentrations at time zero; —: Not determined

CYP inhibition

Mouse Human 0 hERG K"
No. IC, /umol-L 1€ /umol-L"
{,,/min % remaining {,,/min % remaining 3A4/5 2C9 s

8¢g 7.2 5.6 33.6 53.8 - - -

8h >93.2 80.1 40.6 59.9 >50 >50 >10

8q 29.5 49.4 53.5 67.8 >50 >50 >10

9f <4.5 0.1 14.2 23.1 - - >10
IS FH 25097 . UK EF & B (25 mLx2) 2L, & IFA HLH, K

Ve IR G, RO R PRIt A Rt T B VAV, A A e TR A

NS KIS U RS BK A o — U, T BB T

25 EPTIR, ARSCH TR R BLR B g m
2RI IR ACHE R AL 55 B 2, 25 S MR S R A 4T
iR T 5 2 B RIS L, BT BT — RS
H R 2-77 B (0 2K I B AL e R 24 & 4 314,
BT H LG Y RIS R EATE 2 1,
R TR R THFER KNS e 2 —
SE PR A 45 A o0 BT B AR A, L TR B 2R AL 51
8h A1 8q AH L SCHR b #1038 1 3 B 2R A & M) DU 4 s 1
B 5, AR R R RS, I AE O R REE RS, B R AT
MR 1, ER T R — P gt . B ESs RONRIANs
i 25 46 15 W) AE 0 25 1% 25 W) Wt R AT H) B B E T
B Al

SCIGER 4y

15 5 A% A H A Yanaco M.P-J3 B4 w0 2 A%, W6 FE
FAZIE o 5 Bk X A Agilent 1100 series LC/MSD
trap mass spectrometer (ESI-MS). #% #4 3t & 1 N
BRUKER-400 5 600 % #% i PR A% o PR3 1] £ AH £
Tk 1% N Biotage isolera one 714 ffil] £ €& 1% 4%, 3 FH 2% i
JERE (12 g, 40~60 pm, 60 A) 1 [ b s AR B8 A BR 2
Al FERHR (HSGF,,, ) 1 B & 46 2 TV B 52 i o
AN M (ZF-5 ) 254 nm (0. A W1 9 T
B A all, TRFR UL, — A S AL H
AL
1 KEHe
1.1 FEMEBER THEE6MER SHAREEA
A B AR G SCHERY 6 A, 759 2136 18448, mp: 88~90 °C,
'H NMR (400 MHz, CDCl,) 6 9.12 (d, J = 2.0 Hz, 1H),
8.84 (d, J=2.0 Hz, 1H), 6.98 (s, 1H), 3.21 (q, J = 7.6 Hz,
2H), 1.47 (t, J = 7.6 Hz, 3H).

WK T G R TR 4E 6 (503 mg, 1.5 mmol)
WF 1.5 mL ZBH, I1N 1 mol L [ XU K/ 2R
(1.8 mL, 1.8 mmol), 7£ 60 °C N 2% 12 h, TLC ¥l (Z,
R 1 AT = 104) JFORHEA R B 5E 4. I 50 mL

B, 8, WA, AT (0 B (LR WG Ak =
20:80), 1551 ¥ {4 [ 44 490 mg, T & 50%. mp: 133~
135 °C, '"H NMR (400 MHz, CDC1,) §9.18 (d, J=2.0 Hz,
1H), 8.94 (d, J = 2.0 Hz, 1H), 7.46 (s, 1H), 3.32~3.22
(m, 1H), 3.11~3.01 (m, 1H), 1.39 (t, J = 7.4 Hz, 3H).

1.2 BirtEY8a~8xMEK HIirL&W8als
e ¥ al4A 7 (200 mg, 0.57 mmol) ¥ T 5 mL N,N-—
FH 3 PR i v, A O N R TI R (139 mg, 1.14 mmol)«
Pd(OAc), (14 mg, 0.057 mmol).XPhos (28 mg, 0.057 mmol)
H1 Zn(OTH), (44 mg, 0.114 mmol), ES Y F, 7£ 80 °C
ISR XM 6 he TLC A (1R 2.1 - A i ik =
1:4) KR JEORE I R 56 42 5, B SR RABEI N 25 mL
UK, 28 OB (15 mLx2) ZEH, & H A UM, 1
TRV AR VA R e % PR O, KR TR UK, I K R R B T
J Tk R, WRAR, WE RO B B (U b L T i =
50:50) 15 2 # {4 [F 4K 120 mg, 77 % 60%. mp: 194~
195 °C, 'H NMR (400 MHz, DMSO-d,) § 9.02 (d, J =
2.0 Hz, 1H), 8.97 (d, J= 2.0 Hz, 1H), 7.89~7.85 (m, 2H),
7.69~7.64 (m, 2H), 7.64~7.60 (m, 1H), 7.43 (s, 1H);
C NMR (125 MHz, DMSO-d,) 6 177.5, 153.7, 145.4,

137.5, 135.2, 133.1, 131.8, 130.7 (J, . = 3 Hz), 129.7,
127.6 (J, . = 29 Hz), 1272, 126.5 (J, . = 3 Hz), 122.7,
122.7 (J. = 226 Hz). HR-MS-ESL: m/z C H,0,NF,S

[M-+H] 518 352.024 97, Wl &1 352.024 87

HAr b &7 8b H& e PA2-H RS0 R O I L,
F IR AL &) 8a 1 & T A5 B (O [ 4K, 7 % 15%. mp:
145~147 °C, '"H NMR (400 MHz, DMSO-d,) J 8.98 (d,
J = 2.0 Hz, 1H), 8.97 (d, J = 2.0 Hz, 1H), 7.47~7.33
(m, 4H), 7.07 (s, 1H), 2.32 (s, 3H); "C NMR (100 MHz,
CDCL,) 6 178.1, 156.0, 144.9, 138.8, 136.0, 135.1, 134.2,
132.6 (J; . = 4 Hz), 131.3, 130.7, 129.6 (J, . = 35 Hz),
129.2, 126.5, 126.3 (J, . = 4 Hz), 126.1, 122.6 (J, . =
271 Hz), 20.0. HR-MS-ESI: m/z C;H,,O,NF,S [M+H]"
THHH 366.040 63, I F{H 366.040 83,
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HARLEY) 8c A B DA 2- SFE AR N JF R
AL &Y 8a (K& BT VAR B E A, 7728 30%. mp:
162~163 °C, 'H NMR (400 MHz, CDCL,) 6 9.24 (d, J =
2.0 Hz, 1H), 8.91 (d, J = 2.0 Hz, 1H), 7.51~7.45 (m,
1H), 7.41~7.39 (m, 1H), 7.33 (brs, 1H), 7.32 (brs, 1H),
7.03 (s, 1H), 2.72 (q, J = 7.6 Hz, 2H), 1.23 (t, J = 7.6 Hz,
3H); "C NMR (100 MHz, CDCL,) ¢ 178.0, 156.1, 144.8,
142.2, 138.8, 134.6, 134.2, 132.6 (J, . = 4 Hz), 130.9,
129.6, 129.6 (J, . = 35 Hz), 129.4, 126.4, 126.3 (J, . =
4 Hz), 126.1, 122.6 (J;, . = 272 Hz), 26.2, 16.0. HR-MS-
ESIL: m/z C,(H ,O,NF,S [M+H] i1 51 380.056 28, Il &
1£.380.056 03,

HArtb &Y 8d & LL4- S HE IR0 N Ik
i B AL & W 8a IR & F T 1545 B 6 LA, 7 3R 1%
mp: 155~156 °C, 'H NMR (400 MHz, CDCL,) 6 9.21
(d, J=2.0 Hz, 1H), 8.89 (d, J = 2.0 Hz, 1H), 7.70~7.63
(m, 2H), 7.42~7.36 (m, 2H), 7.28 (s, 1H), 2.75 (q, J =
7.6 Hz, 2H), 1.30 (t,J = 7.6 Hz, 3H); "C NMR (100 MHz,
CDClL,) 6 178.3, 155.3, 148.9, 145.1, 138.3, 134.2, 133.2,
132.5 (J. . = 4 Hz), 129.5 (J, . = 36 Hz), 129.3, 127.4,
1263 (J. . = 4 Hz), 122.7, 122.6 (J, . = 271 Hz), 28.9,
15.4. HR-MS-ESIL: m/z C,H,,O,NF,S [M+H] i} & {4
380.056 28, Il &1 380.056 03.

AL &Y 8e A B DA 4-TA AR A JF kY
o WAL & W) 8a 1) & AT 249 3 B [ AA, 77 % 54%
mp: 147~148 °C, 'H NMR (400 MHz, CDCL,) ¢ 9.20
(d, J=2.0 Hz, 1H), 8.89 (d, J = 2.0 Hz, 1H), 7.68~7.63
(m, 2H), 7.39~7.34 (m, 2H), 7.28 (s, 1H), 2.72~2.65
(m, 2H), 1.75~1.66 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H);
“C NMR (100 MHz, CDCL,) § 178.3, 155.3, 147.4, 145.1,
138.3, 134.2, 133.2, 132.5 (J, . = 4 Hz), 129.8, 129.5
(.« = 35 Hz), 127.3, 1263 (J, . = 4 Hz), 122.7, 122.6
(Joc = 271 Hz), 38.0, 24.4, 13.9. HR-MS-ESL: m/z
C,H;O,NF,S [M+H] " i} 5 {f 394.071 93, | & {8
394.071 63,

HIRC 8 I& e LA 4-J3 9 BRI R S5 Rt
R AV 8a G T A3 FL A TEAR, 722 60%. mp:
159~160 °C, '"H NMR (400 MHz, CDCL,) ¢ 9.21 (s, 1H),
8.89 (s, 1H), 7.68 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz,
2H), 7.28 (s, 1H), 3.04~2.99 (m, 1H), 1.31 (d, /= 6.8 Hz,
6H); °C NMR (100 MHz, CDCL,) ¢ 178.3, 155.3, 153.4,
145.1, 138.3, 134.2, 133.3, 1324 (J,. = 4 Hz), 1295
(.« = 35 Hz), 127.9, 127.4, 126.2 (J, . = 4 Hz), 122.7,
122.6 (J, = 271 Hz), 34.3, 23.9. HR-MS-ESL: m/z
C,,HO,NF,S [M+H] " il 5 i 394.071 93, | & {8

394.071 75.

Hir b &9 8g & e BL4-1E T KB R 4 R
B, 1% AL S 1) 8a & BT V245 31 (0 [ 44, 7 3 34%.
mp: 143~144 °C, 'H NMR (400 MHz, CDCL,) 6 9.19
(d, J=2.0 Hz, 1H), 8.87 (d, /= 2.0 Hz, 1H), 7.64 (d, J =
8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.27 (s, 1H),
2.73~2.66 (m, 2H), 1.68~1.60 (m, 2H), 1.43~1.34
(m, 2H), 0.94 (t, J = 7.2 Hz, 3H); "C NMR (100 MHz,
CDCl,) 6 178.4, 155.3, 147.6, 145.1, 138.3, 134.2, 133.1,
132.5 (J;,c = 4 Hz), 129.8, 129.5 (J, . = 35 Hz), 127.3,
126.3 (J, . = 4 Hz), 122.7, 122.6 (J, . = 271 Hz), 35.7,
33.5, 22.5, 14.1. HR-MS-ESI: m/z C,H,,O,NF.S [M+
H]'{1+ 5514 408.087 58, i {H 408.086 58

HErb &Y 8h I E L LA 4-(1-H BE 28 2100 %
JEORL, #2HBAG G ) 8a (G BT VAR 3 (A AR, 7228 17%.
mp: 128~129 °C, '"H NMR (400 MHz, DMSO-d,) § 9.01
(d, J=2.0 Hz, 1H), 8.97 (d, J = 2.0 Hz, 1H), 7.83~7.79
(m, 2H), 7.49~7.44 (m, 2H), 7.43 (s, 1H), 2.72 (q, J =
6.8 Hz, 1H), 1.65~1.68 (m, 2H), 1.24 (d, J = 6.8 Hz,
3H), 0.80 (t, J = 7.4 Hz, 3H); "C NMR (100 MHz,
DMSO-d,) ¢ 177.6, 153.8, 151.6, 145.4, 137.6, 133.2,
132.8, 130.7 (J . = 4 Hz), 128.3, 127.6 (J, . = 34 Hz),
127.2,126.5 (J, . = 4 Hz), 122.6 (J, . = 271 Hz), 122.1,
40.8, 30.3, 21.5, 12.1. HR-MS-ESIL: m/z C,H,,O,NF.,S
[M+H] 11514 408.087 58, il &1 408.087 62.

Hirtb &Y 8in & PLa-5 T JER 00 N R
K, 1% BB AL S 1) 8a ¥ & BT V249 38 (0 [ 4K, 72 238 73%.
mp: 160~161 °C, '"H NMR (400 MHz, DMSO-d,) 6
9.01 (d, J = 2.0 Hz, 1H), 8.97 (d, J = 2.0 Hz, 1H), 7.80
(d,J=8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 7.43 (s, 1H),
2.56 (d, J = 7.2 Hz, 2H), 1.96 ~ 1.86 (m, 1H), 0.90 (d,
J = 6.8 Hz, 6H); "C NMR (100 MHz, CDCl,) § 178.3,
155.3, 146.4, 145.1, 138.3, 134.2, 133.2, 1325 (J, . =
34 Hz), 130.5, 129.5 (J, . = 35 Hz), 127.2, 126.3 (J, . =
4 Hz), 122.7,122.6 (J, . = 271 Hz), 45.3,30.3,22.5. HR-
MS-ESI: m/z C,,H,,O,NF,S [M+H] it 5 {8 408.087 58,
£ {5 408.089 36

Hirth &V 8 AR DL 4-5UT B8 0 2 o I
K, 1% B8 AL G4 8a & BT 1249 38 (0 [ 4K, 72 238 45%.
mp: 172~173 °C, '"H NMR (400 MHz, CDCL,) § 9.21
(d, J=2.0 Hz, 1H), 8.89 (d, /= 2.0 Hz, 1H), 7.69 (d, J =
8.0 Hz, 2H), 7.58 (d, J = 8.0 Hz, 2H), 7.29 (s, 1H), 1.38
(s, 9H); C NMR (100 MHz, DMSO-d,) § 177.5, 154.8,
153.6, 145.4, 137.5, 133.1, 132.4, 130.6 (J, . = 4 Hz),
127.5 (J; . = 34 Hz), 127.0, 126.5, 126.5 (J, . = 4 Hz),
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122.7 (J;. . = 271 Hz), 122.1, 34.8, 30.8. HR-MS-ESI:
m/z C,,H ,O,NF,S [M+H]" i} 5 {f 408.087 58, Il & {H
408.088 56

Hirtb &9 8k (& B LL4-38 O AR IR B R o JR
B, 1% AL 1) 8a H & BT V549 38 €0 [ 4, 77 2 18%.
mp: 200~201 °C, 'H NMR (400 MHz, CDCL,) 6 9.20
(d, J=2.0 Hz, 1H), 8.88 (d, /= 2.0 Hz, 1H), 7.72~7.63
(m, 2H), 7.43~7.36 (m, 2H), 7.27 (s, 1H), 2.67~2.54
(m, 1H), 1.98~1.83 (m, 4H), 1.52~1.39 (m, 4H), 1.36~
1.20 (m, 2H); "C NMR (100 MHz, CDCL,)) ¢ 178.3,
155.3, 152.6, 145.1, 138.3, 134.2, 133.2, 1324 (J,. =
4 Hz), 129.5 (J, . = 35 Hz), 128.2, 127.3, 126.2 (J, . =
4 Hz), 122.7, 122.7 (J, . = 271 Hz), 44.6, 34.3, 26.8,
26.1. HR-MS-ESI: m/z C,,H,;,O,NF,S [M+H] it & {4
434.103 23, Wl & (A 434.102 75.

Hirtb & 81HA K DL 4-SF R0 R o ik, 4%
ML & W) 8a (1A 7 1249 3 (0 [ 44, 77 %2 27% . mp:
192~193 °C, 'H NMR (400 MHz, DMSO-d,) 6 9.02 (d,
J=12.0 Hz, 1H), 8.97 (d, J = 2.0 Hz, 1H), 7.95 (brs, 2H),
7.47 (brs, 2H), 7.44 (s, 1H); "C NMR (100 MHz, CDCl,)
5 1782, 165.0 (J,. = 252 Hz), 154.0, 145.1, 137.9,
134.1, 132.5 (J, = 3 Hz), 132.0 (J,. = 3 Hz), 129.6
(Je.c = 9 Hz), 129.7 (J, . = 35 Hz), 126.4 (J, . = 3 Hz),
1233, 122.6 (J, . = 271 Hz), 117.0 (J . = 22 Hz). HR-
MS-ESI: m/z C,H,O,NF,S [M+H] it % 1 370.015 55,
ME:1H 370.017 09,

Hisb &Y 8m )G LL4-FORTNER A R AL, 4%
HEAL & 1) 8a (1) & )7 149 3 (0 [ 44, 77 %2 46% . mp:
187~188 °C, 'H NMR (400 MHz, DMSO-d,) 6 9.02 (d,
J =2.0 Hz, 1H), 8.96 (d, J = 2.0 Hz, 1H), 7.92~7.87
(m, 2H), 7.71~7.65 (m, 2H), 7.45 (s, 1H); “C NMR
(100 MHz, CDCL,) ¢ 178.2, 153.8, 145.1, 138.3, 137.9,
1342, 134.1, 132.5 (J, . = 4 Hz), 130.0, 129.8 (J, . =
35 Hz), 128.7, 126.4 (J, . = 4 Hz), 123.5, 122.6 (J, . =
271 Hz). HR-MS-ESI: m/z C,,H,O,NCIF,S [M+H] i}
H{E 385.986 00, Il £ {H 385.984 59.

HAs L&Y 8n G R DL 4-IRZKINIR 9 J5 KL, 4%
HEAL & 1) 8a (1) BT V549 38 (0 [ 44, 77 % 21%. mp:
169~171 °C, 'H NMR (400 MHz, DMSO-d,) 6 8.98 (d,
J =2.0 Hz, 1H), 8.93 (d, J = 2.0 Hz, 1H), 7.82~7.80
(m, 4H), 7.43 (s, 1H); "C NMR (100 MHz, DMSO-d,) §
177.5, 152.3, 145.3, 137.2, 134.3, 133.0, 132.6, 130.7
(Jp.c = 4 Hz), 129.2, 127.7 (J; . = 35 Hz), 126.6 (J, . =
4 Hz), 125.5, 122.9, 122.6 (J, . = 271 Hz). HR-MS-
ESI: m/z C,;H,O,NBrF,S [M+H] i1 5 4i 429.935 49, il

1 429.936 77,

HARb &Y 80 A B LA 4-36-2- B OR B R Sy
JR R, 12 B AL 5 ) 8a 1 & BT VA4S B 0 [ A, R
65%. mp: 141~143 °C, '"H NMR (400 MHz, DMSO-
d) 0 8.98 (d, J = 2.0 Hz, 1H), 8.96 (d, J = 2.0 Hz, 1H),
7.49~7.45(m, 1H), 7.30~7.27 (m, 1H), 7.22~7.17 (m,
1H), 7.08 (s, 1H), 2.33 (s, 3H); "C NMR (100 MHz,
CDCl,) 6 178.0, 163.9 (J,. = 250 Hz), 155.0, 144.9,
139.0 (J, . = 9 Hz), 138.7, 134.2, 132.7 (J, . = 4 Hz),
131.2 (J. ¢ = 9 Hz), 131.2 (J, = 3 Hz), 129.7 (J, =
35 Hz), 126.5, 126.4 (J, . = 4 Hz), 122.6 (J, . = 271 Hz).
118.2 (J, . = 22 Hz), 113.8 (J, . = 22 Hz), 20.2. HR-
MS-ESI: m/z C,,H,,O,NF,S [M+H] it 5 {8 384.031 20,
515 384.030 21,

HARL &9 8p G B Bh2,4- — HUR IR M 5
BE, 3% WAL & W) 8a [ & B 7 V549 3 60 [ 44, 72 3R
43%., mp: 186~187 °C, 'H NMR (400 MHz, CDCI,)
5 9.22 (d, J = 2.0 Hz, 1H), 891 (d, J = 2.0 Hz, 1H),
7.63~7.58 (m, 1H), 7.22 (d, J = 1.2 Hz, 1H), 7.12~
7.01 (m, 2H); "C NMR (100 MHz, CDCL,)) ¢ 178.0,
164.8 (J, . = 254 Hz, J, . = 12 Hz), 160.0 (J, . = 255 Hz,
Jp o = 12 Hz), 148.4 (J, . = 2 Hz), 144.9, 138.2, 134.0,
132.7 (Jy. = 4 Hz), 131.5 (J, . = 10 Hz, J, . = 3 Hz),
129.8 (J, . = 35 Hz), 126.9 (J, . = 4 Hz), 126.5 (J, . =
4 Hz), 122.5 (J, . = 272 Hz), 120.0 (J, . = 13 Hz, J, . =
4 Hz), 112.8 (J, . = 22 Hz, J, . = 4 Hz), 105.7 (J, . =
25 Hz). HR-MS-ESI: m/z C,;H,O,NF,S [M+H]" i 5 {8
388.006 13, il 5 {# 388.007 66.

B &Y 8q & BL2, 4- Z SRR A R
B, 1% AL 51 8a 1K) & BT 1245 31 ([ 4K, 77 3R 24%.
mp: 132~133 °C, 'H NMR (400 MHz, DMSO-d,) ¢
9.04 (d, J = 2.0 Hz, 1H), 9.00 (d, J = 2.0 Hz, 1H), 7.93
(d, J = 2.0 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.67 (dd,
J=8.4,2.0 Hz, 1H), 7.23 (s, 1H); *C NMR (100 MHz,
CDCL,) 6 177.9, 151.8, 144.9, 138.4, 137.7, 134.1, 133.8,
132.7 (J, . = 4 Hz), 132.7, 131.6, 130.8, 129.8 (J, . =
36 Hz), 128.0, 127.3, 126.5 (J; . = 4 Hz), 122.6 (J, . =
271 Hz). HR-MS-ESI: m/z C,;H,O,NCLF,S [M+H]" i}
AE 419.947 03, W F 1 419.947 69.

His &9 8r & e DL 2-50-4- 5 R BRI
Bl I8 A E ) 8a 1A BT VEAT B A, 7728 42%.
mp: 172~174 °C, '"H NMR (400 MHz, DMSO-d,) ¢
9.04 (d, J=2.0 Hz, 1H), 9.01 (d, J = 2.0 Hz, 1H), 7.79~
7.73 (m, 2H), 7.48 (td, J = 8.4, 2.4 Hz, 1H), 7.23 (s, 1H);
“C NMR (100 MHz, CDCL) ¢ 178.3, 164.1 (J, . =
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254 Hz), 152.3, 145.2, 138.9, 134.6 (J, . = 11 Hz), 134.5,
133.1 (Jy. = 4 Hz), 132.6 (J, = 9 Hz), 130.8 (J, . =
4 Hz), 130.2 (J, . = 35 Hz), 127.9, 126.8 (J, . = 4 Hz),
122.9 (J, . = 272 Hz), 118.8 (J, . = 25 Hz), 115.5 (J, . =
22 Hz), HR-MS-ESI: m/z C,;H,O,NCIF,S [M+H] i} 5
{E.403.976 58, Il &1 403.978 30.

Hir &8s G e DL 4-FR R R0 N IRt
T WA G 8a (16 W7 49 B (A [, 72 %6 19%. mp:
254~255 °C, '"H NMR (400 MHz, DMSO-d,) 6 10.34
(s, 1H), 8.93 (d, J = 2.0 Hz, 1H), 8.90 (d, J = 2.0 Hz,
1H), 7.71 (d, J = 8.8 Hz, 2H), 7.28 (s, 1H), 6.93 (d, J =
8.8 Hz, 2H); "C NMR (100 MHz, DMSO-d,) 6 177.3,
161.1, 153.6, 145.3, 137.4, 133.1, 130.5 (J, . = 4 Hz),
1289, 127.4 (J, . = 34 Hz), 1263 (J, . = 4 Hz), 125.5,
122.7 (J, . = 271 Hz), 120.3, 116.5. HR-MS-ESI: m/z
C,H,ONF,S [M+H] " it 5 {f 368.019 89, ill & {H
368.018 52.

Hirtb & 8t A R DL 4- H S BE R0 8 N
B, 2B -E ) 8a 1 & BT VAR B [ A, 7 2 41%.
mp: 183~184 °C, '"H NMR (400 MHz, DMSO-d,) ¢
9.00 (s, 1H), 8.96 (s, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.43
(d, J= 8.0 Hz, 2H), 7.41 (s, 1H), 2.41 (s, 3H); "C NMR
(125 MHz, DMSO-d,) § 177.5, 153.6, 145.4, 142.1,
137.5, 133.1, 132.3, 130.6 (J, . = 3 Hz), 130.3, 127.5
(Ju.c = 29 Hz), 127.0, 126.5 (J, . = 3 Hz), 122.7 (J, . =
226 Hz), 122.0, 20.9. HR-MS-ESI: m/z CH, O,NF,S
[M+H] 115141 382.035 54, il &1 382.037 20.

Hir G 8u Ak Lh4- =5 F 2RI R
JEoR, 1% M4 5 W 8a I & BT R4S B 0 [ A, 77
30%. mp: 175~176 °C, '"H NMR (400 MHz, CDCL,) §
9.22 (d, J=2.0 Hz, 1H), 8.93 (d, J= 2.0 Hz, 1H), 7.87~
7.82 (m, 4H), 7.30 (s, 1H); "C NMR (100 MHz, CDCl,)
6 178.1, 153.5, 145.1, 139.2, 137.8, 134.1, 133.6 (J, . =
33 Hz), 132.6 (J; . = 4 Hz), 130.0 (J; . = 35 Hz), 128.0,
126.7 (Jy . = 4 Hz), 126.6 (J,. = 4 Hz), 124.4, 123.6
(Juc = 271 Hz), 122.5 (J;. = 271 Hz). HR-MS-ESI:
m/z C,H,O,NFS [M+H] " it H {f 420.012 36, Wl & &
420.014 13,

Hirtb &9 8v A i LA 4- 2Tk 2R 1 e o )t
B, 12 AL B 1) 8a F) & BT V54T 38 €0 [ 4, 7= 2 50%.
mp: 158~160 °C, 'H NMR (500 MHz, DMSO-d,) §
9.03 (s, 1H), 8.97 (s, 1H), 8.15 (d, J = 8.0 Hz, 2H), 8.02
(d, J = 8.0 Hz, 2H), 7.52 (s, 1H), 2.66 (s, 3H); "C NMR
(100 MHz, CDCL,) ¢ 197.7, 197.0, 178.1, 153.8, 144.4,
139.8, 136.7, 134.1, 132.5 (J,. = 4 Hz), 129.8 (J, . =

35 Hz), 129.1, 127.5, 126.5 (J, . = 4 Hz), 124.1, 122.5
(Ji.c = 272 Hz), 26.8. HR-MS-ESI: m/z C,;H, O,NF,S
[M+H]" {15 4f 394.035 54, JI &:1E 394.036 01,

Hbrfb &9 8w & i DL 4-(WRmE FF 28 8 1 i
ARUR I I A SR, F B AL A ) 8a 1Y) G BT 12515 B A ]
A&, 77 % 61%. mp: 201~202 °C, 'H NMR (400 MHz,
CDCl,) § 9.11 (d, J = 2.0 Hz, 1H), 8.88 (d, J = 2.0 Hz,
1H), 7.47~7.45 (m, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.32
(s, 1H), 3.53 (brs, 2H), 2.42 (brs, 4H), 1.56 (brs, 4H),
1.47 (brs, 2H); "C NMR (100 MHz, CDCL,) 6 179.3,
172.3, 151.7, 144.7, 135.9, 135.4, 133.9, 132.5 (J, . =
4 Hz), 131.5, 129.5 (J, . = 35 Hz), 126.4 (J, . = 4 Hz),
122.6 (J;. = 271 Hz), 120.8, 107.3, 62.8, 54.5, 25.8,
24.2. HR-MS-ESI: m/z C,,H,;,O,N,F,S [M+H] 1t 5 {H
449.114 12, I 515 449.114 87.

B A8 A Lh4-(4-H - 1-WR s H ) 2

TR A 0K 2 1 Ay S5k, 4 MR AL 54 8a I & i 7 V1S B
O EHA, P72 11%. mp: 149~150 °C, '"H NMR (400 MHz,
CD,0D) § 9.09 (d, J = 2.0 Hz, 1H), 8.99 (d, J = 2.0 Hz,
1H), 7.80 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.4 Hz, 2H),
7.28 (s, 1H), 3.73 (s, 2H), 3.18 (brs, 4H), 2.79 (brs, 4H),
2.76 (s, 3H); "C NMR (125 MHz, CD,0D) ¢ 179.8,
156.6, 146.8, 139.3, 136.4, 135.0, 132.4 (J, . = 3 Hz),
131.4, 130.2 (J, . = 29 Hz), 128.5, 127.4 (J, . = 3 Hz),
1242 (J; . = 225 Hz), 123.7, 122.1, 62.2, 55.1, 51.5,
44.0. HR-MS-ESI: m/z C,,H,,O,N,F,S [M+H] 11 5 {&
464.125 02, Wl F{H 464.125 73,
1.3 BiRUEM9a~9gMEaml HiIaEW9als
B PL1-Boe-Mtg-2-BE A J5URL, 42 B4 54 8a (1) 5
TNER A EAR, 772 5%, mp: 110~111 °C. 'HNMR
(400 MHz, CDCl,) 6 9.19 (d, J = 2.0 Hz, 1H), 8.89 (d,
J=2.0Hz, 1H),7.48 (dd,J=3.2, 1.6 Hz, 1H), 7.05 (s, 1H),
6.63 (dd, J = 3.2, 1.6 Hz, 1H), 6.33 (t, J = 3.2 Hz, 1H),
1.50 (s, 9H); "C NMR (100 MHz, CDCL,) 6 178.1, 148.1,
147.9, 144.7, 138.7, 134.2, 132.6 (J,. = 4 Hz), 129.3
(Jp.c = 35 Hz), 127.6, 126.3, 126.3 (J, . = 4 Hz), 125.8,
122.6 (J, . =271 Hz), 119.4, 111.7, 85.8, 27.9. HR-MS-
ESI: m/z C,,H,,O,N,F.S [M+H]" it 5 1 441.072 65, il
w11 441.072 97.

Hin &9 & K #4154 9a (40 mg,
0.091 mmol) % T 1 mL VU S PR RV W, I 30% HY
BN B R VA W (17 uL, 0.091 mmol), 7€ = iR T [ M
0.5 h, TLC Il (=S H bt HIE = 201 1) JRA I B 58
A5, B RRLB R R 25T, NN 10 mL Z& 48K fE H =
A BEEEE (5 mLx3), A HA HUAH, MR SN
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VeI, Jo/KBRBR BT 14, 1 g, W4 5 I IE C be it
W, I U8 TS B 3 AU K 22 mg, FEE T2 %. mp: >
210 °C, '"H NMR (400 MHz, DMSO-d,) d 12.22 (brs,
1H), 8.89 (s, 1H), 8.87 (s, 1H), 7.25 (s, 1H), 7.25~7.24
(m, 1H), 7.00 (dd, J = 3.6, 1.2 Hz, 1H), 6.32 (dd, J = 3.6,
2.4 Hz, 1H); "C NMR (125 MHz, DMSO-d,) ¢ 176.7,
145.1, 144.6, 137.2, 133.4, 130.0 (J; . = 3 Hz), 129.6,
127.0 (J, . = 29 Hz), 1263, 126.1 (J, . = 3 Hz), 122.7
(Juc = 226 Hz), 114.4, 113.1, 111.5. HR-MS-ESI: m/z
C,HONF,S [M+H] " i & & 341.020 22, | & {&
341.020 11.

HErL &P 9e Ia R LAWK -2-BI 2 Bk, 4%
ML & W) 8a (& BT VE S BB AR, 7 % 23%. mp:
186~187 °C . 'H NMR (400 MHz, DMSO-d,) J 8.95
(s, 1H), 8.89 (s, 1H), 8.10 (d, J = 2.0 Hz, 1H), 7.59 (d,
J=13.6 Hz, 1H), 7.44 (s, 1H), 6.81 (dd, J = 3.6, 2.0 Hz,
1H); "C NMR (100 MHz, CDCL,) J 177.8, 148.2, 146.6,
145.0, 142.4, 137.1, 134.3, 123.3 (J, . = 4 Hz), 129.5
(g« = 35 Hz), 126.4 (J, . = 4 Hz), 122.6 (J, . = 271 Hz),
118.3, 113.7, 113.3. HR-MS-ESI: m/z C,H,0,NF,S
[M+H] 5041 342.004 24, JIE:1E 342.004 18.

HARL G 9d i& B DA 2- 5k e -3- 5 R 9 5
Bl % FBALE Y 8a (5 T VLA T (AR, 775 21%.
mp: 140~141 °C, '"H NMR (400 MHz, CDCl,) ¢ 9.23 (d,
J =2.0 Hz, 1H), 8.94 (d, J = 2.0 Hz, 1H), 8.60 (dd, J =
4.8,2.0 Hz, 1H), 7.83 (dd, J = 7.6, 2.0 Hz, 1H), 7.45 (dd,
J=17.6,4.8 Hz, 1H), 7.13 (s, 1H); "C NMR (125 MHz,
CDCL,) 6 177.7,151.7, 150.9, 149.4, 144.8, 139.4, 138.2,
134.0, 132.7 (J, . = 3 Hz), 131.0, 129.9 (J, . = 29 Hz),
127.4,126.6 (J, . = 3 Hz), 122.8, 122.5 (J, . = 226 Hz);
HR-MS-ESI: m/z C H,O,N,CIF,S [M+H] " il & {&
386.981 25, il &1 386.980 93

HARL &Y 9e A B A S-m e 0 B8 A J5URt, 4%
HEAL &1 8a (1 & BT VA 75 B B [EAA, 77 % 22%. mp:
170~171 °C, '"H NMR (400 MHz, DMSO-d,) § 9.38
(s, 1H), 9.24 (s, 2H), 9.01 (d, J = 2.0 Hz, 1H), 8.96 (d,
J=2.0Hz, 1H), 7.59 (s, IH); "C NMR (100 MHz, CDCl,)
0 177.6, 160.9, 155.1, 148.4, 145.0, 137.2, 133.9, 132.7
(Jp.c = 4 Hz), 1304 (J, . = 36 Hz), 130.3, 126.8 (J, . =
4 Hz), 125.0, 122.4 (J, . = 272 Hz). HR-MS-ESI: m/z
C,H,O\N,F,S [M+H] " i & & 354.015 47, I & {&
354.015 17,

HA &Y ot & pe  AWEMR-3-B1 8 A J5 Rt 4%
WAL & W) 8a (& BT VL A5 B B[ A4, 7 %2 40% . mp:
265~267 °C, '"H NMR (400 MHz, DMSO-d,) 6 9.27

(brs, 1H), 9.00 (brs, 1H), 8.96 (s, 1H), 8.93 (s, 1H), 8.20
(brs, 1H), 8.08 (brs, 1H), 7.88 (brs, 1H), 7.72 (brs, 1H),
7.67 (s, IH); *C NMR (100 MHz, CDCl,) 6 178.0, 151.9,
149.2, 147.5, 145.1, 137.8, 135.6, 134.1, 132.7 (J, =
4 Hz), 132.1, 130.0 (J, . = 35 Hz), 129.7, 128.9, 128.8,
128.5, 127.2, 126.6 (J, . = 4 Hz), 124.3, 122.5 (J, . =
272 Hz). HR-MS-ESI: m/z C,,H,;O,N,F,S [M+H] i} &
{E403.035 87, M| & {H 403.037 72.

HAr &M 9g A A BL9-Z0 4% 5] Wk -5 - iR 451
WS T2 i o SRk, 4 BR AL A ) 8a I G 1 145 3 E i £k
72 % 11%. mp: > 210 °C, '"H NMR (400 MHz, CDCl,)
5921 (d, J=2.0 Hz, 1H), 8.94 (d, J = 2.0 Hz, 1H), 8.78
(d, J = 7.2 Hz, 1H), 8.51 (s, 1H), 8.25 (brs, 1H), 7.37 (s,
1H), 7.37~7.35 (m, 1H); “C NMR (100 MHz, CDCL,) 6
177.8, 155.4, 151.4, 150.1, 144.9, 137.2, 133.9, 132.6
(J;.c = 4 Hz), 130.1 (J, . = 35 Hz), 129.6, 126.7 (J; . =
4 Hz), 124.7, 122.3 (J, . = 271 Hz), 115.9, 112.4. HR-
MS-ESI: m/z C,;H,O,N,F,S [M+H]" i} 518 393.026 37,
M E1H 393.028 32,
2 EERZTEMEIRNY

AR 9 S5 4% 03 RO R AR HERK H,y Ry (ATCC 27294),
DA A B PR 6T BB 24, & i) H bR P 7E 0.031~
32 pg-mL ¥R E S R A B 11 AN B R (A9 R A
B EE . OFH B 77 2 0 400U K I 45 4% 43 BT B H, Ry
B0 PR RVE TR R E v, WS AT
-80 °C. HL 96 FLICH AL, T &L+ IMA 100 uL B
WE FE AN 100 pL 2538, FFBEA B ANOI N B R
2 AAEKSTIEFL. 37 cCEIEIE 7 K, FFLINA TR
TR R, 37 °CHE B 16~24 h WL B Hi A8 4k, 31 i
BEEAR AN 5E 530 K 590 nm 7% Y6 AH, 5 MIC, .
3 WERAMEEN
3.1 Vero HRFMMESLIE il 4 4F 1 Vero 41 il &
T LAREFL 50 uL B2l T 96 LR H, 32 A& 0 B i 52
WK 9 64 pg-mL!, A5 95 HEAE 96 ALK b 4% 1:3 33
1T RV F R, BArtb &8 6 MIREE, BANIREE L 64
AT AL, BEAL S0 uL, [0 1 B AN 2 24 11 240 it 6 AL A
R R s (IR FL; 37 °C 5% CO, 55 7 A 85 97 24 h,
FFLIIANMTT 10 pL, 4645595 4 h, 77 L8595, &40
JIA 100 L DMSO, B SURL 58 42 ¥ iR )5, 570 nm %
K Abil e F % E1H (OD,,,), T IC, A -
3.2 FFRAKHBEMNESE HLBHED
(1 pmol-L™) A 7 BB FF 0K A& (1 mg-mL™") H1,
37 °C R #ii% & 5 min, 48 J5 JI N\ 60 uL NADPH ¥ ¥}
(1 mmol-L™") JE B M, #F 37 °C N4k 4205 & 30 min, /£
0 F130 min 43 5 B H 30 pl (19 S S & 20 N 300 pL
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T WARI SRR ISR T Y. FRE R LC-
MS/MS BEAT 40t M58 R B & &0 5 A AR i g
AL, T8, R AR 2R

33 FFABCYPsHIBIERAMNEXR FHilltks
) (0.05~50 wmol-L™") A1 BH 1 X & F A T ki 44
(0.1 mg-mL™") F1 CYPs fiff (3A4/5 F12C9) )XY IR &
TAEW W, 7237 °C T & 5 min, 28 J5 I A NADPH
(1 mmol-L™), §# & 10 min 5, SEZIMAN & A W b5 42
VR 2% 1b SRE, B I TE B 0 S, LC-MS/MS A il
CYPs [ AH SRR P20 45 N A i T FA BL, A 48 45 S 0t
HIC,,.

34 hERGK'BEMHERAMESXE REXRE
hERG % B 73 3# 1) HEK 293 4 g bk 4k FH 46 I 52 1%
1B WX B I T BRI RS . A A S IR B N
0.3~~30 wmol-L"', ZH 4% Ff 1x10° ()% £ 55 72 7F 25 em’
BRI, N1 pgmL" 58 /1% K% T 48 h, A )5 %
M AT AL, R IE B b DL S SR R TF B
(1S58 . 4k HE IR I W B D hERG LA ) K7D, U
HEAMEIF T IC, [H.

V2 BTk 3 75 5 A 25 S0 258 IRAK B ) B ik DA B
REHR; 2R I8 A7 D7 R HR 3 DL SR R A R 5 52 A
AN BRI T PP A LA B B 23 A B0 R 4R I A7 5 R R R
RSB Vi R S %R S

FIFRSE: ToH) ot v 9
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