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WE I bS5 R R A i 1 L P e SR B, WA R T 16 A 7-2K55-6H,TH-1,3,4-18 M [3,2-a]- i ()75
FH[4,3-dEE M EY). AL &M ZAZ IR EIE(H NMR) ZEISIRIHE(13C NMR)FIE 40 5 184 (HRMS) 3k
177 EERIBIE. PRAMILE RS TSGR W, TP R, (& st BIRBE . ZIREBR . 40T A U8
R A 3 B B A T AR, LA 5 WAL B B 1 R MM IR A 4 pgemL !, i X B AR BRER B
FUERTE . i S VR B B IS e 2, b & Wt 5 R Ym0 — @ R s, L& 51 e
55 JE% 973 T R I 6 S O A PP B T PR R T, /NI 8 pgemL L

R 1,3,4-ME W IE[3,2-a]-Bi (I IR [4,3-dIMERE; SPARGE; PE R E T

Synthesis and Antifungal Activity of 7-Phenyl-6H,7H-1,3,4-thia-
diazolo[3,2-a]-thiochromeno[4,3-d]pyrimidine Compounds

Dong, Jinjiao” Zhu, Xinyue“ Feng, Siran” Zhang, Chaochao”

Liu, Zhenming”  Qiao, Xiaogiang™*¢  Song, Yali**
(“Key Laboratory of Pharmaceutical Quality Control of Hebei Province, College of Pharmaceutical Sciences,
Hebei University, Baoding, Hebei 071000)
(b State Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191)
(° Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of Ministry of Education,
Hebei University, Baoding, Hebei 071000)

Abstract According to the principle of active substructure splicing and bioisosterism, sixteen 7-phenyl-6H,7H-1,3,4-thiadia-
zolo[3,2-a]-thiochromeno[4,3-d]pyrimidine compounds containing a fused-ring were designed and synthesized. The target
compounds were confirmed by '"H NMR, *C NMR and HRMS. The preliminary antifungal activity assay showed that these
compounds exhibited a good antifungal activity in vitro on superficial fungi, such as Mucor racemosus, Epidermophyton floc-
cosum, Trichophyton rubrum and Trichophyton mentagrophytes, compound 5d was found to be very sensitive (minimum in-
hibitory concentration (MIC): 4 pgemL™") to Trichophyton rubrum. While on invasive fungi, such as Cryptococcus neofor-
mans, Candida albicans and Aspergillus fumigatus, they exhibited lower activity than that of superficial fungi. They exhibited
significant inhibition activity against five plant pathogens. MIC value of compound 51 against Aspergillusnigervan tiegh and
Phytophthora infestans was 8 pgemL ™.

Keywords 1,3,4-thiadiazolo[3,2-a]-thiochromeno[4,3-d]pyrimidine; plate method; antifungal activities
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Figure 1 Structures of compounds A~1I
1,3,4- 108 — M - [3,2-a | W IE 45 H4) 2 MR 8 S A W ik )
KW, BATZEWENE, o, JUE . JUR .
PR AL G IRENHE R T 5 AT RS 284
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15 I8 IR [3,2-a e AT AEY) F(E DA 5-T & FE-7-F AR -
1,3,4-ME IR [3,2-a) M5 BERTAEY) G 1), FFtoe it
e 1, e T FT A i 4> 2 B R RN CDC25B 1
iz, ] SCER SRR A T — R YIS R U
1,3,4-WE — M IF[3,2-a| g 2R B8 AT A H(E 1), JF
PEM B AT U M 36 M. Kukaniev 2506 IRAR
1,3,4-W8 W F[3,2-a ] W5 g - 7- Bl A1 AS 5] () A B Jie 9 iR
KL, K13 T BB AR EE R 2 AR S 1,3.4-
I5E I IF[3,2-a e -7-F 1k &9 1B 1), H AT Ak
ANFEIFEFAE R 1,3,4-188 — W IE[3,2-a]Ms e T A4, 1F
T e A = RIS YE AL AW, &) KBHIEA B2 A
FIREZ—.

WENE IR 5N A 22 A IR, R AR B 2R B A
TE PR TR AR 8 A5 47 T S i RN A v v [
PR FRR0L 4 1,3, 4-W I I [3,2-a] M5 0E BRI AN B AR
B 7, 8 fibr b, #E 7-2K%E-6H,7TH-1,3,4-W 145
[3,2-a]-fi 0 - [4,3-d] e BRI, WitA T 16 M H
FRCEYI(EL 2), FIFAFEZRRRR G, 58 S50
H 7, BEEPURE IS B s PR R E T, DU R A
EYEERRIEY). HAR G Wit i L 4R S0k
('"H NMR). ZREIEIRIEIE (1PC NMR) A5 2 3 5 1 A
(HRMS) AT Z5 MR, R A IR A5 IR M BV (AR
MR T 7 FhENPE R BB S R SR B A
HIFEF. 25 TR, Kb B W 5ht 35 3 B 1 AR )0
Jir B LA A I

1 HR5iHe

1.1 LEYHER

Histb &% Sa~5p HIE BN Scheme 1 fFrx, HlA]
& 1~4 1A BER FH SCHERARGE I 7 R AT ) DLEUAR
Kl IR EEL B p-SANER OB, ML ARG
BRI 2R, SR JE 2 5 EUAR 0 4% S o 1 A
Knoevenagel [ M43 3] 3-1K R ZE0 (4 AT A2, &
FEBR IR AE A 2R R Bl = U VR R 5 AR R R 3
B - 1,34 M IRATAEP) Halfk 3 5 4
S NAS B HARFAY) 7- 5 FE-6H,TH-1,3,4-¢ — M IE[3,2-a]-
T M FE[4,3-d e & 5. EH AR 3 5 4 |RBE A%
Sa~5p M, Pl Sa AWFFUXN R, LB %
PN E AR IR Sa = R 1) 5m. 45 KR, ol
s, RS S LR ELER I 48 h IR G =W A ik, 7E DA
PR B ERIR N HEAL RN, P23 ATIA B 51%, KfEAL 7
RO 2R R I, P2 2 0 AR, AR = 4
BRI, F=&fk i, N 75%, BIGTE B A &6 ot
TR =3 SRR AT
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Figure 2 Design of 7-phenyl-6H,7H-1,3,4-thiadiazolo[3,2-a]-thiochromeno[4,3-d|pyrimidine compounds
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5b: R' = CH3, R?=H, R®=H, R = CH,4 55:R"= CI R2=H, R®=H, R = CH,CHjs
5c: R'= CHy, R2=H, R3=H, R= CH,CH, 5k:R'= H, R2 = CHy, RO= H, R = H
5d:R'=F, R2=H,R%=H,R=H 51 R'= HRZ-CH3R3-HR CHs
5e:R'=F R2=H,R3=H, R=CH;, 5m: R" = H, R? = CH3, R® = H, R = CH,CHj
5. R'=F, RZ=H,R3=H,R=CH,CH;  5n:R'= H R?=CHjy, R®= OCH3, R=H
5g:R'=F, R2=H,R®= H,R = Ph 50: R" = H, R? = CHz, R®= OCHg, R = CHj
5h:R'=Cl,R?=H,R®=H,R=H 5p: R1=H, R? = CHjg, R® = OCHj, R = CH,CHj
BX1 Bk &Wna

Scheme 1 Synthetic route of target compounds

1.2 WWEYIREIERRT

Hir B A LR EE . B = P
RAEHIN. DMLEY) S0 FBEAT RS 24T 'H NMR 3%
KRR 6 ALk BN E I = A 70N 3.14 (d, J=
15.1 Hz, 1H)# 3.06 (d, J=15.1 Hz, 1H), —# [FHEE
7 S SR AR AE N 5.90 (s, 1H), 5 7 hibiAHE
IR EEAENI RS E N 7.83, 7.41, 7.12, 6.98, 6.89,
RIS R EIEE R RSN 3.80 (s, 3H), Btk
W BRI EEAFAE N 2.35 (s, 3H), SHE A
R IR AR N 2.32 (s, 3H). °C NMR i &
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A 19 MRS S0, Hr129.5, 1143 5 C-7 ik
I PRI VU AN B A B R AR T FJE R (1)
RSB 17.1, ARG EN AN 55.4, W
TMEER R EAALREE N 21.3, C-6 ALE F AR R
HI AL RSB R 27.5, C-7 AiBR AL 22 B BN 65.0, 1
IR AR I SAALRSE Y 160.9 FIT151.8, EREER
Pl RPN BRI AL AEE N 106.8 F1132.8, fh 240 1H
160.2, 148.6, 136.9, 135.6, 132.7, 129.0, 127.0, 126.4 34/
I EBR{E 5. HRMS 35 & 57~ HRMS (ESI) caled for
C21H20N30S; [M+H]" 394.1064, found 394.1062, 7] LA
T s AL B So (15 15 1%,
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1.3 FIMIEEIEM

W95 J7 5 8 UL 93 M (Fluconazole, FCZ) 1 4
% B (Amphotericin B, AmB) A BHYEXS B 254, WY
JREH AR B (Amphotericin B, AmB)f1Z | R
(Carbendazim, Car) WFH X HEZ5%). R A3 5k E
WRECEBGE) T e Bl 16 A~ B s &7 1741
FLR SRR, 2 T 7 FhEhe 5 LR H AR
RS BR B (Cryptococcus neoformans, C. n.). H & Bk
(Canidia albicans, C. a)« W 85 (4spergillus funigatus, A.
D BEIRFBEE (Mucor racemosus, M. r). ZRIT J7 8 B
(Epidermophyton  floccosum, E. f) . 4L 4 & J#
(Trichophyton rubrum, T. r)FZUJE: &8 0 (Trichophyton
mentagrophytes, T. m)|F1 5 FAE )99 J5 B B [BABUR JE0
B (Colletotrichum gloeosporioides, C. g) ¥-H 4R
(Rhizoctonia solani Kiihn, R. s. k) 1t 7 J& %
(Aspergillusnigervan tiegh, A. 1) % 2 i & W
(Phytophthora infestans, P. i) 32 B 1% 1# (Sclerotinia
sclerotiorum, S. s)|FIPUETEE. WAL Rk 1 F5L 2
Js.

HE 1 TR, X TahvmE 2w, e Bt ey
X C.a BITEINHIEE; LAY 5d A Se X C.on FAEEHHD
HiE T L&Y 5b. 5d. 5g. 5i. 5§ Sk. SIXF A £l
BRITE PEIA T PR B BUREE; Ak &) Se. 5. Sis Sn.
S0 X} E. f BAT 50 B2 UREMEAR 2 S T, e
HYIXT E. f RIS IR I, FrA &R M. -
BT IR EE, HA A 5d A1 Se X M. r 1A
IR EEN 8 pgemL !, 73l ELEL Sa~5c¢, 5d~5g, Sh~

5j, Sk~5m Fl Sn~5p MM S5TEMELR, PTLLRIY
IE T IRIR E R=H I XF M. r RS TEBRGF, H R K&,
R TR Z X M. r BEPERE. AL Sa~5c¢ (R'=
CHs), 5d~5g (R'=F), 5Sh~5j (R'=CI)#0 5 it ar L
RI, RUNEIETEXS M. r RS TESAR. i Sa~5c
(R'=CH3, RZ=H)# 5k~5m (R'=H, R>=CH;)n LA
i, thEY R A HEERURE X M. r 3G PELT T R OV H A
EACHILEY). b4 Sk~5m (R*=H)F1 5n~5p (R*=
OCH:) M AR B IR B mT 1, R A G H A B B A
T AW PTETEYE TR, R=H I X A, R0 75 5%
U, RO N H A FER ST A, £ PR TR .

16 MEEPIXTRTEE C. ny C a BAFRS
FIFENETE, X5 A AT, TR E AR Mo
E. fRIM—EMPIREIETE, 8L T r A1 T m XN
AWMl — PR PRR LR IR e I E L. 458
1R, 16 MEaR Ty A EIER, Hdihs
) 5b. Sc. Se. Sk [MIFNHE L RUREMEA Y, LED
5d XF T r FOARHNEEOL T %UREME, O~ 4 pgemL .

HHER 2 AT A, W T B, thaIxt A. ¢, P i,
S. s MPTETEHEEMT C g, R s. k. XT A t, BIFRIH
AP s, Rtk &%) 5a. Se. 5f. Siv Sl Sm.
S0, 5p MIPIRETEMHEIM TEN K Z R R, Hobths
W 51, Sis SR E/MIRIREEAR] T 8 pgemL ™. L EW)
PP RIS ERENE. (ST S, s RIH R
UF RS, HAtb 59 5a. Se. 5g. 5§ X E A
I TEPEA 8 pgemL L.

K1 WA Sa~Sp X BH JE I TE 10 i 1
Table 1 Animal pathogenic fungi activity of compounds 5a to Sp

Minimum inhibitory concentration (MIC)/(pgemL )

Compd.

C.a Cn A f E f M. r T.r T. m
FCZ 32-64 8-16 64 32 >128 8 64
AmB <2 <2 <2 4 <2 <2 <2
5a >128 >128 64 64 16 128 128
5b >128 >128 16 128 16 8 8
5¢ >128 128 >128 32 32 8 16
5d >128 32 16 128 8 4 32
Se >128 64 128 64 8 8 8
5f >128 >128 64 32 16 16 32
5g >128 >128 32 64 32 8 16
5h >128 >128 128 64 16 64 16
5i >128 128 32 32 32 16 64
5j >128 >128 32 >128 16 64 64
5k >128 >128 16 64 32 8 8
51 >128 128 32 >128 64 32 64
5m >128 128 64 128 32 32 8
5n >128 >128 128 32 32 32 8
50 >128 >128 128 32 32 16 32
5p >128 128 >128 >128 32 16 8
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K2 A Sa~5p XA IR K0
Table 2 Plant pathogenic fungi activity of compounds 5a to Sp

Minimum inhibitory concentration (MIC)/(ugemL ")

Compd. Cg Rsk At P Ss
Car 128 64 64 16 32
AmB 8 >128 >128 >128 128
5a 128 64 16 64 8
5b 64 32 64 16 128
Sc 32 >128 16 32 8
5d 32 64 64 16 16
Se 128 >128 128 64 16
sf 32 >128 8 64 128
5g 16 64 16 128 8
Sh 32 >128 64 128 >128
si 16 >128 8 64 >128
5§ >128 128 16 32 8
5k >128 128 16 16 16
51 64 >128 8 8 32
5m 64 32 16 32 128
Sn 128 128 64 >128 64
50 128 64 16 >128 32
5p >128 64 32 128 16
1.4 DFIEMR FAT BS540 CYPS1 K.
NTHFEBEEE 140- X HEUMCYPSDZ AN 2 453

B AL AERREE, X6EY) 5d BB SR
AT THE MU, SRR BIR, AW 5d Re Azt
A CYPS1 iEPECI4SH. & 3 2ED 5d RIS
CYP51 IG5 A s AT X 8243 2 A ELAE B . 5d 7
F R IR Her375. 11e373. Phe504. Leu503.

Tyr122. Phe130. Ala307. Ser311 FERMIGH/K 48,
FRER N B KA BAE . 5d BRI 2RI ] A
Rk His374 TR n-n AHELAEF, [IR, 2450 5%
FEFR5RB: Phe504 TE % n-n AH ELAE FH. WEIE AR5 2 B IR
BRHE Tyr122 e/ n-n AHEAER. RIS, 43§ 0T Fith
KAEYES CYPS1 Z MIEAF(EYE B 5540 AR H
7. WEHEEAR ARG RRY, B AP EAE

N\

Bt & 16 A~ 7-2K3E-6H,7H-1,3,4-18 W JE[3,2-
al-i () 1 [4,3-d) e KA EY). FRlEid LR A
WL RIS S R A AT RAE. SR B
IR M BEE CPARIE) M BT & B 16 A B Antb &4k
1T T ORI, PrE s RS R, XT3
JRIRER, (AN EIRERE . EIREBEER. 4265
S P R 200 B A 5 9 3 B TR 3 L A RS 1,
LAY Sd X216 B e TR B v M T B X RE
FREWE, S/ NIEIR BN 4 pgemL ™!, T XEHT A FRBRE . E
SSERTR R D S R B AR R AR
T 5 Y R B A R IPiw s e, i E&

B

A ¢ HIS-374
HEM-580 U

-

PHE-504

B3 et sd 5 CYPST A B E
Figure 3 Binding mode of 5d in the active site of CYP51
(A) The surface views of 5d with CYP51; (B) the docking of 5d with CYP51
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SIS A A= e T 5 A R 4 G 2 0 T D i /N 41 R VAR
N 8 ugemL .
3 SRy
31 X5

SGW X-4 AU sSA (IR A B R AT PR A ],
K 1E); Bruker AVIII-600 MHz % ff 3L 4& % 1% X
(Bruker); Q EXACTIVE & 43 #% Jii 1% 43 #7 {X (Thermo
Fisher Scientific); LDZX-30KBS 37.7JE /) 7875 K i %8
(Lo Z2 BT 880%)); W-CI-ZDF s & (b i
LI ); FE AR RN R A £ R T 15 B 3 D [
e HE M A 5 A g, ToAKIRFRISA R T IR AL
3.2 ZLWHE
32.1 AbLadh 2 898k

B2 0.1 mol B ZE B A110.12 mol S-S AR E T 500
mL BB, A 300 mL 2 0.24 mol NaOH ¥ 7K %
W, ZHEEE], 100 CRN. 2 O3 (TLC) BREAS
MR, feR M TE4A G, RNARRARER, HAHR
W pH EE 1, Hrib KEEGUUE, #iE, KEKEK
eV, F OB KELS &, BRI 1 ghEW 1t
4 mLIRERIR 1 LB AL AP VA TIRIRIR T, SiRBCE
12 h, VKRR, BT REEsE g, dhuE, Kks it
H 50% CBEE 25 &, 52 EE 2, 1EN 80%~85%.
eGP RAERHE 5 SCER[21]— 2L
3.22 tbadh 3 89

HY 0.12 mol NaOH ¥ 50 mL 7K+, SRJE A 0.1
mol 1L &) 2 MITE/K 1 30 mL, 78 =i N HtEEm I 0.1
mol HURZKFIEE, 0.5 h 5, SR T 4kad+t 3 h,
UE, VEVEAKUE, LA 95% L EE E 4 5, S E IR
W, WEN 80% LA, AWM R L S5 SCwk[22]—
.
3.23 tba4h 4 898

M RONHE, CEERMRBRIER: H0.11 mol
RFERR, 0.11 mol 5 HLER AN 30 mL ¥k 2 & i A\ £ 50 mL
BB, HEREENR 3 h, WHIE SRR, H NaOH 7
pH {HZ] 8, AHIHTH KE AGYUE, ik, KEERL
EW 4, R T5%~80%. 1bEWHIRAEEE 5 CHR[23]
R ONZEEEN: ¥ 0.011 mol ZIEFARFN 0.01 mol
KB IINE] 100 mL [FJREFM A, SR)51EBERE AT
TN 12 mL =&, 78 80 CHIRMN 2 h, BHIE
Fih, TEUKKIETR, 20015 mLJK, 0.5 highnse. %A
JGFE 110 CREIFMMN 5 h. AEE=RR, #A 80 mL
UK, BRI BLUTIE. fEUK/KIE A NaOH 177 pH
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fE3) 8, HhUE, KB, T, 1SR, FH NN-ZH 5 FE
Z(DMF)AT H,O (V@ V=1 : 2)IR & Va TN E 45 15 34k
EY 4, WEN 75%~80%. thE P FAEEE 5 Sk
[25]—%L.
3.2.4 ALEH 5 96k

HY 10 mmol 4. &4 3, 10 mmol &%) 4, 10 mL TE7K
LEEANl mL =8 ABE T 50 mL BEFIH S, ke
W 12~16 h, TLC Wl B, S 825 o 5 4 20 22 % 0,
W pH Zrb ik, MR 200 H RS (RS (28 Z.18)
VORI =1 : 3140k, B EIHRZS, 725 70%~
85%.

HirLEMR4H4 '"H NMR. *C NMR. HRMS
RAEFIN, A REAR W R,

2-FL-7- 2K L 6H,TH-1,3,4-15 — M IF[3,2-a]-Fi (0)F
FH[4.3-d)BE0E(Sa): B EAE R, mp. 192.3~195.5 C; 'H
NMR (600 MHz, CDCl;) &: 7.85 (s, 1H, CH=N), 7.81 (s,
1H, Ar-H), 7.48 (d, J=6.6 Hz, 2H, Ar-H), 7.39 (t, J=6.6
Hz, 2H, Ar-H), 7.36 (d, J=6.4 Hz, 1H, Ar-H), 7.13 (d, J=
7.2 Hz, 1H, Ar-H), 6.99 (d, J=7.2 Hz, 1H, Ar-H), 6.06 (s,
1H, CH-N), 3.15 (d, 15.4 Hz, 1H, S-CH,), 3.08 (d, 15.0
Hz, 1H, S-CH,), 2.36 (s, 3H, CH3); *C NMR (151 MHz,
CDCls) 6: 159.1, 154.0, 136.1, 129.6, 129.3, 129.2, 129.0,
128.2, 128.0, 127.6, 127.0, 126.5, 123.2, 106.5, 65.9, 27.3,
21.3. HRMS (ESI) caled for CioH;6N3S; [M + H] "
350.0780, found 350.0774.

2,10- = F L -7-F K -6H,TH-1,3,4- 18 — ¥ 3F[3,2-a]-
i €0 4% JIF [4,3-d] W% g (5b): (0 [H &, mp. 73.1~
74.1 ‘C; 'H NMR (600 MHz, CDCl;) &: 7.84 (s, 1H,
Ar-H), 7.47 (d, J=7.2 Hz, 2H, Ar-H), 7.38 (t, J=7.2 Hz,
2H, Ar-H), 7.34 (dd, J=8.4, 6.0 Hz, 1H, Ar-H), 7.12 (d,
J=17.8 Hz, 1H, Ar-H), 6.97 (d, J=7.8 Hz, 1H, Ar-H), 5.95
(s, 1H, CH-N), 3.14 (d, J=15.1 Hz, 1H, S-CH,), 3.06 (d,
J=15.1 Hz, 1H, S-CH,), 2.35 (s, 3H, CH3), 2.32 (s, 3H,
CHs); *C NMR (151 MHz, CDCls) d: 160.9, 148.5, 140.3,
136.8, 135.5, 132.6, 129.0, 128.9, 128.8, 128.0, 126.8,
126.3, 106.5, 65.5, 53.4, 27.3, 21.2, 16.9. HRMS (ESI)
caled for CooH 1sN3S; [M+H]" 364.0934, found 364.0937.

2-HH-10- 2 F-7-F8 Fe-6H,TH-1,3,4- 186 4 I [3,2-
al-B €4 I [4.,3-d] W 0E (Se): B AR, mp. 147.9~
149.5 “C; 'H NMR (600 MHz, CDCls) 6: 7.84 (s, 1H,
Ar-H), 7.47 (d, J=7.2 Hz, 2H, Ar-H), 7.39~7.32 (m, 3H,
Ar-H), 7.12 (d, J=7.8 Hz, 1H, Ar-H), 6.97 (d, J=7.7 Hz,
1H, Ar-H), 5.95 (s, 1H, CH-N), 3.15 (d, J=15.1 Hz, 1H,
S-CHy), 3.06 (d, J=15.1 Hz, 1H, S-CH,), 2.69~2.60 (m,
2H, CH,CH3), 2.35 (s, 3H, CH3), 1.21 (t, J=7.6 Hz, 3H,
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CH3); *C NMR (151 MHz, CDCls) 0: 160.8, 154.8, 140.3,
136.9, 135.6, 132.7, 129.5, 129.0, 128.9, 128.9, 128.2,
126.9, 126.4, 106.6, 65.5, 27.4, 24.8, 21.3, 12.7. HRMS
(ESI) caled for CyHoN3S; [M+H]" 378.1093, found
378.1082.

T- I F-2-G-6H,TH-1,3,4- — M FE[3,2-a]-F ()6 I
[4,3-d]ME0E (5d): ¥ B[4, mp. 177.5~178.5 C; 'H
NMR (600 MHz, CDCls) d: 7.83 (s, 1H, CH=N), 7.77
(dd, J=10.4, 2.7 Hz, 1H, Ar-H), 7.49~7.47 (m, 2H,
Ar-H), 7.42~7.35 (m, 7.0 Hz, 3H, Ar-H), 7.18 (dd, J=
8.5, 5.4 Hz, 1H, Ar-H), 6.88 (td, J=8.3, 2.9 Hz, 1H,
Ar-H), 6.06 (s, 1H, CH-N), 3.20 (d, J=15.3 Hz, 1H,
S-CH,), 3.09 (d, J=15.2 Hz, 1H, S-CH,); 3C NMR (151
MHz, CDCls) 6: 161.5 (d, 'Je-=243.1 Hz), 159.2, 139.8,
137.6, 129.5, 129.2, 129.2, 129.1, 128.2, 128.1 (d, *Je—r=
7.6 Hz), 127.2 (d, “Jc ¥=3.0 Hz), 115.3 (d, 2Jc r=22.6
Hz), 113.2 (d, 2c—r=24.2 Hz), 107.3, 65.8, 27.3. HRMS
(ESI) caled for C;sH;3FN3S; [M+H]" 354.0534, found
354.0523.

10-F 3 -7- 2K 3 2 58(-6H,7TH-1,3 4- 18 — 4 3 [3,2-a]-
i €8 0 5 [4,3-d] W5 BE (Se): o €8 [E /K, mp. 86.5~
87.0 “C; 'HNMR (600 MHz, CDCLs) d: 7.76 (dd, J=10.4,
2.8 Hz, 1H, Ar-H), 7.49~7.45 (m, 2H, Ar-H), 7.41~7.34
(m, 3H, Ar-H), 7.16 (dd, J=8.5, 5.4 Hz, 1H, Ar-H), 6.87
(td, J=8.2, 2.9 Hz, 1H, Ar-H), 5.95 (s, 1H, CH-N), 3.18
(d, J=15.2 Hz, 1H, S-CH,), 3.06 (d, J=15.2 Hz, 1H,
S-CH,), 2.33 (s, 3H, CH3); *C NMR (151 MHz, CDCl) 6:
161.5 (d, Jc-r=244.6 Hz), 161.1, 136.9, 133.6, 129.7,
129.6, 129.4, 129.2, 128.7, 1282, 1272 (d, Je—s=15
Hz), 121.0, 113.2 (d, 2Jc ¥=24.6 Hz), 107.5, 65.6, 27.3,
17.0. HRMS (ESI) caled for CioH;sFN3S; [M+H] "
368.0683, found 368.0681.

10- 2.3 -7-ZE 3 -2- 9 -6 H,TH-1,3 ,4- & 4 FF[3,2-a]-
10 45 I [4,3-d] W% 0 (5f): 8 0 [ 4K, mp. 151.0 ~
152.7 C; 'H NMR (600 MHz, CDCls) d: 7.76 (dd, J=
10.4, 2.8 Hz, 1H, Ar-H), 7.46 (d, J=17.6 Hz, 2H, Ar-H),
7.38 (t, J=7.4 Hz, 2H, Ar-H), 7.36~7.33 (m, 1H, Ar-H),
7.16 (dd, J=8.4, 5.4 Hz, 1H, Ar-H), 6.87 (td, /=82, 2.8
Hz, 1H, Ar-H), 5.95 (s, 1H, CH-N), 3.19 (d, J=15.2 Hz,
1H, S-CH,), 3.06 (d, J=15.2 Hz, 1H, S-CH,), 2.70~2.60
(m, 2H, CH,CH3), 1.21 (t, J=7.6 Hz, 3H, CH:); '3C NMR
(151 MHz, CDCls) d: 161.5 (d, Jc—r=243.1 Hz), 160.9,
155.0, 140.1, 129.2, 129.2, 129.1, 129.0, 128.1, 128.0 (d,
3Jer=7.5 Hz), 1272 (d, “Je—r=3.0 Hz), 115.1 (d,
2Je—=22.6 Hz), 113.1 (d, Yc—r=24.2 Hz), 107.3, 65.4,
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27.3,24.8, 12.7. HRMS (ESI) calcd for CaH;7FN3S; [M+
H]" 382.0842, found 382.0833.

7,10- K F 24K -6H,TH-1,3,4-ME — W I [3,2-a]- B
& Ja I [4,3-d] W BE (Sg): ¥ [ A, mp. 1112 ~
112.9 “C; 'H NMR (600 MHz, CDCl3) o: 7.80 (dd, J=
10.4, 2.8 Hz, 1H, Ar-H), 7.62~7.58 (m, 2H, Ar-H), 7.53
(d, J=7.2 Hz, 2H, Ar-H), 7.44~7.37 (m, 5H, Ar-H), 7.35
(dd, J=10.4, 4.2 Hz, 1H, Ar-H), 7.18 (dd, J=8.5, 5.4 Hz,
1H, Ar-H), 6.89 (td, J=8.2, 2.8 Hz, 1H, Ar-H), 6.07 (s,
1H, CH-N), 3.24 (d, J=15.2 Hz, 1H, S-CHy), 3.11 (d, J=
152 Hz, 1H, S-CH); *C NMR (151 MHz, CDCl;) o:
161.4 (d, Jer=243.1 Hz), 160.1, 150.6, 139.8, 130.9,
130.1, 129.7, 129.1, 128.9 (d, 3Je—r=4.5 Hz), 1284,
128.1, 127.9 (d, 3Jc—¢=7.5 Hz), 127.1(d, *Jc—=3.0 Hz) ,
126.3, 115.1 (d, 2Jc—£=22.6 Hz), 113.0 (d, 2Jc=25.7
Hz), 107.4, 65.6, 53.4, 27.3. HRMS (ESI) calcd for CosH -
FN;S, [M+H]" 430.0842, found 430.0833.

T-HIE-2-5-6H,TH-1,3,4-6¢ — I [3,2-a]-Hi (45 3T
[4,3-d]" g (Sh): B A&, mp. 111.7~112.5 C; 'H
NMR (600 MHz, CDCls) 6: 8.03 (d, J=1.9 Hz, 1H, Ar-H),
7.83 (s, 1H, CH=N), 7.49~7.45 (m, 2H, Ar-H), 7.41~
7.35 (m, 3H, Ar-H), 7.16~7.12 (m, 2H, Ar-H), 6.05 (s,
1H, CH-N), 3.21 (d, J=15.2 Hz, 1H, S-CH,), 3.09 (d, J=
15.2 Hz, 1H, S-CHy); '3C NMR (151 MHz, CDCl;) o
159.3, 139.8, 137.7, 134.3, 131.8, 130.9, 129.5, 129.3,
129.2, 1282, 128.0, 126.1, 107.0, 100.1, 65.8, 27.2.
HRMS (ESI) caled for CigHi3CIN3S, [M+H]™ 370.0231,
found 370.0230.

10-F 3 -7-F8 3 -2- 50 -6 H,TH-1,3 ,4- & 4 FF[3,2-a]-
B 0 0 IF [4,3-d] W5 WE (5i): 3% {0 [E 44, mop. 1913~
195.5 C; 'H NMR (600 MHz, CDCl3) 6: 8.03 (s, 1H,
Ar-H), 7.46 (d, J=7.0 Hz, 2H, Ar-H), 7.41~7.35 (m, 3H,
Ar-H), 7.35~7.31 (m, 1H, Ar-H), 7.16~7.10 (m, 1H,
Ar-H), 5.94 (s, 1H, CH-N), 3.19 (d, J=152 Hz, 1H,
S-CH»), 3.06 (d, J=15.2 Hz, 1H, S-CHy), 2.34 (s, 3H,
CH3); 3C NMR (151 MHz, CDCls) d: 157.1, 153.8, 144.6,
137.2, 133.1, 133.1, 133.0, 131.8, 129.24, 128.6, 108.7,
99.5, 83.2, 60.4, 29.1, 27.3, 17.9. HRMS (ESI) CoH;5Cl-
N;S; [M+H]" 384.0387, found 384.0385.

10- 2. 3-7- 25 3 2-5(-6H,7TH-1,3 ,4- W€ 4 :[3,2-a]-
it 45 I [4,3-d] W5 e (55): ¥ € [ A, mp. 1445~
147.6 “C; '"H NMR (600 MHz, CDCl;) d: 8.02 (d, J=2.1
Hz, 1H, Ar-H), 7.46 (d, J=7.2 Hz, 2H, Ar-H), 7.41~7.32
(m, 3H, Ar-H), 7.13 (d, J=8.2 Hz, 1H, Ar-H), 7.11 (dd,
J=8.2, 2.1 Hz, 1H, Ar-H), 5.94 (s, 1H, CH-N), 3.20 (d,
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J=15.2 Hz, 1H, S-CH,), 3.06 (d, J=15.2 Hz, 1H, S-CH>),
2.71~2.59 (m, 2H, CH,CH3), 1.21 (t, J=7.6 Hz, 3H,
CH3); *C NMR (151 MHz, CDCls) 6: 160.9, 155.1, 140.1,
136.3, 134.5, 131.7, 130.8, 129.2, 129.0, 128.1, 128.0,
127.9, 126.0, 107.0, 65.5, 27.2, 24.8, 12.7. HRMS (ESI)
caled for CyH;7CIN3S; [M + H] © 398.0547, found
398.0534.

4-F 37K FE6H TH-1,3 4158 — W3 [3,2-a]- i (0 )75
FF[4,3-d]ENE(Sk): 3 OB, mp. 167.4~171.1 °C; 'H
NMR (600 MHz, CDCls) J: 7.87 (s, 1H, CH=N), 7.48
(dd, J=7.9, 1.2 Hz, 2H, Ar-H), 7.41~7.35 (m, 4H, Ar-H),
7.14 (d, J=7.8 Hz, 1H, Ar-H), 7.00 (d, J=7.1 Hz, 1H,
Ar-H), 6.08 (s, 1H, CH-N), 3.16 (d, J=15.2 Hz, 1H,
S-CH,), 3.08 (d, J=15.2 Hz, 1H, S-CH,), 2.36 (s, 3H,
CH3); *C NMR (151 MHz, CDCls) 6: 159.1, 135.8, 133.3,
130.6, 129.5, 129.4, 129.2, 129.2, 129.0, 129.0, 128.2,
127.1, 126.5, 106.6, 65.9, 53.6, 21.3. HRMS (ESI) calcd
for C19H6N3S, [M+H]" 350.0780, found 350.0767.

4,10- — H F£-7-2K F-6H,7TH-1,3,4- W& 4 F£[3,2-a]-
B € 0 I [4,3-d] W8 e (SN): B €8 [ A&, mop. 165.9 ~
1674 C; 'H NMR (600 MHz, CDCl3) 6: 7.84 (s, 1H,
Ar-H), 7.46 (d, J=7.0 Hz, 2H, Ar-H), 7.39~7.33 (m, 3H,
Ar-H), 7.12 (d, J=7.8 Hz, 1H, Ar-H), 6.97 (d, J=7.1 Hz,
1H, Ar-H), 5.95 (s, 1H, CH-N), 3.13 (d, J=15.2 Hz, 1H,
S-CH,), 3.06 (d, J=15.2 Hz, 1H, S-CHy), 2.35 (s, 3H,
CH3), 2.32 (s, 3H, CH3); *C NMR (151 MHz, CDCl;) ¢:
160.9, 135.5, 134.2, 130.6, 129.5, 129.0, 128.9, 128.8,
128.7, 128.0, 127.8, 126.8, 126.3, 106.6, 65.5, 27.3, 21.2,
16.9. HRMS (ESI) caled for CaHisN3S, [M + H] "
364.0937, found 364.0927.

4-HFE-10- 2. FE-7-F5 55 -6H,TH-1,3,4- W 4 FE[3,2-
al- it (45 £ [4,3-d] W 0E (Sm): 3 0 [E 4K, mp. 158.7~
161.9 C; '"H NMR (600 MHz, CDCls) J: 7.84 (d, J=1.1
Hz, Ar-H), 7.48~7.45 (m, 2H, Ar-H), 7.39~7.32 (m, 3H,
Ar-H), 7.12 (d, J=7.8 Hz, 1H, Ar-H), 6.98 (dd, J=7.8, 1.4
Hz, 1H, Ar-H), 5.95 (s, 1H, CH-N), 3.15 (d, J=15.1 Hz,
1H, S-CH,), 3.06 (d, J=15.1 Hz, 1H, S-CH,), 2.69~2.60
(m, 2H, CH,CHj3), 2.35 (s, 3H, CH3), 1.21 (t, J=7.6 Hz,
3H, CH;); '3C NMR (151 MHz, CDCl;) &: 160.8, 154.8,
140.3, 137.0, 135.6, 132.8, 129.0, 129.0, 129.0, 128.9,
128.2, 126.9, 126.4, 106.6, 65.5, 27.5, 24.9, 21.3, 12.7.
HRMS (ESI) caled for CzHoN3S, [M+H]" 378.1093,
found 378.1082.

4- FF I -7-(4- 4R 0 2R 3 )-6H,7TH-1,3,4- 188 — I I
[3,2-a]- B €0 45 IF [4,3-d] 5 B (Sm): 3% €8 [ 4K, mp.

2474 http://sioc-journal.cn/
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133.0~133.5 C; '"H NMR (600 MHz, CDCl;) ¢: 7.85 (s,
1H, CH=N), 7.81 (s, 1H, Ar-H), 7.41 (d, J=8.6 Hz, 2H,
Ar-H), 7.14 (d, J=7.8 Hz, 1H, Ar-H), 6.99 (d, J=7.7 Hz,
1H, Ar-H), 6.90 (d, J=8.6 Hz, 2H, Ar-H), 6.02 (s, 1H,
CH-N), 3.80 (s, 3H, OCH3), 3.16 (d, J=15.1 Hz, 1H,
S-CH,), 3.08 (d, J=15.1 Hz, 1H, S-CH,), 2.36 (s, 3H,
CHs); 3C NMR (151 MHz, CDCl3) 6: 160.4, 158.9, 135.7,
132.3, 129.6, 129.3, 129.1, 129.0, 127.0, 126.5, 114.6,
114.4, 106.7, 65.2, 55.4, 53.6, 27.4, 21.3. HRMS (ESI)
caled for CyHi;sN;OS, [M + H] © 380.0907, found
380.0906.

4,10- = W1 5E-7-(4- WA HL 2K L )-6 H,TH-1,3,4- 18 —
I [3,2-a)- i €8 45 It [4,3-d) W& IE (S0): 3 0 [l 44, m.p.
187.6~191.0 ‘C; '"H NMR (600 MHz, CDCl;) ¢: 7.83 (s,
1H, Ar-H), 7.41 (t, J=12.1 Hz, 2H, Ar-H), 7.12 (d, J=7.8
Hz, 1H, Ar-H), 6.98 (d, J=7.8 Hz, 1H, Ar-H), 6.89 (d, J=
8.6 Hz, 2H, Ar-H), 5.90 (s, 1H, CH-N), 3.80 (s, 3H,
OCH3), 3.14 (d, J=15.1 Hz, 1H, S-CHy), 3.06 (d, J=15.1
Hz, 1H, S-CH,), 2.35 (s, 3H, CH3), 2.32 (s, 3H, CHs); 1*C
NMR (151 MHz, CDCl;) 6: 160.9, 160.2, 151.8, 148.6,
136.9, 135.6, 132.8, 132.7, 129.5, 129.0, 127.0, 126.4,
114.3, 106.8, 65.0, 55.4, 27.5, 21.3, 17.1. HRMS (ESI)
caled for CyHyN3;O0S, [M + H]© 394.1042, found
394.1032.

4-H 5:-10- £ 5 -7-(4- F AR B R L )-6H,7TH-1,3,4- 158
T IF[3,2-a]- B b [4,3-d ] E (Sp): B L E AR, mup.
139.7~141.5 ‘C; '"H NMR (600 MHz, CDCl;) ¢: 7.84 (s,
1H, Ar-H), 7.40 (d, J=8.6 Hz, 2H, Ar-H), 7.12 (d, J=7.8
Hz, 1H, Ar-H), 6.97 (d, J=7.6 Hz, 1H, Ar-H), 6.88 (d, J=
8.6 Hz, 2H, Ar-H), 591 (s, 1H, CH-N), 3.79 (s, 3H,
OCH3), 3.16 (d, J=15.1 Hz, 1H, S-CHa), 3.06 (d, J=15.1
Hz, 1H, S-CHy), 2.73~2.55 (m, 2H, CH,CH3), 2.35 (s,
3H, CH), 1.21 (t, J=7.6 Hz, 3H, CH;); 3C NMR (151
MHz, CDCL3) d: 160.6, 160.2, 154.7, 136.9, 135.6, 132.9,
132.6, 129.5, 128.9, 128.9, 126.9, 126.4, 114.2, 106.7,
64.9, 55.4, 27.5, 24.9, 21.3, 12.7. HRMS (ESI) calcd for
C2HN;0S, [M+H]™ 408.1199, found 408.1187.
3.3 MEREFEMMK

ARSI R FHER R AR BE M B (AR % B B
) 16 A HArb &0(5a~5p)it4T T PLE B IS TERIWI S
MR, ek B A DUE & R WIS RS, A
T K HRE, IR KR 1% & hE R A
JREFHR R TR I, FEAIREE > AN 128, 64, 32, 16, 8.
4, 2 pgemL L SRS P B (1 b B [E) I A — 25 0
MR, BEERFAPEIE 2~7 d. S 5 # DL R
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MEL PITEREER B YRR E, A T AR PR R B
A2 W RONBAYERS I, BUCTE A K R AR B D S/ M
R EE(MIC). SERZE IR A FM IR A KA NS %
3.3 FXE

S XTI 7R A Maestro 10.2 B Glide i3k,
140-2 H 34K B (Sterol 14a-demethylase, CYP51)%# K
H & H 3% (Protein Data Bank, ID: 4UYM). & 4o f#
LigPrep #E&Hc/&, HX, F Protein Preparation Wizard
SRR F#ERS, DARIREAR e B B A, AR5 H
Ligand Docking #EATXI 4%, B ff B S H& NEIAE.
1 BT o3 8 B = A 5L PyMoL 3K A (http://www.
pymol.org/)iEAT 45 H 4T

4 BT KL(Supporting Information) L&) 5a~5p [
RS AZ IR E S AR, X bk a] DL B
AT 35 (http://sioc-journal.cn/)_ %K.
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