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i E.B8 N FHREAPIZE RIS A CYPS1 M), B — R Y R T TR G Ak 2 A AR
Y, AT HUE IS VAN B AR AL 9T . ik DL 1-[2-(2,4- AR IE) 2, 3-FR A N bE ] -1H-1,2,4- =&
M (1) R ERL, 5B REN A TP R A B R A 2,2 5 E RRIBUREER 7N A F L K (3a ~
30) KRG R, 155 BARL G A01 ~ A15, SR T A5R Bevk , LASEUREW Ay [H 1 X B 52 7 B AL & By %t
7 FERUEE B 5 R 25 A0 I R T TSR SY . SRS ER KA T 15 MRS FEREW
FMRRATT A 1, o4 # 1 28 H-NMR A HR-ESI-MS RERAIE, PRI TS T4 R B, 15 A B ARtk & Y%t e
WA B R B BT 24 B XS SR B0 R A MR TG , e AL A AL B8 3R TG R O T B o TR SRR e, B ok

— I RN E,
KR . CYPS1; JHI5H), FER  PrEE
FE 5K S R4 XHEFRERG A
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Rk 300 J3 T H AL ZY 1%0( 245 300 Fi) Al X
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14a-25 I IEALEE (CYPS1) 75 EL 1 2 A FS B G
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Figure 1 The structures of typical azole antifungal drugs
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Figure 2 The key pharmacophores of CYP51 inhibitor fluconazole
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Figure 3 The design rationale of coumarin-containing azole derivatives
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LRl 2_ SRl= 2= LRl 2_
AOLR!=H, R*=H AOS:RI=CHFy, R*=H  A09: R!=CH;, R*= CH, AlL: “Q AlLd: Q
A02:R'=CH;,R>=H A06: R'=CF;,R*=H A10: R' = CH;, R?= CH,CH; '
A03:R'=CH,CH3,R>=H  A07:R'=H,R?*=COCH; A11:R!=CH;, R*=F .
A04:R'=CH,0CH;, R2=H A08: R'=H,R2=COCF;  A12: R! = CHy, R?= CI A15:R'=H, R?= EQF

F F

Reagents and conditions; a) NaN, ,Et,N,EtOH,78 C,2 h; b) SA,CuSO, -5H,0,+BuOH/H,0,70 C,2 h.
Figure 4 Synthetic route of target compounds A01 — A15
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Wit H 95 1% % FH Bruker ARX - 400 #% i 4t
PRI LA E (7% [ Bruker 23 #) , LI DMSO-d,
F ], DU B R L (TMS) K N bR 5 18 40 B8 i
K H Agilent Accurate — Mass Q — TOF 6530 Jii %
S0 (2 Agilent A F]) 85 R X -4 $0F
R A A (b e AR A R A D) 5
4l >R B Prep 150 il & W AH €8 3% {00 2 (25
Waters 23 7] ) , Bt % ArtChrom WP C,, A (2 3%
(20 mm x 250 mm,5 wm) ;K {0 3% i i ECP
(200 ~ 300 H,50 ~71 pm, & SEFEALT) ),
S5 e R 2 S v B o B sl sl b Ay 4l
3.1 1-BRE2-(2,4-"8%%)3-(1H-1,2,4-
=-E) W2-E (2) AR

B 1-[2-(2,4-ZFORHE) 2, 3- R EH N i -
1H-1,2,4-= %M (1,1.00 g,3.00 mmol) ¥ F
20 mL Josk S B S dE R o A & A AL il
(0.30 g,4.50 mmol) , AILA 1 mL = Z %, [ 2
B2 he RNEESHR RSO HRRE R4 I R
RGeS A, KR 3 Wk, JoK BRBR BN T4 , 1L €, ¢
USRI R e a5 B A AR A (2) 0. 80 g,

e & & 67.8% ., HR-ESI-MS m/z: calcd. for
C,,H, F,N;ONa 302.0850 [ M + Na]*, found
302. 0827,

3.2 BiRUELEW A0 ~A15 BERIEE (L 7-
({1-[2-(2,4- =8 FE)2-FE-3-(1H1,2,4-=
Mel-E) WE-1H1,2,3- S 4 BEEHE)-
2H-ZKFF ML -2-Ef ( A01) A )

W 7- (TN -2--1-FE AR HE ) -2 H-2R I ik e -2 -]
(3a,0.88 g,4.28 mmol) I [E]{& 2 (1.00 g,
3.57 mmol) fil A 20 mL BT BE-7K (KB 1:1)
AR A ¥ 0 e, I A BU IR IR BN (SAL0.71 g,
3.57 mmol) FIFIKELELE (0. 09 g,0.36 mmol) ,
70 TR 2 h, NZEH B BN s e ik 4 , 5%
SR ZEEHBL(30 mL x3) , &I HILZ,
JH 100 mL fu A AL B4 WE %, JCKBRIR T
P LU R UE VRO R R AR, 2 ik A £ B Al
b (A ihEE- TR O AR LG 500 1) 45 31 (8 i
K (A01)1.74 g,

G A02 ~ A15 G BT E S E Y A0L
L BT A AL G ¥ A AR, Bisfea W
FRAE BT S s B WK 1,

Table 1 The experimental and spectral data of target compounds A01 — A15

Compd.  Yield/% mp/C HR-ESI-MS m/z Purity/ % '"H-NMR (400 MHz,DMSO-d, )8
A01 83.7 132 -133 caled. for 99.12  8.37(s,1H),8.06(s,1H),8.03(d,/J=9.5 Hz,
C,,H,F,N,0,Na 1H) .7.86(s,1H) ,7.66(d,J =8.6 Hz,1H) ,7.23
503. 1250[ M + Na] ° . (dd,J=15.3,5.7 Hz,1H),7.13 (s,2H) ,7.00
found 503. 1276 (dd,J=8.6,1.9 Hz,1H),6.81 (d,J=8.2 Hz,
1H),6.52(s,1H) ,6.34(d,J =9.5 Hz,1H) ,5. 24
(s,2H),5.05(d,J=14.4 Hz,1H),4.78(d,J =
14.5 Hz,1H) ,4.73(d,J = 14. 4 Hz,1H) ,4.62(d,
J=14.5 Hz,1H)

A02 84.5  125-127 caled. for 98.44  8.38(s,1H),8.07(s,1H),7.87(s,1H),7.71(d,
C, H,,F,N,O,Na J=8.8 Hz,1H),7.25(ddd,/ =11.8,9. 1,2.5 Hz,
517.1503[ M +Na] *, 1H),7.19 -7.13(m,1H),7.12(d,J=2.5 Hz,
found 517. 1524 1H),7.03(dd,J=8.8,2.5 Hz,1H) ,6. 82(td,J =
8.5.2.4 Hz, 1H),6.53 (s, 1H), 6.26 (d, J =
1.0 Hz,1H) ,5.25(s,2H) .5.06(d,J = 14. 4 Hz,
1H) 4.79(d,J =14.5 Hz,1H) ,4.74(d,J = 14.3 Hz,

1H) ,4.63(d,J = 14.5 Hz,1H) ,2. 44(s,3H)
A03 83.2 123 -125 caled. for 97.24  8.34(s,1H),8.03(s,1H),7.83(s,1H),7.72(d,
C,H,,F,N,O,Na J=8.9 Hz,1H),7.21(ddd,/=11.8,9.1,2. 4 Hz,

531.1563[ M +Na] *,
found 531. 1577

1H),7.15 - 7.05 (m,2H),6.98 (dd, J = 8.9,
2.5 Hz,1H),6.77(td,J=8.5,2.4 Hz,1H) ,6.49
(s,1H),6.17(s,1H),5.21(s,2H),5.02(d,J =
14.4 Hz,1H) ,4.75(d,J =14.5 Hz,1H) ,4.70(d,
J=14.3 Hz,1H) ,4.59(d,J =14.5 Hz,1H) ,2. 80
(q,J=7.4 Hz,2H) ,1.22(t,J =7. 4 Hz,3H)

(to be continued)
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Continued Table 1

Compd.  Yield/ % mp/C HR-ESI-MS m/z Purity/ % "H-NMR (400 MHz ,DMSO-d, )6
A04 9.1 129 -130 caled. for 98.66  8.33(s,IH),8.03(s,1H),7.82(s,1H),7.61(d,
C,,H,,F,N,0,Na J=8.8 Hz,1H),7.21(t,J=9.5 Hz,1H),7. 14 -
547.1512[M +Na] *, 7.05(m,2H),6.97(dd,J=8.8,2.0 Hz,1H),
fomnd 547. 1507 6.77(1,J=7.5 Hz,1H) .6.48 (s, 1H) ,6.27 (5.

1H),5.21(s,2H),5.01 (d,J=14.3 Hz, 1H),
4.78 -4.68 (m,2H) ,4.66 (s,2H) ,4.58(d,J =
14.4 Hz,1H) ,3.38(d,J =24.0 Hz,3H)

A05 78.6  132-133 caled. for 96.24  8.33(s,1H),8.02(s,1H),7.82(s,1H),7.60(d,
C,,H,F,N,0,Na J=8.9 Hz,1H),7.21(ddd,J=11.7,9.2,2. 4 Hz,

553.1218[ M +Na] * . 1H),7.10(dd,J=15.9,8.9 Hz,1H),7.05(d,J =

found 553. 1253 2.4 Hz,1H),6.95(dd,J=8.8,2.4 Hz,1H) ,6.78

(td,J=8.5,2.2 Hz,1H) ,6.48 (s, 1H),5. 18 (s,
2H),5.01(d,J=14.4 Hz, 1H),4.75(d, J =
14.5 Hz,1H) ,4.69 (d,J = 14.4 Hz, 1H),4.58
(d,J=14.4 Hz,1H)

A06 77.3 139 - 140 calcd. for 97. 65 8.34(s,1H) ,8.05(s,1H),7.83(s,1H),7.61(d,
C,,H,,F.N,0,Na J=7.8 Hz,1H),7.26(d,J=2.3 Hz, 1H),7.20

571.1124[M +Na] *, (ddd,s=11.7,9.3,2.3 Hz,1H),7.10 (dt, J =

found 571. 1152 9.2,5.6 Hz,2H) ,6.87(s,1H) ,6.76(td,J =8.5,

2.2 Hz,1H),6.49(s,1H),5.25(s,2H) ,5.02(d,
J=14.4 Hz,1H) ,4.75(d,J = 14.5 Hz,1H) ,4.70
(d,J=14.3 Hz,1H) ,4.59(d,J = 14.5 Hz,1H)

A07 85.2 140 - 142 caled. for 95.01  8.64(s,1H),8.34(s.1H).8.05(s,1H),7.90 —
C,.H, F,N,0;Na 7.81(m,2H) ,7.21(ddd,J=11.9,9.2,2.5 Hz,

545.1362[M +Na] *, 1H),7.17(d,J=2.2 Hz,1H),7.13 - 7.07 (m,

found 545. 1362 1H),7.03(dd,J=8.7,2.3 Hz,1H) ,6.78(td,J =

8.5,2.4 Hz,1H),6.49 (s, 1H),5.25 (s,2H),
5.02(d,J=14.4 Hz,1H) ,4.75(d,J = 14. 4 Hz,
1H),4.70 (d,J = 14.4 Hz, 1H),4.59 (d, J =
14.5 Hz,1H) ,2.57(s,3H)

A08 88.4 135 - 136 calcd. for 96. 88 8.95(s,1H) ,8.34(s,1H) ,8.00(s,1H),7.91 (s,
C,.H, F.N, O, Na 1H),7.82(s,1H) ,7.45(d,J =8.5 Hz,1H) ,7.22

599.1073[M +Na] *, (t,J=10.3 Hz,1H),7.12(d,J=7.9 Hz,1H),

found 599. 1041 6.82(s,1H),6.70(s,1H) ,6.48 (s,1H) ,5. 13(s,

2H),5.00 (d, J=14.3 Hz, 1H),4.76 (d, J =
14.5 Hz,1H),4.70 (d,J = 14.5 Hz, 1H) , 4. 58
(d,J=14.4 Hz,1H)

A09 75.2 135 -136 caled. for 97.82  8.57(s,1H),8.02(s,1H),7.96(s,1H),7.67(d,
C, H,,F,N,0,Na J=8.9 Hz,1H),7.21(t,J=9.8 Hz,1H),7.10

531.1563[M +Na] *, (d,J=7.4 Hz,1H) ,7.04(d,J=2.2 Hz,1H),

found 531. 1560 6.96(dd, J=28.9,2.2 Hz, 1H), 6.78 (t, J=

7.5 Hz,1H) ,6.48(s,1H),5.19(s,2H) ,5.01(d,
J=14.3 Hz,1H) ,4.78(d,J =13.9 Hz,1H) ,4. 69
(d,J=14.3 Hz,1H) ,4.59(d,J=14.2 Hz,1H),
2.36(s,3H),2.07(s,3H)

A10 80.1 129 —131 caled. for 98.88  8.39(s,IH),8.03(s,1H),7.86(s,1H),7.68(d,
C, H,,F,N,0,Na J=8.9 Hz,1H),7.25 - 7.17(m, 1H) ,7. 11 (dd,

545.1719[M +Na] *, J=15.9,8.8 Hz,1H) ,7.04(d,/J=2.3 Hz,1H),

found 545. 1751 6.96(dd, J=8.8.2.3 Hz, IH),6.77 (t, J =

7.4 Hz,1H) ,6.49(s,1H) ,5.19(s,2H) ,5.02(d,
J=14.3 Hz,1H) ,4.76(d,J = 14.4 Hz,1H) ,4.70
(d,J=14.3 Hz,1H) ,4.59(d,J = 14.4 Hz,1H),
2.56(dd,J=14.7,7.3 Hz,2H),2.38 (s,3H),
1.05(t,J=7.4 Hz,3H)

(to be continued)
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Continued Table 1

Compd.  Yield/% mp/C HR-ESI-MS m/z Purity/ % '"H-NMR (400 MHz,DMSO-d, )§
All 89.4 136 — 137 calcd. for 97.54 8.35(s,1H) ,8.03(s,1H),7.84(s,1H),7.69(d,
C,,H,,F;N,O,Na J=8.9 Hz,1H) ,7.21(ddd,J =11.8,9.1,2.5 Hz,
535.1312[M + Na] *, 1H),7.15(d,J=2.5 Hz,1H) ,7. IO(dd J=8.9,
found 535. 1269 2.0 Hz,1H),7.08 -7.04(m,1H) ,6.78(td,J =
8.5,2.4 Hz,1H),6.48 (s,1H),5.20(s,2H),
5.02(d,J=14.4 Hz,1H) ,4.75(d,J = 14.5 Hz,
1H),4.69 (d,J =14.3 Hz,1H),4.59 (d, J=
14.5 Hz,1H) ,2.36(d,J =2. 8 Hz,3H)
Al12 80. 6 142 - 143 calcd. for 94.26 8.33(s,1H) ,8.03(s,1H),7.82(s,1H),7.77(d,
C,,H,,CIF,N,O,Na J=9.0 Hz,1H),7.23 -7.18(m, 1H),7.15(d,
551.1017[M +Na] *, J=2.4 Hz,1H),7.13 -7.07(m,1H) ,7.04(dd,
found 551. 1022 J=8.9,2.4 Hz,1H) ,6.77 (td,J=8.5,2.4 Hz,
1H),6.48 (s, 1H),5.22 (s,2H),5.01 (d, J=
14.4 Hz,1H) ,4.74(d,J = 14.5 Hz, 1H) ,4. 69
(d,J=14.3 Hz,1H) ,4.58(d,J=14.5 Hz,1H) ,
2.54(s,3H)
Al13 85.9 141 - 142 calcd. for 95.54 8.35(s,1H) ,8.02(s,1H),7.84(s,1H),7.50(d,
C,H,,F,N,O,Na J=8.7Hz,1H),7.21(ddd,J=11.7,9.2,2.4 Hz,
543.1563[M +Na] * 1H),7.15 -7.06 (m,2H),6.97 (dd, J= 8.7,
found 543. 1523 2.4 Hz,1H) ,6.78(td,J=8.5,2.3 Hz,1H) ,6.48
(s,1H),5.19(s,2H) ,5.01(d,J=14.4 Hz,1H) ,
4.75(d,J=14.5 Hz,1H) ,4.69(d,J = 14.3 Hz,
1H),4.58 (d,J=14.4 Hz, 1H),3.05 (t, J=
7.5Hz,2H),2.74 (t,J=7.3 Hz,2H),2. 15 -
2.06(m,2H)
Al4 88.7 135 - 136 calcd. for 96.22 8.39(s,1H) ,8.07(s,1H),7.88(s,1H),7.68(d,
C,,H,,F,N,O, J=8.9 Hz,1H) ,7.27(ddd,J =11.8,9.1,2.5 Hz,
533.1754[M -H] " 1H),7.16(dd,J=12.4,5.5 Hz,1H) ,7. 12(d,J =
found 533. 1704 2.5 Hz,1H),7.02(dd,J=28.8,2.5 Hz, 1H),
6.88 —-6.81(m,1H) ,6.53(s,1H),5.24(s,2H),
5.07(d,J=14.4 Hz,1H) ,4.80(d,J=14.5 Hz,
1H),4.75(d,J=14.4 Hz,1H),4.63 (d, J=
14.5 Hz,1H) ,2.82(d,J=5.5 Hz,2H) ,2. 47 (t,
J=5.3Hz,2H),1.85 -1.76(m,4H)
Al5 74. 1 133 - 134 caled. for 95. 66 8.34(s,1H),8.03(s,1H),7.83(s,1H),7.68

C,H,,F,N,O,Na
651.1322[M +Na] * |
found 651. 1309

(dd,J=14.5,8.3 Hz,1H),7.28 (dd, J= 8.9,
2.4 Hz,1H),7.25 - 7.15(m,2H) ,7.09(dd, J =
15.8,8.9 Hz, 1H),6.95 (dd, J=8.9,2.5 Hz,
1H),6.76(t,J =8.5 Hz,1H) ,6.48(s,1H) ,6.45
(s,1H),5.23(s,2H),5.01(d,J=14.4 Hz,1H),
4.75(d,J=14.5 Hz,1H) ,4.69 (d,J = 14. 4 Hz,
1H) ,4.58(d,J=14.5 Hz,1H)

4 EHEMEFEND
4.1 FIMIEEFEFAR
FRAE CLST M27-A3 #iifE , AHIF 5T LA GRURE E Hy
FEEST IR, PEAL T4 &40 A01 ~ A1S ARSI B
PTG PE . S50 8 IR DR 8 D Y B0 FL A, A4S 1
@ﬁf}k%(c alb(sc5314) F C. alb(400616)) F
WERE (C par) JCHEERFE (C gla) i EHT
BERWE (C kru) PO R BERE T (Cotro) LT
R BEER TR ( C. neo) , R A5F B HAnfk

E YR EALID R B (MIC)

£ 96 %Mfiﬁh fdi F§ RPMI 1640 1% 357 5 x5 1k
BT SE AR R, IR 10 IR BERS
%?UJ[I/\ 100 pL 25, FfiJs & fLATA 100 uL
il B 4 P o A A TR ER TR, [ B 358 ST A R 0 R (Y
TR FRILMBEW) M2 AT (U35 o W
Bi R B, T 32 C#f B R SR A0 DL ) 3 5 A
AR X2k B ) 152 MIC i, AR AT 50 TR 37 P 0 3k
ZERILFR 2,
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Table 2 The antifungal activities of target compounds A01 — A15

MIC/(pg-mL™")

Compd.
C. alb(sc5314) C. alb(400616) C. par C gla C. kru C. tro C. neo
A01 0.25 0. 06 0.125 2 1 0.25 0.25
A02 0.25 0.03 0. 06 1 0.5 0. 125 0.25
A03 0.25 0.03 0.03 1 0.5 0.25 0.25
A04 0.25 0.03 0.015 0.5 0.5 0.25 0.125
A05 0.25 0.03 0.015 0.5 0.25 0.25 0.125
A06 0.125 0.015 0.03 2 0.25 0.125 0.125
A07 0.125 0.015 0.03 0.25 0. 125 0.25 0. 125
A08 0.125 0.015 0.03 0.25 0. 125 0.25 0. 06
A09 0. 125 0.015 0.03 0.25 0. 125 0.25 0. 125
Al10 0. 125 0.015 0.015 0.25 0. 06 0.25 0.03
All 0. 06 0. 008 0.015 0.25 0. 06 0.125 0.03
Al12 0.125 0.03 0.015 0.25 0. 06 0. 125 0.03
Al3 1 0.25 2 2 1 0.5 0.5
Al4 1 0.25 1 2 2 1 2
Al5 2 0. 125 1 4 8 0.5 1
fluconazole 4 0.5 4 32 32 2 4
A BRI 2 R, BARfE &9 A0 ~ 100 ¢ mm crgosterol
A15 Py R A T IR T 1, MIC A [ R I obtusifoliol
_1 5 S NS B lanosterol
0.008 ~8 pwg-mL ™", B I A BH A X AR BB ek e B eburicol
b A4 ALL BT A bR M E . 2 mm unidentifified
i, MIC {5 0.008 ~0.25 pg-mL"', fEFTAI & sof
Bk, BARL &YXt C alb (400616) By4ME S
ROR A, MIC {54 0. 008 ~0.25 pg-mL ™', 4 §
LR IR A EUR IS S U AR Sy SUBUR B BT -
SRR 1 TG B A8 A 5 4 B SO SRR S R I 0

PUERTEHERG AT T B, 33X 1] B2 R A AR FRIE 1]
MELATR A CYPS1 B (h) s /K a1
4.2 MEFEEANHFR

A S 298 AR S0t B0 08 3 1 S A Ak &
AL FERARER, DL Sy R IR SR GC-
MS V543 Hr 1L B 4t A B £ B2 53 i A2 b, DR T
HAEHLE, EAARSBRAR P06 A5 A B B
B EZE 1 x10° CFU-mL ™", 20 4R 2 &
L&Y A11 () YPD YA 3R FE A B 259 B %f
REIE SRS, T 32 CHRYE AR 24 h, B4R
Ji  FESRZE 12 000 g 5.0 10 min, W37 35 HE,
1 PBS BES MR, UR TR UTTE Bl 5 A BT &
SR 15% A BN - B/ K B AL, T80 €
AR 1 h, BEE OB, Kk, 1
60 TR THETHN, PI935
CLEIA i, R GC-MS JEAT {55 B2 4340 B, LA 3G
WEHBTE AR HIALE], DA R IE 5,

All

Fluconazole Control

Figure 5 Fungal sterol composition analysis

MR AT A WA S CYPST 36, AT i 2 R
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terol) . A L (eburicol ) J7EMINE T, anE S Br
7N R BRZE 2 A T R ARG 96.22% , T
By kB Al s, EAKESET
22 9.24% , A B AN & AR
PR A FRA T A —F, RIS A11 7]
REME LA CYP51, T2 M i I & 4, A
MR P EER
4.3 FRSMATZEEEEAR

At — T B &9 A0l ~ A1S
X I A 73 B A5 1) A W 2SR 245 1 608 2R TR A
T 276 FH R0 s Ay B P X R SR a5k
3 7, BHE X6 B GRS mels Xo) AR Tt 245 B 249 JC 0 ki
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536 4

T, MIC > 128 pg-mL ™, iiii H ARk & ¥ ix 26
BRPR IR BL — 5 PTG 1, MIC {E°4 0. 25 ~
32 pg-mL ™', Hob LS ALL I R SR

MIC {55 0.25 ~0.5 wg-mL ™", #ERH BA B I
W &S,

Table 3 In vitro antifungal activities of target compounds A01 — A15 against azole-resistant Candida albicans strains

MIC/(uwg-mL™")

Compd.
Strain CaR Strain 17# Strain 632 Strain 904 Strain 901
A01 0.5 0.5 1 2 1
A02 0.5 2 2 2 4
A03 0.5 1 2 1 1
A04 0.5 1 1 2 2
A05 0.5 1 0.5 1 1
A06 0.5 1 0.5 0.5
A07 1 2 2 2 2
A08 1 4 2 4 2
A09 2 4 0.5 1 2
Al10 2 2 1 2 2
All 0.25 0.5 0.5 0.5 0.5
Al12 1 8 2 2 2
Al13 8 16 16 8 16
Al4 8 16 16 8 16
Al5 16 32 32 32 32
fluconazole > 128 > 128 > 128 > 128 > 128

4.4 EYERREEHIDGIEHR R

SRR H R A Y U 25 B0, A< B
Rik—HH T A Y AL X 5B e it 25 1 (6
IR 904 UAVEIEBEIRER . KIS 1)
EB ] RPMI 1640 15 2 B W B & 1 x
10° CFU-mL ™", 7 96 FLARH AEFLANA 100 pL B
BW,37 THEE 24 h LUE SUSRBVEYIIE, 57255
FR3E TG PBS YU 3 UK, A 200 pL AN [ ¥
SR AT A1, 4852 T 37 TIFH 24 h, FE 4G
WG, W FE FIEW, T PBS eI 3 Y, A 100 pl
B G XTT-H 2800 W, 37 ClOLIEE
2 h, W70 wL BIEW, 8 HEEAR X T 492 nm
WA AR RE WG (OD ) , I35 A oy B i
R, GERIE 6 B,

—
(=1
(=]

Biofilm formation/%
(9.
S

0.125 0.5 1 2 4 8
Concentration/(pg-mL™)

Figure 6 Effect of compound A1l against biofilm

formation of azole-resistant strain 904
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MR A S, 3 73X mT R L v IR EC TR T 2
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il ABFTORAE A Y A0T 5 F e e X422 31 9 (5
PRH CYP51(PDB: 5TZ1) AYiGPE O 48 | i —
BN AHEAES

TR Fl AUTODOCK 4.2 58 i, FIris
2 0LH ok Pymol 4T AT AL, 55 aniE 7 Fr
N, A01 5 GBI ) AR 25 B U AR L, HE =
UM AR RO SE F BB S 5 ) P S S R i ik
ARSFIA AR, 35 0 B 225 SR AR i K
WA T X3 A01 2549 T i 7 G K IR RR IS IR A
b [ 32 38 38 PN AE R, O 5 v AR AR His377
Tyr64 K Pro230 J& B4 4 i i K A F 5 v fl 4
1, X PR 45 A 07 A B TR e & S5
RS GTREE, 454G A HAE (550 TR
ZER R LAY A01 5 CYPS1 BIZ5 4 A HhAES
- 7.215 keal - mol™', ik F | FE & 1
-4.980 kcal-mol ', N B & M BE I — 2B UE L T
A01 FLA B 5 (1 &5 A 25 A VR S G B L
b,
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Figure 7 Fluconazole(A) and compound A01(B) were docked into the active site of Candida albicans CYP51
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Design, synthesis and antifungal activities evaluation of novel
coumarin-containing azole derivatives as CYP51 inhibitors

WANG Ye,WANG Yitong,LU Jia,LIU Na,LI Jianing, GUO Chun” ,HOU Zhuang "
(Key Laboratory of Structure-Based Drugs Design and Discovery
(Shenyang Pharmaceutical University) ,Ministry of Education ,Shenyang 110016, China)

Abstract; To discover CYP51 inhibitors with anti-drug-resistant fungal activity, a series of novel azole
derivatives containing a coumarin moiety were designed and synthesized, followed by evaluations of their
antifungal activities and investigations into the underlying mechanism of action. Using 1-[ 2-(2, 4-
difluorophenyl ) -2 ,3-epoxypropane |-1H-1,2,4-triazole (1) as the starting material, ring-opening reaction
with sodium azide afforded intermediate 2. Subsequent cycloaddition of intermediate 2 with 7-
propargyloxycoumarins bearing different substituents (3a —30) yielded the target compounds A01 — Al5,
whose chemical structures were all confirmed by 'H-NMR and HR-ESI-MS. The broth microdilution method
was adopted to determine the inhibitory activities of the target compounds against seven strains of standard
fungi and five strains of drug-resistant fungi, with fluconazole as the positive control, and relevant
mechanistic studies were also conducted. In vitro antifungal activity assays demonstrated that all target
compounds exhibited potent inhibitory activities against the tested standard and drug-resistant fungal strains.
Among them, compound A1l showed superior antifungal activity to the positive control fluconazole,
indicating its potential for further research.
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