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Abstract Four kinds of 1,5-benzothiazepines incorporated with triazole moiety: 2,3/2,5-dihydro-3-[(1H-1,2,4-triazol-1-yl)
methyl]-4-aryl-1,5-benzothiazepines (9a~9f, 10a~10f) and 2,3/2,5-dihydro-3-[(2H-1,2,3-triazol-2-yl)methyl]-4-aryl-1,5-
benzothiazepines (17a~17f, 18a~18f) were designed and synthesized. It was found that the isomerization of triazole oc-
curred during the conversion of 15a~15f to the target compounds. Two new compounds 19a and 20a were isolated and their
possible formation mechanism was proposed. The antimicrobial activity test of the target products showed that compounds
9a~9d and 10a~10d had moderate to high inhibitory effect on fungi, and compounds 9b, 9¢, and 10b showed higher inhibi-
tion on C. neoformans than that of fluconazole, which can be used for further investigation for the development of antifungal
drugs.
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Scheme 1 Synthetic route of compounds 9a~9f and 10a~10f
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Synthetic route of compounds 17a~17f and 18a~18f
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Table 1 Antimicrobial activity of compounds 9a~9f, 10a~10f, 17a~17f, 18a~18f, 19a, 20a (diameter of inhibition zone/mm)

Compd. R C. neoformans stand  C. neoformans clinical C. albicans S. aureus E. coli
9a H 16.6 15.9 16.2 7.8 8.4
9b F 24.7 27.6 14.9 6.8 8.0
9¢ Cl 234 12.7 12.9 7.8 8.8
9d Br 21.2 12.0 12.2 7.6 8.1
9e CH;3 6.0 6.0 10.4 6.0 6.0
of OCH3 6.0 6.0 6.0 6.0 6.0
10a H 13.0 11.5 16.2 6.0 6.0
10b F 29.4 30.0 14.3 6.0 6.0
10c Cl 15.3 16.5 14.2 6.0 6.0
10d Br 11.3 6.0 6.0 6.0 6.0
10e CH; 6.0 6.0 6.0 6.0 6.0
10f OCH3 6.0 6.0 6.0 6.0 6.0
17a H 6.0 6.0 6.0 6.0 6.0
17b F 6.0 6.0 6.0 6.0 6.0
17¢ Cl 6.0 6.0 6.0 6.0 6.0
17d Br 6.0 6.0 6.0 6.0 6.0
17e CH; 6.0 6.0 6.0 6.0 6.0
17f OCH3 6.0 6.0 6.0 6.0 6.0
18a H 6.0 6.0 6.0 6.0 6.0
18b F 6.0 6.0 6.0 6.0 6.0
18¢ Cl 6.0 6.0 6.0 6.0 6.0
18d Br 6.0 6.0 6.0 6.0 6.0
18e CH;3 6.0 6.0 6.0 6.0 6.0
18f OCH3 6.0 6.0 6.0 6.0 6.0
19a H 6.0 6.0 6.0 6.0 6.0
20a H 6.0 6.0 6.0 6.0 6.0

Fluconazol — 22.4 22.4 20.2 — —
Ciprofloxacin hydrochloride — — — — 21.6 21.6

@ All values were measured with 200 pg of the tested compound/disk. ? The diameter of the filter paper is 6.0 mm, zone of inhibition 6.0 mm consider as no antibacte-

rial activity.
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BB AR St ob S SN 1S B 2 N ol A e
) AR VR A — 8 AR, R ER R
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B 3 SR TR A I E P, 3 1 C-3 AL E
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IRATIERBAT F A .

LR VE AT e, P AR AR R H
4650 9a~9d A1 10b, 32— T H6H BB BBk
(C. neoformans) 14N 80% H 1A A= K 1 55 /NI BT AR
(MICso) Fll /N A B R B (MFC)(% 2), i3 2 B Al 40,
9b. 9¢ A1 10b ) MICso AIHEMEFZIL, MFC KT U
WM, TEBTEE 25000t 5877 T HAT VAR 1 R F A 1.

F2 LAY 9a~9d F1 10b 1) MICso F1 MFC %4 (ugemL )
Table 2 MICso and MFC values of compounds 9a~9d and 10b
(ngemL ")

MICso MFC
Compd. R ATCC34874 .Clmlcal ATCC3487 4.Clmlcal
isolate isolate
9a H 4.6 4.6 90.0 90.0
9b F 2.2 2.2 61.0 62.0
9¢ Cl 3.0 5.0 79.0 95.0
9d Br 3.5 5.0 73.0 89.0
10b F 2.0 2.0 63.0 63.0
Fluconazol — 2.0 3.0 >128.0 >128.0
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EBRERE IS R AR (C. neoformans  clinical) F1 € 2 Bk
(C. albicans)f 253 = FEFIHIER, HA &4 9b.
9¢ FH 10b X5 AE BRER R B4 R T, 0B el ELAR
T R 2GR, A T 4 R N IR BT IR 2 PR B )
LS-RHBAI E GRS T HEENSHE L.

3 KRS
31 E5EHA

Thermo SCIENTIFIC H!ZLAMEHEAX, KBr K HiZ%;
3200QTRAP Jii it {%; WIPM-NMR-400M ZY 4% pZ 3L ARAX,
TMS M Fk; AVANCEII-500 MHz RAZRESARIX, TMS
N FR; Vario EL TR G R 43 T4

2-FHETRG I B 27 e AR AR AR A TR A F,
Fowr A o i o b gl AR R BR T bR v AR (C
neoformans stand)~ H1 4 FSEREE I IR ¥k (C. neoformans
clinical)~ FEEERF(C. albicans) 415 08 G EKEE (S,
aureus) MKW HE (E. coli), HIFIILITE K244 dn k2%
iRk,

&4 6a~6f. 11a~11f Al 12a~12f {1 & pF% R
CHR[26]77 7.
32 ZLWHE
32,1 1-F A -2-(1H-1,2,4- = 5= F 2)-2- 7 b - 1- B
(7a ~ TH 4 5%

£ 50 mL =R RK AL EY) 6a~6f (5
mmol)Al TMDAM 1.5 g (15 mmol), IIFZE 60 C, N
ZBRHF 1.5 g (15 mmol). hNseke, 4k&+t 1.5 h f51%
1B, NG 2 28 KR & e, i, A HLAR A
ToKBRER AN T 1, 8, WURIRAEER, RRMEHZ
P& F ) - R EE)=200 : 117 B&52LEY
Ta~Tf. Ta~T7f [ 45 RAEEHE RO SCHR[28]— .
322 1-FHA-2-(1H-124- = 84 F 3#)-3-Q-R I K
#AL)-1-7 B (8a ~ 8f) 49 4%,

fE 100 mL = IUEHARIIMANAEY) Ta~TF (5.0
mmol). 2-Z FE A H W 0.63 g (5.0 mmol) A1 15 mL &K H
B, EIBEFE 1 b, BRRAET, RRMEHZEH
V() - OB CE)=1 1 110 B2 &) 8a~
8f.

1- 8 2 2-(1H-1,2,4- — 0 W FH L )-3-(2- & 2 K it
JE)-1- R (8a): B EHPRIAR, 722£91%. 'TH NMR (500
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MRILX

MHz, CDCls) 6: 7.96 (s, 1H), 7.85 (s, 1H), 7.57 (d, J=7.5
Hz, 2H), 7.51 (t, J=7.5 Hz, 1H), 7.40 (d, J=7.5 Hz, 1H),
732 (t, J=7.5 Hz, 2H), 7.20 (t, J=7.5 Hz, 1H), 6.74 (t,
J=8.5 Hz, 2H), 4.73 (dd, J=8.5, 13.5 Hz, 1H), 4.61 (dd,
J=4.0, 13.5 Hz, 1H), 4.35 (s, 2H), 4.24~4.19 (m, 1H),
3.15 (dd, J=4.5, 14.0 Hz, 1H), 2.77 (dd, J=8.0, 14.0 Hz,
1H); 3C NMR (125 MHz, CDCL3) d: 198.7, 149.0, 137.0,
135.1, 133.8, 133.5, 130.9, 128.8, 128.4, 125.0, 118.8,
115.4, 115.2, 49.1, 47.2, 34.6; ESI-MS m/z: 339.2 [M+H]
*. Anal. caled for Ci1sHsN4OS: C 63.88, H 5.36, N 16.56;
found C 63.49, H5.21, N 16.19.

1-(4- A FE)-2-(1H-1,2,4- = F M H 3E)-3-(2-F FE 0K
T JE)-1-P R (8b): B (PR BAR, 722 89%. 'H NMR
(400 MHz, CDCls) 6: 7.98 (s, 1H), 7.85 (s, 1H), 7.55 (t,
J=8.4 Hz, 2H), 7.41 (d, J=8.0 Hz, 1H), 7.21 (t, J=7.6
Hz, 1H), 6.97 (t, J=8.4 Hz, 2H), 6.75 (t, J=7.6 Hz, 2H),
4.72 (dd, J=9.2, 13.6 Hz, 1H), 4.61 (dd, J=4.0, 13.6 Hz,
1H), 4.38 (s, 2H), 4.17~4.11 (m, 1H), 3.12 (dd, J=4.0,
13.6 Hz, 1H), 2.75 (dd, J=8.4, 13.6 Hz, 1H); *C NMR
(100 MHz, CDCls) 6: 197.2, 166.0 (d, 'Je—r=255.3 Hz),
149.0, 137.1, 133.6, 131.2(d, *Jc—r=9.4 Hz), 131.1, 125.0,
119.0, 116.0 (d, 2/c—r=21.8 Hz), 115.4, 115.3,49.2, 47.2,
34.6; ESI-MS m/z: 3572 [M+H]". Anal. caled for
C1sH17FN4OS: C 60.66, H 4.81, N 15.72; found C 60.41, H
439, N 15.48.

1-(4- G A FE)-2-(1H-1,2,4- = F M H 3E)-3-(2-F FE 0K
T J)-1- A A (8c): 2 (L ylDIR A, 722 86%. 'H NMR
(400 MHz, CDCly) &: 7.56 (s, 1H), 7.50 (s, 1H), 7.42~
7.39 (m, 3H), 7.25~7.19 (m, 3H), 6.77~6.71 (m, 2H),
4.90 (dd, J=4.0, 13.6 Hz, 1H), 4.86 (dd, J=9.2, 13.6 Hz,
1H), 4.19~4.13 (m, 1H), 3.14 (dd, J=4.0, 14.0 Hz, 1H),
2.71 (dd, J=9.2, 14.0 Hz, 1H); *C NMR (100 MHz,
CDCls) 6: 197.7, 149.1, 140.4, 137.3, 133.7, 133.6, 131.2,
129.9, 129.2, 125.1, 119.1, 115.4, 49.2, 47.3, 34.6; ESI-MS
m/z: 3732 [M+H]". Anal. caled for CisH;7CIN,OS: C
57.98, H 4.60, N 15.03; found C 57.74, H 4.34, N 14.89.

1-(4- TR K IE)-2-(1H-1,2,4- = F M H1 36)-3-(2- R L 4
i 2)-1-PI R (8d): B E R, 7228 85%. 'H NMR
(400 MHz, CDCls) &: 7.56 (s, 1H), 7.49 (s, 1H), 7.43~
7.41 (m, 3H), 7.33 (d, J=8.4 Hz, 2H), 7.22 (t, J=7.2 Hz,
1H), 6.76 (t, J=8.4 Hz, 2H), 4.94 (dd, J=3.6, 13.2 Hz,
1H), 4.86 (dd, J=8.8, 13.6 Hz, 1H), 4.18-4.13 (m, 1H),
3.14 (dd, J=3.6, 14.0 Hz, 1H), 2.72 (dd, J=8.8, 14.0 Hz,
1H); 3C NMR (100 MHz, CDCL3) 0: 197.7, 148.8, 137.1,
133.8, 133.5, 132.0, 131.0, 129.8, 129.1, 124.8, 118.9,

2366 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

115.3, 115.2, 49.0, 47.1, 34.4; ESI-MS m/z: 439.1 [M+
Na]+. Anal. calcd for CigH7BrN4OS: C 51.81, H 4.11, N
13.43; found C 51.57, H 4.09, N 13.09.

1-(4- R L) 2-(1 H-1,2,4- = UM FFT R )-3-(2- 3 2k
AR HE)-1-N i (8e): B EATIARBA, 72 83%. 'H NMR
(400 MHz, CDCL3) d: 7.96 (s, 1H), 7.85 (s, 1H), 7.46 (d,
J=8.0 Hz, 2H), 7.42 (d, J=7.6 Hz, 1H), 7.21 (t, J=7.6
Hz, 1H), 7.11 (d, J=8.0 Hz, 2H), 6.78~6.71 (m, 2H),
4.72 (dd, J=8.8, 13.6 Hz, 1H), 4.61 (dd, J=2.0, 13.6 Hz,
1H), 4.39 (s, 2H), 4.18~4.15 (m, 1H), 3.14 (dd, J=1.6,
13.6 Hz, 1H), 2.74 (dd, J=8.8, 13.6 Hz, 1H), 2.36 (s, 3H);
13C NMR (100 MHz, CDCl3) J: 198.4, 152.1, 148.8, 144.9,
1442, 137.0, 132.8, 130.9, 129.5, 128.6, 118.9, 115.9,
115.2,48.9, 46.4, 34.6, 21.7; ESI-MS m/z: 353.2 [M+H]".
Anal. caled for Ci9H0N4OS: C 64.75, H 5.72, N 15.90;
found C 64.47, H 5.34, N 15.74.

1-(4- FH AR 3k 8 38 )-2-(1 H-1,2,4- = M F 3E)-3-(2- 3
FLORBR B )-1- PN B (8): 3% (Al IR VA4, 72 % 85%. 'H
NMR (400 MHz, CDCls) 6: 7.96 (s, 1H), 7.85 (s, 1H), 7.55
(d, J=8.8 Hz, 2H), 7.41 (d, J=7.6 Hz, 1H), 7.20 (t, J=6.8
Hz, 1H), 6.78~6.71 (m, 4H), 4.71 (dd, J=8.8, 13.6 Hz,
1H), 4.59 (dd, J=4.4, 13.2 Hz, 1H), 4.40 (s, 2H), 4.17~
4.11 (m, 1H), 3.82 (s, 3H), 3.13 (dd, J=4.4, 13.6 Hz, 1H),
2.75 (dd, J=8.4, 14.0 Hz, 1H); 3C NMR (100 MHz,
CDCls) 6: 197.2, 164.0, 152.1, 148.8, 144.1, 136.9, 130.8,
128.4, 118.9, 115.9, 115.2, 114.0, 55.6, 49.1, 46.1, 34.7;
ESI-MS m/z: 369.1 [M+H]". Anal. calecd for CioHao-
N,4O,S: C 61.94, H 5.47, N 15.21; found C 61.61, H 5.04,
N 15.02.

323 3-(1H-124-= &4 F H)-4-353-2,3/2,5- — A.-
1,5-FF AR R L £ (9a ~ 9f A= 10a ~ 10f) &9 5%,

£ 50 mL = A i\ 8a~8f (6.2 mmol). 15 mL
FRZEFN PTS (2.5 mmol), MRS 7K 2 h, H4 [ B4
HEZR, MA=CHE R0, BRI 757,
TR AR ZAT VA HEE) @ MO OE)=2 115
B934k &4 9a~9f F1 10a~10f.

£ 50 mL = RN 8a (2.0 g, 6.2 mmol). 15 mL
ORI =3 ZFR(0.3 g, 2.5 mmol), IIFEIH//K 1 h,
PR PRA N E =R, N = LB, WE
WRATIEF, FIRWEFEENT[VCRME) © V(LR L85 =
2 L 1) EARRENAEY) 19a.

£ 50 mL = AN 8a (2.0g, 6.2 mmol). 15 mL
FZEH1 DBU (0.6g, 4.0 mmol), JN#EFZ»7K 4 h, ¥ %
MRAEI =, WOEIRGERT, BRMEEEN VA
) D (SRR =2 © 1177 BEREY) 20a.
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3-(1H-1,2,4- =5 M B 36)-4- 28 72 3- —5&-1,5- 2K 5F
TRARE (9a): TR, 7% 37%. 'H NMR (500
MHz, CDCl;) 6: 7.85 (s, 1H), 7.68 (d, J=8.0 Hz, 2H),
7.60 (d, J=7.5 Hz, 1H), 7.52 (s, 1H), 7.49~7.44 (m, 4H),
7.24 (d, J=8.0 Hz, 1H), 7.11 (t, J=7.5 Hz, 1H), 4.31 (dd,
J=14.0, 8.5 Hz, 1H), 4.10 (dd, J=7.0, 14.0 Hz, 1H),
3.98~4.05 (m, 1H), 3.77 (dd, J=12.5, 8.5 Hz, 1H), 3.59
(dd, J=17.0, 12.5 Hz, 1H); '*C NMR (125 MHz, CDCls) ¢:
171.7, 152.3, 151.5, 143.3, 138.8, 134.6, 130.5, 130.2,
128.8, 127.3, 125.5, 125.0, 123.0, 50.1, 44.3, 44.0; IR
(KBr) v: 1615 cm ™ '; ESI-MS m/z: 359.0 [M+K]". Anal.
calced for CisHi16N4S: C 67.47, H 5.03, N 17.49; found C
67.84, H 5.34,N 17.19.

3-(1H-1,2,4- = 5 M 3L )-4-(4- 3 7K 05 )-2,3- & -
1,5- R FF B 0 4% 51 (9b): B (A IR VAR, 72% 27%. 'H
NMR (500 MHz, CDCls) 6: 7.85 (s, 1H), 7.72 (dd, J=5.0,
9.0 Hz, 2H), 7.60 (s, 1H), 7.60 (t, J=8.0 Hz, 1H), 7.45 (t,
J=8.0 Hz, 1H), 7.23 (d, J=8.0 Hz, 1H), 7.14~7.10 (m,
3H), 4.26 (dd, J=15.0, 11.0 Hz, 1H), 4.14~4.05 (m, 2H),
3.72 (dd, J=13.0, 7.0 Hz, 1H), 3.58 (dd, J=6.5, 13.0 Hz,
1H); '3C NMR (125 MHz, CDCl;) d: 170.3, 164.1 (d,
Je-p=259.1 Hz), 152.4, 151.3, 143.3, 135.2(d, “Jc-r=
2.75 Hz), 130.3, 129.5 (d, *Jc—r=8.65 Hz), 125.5, 124.9,
123.1, 115.7 (d, 2Jc—r=22.4 Hz), 60.4, 49.9, 44.0; ESI-MS
m/z: 377.2 [M+K]"; IR (KBr) v: 1600 cm '. Anal. calcd
for C1sH1sN4FS: C 63.89, H 4.47, N 16.56; found C 63.63,
H 4.81,N 16.92.

3-(1H-1,2,4- = M F 3L )-4-(4- & K FE)-2,3- & -
L5-R R A 2% 55 (9c): #H BRI AR, 72% 29%. 'H
NMR (500 MHz, CDCls) §: 7.84 (s, 1H), 7.65 (d, J=8.5
Hz, 2H), 7.60~7.58 (m, 2H), 7.47~7.41 (m, 3H), 7.22 (d,
J=17.5Hz, 1H), 7.11 (t, J=17.5 Hz, 1H), 4.25 (dd, J=15.0,
10.5 Hz, 1H), 4.13~4.04 (m, 2H), 3.72 (dd, J=13.0, 7.0
Hz, 1H), 3.58 (dd, J=6.5, 13.0 Hz, 1H); 3C NMR (125
MHz, CDCls) 6: 170.3, 152.5, 151.3, 143.3, 137.4, 136.8,
134.6, 130.3 129.0, 128.8, 125.6, 125.1, 123.1, 49.9, 44.1,
44.0; ESI-MS m/z: 393.1 [M+K]"; IR (KBr) v: 1615
cm . Anal. caled for CisH sN4SCl: C 60.93, H 4.26, N
15.79; found C 60.54, H 4.56, N 16.28.

3-(1H-1,2,4- = 5 M F 3L )-4-(4- R K JE)-2,3- — & -
1,5-R B A 4 55 (9d): 35 (i IR VAR, 72% 27%. 'H
NMR (500 MHz, CDCLs) d: 7.83 (s, 1H), 7.58 (s, 1H),
7.56~7.54 (m, 5H), 7.43 (t, J=7.5 Hz, 1H), 7.21 (d, J=
7.5 Hz, 1H), 7.09 (t, J=7.5 Hz, 1H), 4.24 (dd, J=15.0,
10.0 Hz, 1H), 4.08~4.01 (m, 2H), 3.69 (dd, J=12.8, 7.0
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Hz, 1H), 3.55 (dd, J=7.0, 12.8 Hz, 1H); '*C NMR (125
MHz, CDCLy) 0: 170.4, 152.4, 151.2, 143.3, 137.8, 134.6,
131.9, 130.3, 129.0, 125.7, 125.2, 125.1, 123.1, 49.9, 44.1,
44.0; ESI-MS m/z: 437.1 [M+K]"; IR (KBr) v: 1614
cm . Anal. caled for CigH;sN4SBr: C 54.14, H 3.79, N
14.03; found C 53.82, H 3.42, N 14.41.

3-(1H-1,2,4- =5 M F 36 )-4-(4- FH R R JE)-2,3- —&-
15-ZK IR A % B (9e): T AHPIRBAR, 72K 27%. 'H
NMR (500 MHz, CDCl3) §: 7.83 (s, 1H), 7.60~7.57 (m,
3H), 7.52 (s, 1H), 7.43 (t, J=7.5 Hz, 1H), 7.26~7.21 (m,
3H), 7.08 (t, J=7.5 Hz, 1H), 4.29 (dd, J=14.0, 8.5 Hz,
1H), 4.09 (dd, J=6.5, 14.0 Hz, 1H), 4.03~3.97 (m, 1H),
3.73 (dd, J=12.5, 7.5 Hz, 1H), 3.57 (dd, J=8.0, 12.5 Hz,
1H), 2.40 (s, 3H); 3C NMR (125 MHz, CDCls) 6: 171.4,
152.3, 151.7, 143.3, 140.9, 136.1, 134.6, 130.2, 129.5,
127.3, 125.3, 124.9, 123.1, 50.1, 44.2, 44.0, 21.4; ESI-MS
m/z: 357.2 [M+Na]"; IR (KBr) v: 1606 cm '. Anal. caled
for CioH 1sN4S: C 68.24, H 5.43, N 16.75; found C 68.53,
H 5.33,N 16.36.

3-(1H-1,2,4- = 58 W F L )-4-(4- FH AR B 55 36)-2,3-
F-15-R IR AR (9): B OHRIBE, 773 25%. 'H
NMR (500 MHz, CDCls) §: 7.84 (s, 1H), 7.69 (d, J=8.5
Hz, 2H), 7.58~7.56 (m, 2H), 7.43 (t, J=7.5 Hz, 1H), 7.21
(d, J=7.5 Hz, 1H), 7.07 (t, J=7.5 Hz, 1H), 6.94 (d, J=8.5
Hz, 2H), 4.29 (dd, J=12.5, 7.5 Hz, 1H), 4.12~4.04 (m,
2H), 3.86 (s, 3H), 3.71 (dd, J=13.0, 6.5 Hz, 1H), 3.59 (dd,
J=6.0, 13.0 Hz, 1H); '3C NMR (125 MHz, CDCls) 6
170.6, 161.7, 152.4, 151.8, 143.3, 134.5, 131.4, 130.2,
129.1, 125.1, 124.9, 114.1, 55.5, 50.2, 44.1, 43.9; ESI-MS
m/z: 351.2 [M+H]"; IR (KBr) v: 1601 cm '. Anal. calcd
for C1oHsN4OS: C 65.12, H 5.18, N 15.99; found C 65.42,
H5.07, N 16.37.

3-(1H-12,4-=F M F 3E)-4- 2K 2 5- - 1,5-HFF
B A 4% B (10a): 35 AP EAR, 72% 12%. 'H NMR
(500 MHz, CDCls) 0: 8.43 (s, 1H), 7.97 (s, 1H), 7.93 (s,
1H), 7.51~7.44 (m, 5H), 7.17 (d, J=8.0 Hz, 1H), 7.13 (d,
J=8.0 Hz, 1H), 7.05 (t, J=8.0 Hz, 1H), 6.73 (t, J=7.5
Hz, 1H), 4.53 (s, 2H), 3.42 (s, 2H); '3C NMR (125 MHz,
CDCly) &: 151.8, 143.8, 142.8, 139.0, 133.1, 129.3,
129.1, 128.9, 127.8, 120.7, 107.8, 54.8, 35.9; ESI-MS m/z:
3432 [M+Na]'; IR (KBr) v: 3283, 1664 cm '. Anal.
calced for CisHi16N4sS: C 67.47, H 5.03, N 17.49; found C
67.24,H5.37,N 17.14.

3-(1H-1,2,4- = 58 M 36 )-4-(4- 3 7K 95 )-2,5- & -
1,5- R IFR AR 5 (10b): B PR EAR, 72% 11%. 'H
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NMR (500 MHz, CDCl;) o: 8.00 (s, 1H), 7.89 (s, 1H), 7.48
(dd, J=5.0, 9.0 Hz, 2H), 7.29 (d, /=8.0 Hz, 1H), 7.14~
7.08 (m, 3H), 6.84 (t, J=7.5 Hz, 1H), 6.75 (d, J=8.0 Hz,
1H), 5.94 (s, 1H), 4.56 (s, 2H), 3.48 (s, 2H); '*C NMR
(125 MHz, CDCI5) d: 151.9, 143.5, 142.7 (d, 'Jc—r=234.6
Hz), 134.9, 133.0, 130.9 (d, “Jc-r=8.1 Hz), 127.8, 125.6,
121.8 (d, 2Jc ¥=40.6 Hz), 116.1 (d, *Jc r=21.4 Hz),
108.5, 54.7, 35.7; ESI-MS m/z: 361.1 [M+Na]', 377.3 [M
+XK]"; IR (KBr) v: 3179, 1661 cm '. Anal. caled for
CisHisN4FS: C 63.89, H 4.47, N 16.56; found C 63.57, H
4.75,N 16.91.

3-(1H-1,2,4- = M F 3L )-4-(4- & 7K 55 )-2,5- & -
13- RIFRM A B (10¢): & R AR, 72% 10%. 'H
NMR (500 MHz, CDCl3) ¢: 8.00 (s, 1H), 7.90 (s, 1H), 7.46
(d, J=8.5 Hz, 2H), 7.41 (d, J=8.0 Hz, 2H), 7.26 (d, J=
8.0 Hz, 1H), 7.09 (t, J=7.5 Hz, 1H), 6.83 (t, J/=7.5 Hz,
1H), 6.73 (d, J=8.0 Hz, 1H), 5.85 (s, 1H), 4.56 (s, 2H),
3.47 (s, 2H); 3C NMR (125 MHz, CDCl;) 6: 152.1, 148.8,
144.1, 140.3, 137.0, 133.5, 131.0, 129.8, 129.1, 118.9,
115.2, 46.5, 34.2; ESI-MS m/z: 393.1 [M+K]"; IR (KBr)
v: 3335, 1682 cm !. Anal. caled for CisHsN4SClL: C 60.93,
H 4.26, N 15.79; found C 60.67, H4.01, N 16.16.

3-(1H-1,2,4- = % e B JE )-4-(4- IR 25 FE)-2,5- & -
1,5- B IFM AR B (10d): 3 (iR, 73 9%. 'H
NMR (500 MHz, CDCls) o: 7.95 (s, 1H), 7.86 (s, 1H), 7.55
(d, J=8.0 Hz, 2H), 7.36 (d, J=8.0 Hz, 2H), 7.28 (d, J=
7.5 Hz, 1H), 7.09 (t, J/=8.0 Hz, 1H), 6.82 (t, J=7.5 Hz,
1H), 6.77 (d, J=8.0 Hz, 1H), 6.10 (s, 1H), 4.54 (s, 2H),
3.46 (s, 2H); *C NMR (125 MHz, CDCl;) 6: 151.9, 143.6,
142.8, 141.5, 137.7, 133.0, 132.2, 130.7, 127.8, 125.6,
123.5, 121.1, 120.7, 108.6, 54.6, 35.7; ESI-MS m/z: 437.1
[M+K]"; IR (KBr) v: 3291, 1661 cm . Anal. calcd for
CisHisN4BrS: C 54.14, H 3.79, N 14.03; found C 53.95, H
3.41,N 14.31.

3-(1H-1,2,4- =5 M F I )-4-(4- H L2k 0 )-2,5- & -
L5-ZRIF M A 2% B (10e): 38 (O PIRIBAR, 7= % 8%. 'H
NMR (500 MHz, CDCls3) o: 7.97 (s, 1H), 7.86 (s, 1H), 7.33
(d, J=8.0 Hz, 2H), 7.28 (d, J=17.5 Hz, 3H), 7.07 (t, J=7.5
Hz, 1H), 6.81 (t, J=7.5 Hz, 1H), 6.73 (d, /=8.0 Hz, 1H),
6.04 (s, 1H), 4.58 (s, 2H), 3.49 (s, 2H), 2.38 (s, 3H); 1*C
NMR (125 MHz, CDCls) d: 151.8, 143.8, 142.8, 139.3,
136.1, 133.0, 129.7, 128.8, 127.7, 125.6, 120.8, 120.6,
107.8, 54.9, 35.8, 21.3; ESI-MS m/z: 357.2 [M+Na]’,
373.1 [M+K]"; IR (KBr) v: 3317, 1664 cm . Anal. calcd
for C1oH;sN4S: C 68.24, H 5.43, N 16.75; found C 68.64,
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H 5.34,N 16.45.

3-(1H-1,2,4- = 58 W F L )-4-(4- FH AR B 55 36)-2,5-
H-L5- IR FEA0): B AMHARBIE, 77E 10%.
'H NMR (500 MHz, CDCl;) 6: 8.03 (s, 1H), 7.93 (s, 1H),
7.40 (d, J=9.0 Hz, 2H), 7.30 (d, J=7.0 Hz, 1H), 7.10 (t,
J=8.5 Hz, 1H), 6.96 (d, J=8.5 Hz, 2H), 6.83 (t, J=7.5
Hz, 1H), 6.71 (d, J=8.0 Hz, 1H), 5.77 (s, 1H), 4.62 (s,
2H), 3.85 (s, 3H), 3.52 (s, 2H); 3C NMR (125 MHz,
CDCl;) J: 169.5, 167.6, 151.0, 135.5, 130.5, 127.8, 127.7,
125.6, 123.4, 121.9, 115.5, 115.3, 59.4, 53.4, 23.8; ESI-MS
m/z: 351.1 [M+H]"; IR (KBr) v: 3119, 1667 cm '. Anal.
calcd for C1oH sN4OS: C 65.12, H 5.18, N 15.99; found C
65.03, H5.17, N 15.75.

3-F FA B -4- 2K 32, 3- A-1,5- K B A 2% E (19a):
HARTBAA, 77 89%. "H NMR (500 MHz, CDCl;) 6: 8.13
(d, J=17.0 Hz, 2H), 7.62(d, J=7.5 Hz, 1H), 7.56~7.50
(m, 3H), 7.43 (t, J=7.5 Hz, 1H), 7.32~7.30 (m, 1H), 7.09
(t, J=7.5 Hz, 1H), 5.28(s, 1H), 4.85 (s, 1H), 4.26 (s, 2H);
13C NMR (125 MHz, CDCl;) d: 170.9, 154.2, 141.8, 136.2,
1347, 131.4, 129.6, 128.7, 1283, 125.4, 124.7, 31.5;
ESI-MS m/z: 2522 [M+H]", 2742 [M+Na]". Anal.
caled for CigHi3NS: C 76.46, H 5.21, N 5.57; found C
76.07, H 5.10, N 5.77.

3-2K I 55 -2,3,4,5- DU &-1,5- 2K JE B AU 2% 5 (20a):
HEEAR, 723 54%. mp. 118~119 ‘C; '"H NMR (500
MHz, CDCls) 8: 7.97 (d, J=7.0 Hz, 2H), 7.60 (t, J=7.5
Hz, 1H), 7.50 (t, J=7.5 Hz, 2H), 7.31 (d, J=8.0 Hz, 1H),
7.04 (t, J=8.0 Hz, 1H), 6.79 (t, J=7.5 Hz, 1H), 6.68 (d,
J=17.5 Hz, 1H), 4.03~3.96 (m, 2H), 3.30 (t, J=7.5 Hz,
1H), 3.35 (dd, J=6.5, 13.5 Hz, 1H), 3.14 (dd, J=4.0, 14.5
Hz, 1H); 3C NMR (125 MHz, CDCls) d: 200.5, 149.7,
135.5, 133.3, 132.1, 128.8, 128.3, 127.6, 123.0, 120.7,
119.4, 50.0, 48.2, 33.4; ESI-MS m/z: 2702 [M+H]",
292.1 [M+Na]". Anal. caled for C;¢H;sNOS: C 71.35, H
5.61, N 5.20. found C 71.01, H 5.29, N 5.57.

324 1-3%K-2-(1H/2H-1,2,3- = A& F H)-2-7 bi-1-
BR(13a~13f/14a~—14£) 4955,

&Y 13a~13f/14a~14f {15 R77%E Ta~Tf,
SE M RAEBHE N SCHR[28]— 2K
325 1-FA-2-(1HR2H-1,2,3-= &= F &£)-3-2- R4
FEA)-1-ABR(15a~151/16a~16f) 85 %,

1-75 3-2-(1H/2H-1,2,3- = 5 M F 38)-3-(2- & JE R I
F)-1-H B (15a~15£/16a~16f) 1) & K J712:[7 8a~S8f.

1- 78 5 2-(1H-1,2,3- = % M F 36 )-3-(2- & 2 R At
F)-1-T B (15a): 3 EHCIRBE, 7% 91%. 'H NMR
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(400 MHz, CDCLy) 8: 7.55 (s, 1H), 7.53 (s, 1H), 7.50 (d,
J=6.8 Hz, 2H), 7.48 (d, J=7.2 Hz, 1H), 7.41 (d, J=7.6
Hz, 1H), 7.30 (t, J=7.2 Hz, 2H), 7.20 (t, J=7.6 Hz, 1H),
6.75 (d, J=8.0 Hz, 1H), 6.71 (t, J=7.4 Hz, 1H), 4.94 (dd,
J=13.6, 4.4 Hz, 1H), 4.88 (dd, J=8.8, 13.6 Hz, 1H), 4.42
(s, 2H), 4.24~420 (m, 1H), 3.17 (dd, J=14.0, 4.0 Hz,
1H), 2.74 (dd, J=8.8, 14.0 Hz, 1H); *C NMR (100 MHz,
CDCls) d: 198.8, 148.9, 137.1, 135.1, 133.6, 130.8, 128.5,
125.1, 118.8, 115.5, 115.1, 49.1, 47.2, 34.6; ESI-MS m/z:
339.2 [M+H]". Anal. calcd for C;sH;sN4OS: C 63.88, H
5.36, N 16.56; found C 63.42, H 5.30, N 16.35.

1-(4- A FE)-2-(1H-1,2,3- = F M H 3E)-3-(2-F FE 0K
i E)-1-IN B (15b): 3 Ea R, 7% 91%. 'H NMR
(400 MHz, CDCl3) §: 7.56 (s, 1H), 7.52 (d, J=5.6 Hz,
1H), 7.50 (t, J=7.6 Hz, 1H), 7.49 (s, 1H), 7.22 (d, J=7.2
Hz, 2H), 6.95 (t, J=8.4 Hz, 2H), 6.76 (d, J=8.4 Hz, 1H),
6.73 (t, J=7.6 Hz, 1H), 4.95 (dd, J=13.6, 4.4 Hz, 1H),
4.86 (dd, J=8.8, 13.6 Hz, 1H), 4.39 (s, 2H), 4.20~4.16
(m, 1H), 3.16 (dd, J=14.0, 4.0 Hz, 1H), 2.73 (dd, J=8.8,
14.0 Hz, 1H); *C NMR (100 MHz, CDCly) d: 197.2,
167.7, 166.0 (d, 'Je—r=255.2 Hz), 148.9, 137.2, 131.6,
1312, 119.0, 115.4, 115.3, 49.2, 47.2, 34.6; ESI-MS m/z:
357.1 [M+H]". Anal. caled for CisH;7FN,OS: C 60.66, H
4.81,N 15.72; found C 60.30, H 4.54, N 15.61.

1-(4- 5 R HE)-2-(1H-1,2,3- = UM F 3k )-3-(2- R JE 2K
T E)-1-PI i (15¢): 38 ElRBUE, 772 88%. '"H NMR
(400 MHz, CDCLy) 8: 7.56 (s, 1H), 7.50 (s, 1H), 7.42 (d,
J=8.8 Hz, 1H), 7.40 (d, J=8.8 Hz, 2H), 7.27 (d, J=7.2
Hz, 1H), 7.21 (t, J=7.6 Hz, 2H), 6.76 (d, J=8.4 Hz, 1H),
6.73 (t, J=7.6 Hz, 1H), 4.93(dd, J=15.0, 10.5 Hz, 1H),
4.86 (dd, J=10.0, 15.0 Hz, 1H), 4.42 (s, 2H), 4.19~4.14
(m, 1H), 3.16 (dd, J=13.0, 7.0 Hz, 1H), 2.72 (dd, J=6.5,
13.0 Hz, 1H); '*C NMR (100 MHz, CDCls) 6: 197.8,
148.9, 137.2, 133.8, 133.5, 132.2, 131.1, 130.0, 129.2,
124.8, 118.9, 115.3, 49.1, 47.1, 34.4; ESI-MS m/z: 373.2
[M+H]". Anal. caled for C;sH;7CIN4OS: C 57.98, H 4.60,
N 15.03; found C 57.68, H 4.51, N 14.78.

1-(4- PR 2R FE)-2-(1H-1,2,3- = F M H 3E)-3-(2-F FE K
T dE)-1-AF(15d): 35 EOHPRIBE, 723 86%. 'H NMR
(400 MHz, CDCly) &: 7.56 (s, 1H), 7.49 (s, 1H), 7.41~
7.43 (m, 3H), 7.32 (d, J=8.4 Hz, 2H), 7.22 (t, J=7.4 Hz,
1H), 6.76 (d, J=8.4 Hz, 1H), 6.73 (t, J=7.6 Hz, 1H), 4.94
(dd, J=15.0, 10.0 Hz, 1H), 4.86 (dd, J=10.0, 15.0 Hz,
1H), 4.40 (s, 2H), 4.18~4.14 (m, 1H), 3.14 (dd, J=12.8,
7.0 Hz, 1H), 2.72 (dd, J=7.0, 12.8 Hz, 1H); 3C NMR
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(100 MHz, CDCL3) 6: 198.8, 148.9, 137.1, 135.1, 133.6,
130.8, 128.5, 125.1, 118.8, 115.5, 49.2, 47.2, 34.6; ESI-MS
m/z: 417.1 [M+H]". Anal. caled for C;sH;7BrN,OS: C
51.81, H4.11, N 13.43; found C 51.49, H 4.09, N 13.25.

1-(4- P B R HE)-2-(1 H-1,2,3- = %Mk F1 3k )-3-(2- 3 3k
IR AL)-1- T i (15e): B8 oyl R, 7= 2% 85%. 'H
NMR (400 MHz, CDCls) 6: 7.53 (s, 1H), 7.47 (s, 1H), 7.43
(d, J=6.0 Hz, 1H), 7.41 (t, J=7.6 Hz, 2H), 7.20 (t, J=7.6
Hz, 1H), 7.09 (d, J=8.0 Hz, 2H), 6.75 (d, J=8.4 Hz, 1H),
6.71 (t, J=7.6 Hz, 1H), 4.94 (dd, J=14.0, 8.5 Hz, 1H),
4.42 (s, 2H), 4.86 (dd, J=6.5, 14.0 Hz, 1H), 4.20~4.15
(m, 1H), 3.17 (dd, J=12.5, 7.5 Hz, 1H), 2.72 (dd, J=8.0,
12.5 Hz, 1H), 2.35 (s, 3H); 3C NMR (100 MHz, CDCl;) §:
198.3, 148.9, 144.9, 136.9, 133.6, 132.7, 131.0, 129.3,
128.4, 124.8, 118.8, 115.6, 115.3, 109.0, 49.2, 47.2, 34.8,
21.6; ESI-MS m/z: 353.3 [M+H]". Anal. caled for CjoHyo-
N,OS: C 64.75, H 5.72, N 15.90; found C 64.38, H 5.60, N
15.57.

1-(4- H A 2R 3E)-2-(1H-1,2,3- = UM F 36 )-3-(2-&
FLORBRFL)-1-AER (150): #EeIREA, 7% 83%. 'H
NMR (400 MHz, CDCl3) 6: 7.53 (s, 1H), 7.51 (s, 1H), 7.48
(d, J=6.5 Hz, 2H), 7.42 (d, J=7.6 Hz, 1H), 7.19 (t, J=7.6
Hz, 1H), 6.72 (t, J=8.8 Hz, 4H), 4.92 (dd, J=12.5, 7.5
Hz, 1H), 4.44 (s, 2H), 4.15 (dd, J=6.5, 12.5 Hz, 1H),
4.16~4.14 (m, 1H), 3.81 (s, 3H), 3.16 (dd, J=13.0, 6.5
Hz, 1H), 2.73 (dd, J=6.0, 13.0 Hz, 1H); 3C NMR (100
MHz, CDCL3) 0: 197.1, 164.0, 148.9, 137.1, 133.6, 130.9,
128.2, 124.8, 118.7, 115.6, 115.3, 115.1, 114.0, 55.5, 49.4,
46.9, 34.9; ESI-MS m/z: 369.2 [M+H]". Anal. calcd for
C19H20N40,S: C 61.94, H 5.47, N 15.21; found C 61.58, H
5.38, N 14.99.

1- 2K 3 -2-(2H-1,2,3- = 2 Mk A 0k )-3-(2- % i 2K it
F)-1-0 i (16a): 2 (R AR, 722 92%. 'H NMR
(400 MHz, CDCL3) d: 7.65 (d, J=7.6 Hz, 2H), 7.49 (d, J=
6.8 Hz, 1H), 7.47 (s, 2H), 7.32 (d, J=7.6 Hz, 1H), 7.30 (t,
J=6.8 Hz, 2H), 7.12 (t, J=7.6 Hz, 1H), 6.67 (d, J=8.0
Hz, 1H), 6.64 (t, J=7.6 Hz, 1H), 4.95 (dd, J=13.6, 7.6
Hz, 1H), 4.83 (dd, J=5.6, 13.6 Hz, 1H), 4.34~4.27 (m,
3H),3.18 (dd, J=13.6, 6.0 Hz, 1H), 2.83 (dd, J=7.2, 13.6
Hz, 1H); 3C NMR (100 MHz, CDCl;) d: 198.9, 148.7,
136.7, 135.8, 134.5, 133.6, 130.6, 128.5, 118.5, 115.9,
115.1, 54.6, 46.1, 34.2; ESI-MS m/z: 339.3 [M+H]".
Anal. caled for C;sHisN4OS: C 63.88, H 5.36, N 16.56;
found C 63.52, H 5.20, N 16.25.

1-(4- 5 K 3E)-2-(2H-1,2,3- = UM FH ) -3-(2- R L
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T JE)-1- A (16b): B8 PRI A, 7% 88%. 'H NMR
(400 MHz, CDCls) 6: 7.66 (t, J=5.6 Hz, 2H), 7.50 (s, 2H),
7.30 (d, J=8.8 Hz, 1H), 7.15 (t, J=7.6 Hz, 1H), 6.99 (t,
J=8.6 Hz, 2H), 6.71 (d, J=8.0 Hz, 1H), 6.67 (t, J=7.4
Hz, 1H), 4.94 (dd, J=13.6, 8.0 Hz, 1H), 4.84 (dd, J=5.6,
13.6 Hz, 1H), 4.30 (s, 2H), 4.28~4.21 (m, 1H), 3.17 (dd,
J=13.6, 5.6 Hz, 1H), 2.84 (dd, J=7.6, 13.6 Hz, 1H); 1*C
NMR (100 MHz, CDCL3) 6: 197.3, 165.9 (d, 'Je-r=254.3
Hz), 148.7, 136.7, 134.5, 132.2, 131.1, 130.6 (d, Ycr=
16.9 Hz), 118.6 (d, *Jc£=9.5 Hz), 115.8, 115.1, 115.0,
54.6, 46.0, 34.1; ESI-MS m/z: 357.3 [M+H]". Anal. calcd
for CisH7FN4OS: C 60.66, H 4.81, N 15.72; found C
60.29, H 4.68, N 15.94.

1-(4- S A FE)-2-(2H-1,2,3- = F M H 3E)-3-(2-F FE 0K
T dE)-1- i (16¢): B8 AIHPRIAE, 7% 86%. 'H NMR
(400 MHz, CDCl3) §: 7.55 (d, J=8.4 Hz, 2H), 7.50 (s,
2H), 7.29 (d, J=8.4 Hz, 2H), 7.27 (d, J=8.4 Hz, 1H), 7.17
(t, J=7.6 Hz, 1H), 6.71 (d, J=8.4 Hz, 1H), 6.67 (t, J=7.6
Hz, 1H), 4.94 (dd, J=13.6, 8.0 Hz, 1H), 4.84 (dd, J=5.2,
13.6 Hz, 1H), 4.30 (s, 2H), 4.27~4.20 (m, 1H), 3.16 (dd,
J=13.6, 5.6 Hz, 1H), 2.83 (dd, J=7.6, 13.6 Hz, 1H); 1*C
NMR (100 MHz, CDCly) §: 197.7,148.7, 140.0, 134.5,
134.1, 132.3, 129.9, 129.7, 128.8, 118.7, 118.6, 115.8,
115.2, 54.6, 46.1, 34.1; ESI-MS m/z: 373.4 [M+H]".
Anal. caled for CigH;7CIN4OS: C 57.98, H 4.60, N 15.03;
found C 57.60, H 4.31, N 14.72.

1-(4- VR KL )-2-(2H-1,2,3- = UM F 3k )-3-(2- R JE 2K
i 3E)-1-H E(16d): 3% (LRI, 723 86%. 'H NMR
(400 MHz, CDCls) &: 7.50 (s, 2H), 7.45 (d, J=9.2 Hz,
4H), 7.29 (d, J=7.6 Hz, 1H), 7.16 (t, J=7.6 Hz, 1H), 6.70
(d, J=9.0 Hz, 1H), 6.66 (t, J=7.6 Hz, 1H), 4.94 (dd, J=
13.4, 8.4 Hz, 1H), 4.83 (dd, J=5.2, 13.4 Hz, 1H), 4.31 (s,
2H), 4.26~4.19 (m, 1H), 3.16 (dd, J=13.6, 5.6 Hz, 1H),
2.82 (dd, J=17.6, 13.6 Hz, 1H); 3C NMR (100 MHz,
CDCls) 6: 197.9, 148.7, 134.5, 134.3, 129.9, 128.8, 118.7,
118.6, 115.8, 115.2, 115.0, 54.5, 46.1, 34.0; ESI-MS m/z:
417.1 [M+H]". Anal. caled for C;sH;7BrN4OS: C 51.81,
H 4.11, N 13.43; found C 51.70, H 4.09, N 13.75.

1-(4- F B 2R E)-2-(2H-1,2,3- = 20k H L )-3-(2- & 2k
KB EL)-1-TH B (16e): 7 (i R AR, 7% 85%. 'H
NMR (400 MHz, CDCL3) 6: 7.57 (d, J=7.6 Hz, 2H), 7.50
(s, 2H), 7.29 (t, J=7.6 Hz, 1H), 7.12~7.16 (m, 3H), 6.70
(d, J=8.0 Hz, 1H), 6.66 (t, J=7.6 Hz, 1H), 4.94 (dd, J=
13.6, 7.6 Hz, 1H), 4.82 (dd, J=5.6, 13.6 Hz, 1H), 4.31 (s,
2H), 4.29~4.24 (m, 1H), 3.18 (dd, J=13.6, 5.6 Hz, 1H),
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2.82 (dd, J=17.6, 13.6 Hz, 1H), 2.35 (s, 3H); *C NMR
(100 MHz, CDCLs) 0: 198.4, 148.7, 144.4, 136.5, 134.4,
133.3, 130.5, 129.4, 128.6, 118.6, 116.1, 115.1, 54.7, 46.0,
34.4, 21.7; ESI-MS m/z: 353.4 [M+H]". Anal. calcd for
C19H20N,0S: C 64.75, H 5.72, N 15.90; found C 64.31, H
5.54,N 15.48.

1-(4- H A 28 3E)-2-(2H-1,2,3- = UM F 36 )-3-(2- &
FLORBRHL)-1- A ER (16f): B EipIRBAA, 72F 82%. 'H
NMR (400 MHz, CDCl;) 6: 7.65 (t, J=8.0 Hz, 2H), 7.50
(s, 2H), 7.30 (d, J=7.6 Hz, 1H), 7.14 (t, J=7.6 Hz, 1H),
6.80 (d, J=8.4 Hz, 2H), 6.70 (d, J=7.0 Hz, 1H), 6.60 (t,
J=17.0 Hz, 1H), 4.93 (dd, J=13.6, 7.6 Hz, 1H), 4.81 (dd,
J=5.6, 13.6 Hz, 1H), 4.30 (s, 2H), 4.27~4.25 (m, 1H),
3.83 (s, 3H),3.19 (dd, J=13.6, 5.6 Hz 1H), 2.83 (dd, J=
7.6, 13.6 Hz, 1H); 3C NMR (100 MHz, CDCL3) 6: 197.2,
163.8, 148.6, 134.2, 130.9, 128.8, 118.6, 116.2, 115.0,
113.9, 113.7, 55.4, 54.9, 45.8, 34.4; ESI-MS m/z: 369.3
[M+H]". Anal. calcd for C;9H20N40,S: C 61.94, H 5.47,
N 15.21; found C 61.56, H 5.31, N 15.45.

32.6 3-(2H-123-=Z &4 F H)-4-353-2,3/2,5- — A
1,5- K F AR L 55 (17a ~ 17f #= 18a ~ 18) 894 %,

3-(2H-1,2,3- = Z M H 3 )-4- 55 £ -2,3/2,5- —4&(-1,5-
FIFM AL E1Ta~17f £ 18a~186) )& T iE R &
) 9a~9f 1 10a~10f.

3-(2H-1,2,3- =& M B ) -4- 2K 362 3- - 1,5-9F
TR A% (17a): 3 EHRAR, 723 44%. 'H NMR
(400 MHz, CDCl3) 8: 7.74~7.72 (m, 2H), 7.56 (d, J=7.6
Hz, 1H), 7.51 (s, 2H), 7.47~7.42 (m, 4H), 7.27 (d, J=8.4
Hz, 1H), 7.07 (t, J=8.0 Hz, 1H), 4.51 (dd, J=14.0, 6.4
Hz, 1H), 4.45 (dd, J=8.4, 14.0 Hz, 1H), 4.02~3.94 (m,
1H).3.62 (d, J=8.0 Hz, 2H); '*C NMR (100 MHz, CDCls)
5: 172.2, 151.6, 139.0, 134.5, 130.2, 130.0, 128.7, 127.4,
125.3, 125.2, 123.0, 55.6, 44.5, 44.2; ESI-MS m/z: 321.3
[M+H]"; IR (KBr) v: 1620 cm ! Anal. caled for
CisH eN4S: C 67.47, H 5.03, N 17.49; found C 67.74, H
5.24,N 17.29.

3-(2H-1,2,3- = (M H1 35 )-4-(4- 980 2K 25)-2,3- —&L-
LS-ZRFIEB AL B (17b): BEHARIBUE, 7% 47%. 'H
NMR (400 MHz, CDCL3) 6: 7.76 (dd, J=5.2, 6.4 Hz, 2H),
7.57 (d, J=7.6 Hz, 1H), 7.51 (s, 2H), 7.44 (t, J=8.2 Hz,
1H), 7.25 (d, J=6.4 Hz, 1H), 7.13 (t, J=8.4 Hz, 2H), 7.08
(t, J=7.6 Hz, 1H), 4.50 (dd, J=14.0, 6.8 Hz, 1H), 4.42
(dd, J=8.0, 14.0 Hz, 1H), 4.05~4.01 (m, 1H), 3.61 (d,
J=7.6 Hz, 2H); '3C NMR (100 MHz, CDCls) J: 170.8,
164.0 (d, 'Je—5=249.5 Hz), 151.4, 135.2, 134.5 (d, *Jo—s=
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9.9 Hz), 130.1, 129.6, 125.3, 123.0, 115.7 (d, %Jes=
21.6Hz), 55.5, 44.2; ESI-MS m/z: 361.1 [M+Na]'; IR
(KBr) v: 1622 cm . Anal. calcd for CigH sN4FS: C 63.89,
H 4.47, N 16.56; found C 63.53, H4.71, N 16.82.

3-(2H-1,2,3- = % e B JE )-4-(4- G R HE)-2,3- & -
LS-ZRIFM AR B (17¢): F ORIk, 77% 41%. 'H
NMR (400 MHz, CDCL3) 6: 7.69 (d, J=8.4 Hz, 2H), 7.57
(d, J=8.0 Hz, 1H), 7.51 (s, 2H), 7.45~7.47 (m, 3H), 7.25
(d, J=8.0 Hz, 1H), 7.09 (t, J=7.6 Hz, 1H), 4.55 (dd, J=
13.8, 6.8 Hz, 1H), 4.47 (dd, J=4.8, 13.8 Hz, 1H), 4.04~
4.02 (m, 1H), 3.65 (d, J=8.0 Hz, 2H); '*C NMR (100
MHz, CDCl) 0: 170.8, 151.3, 137.4, 136.5, 134.5, 130.1,
128.8, 125.4, 125.3, 123.1, 55.4, 44.3, 44.2; ESI-MS m/z:
3552 [M+H]"; IR (KBr) v: 1642 cm '. Anal. calcd for
C1sH sN4SCl: C 60.93, H 4.26, N 15.79; found C 61.23, H
4.40,N 16.12.

3-(2H-1,2,3- = % e B JE )-4-(4- IR 25 FE)-2,3- & -
LS-RIHB A E17d): B AR AR, 723 43%. 'H
NMR (400 MHz, CDCls) d: 7.63~7.56 (m, 5H), 7.51 (s,
2H), 7.43 (t, J=7.8 Hz, 1H), 7.25 (d, J=7.6 Hz, 1H), 7.09
(t, J=7.6 Hz, 1H), 4.51 (dd, J=14.0, 6.8 Hz, 1H), 4.45
(dd, J=8.4, 14.0 Hz, 1H), 4.05~3.98 (m, 1H) 3.61 (d, J=
7.6 Hz, 2H); '3C NMR (100 MHz, CDCl;) §: 170.8, 151.3,
137.9, 134.5, 131.8, 130.1, 129.0, 125.5, 125.3, 124.9,
123.1, 55.4, 44.3, 44.2; ESI-MS m/z: 399.0 [M+H]"; IR
(KBr) v: 1644 cm™'. Anal. caled for CisH;sNsSBr: C 54.14,
H 3.79, N 14.03; found C 53.82, H 3.42, N 14.41.

3-(2H-1,2,3- =M F 3 )-4-(4- FH BE SR )-2,3- & -
13- RIFR A B (17e): & ORI, F2F 45%. 'H
NMR (400 MHz, CDCL3) 6: 7.65 (d, J=8.4 Hz, 2H), 7.54
(d, J=17.6 Hz, 1H), 7.50 (s, 2H), 7.41 (t, J=7.6 Hz, 1H),
7.25 (d, J=8.0 Hz, 3H), 7.04 (t, J=7.4 Hz, 1H), 4.50 (dd,
J=13.6, 6.4 Hz, 1H), 445 (dd, J=8.4, 13.6 Hz, 1H),
4.00~3.96 (m, 1H), 3.62 (dd, J=11.2, 5.6 Hz, 1H), 3.57
(dd, J=5.2, 11.2 Hz, 1H), 2.40 (s, 3H); '*C NMR (100
MHz, CDCly) 6: 171.9, 151.8, 140.5, 136.2, 134.4, 130.0,
129.3, 127.4, 1252, 125.1, 123.1, 55.7, 44.4, 44.2, 21.4;
ESI-MS m/z: 357.2 [M+Na]'; IR (KBr) v: 1644 cm .
Anal. caled for CioHsNsS: C 68.24, H 543, N 16.75;
found C 68.43, H 5.23, N 16.36.

3-(2H-1,2,3- = 78 M F ik )-4-(4- F AR B R O )-2,3-
H-L5- 2RI A AR EHAT): FOMRIBAE, 77F 45%.
'H NMR (400 MHz, CDCL3) J: 7.76 (d, J=8.4 Hz, 2H),
7.55 (d, J=17.6 Hz, 1H), 7.51 (s, 2H), 7.41 (t, J=7.6 Hz,
1H), 7.25 (d, J=7.6 Hz, 1H), 7.05 (t, J=7.6 Hz, 1H), 6.96
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(d, J=8.4 Hz, 2H), 4.51 (dd, J=13.8, 6.4 Hz, 1H), 4.44
(dd, J=8.4, 13.8 Hz, 1H), 4.07~4.00 (m, 1H), 3.86 (s,
3H), 3.65 (dd, J=12.8, 7.6 Hz, 1H), 3.57 (dd, J=7.6, 12.8
Hz, 1H); *C NMR (100 MHz, CDCly) 6: 171.0, 161.5,
151.8, 134.5, 134.3, 131.5, 129.2, 129.1, 125.1, 123.1,
114.1, 113.9, 55.7, 44.4, 44.2, 44.1; ESI-MS m/z: 351.3
[M+H]"; IR (KBr) v: 1601 cm . Anal. caled for CioH s-
N,OS: C 65.12, H 5.18, N 15.99; found C 64.93, H 5.07, N
15.65.

3-(2H-1,2,3- =R M JE)-4- 2K 52 5- —&-1,5-
T A B (18a): # (O HPIRIEAR, 722 8%. "H NMR (400
MHz, CDCls) d: 7.64 (d, J=8.0 Hz 2H), 7.61 (s, 2H),
7.47~7.42 (m, 3H), 7.27 (d, J=8.8 Hz, 1H), 7.07 (t, J=
7.6 Hz, 1H), 6.80 (t, J=7.6 Hz, 1H), 6.68 (d, J=8.0 Hz,
1H), 5.71 (s, 1H), 4.89 (s, 2H), 3.49, (s, 2H); 3C NMR
(100 MHz, CDCL3) 0: 143.6, 141.9, 139.1, 1342, 132.9,
129.3, 129.1, 128.8, 127.4, 1254, 110.7, 59.5, 34.9;
ESI-MS m/z: 3212 [M+H]"; IR (KBr) v: 3418, 1661
cm™ !, Anal. caled for CisHisN4S: C 67.47, H 5.03, N
17.49; found C 67.70, H 5.27, N 17.35.

3-(2H-1,2,3- = % Mt ' JE )-4-(4-F 25 FE)-2,5- & -
LS-RIHBA S E(18b): B AMPIRIEER, 723 10%. 'H
NMR (400 MHz, CDCl3) d: 7.65 (dd, J=5.2 Hz, J=5.8
Hz, 2H), 7.61 (s, 2H), 7.27 (d, J=6.4 Hz, 1H), 7.14 (t, J=
8.6 Hz, 2H), 7.07 (t, J=7.6 Hz, 1H), 6.80 (t, J=7.6 Hz,
1H), 6.69 (d, J=8.0 Hz, 1H), 5.63 (s, 1H), 4.86 (s, 2H),
3.49, (s, 2H); 3C NMR (100 MHz, CDCls) d: 163.0 (d,
Jc—r=247.7 Hz), 143.3, 140.9, 1342, 132.8, 131.3 (d,
3Jcr=8.3 Hz), 127.5, 125.4, 120.6, 120.4, 115.8 (d,
2Je-y=21.5 Hz), 111.3, 59.3, 34.8; ESI-MS m/z: 339.1
[M+H]"; IR (KBr) v: 3444, 1650 cm . Anal. calcd for
C1sHisN4FS: C 63.89, H 4.47, N 16.56; found C 63.58, H
4.74,N 16.25.

3-(2H-1,2,3- = 5 Mt F 36 )-4-(4- E 7K HE)-2,5- —&-
1,5- IR A 2 5 (18¢): & PR, P2 % 8%. 'H
NMR (400 MHz, CDCls) §: 7.61 (s, 2H), 7.60 (d, J=8.4
Hz, 2H), 7.42 (d, J=8.4 Hz, 2H), 7.26 (d, J=6.4 Hz, 1H),
7.07 (t, J=7.8 Hz, 1H), 6.80 (t, J=7.4 Hz, 1H), 6.68 (d,
J=8.0 Hz, 1H), 5.62 (s, 1H), 4.86 (s, 2H), 3.49, (s, 2H);
13C NMR (100 MHz, CDCly) d: 142.3, 136.4, 134.2, 133.2,
131.8, 129.8, 128.1, 126.5, 124.5, 119.7, 119.4, 110.5,
58.2, 33.8; ESI-MS m/z: 355.1 [M+H]"; IR (KBr) v:
3445, 1644 cm™ . Anal. caled for CsHigN4CIS: C 60.93, H
4.26,N 15.79; found C 63.72, H 4.64, N 15.90.

3-(2H-1,2,3- = B M H1 3 )-4-(4- ¥R 2K E)-2,5- A& -
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1,5-ZK M & 2% B (18d): B IR AR, 723 7%. 'H
NMR (400 MHz, CDCls) o: 7.61 (s, 2H), 7.60~7.53 (m,
4H), 7.27 (d, J=17.6 Hz, 1H), 7.07 (t, J=6.4 Hz, 1H), 6.81
(t, J=7.8 Hz, 1H), 6.68 (d, /=8.0 Hz, 1H), 5.61 (s, 1H),
4.86 (s, 2H), 3.48, (s, 2H); '*C NMR (100 MHz, CDCl3) 6:
142.3, 139.7, 136.9, 133.2, 131.8, 131.1, 130.0, 126.5,
124.5, 122.4, 119.4, 110.4, 58.2, 33.8; ESI-MS m/z: 399.0
[M+H]"; IR (KBr) v: 3445, 1643 cm . Anal. calcd for
CisHisN4SBr: C 54.14, H 3.79, N 14.03; found C 53.80, H
3.45,N 14.4 0.

3-(2H-1,2,3- =% M H FE )-4-(4- 1 FL IR HE)-2.5- & -
L5-ZR IR B R B (18e): 3 UMDIRVBA, 7 3% 9%. 'H
NMR (400 MHz, CDCls) ¢: 7.61 (s, 2H), 7.52 (d, J=28.0
Hz, 2H), 7.27~7.24 (m, 3H), 7.05 (t, J=7.2 Hz, 1H), 6.78
(t, J=8.2 Hz, 1H), 6.66 (d, J/=8.0 Hz, 1H), 5.70 (s, 1H),
4.90 (s, 2H), 3.49 (s, 2H), 2.39 (s, 3H); 3C NMR (100
MHz, CDCl;) d: 143.6, 142.0, 139.1, 136.3, 129.5, 129.2,
125.4, 120.4, 110.6, 59.5, 34.9, 21.3; ESI-MS m/z: 357.1
[M+Na]"; IR (KBr) v: 3445, 1644 cm '. Anal. calcd for
CioHisN4S: C 68.24, H 5.43, N 16.75; found C 68.40, H
5.23,N 16.26.

3-(2H-1,2,3- = % M F 3L )-4-(4- F AR 6 R 3 )-2,5- —
H-1L5-FIF B E(18): ORI AR, 7% 8%. 'H
NMR (400 MHz, CDCls) ¢: 7.62 (s, 2H), 7.58 (d, J=28.4
Hz, 2H), 7.25 (d, J=6.8 Hz, 1H), 7.06 (t, J/=8.2 Hz, 1H),
6.96 (d, J/=8.8 Hz, 2H), 6.79 (t, J=7.4 Hz, 1H), 6.68 (d,
J=38.0 Hz, 1H), 5.67 (s, 1H), 4.91 (s, 2H), 3.85 (s, 3H),
3.49 (s, 2H); '3C NMR (100 MHz, CDCl;) 6: 170.3, 162.4,
154.4, 141.9, 134.7, 130.1, 129.6, 128.9, 125.3, 1244,
123.3, 115.5, 114.0, 55.5, 50.6, 29.7; ESI-MS m/z: 351.1
[M+H]"; IR (KBr) v: 3120, 1667 cm . Anal. calcd for
Ci9HisN4SO: C 65.12, H 5.18, N 15.99; found C 64.95, H
5.10, N 15.60.
3.3 IMIIEEMS
331 @ EgRE

A S50 DL 360 M AN 6 TR A T b B2 AR D 4100 L B R 4
TR R0 B 2540, SR I BRJE 4RI 5% B AR = M k47 40
PRIV P AU RE L 3k R T A D B AR R R T A AE R (C
neoformans stand)~ H1 4 FEEREE G KK (C. neoformans
clinical)~ A SERE (C. albicans) 475 (07 & ERE (S.
aureus)FI K AT (E. coli).

¥ HA~YH DMSO o BO&BUE mEE4t |,
BB 2R 200 pg. KA ZGUELACR 3 AN TIRAT 1A
N LR RN A R A B E, TR AR N 30 CEESR
48~72 h[Hr A BRER AR UERR(C. neoformans stand)~ H1'E
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FEER B 1% RAK(C. neoformans clinical) F1 A 5Bk B (C.
albicans)], 37 CHiFF 24~36 h[ % ¥t % BRE (S,
aureus) MK (E. coli)], 0L LR, LR ER
=R, SR,
332 F4) 80%FA B A K 44 % NI B RJE (MICgo) A=
T A IR (MFC) 4 ) 52

BRI A P O RRAR B FR B0 LUAR R, FENSE
KRR IE N 2X10°~3X10° CFU (colony forming
units)/mL ¥ A BEER B B &, DA IR ATRE 1 15 57
BB SRR BB, T 37 ClERE R 36
h, KA WA Y66 HHAE 530 nm K R E 6%
(ODYE. Tl OD 18 % 80%H % W [ 5t /IMAREIR 5 A
MICso, FTill OD {H5 7% (A3E 7R3k OD {0 83 % i,
H 06T N [N TR 94 B SRR A B R B R 0 AR, 88T IR
AR (1 B /N AURE VR BE R MPCEY,

4 Bh 41l (Supporting Information) 8] {4 &2 H 5L
SRR IR P . BT b6 3 WA
(http://sioc-journal.cn/) | N %K.
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