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[#ZE] B# L Hsp90 M5 Ganetespib F5eFALE Y, BT, A BB R SR M (FLC) HUi 25 H 5 AT XL
VA B % Hspoo 4RI . 755  HiATEST & W Ganetespib H A B 47 W3 [F] FLC $ il 245 201 1% 1, B9 45 50 (FICD) =
0.023 ~ 0.039, AT 5T X} Ganetespib HE1745F B, 1 IL0 | BEFR 24 A & AN RIBCEE R, &l — R A&, IF
FE FLARSMIE FLC HLiit 25 FLR C. albicans 0304103 FIHL& (HEL . HL60 F1 A549 4Hififl) X Hsp90o 11 il 553 Pk, #4535 Ay
BOCRAWERDLG, 25 19 MHHL G WAL 2E S5 2 205 ('H NMR) | B (PC NMR) #lis 43 BE S (HRMS) #1iE; 46K
LR A Y EA R A Hsp90o, I TG PE . K AT BIRF] FLC Bt 24 B B 16 ML b e 16 v, 38 L e SR B $E -0
[ FLC Uiy 24 FL P4 6 F; Jorb, fb &4 F3 F1 FS BAT PR F5 09 WRE FLC BUit 24 £ 04 16 (FICI 3128 0.047) Fdt ibied 1 1tk
(ICs 4331124 0.025 ~ 0.15 pmol/L, 0.021 ~ 0.23 umol/L), HLAE T W B B i 24 3 PR AN S MHEZE I R 2238 /K T, il B i A= 0wk i iy
TE R, FEREBH HEL 40 A 4IAE)E AT GO/GL #i. 2538 B Hsp9o M4 F3 F1 FS ¥R 3L #E PR FLC $iiif 25 K
A AL R LR T 1, 3R AIF & HLAT DI R) FLC it 24 3 B R i AU 0 25 B A v S i

[x#im] Hsp90 Ml5]; Ganetespibs P IR ; HTEL M 25145 Yo
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Design, synthesis and antifungal and antitumor activity research of novel Hsp90
inhibitors
SHI Qiao, HAN Guiyan, ZHANG Junteng, LIU Na(School of Pharmacy, Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To design and synthesize novel Hsp90 inhibitors with dual functions of synergistically enhancing
the antifungal activity of fluconazole (FLC) against drug-resistant fungi and anti-tumor activity based on the Hsp90 inhibitor
Ganetespib. Methods The previous research found that Ganetespib had a good synergistic anti-resistant fungal activity with FLC,
with a fractional inhibitory concentration index (FICI) of 0.023 to 0.039. In this study, structural modifications were made to
Ganetespib by replacing its indole ring with a phenyl ring containing different substituents to design and synthesize a series of new
compounds. The in vitro synergistic anti-resistant fungal activity against C. albicans 0304103 in combination with FLC, anti-tumor
activity (against HEL, HL60 and A549 cells), and Hsp90a inhibition activity were determined to explore their structure-activity
relationship and mechanism of action. Results The chemical structures of 19 new compounds were confirmed by 'H NMR, *C NMR
and HRMS. Most of the compounds exhibited strong Hsp90a inhibitory activity, good synergistic activity against drug-resistant
fungi in combination with FLC and anti-tumor activity. The substitution of electron-donating groups on the benzene ring was
beneficial to enhancing the synergistic activity against drug-resistant fungi in combination with FLC. Among them, compounds F3
and F5 showed excellent synergistic activity against drug-resistant fungi in combination with FLC (FICI were both 0.047) and anti-
tumor activity (ICs, were 0.025 to 0.15 pmol/L and 0.021 to 0.23 pmol/L respectively), and could down-regulate the expression
levels of drug resistance genes and efflux pump genes in fungi, inhibit the formation of fungal biofilms, and arrest the cell cycle of
HEL cells at GO/G1 phase. Conclusion  The novel Hsp90 inhibitors such as F3 and F5 could both effectively exert the dual
activities of synergizing with FLC to combat drug-resistant fungi and fight against tumors, which provided a new idea for the
development of new drugs with dual functions of synergizing with FLC to combat drug-resistant fungi and fight against tumors.
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ity (ALK ) S5, 5 g 114 14 BRI 3% 25 25 UAH OG- 41,
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th, HLOA Z R4S F 257 0 Hsp9o il 71 #E Al IR
g T R 0 3R 97, @0 17-DMAG. Hsp990.,
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1 ERSALTF IR ARSI BB Hsp9o HIHI 454

L 20 T 0 7 38R R PR T S LR B
ANu] 4y, B T Hsp90 45 U N, 18 AN 2
B B A5 5 38 i rh ke B AR, M B
Hsp90 o, 7] {1 i 245 1 B 1R 52 0T 470 250 181 245 ) 1) U
PES, BEAME AT LIS S S BR TR A AR G
JE&AF, Hsp90 2 5115 HLE 24 B2 3 ) e
B, A0 SR T B AE B Y B TR 22 A8 S I REAS
Z RN A e 3 L KB A Rk T SR AR AL SR 2
7= A4 RdRGE, FSERTE Hsp90 A% 1T RRZE &
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YR —15m B

Ganetespib J& — Ff & A [8] —. 1 25 49 19 58 — AL
Hsp90 11l 7], Foid 48 52 4 Hi 5 Hsp90 A9 N i
ATP 255 0 s 454, NI S2 i Hsp90 A= 1) 2% 1y
it 47T Ganetespib £ % £ FhIS R A4 b £ 4L T
I RIS B B, Al /Nt M e . 80 s L LR
I DL R S M R AN M 1 R A5 . PR R IR Y 3R
B, Ganetespib HAG T 75 AR S NI [R] 470 it 24 B i 1
FH (FICI {5 [ : 0.023 ~ 0.039)1, H: 5 G5 HE Mk (FLC)
156 FH 7 SRR YR T 24 541 4 TCR /)N RSS2 e i 28 PR AT
W&, B N ERG11 FAMIESESER CDRI .
CDR2 Fl MDRI WiZGA/KN-, WIARE T Ganetespib
BT 245 E R AL

K, ASHF5E 268 Ganetespib 1F e S &4
T G T& B PRI 25 EL 0 A
PR 1 SO E AL, Ak —Fh Bt

g 11 P )T B B S 24 250 T 8 53 R R T TR 247
PRAIEGL.
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BME TEEWE, SN, PUENE N HIEMEE
W AT B API-3000LC-MS Jiik {0l i 52
o B HFRL& Y4k FE (K> 95%) i Agilent
1260 #5850 AH 3 SO 52 B, FE LA C g AR
SEAH, CH;OH/H,O(8/2, V/V) M sl

2,11 5-(24- " HE-5- SN EOR L) -4 oK -2 4-—
A-3H-1,2,4- =13 (F1) i il 5

DMEAY) 29a Rkl A 32a, "H NMR
(300 MHz, CDCl;)5 10.04(s, 1H), 7.42-7.27
(m, 12H), 7.13-7.06(m, 2H), 7.05-6.92(m, 2H), 6.29
(s, 1H), 4.92(s, 2H), 4.63(s, 2H), 3.36-3.20(m, 1H),
1.20(s, 3H), 1.18(s, 3H) .

I 8] 4 32a(0.400 g, 0.814 mmol, 1.0 equiv)
Vs A T G K BB (20 m) R ) H RO 10% B
Pd/C(0.043 g, 40.7 pmol, 0.05 equiv), 7E H, 54 F
FIPEFERN 12 h, 208, BRI AR R LA, 15
B 4 ¥ UL 35 46 (CH,Cl/CH;0H, 100/1-100/5,
V/V)RERE AR JZ BT b Sl A AR 6 AR B A5 ik
49 F1(0.210 g, W3 83%). 'H NMR(600 MHz,
DMSO-dg) 6 11.94(s, 1H), 9.60(s, 1H), 9.38(s, 1H),
7.40-7.34(m, 2H), 7.33-7.29(m, 1H), 7.21-7.11(m,
2H),6.83(s, 1H),6.25(s, 1H), 3.04-2.94(m, 1H), 0.98
(s, 3H), 0.97(s, 3H). *C NMR(151 MHz, DMSO-
dg)o 157.43, 155.04, 154.60, 145.69, 134.78, 129.17
(s, 2C), 128.05, 127.93, 127.04(s, 2C), 125.92,
105.16, 102.79, 25.96, 22.95(s, 2C). HRMS(ESI)
m/z: caled for C;sH¢N;O5 [M-H] 310.1191, Found
310.1197.

212 5-(2,4- -5 N HE ORI ) -4-(4- 1 A A
HHL)-2,4- T4 -3H-1,2,4- = M-3-T (F2) i il %

Hirfb & Wnhl & %G9 FL.

RK 8 [ R (0.199 g, IR 76%). 'H NMR
(600 MHz, DMSO-dq)6 11.89(s, 1H), 9.62(s, 1H),
9.42(s, 1H), 7.11(d, J=8.9 Hz, 2H), 6.92(d, J=8.9 Hz,
2H),6.81(s, 1H),6.27(s, 1H), 3.73(s, 3H), 3.05-2.93
(m,1H),0.99(s,3H),0.97(s,3H).>*CNMR (151 MHz,
DMSO-dg)d 159.01, 157.38, 155.13, 154.83, 145.97,
128.56(s, 2C), 127.83, 127.41, 125.85, 114.44(s,
2C), 105.13, 102.82, 55.78, 25.94, 22.94(s, 2C) .
213 5-(24-Z R E-5-F N AR ) -4-(3-H 41 3
FHL)-2,4-—A-3H-1,2,4- = W3- (F3) 1l 4

Hirfb S WHl & k2% G Fl.

ROK 4[5 R (0.223 g, IR 85%). 'H NMR
(600 MHz, DMSO-dg)d 11.93(s, 1H), 9.62(s, 1H),
9.43(s, 1H), 7.27(t, J=8.1 Hz, 1H), 6.89-6.87(m,

1H), 6.86(s, 1H), 6.80-6.77(m, 1H), 6.75-6.73(m,
1H), 6.27(s, 1H), 3.63(s, 3H), 3.03-2.95(m, 1H),
1.00(s, 3H), 0.99(s, 3H). “C NMR(151 MHz,
DMSO-dg)d 159.70, 157.44, 155.11, 154.47, 145.67,
135.77, 129.89, 127.96, 125.96, 119.08, 113.84,
112.60, 105.30, 102.77, 55.58, 25.96, 22.98(s, 2C).
HRMS (ESI)m/zcalcdforC,gH,¢N;O,[M-H] 340.130 3,
Found 340.1391.

214 5-(24- "R A5 IN AL ) -4-(2-H1 AR Ok
HH)-2,4- T A -3H-1,2,4- = W3- (F4 ) (1) 45

Hirfb & nhil & iESH5 69 FL.

R K A8 B4R (0.213 g, W% 81%). 'H NMR
(600 MHz, DMSO-dq)6 11.89(s, 1H), 9.61(s, 1H),
9.53(s, 1H), 7.36(t, J=7.9 Hz, 1H), 7.24(d, J=7.9 Hz,
1H), 7.06(d, J=7.9 Hz, 1H), 6.98(t, J=7.9 Hz, 1H),
6.65(s, 1H), 6.27(s, 1H), 3.59(s, 3H), 2.99-2.87(m,
1H), 0.86(d, J=6.9 Hz, 3H), 0.84(d, J=6.9 Hz, 3H).
3C NMR(15 1 MHz, DMSO-d¢)d 157.15, 155.53,
155.32, 154.72, 146.49, 130.94, 130.54, 126.32,
125.65, 123.06, 120.99, 112.76, 104.72, 102.80,
56.07,25.62,22.95,22.87,

215 5-(24- " H-5-F N AR AL ) -4-(4-H B
$5)-2,4- A -3H-1,2,4- =3 (F5 ) (1 45

Hirfb &Ml ik SH5 G Fl.

RK 8 8 A (0.197 g, R 77%) . 'H NMR
(600 MHz, DMSO-dg)6 11.89(s, 1H), 9.58(s, 1H),
9.37(s, 1H), 7.14(d, J=8.2 Hz, 2H), 7.04(d, J=8.2 Hz,
2H), 6.81(s, 1H), 6.24(s, 1H), 3.13-2.82(m, 1H),
2.25(s, 3H), 0.97(s, 3H), 0.96(s, 3H). "C NMR
(151 MHz, DMSO-dg)é 157.42, 155.06, 154.69,
145.86, 137.55, 132.20, 129.64(s, 2C), 127.93, 126.91
(s,2C), 125.89, 105.23, 102.80, 25.98, 22.91(s, 2C),
21.02. HRMS(ESI)m/z: caled for C,gH;sN;O; [M-
H] 324.1354, Found 324.1356,

2.1.6 5-(24-ZFHL-5- SRR ) -4-(3-H B R
$)-2,4-— A -3H-1,2,4- = W3- (F6 ) (1) £

Hirfb &yt & iE S %69 Fl.

RK £ 15 A (0.208 g, YR 81%). 'H NMR
(600 MHz, DMSO-dq)é 11.90(s, 1H), 9.58(s, 1H),
9.40(s, 1H), 7.18(t, J=7.8 Hz, 1H), 7.07(d, J=7.8
Hz, 1H), 7.02(s, 1H), 6.89(d, J=7.8 Hz, 1H), 6.76(s,
1H), 6.24(s, 1H), 2.97-2.90(m, 1H), 2.19(s, 3H),
0.92(s, 3H), 0.91(s, 3H). "C NMR(151 MHz,
DMSO-dg)d 157.41, 155.18, 154.64, 145.73, 138.66,
134.66, 129.03, 128.83, 127.82, 127.77, 125.93,
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124.18, 105.02, 102.87, 25.91, 22.92(s, 2C), 21.20,
217 5-(24- " H-5-F N R EL ) -4-(2-H B R
$)-2.4-— A -3H-1,2,4- = W3- (F7) (15 5%

Hirfb &kl & kS %5 69 Fl.

RO A [ 14 (0.202 g, IR 78%). 'H NMR
(600 MHz, DMSO-dq)d 11.99(s, 1H), 9.64(s, 1H),
9.55(s, 1H), 7.32-7.26(m, 2H), 7.22-7.18(m, 1H),
7.12(d, J=7.8 Hz, 1H), 6.69(s, 1H), 6.28(s, 1H),
2.98-2.90(m, 1H), 2.11(s, 3H), 0.90(d, J=6.9 Hz,
3H), 0.89(d, J=6.9 Hz, 3H). “C NMR(151 MHz,
DMSO-dg)d 157.34, 155.37, 154.37, 145.95, 136.71,
133.65, 131.07, 129.33, 129.31, 126.98, 126.93,
125.88, 104.61, 102.87, 25.73, 22.91, 22.83, 17.72.,
2.1.8 5-(24- F 3L -5-5 9 B R 3L ) -4-(4-9 K
$£)-2,4- "4 -3H-1,2,4- = W-3-F{ (F8) By 1 %

Hirb &6 & k2% G Fl.

R 8 [ A (0.183 g, YR 71%). 'H NMR
(600 MHz, DMSO-dg)d 11.93(s, 1H), 9.59(s, 1H),
9.35(s, 1H), 7.27-7.17(m, 4H), 6.88(s, 1H), 6.25(s,
1H), 3.06-2.98(m, 1H), 1.03(s, 3H), 1.02(s, 3H).
BC NMR(151 MHz, DMSO-d¢)d 161.44(d, J=244.6
Hz), 157.52, 154.88, 154.54, 145.69, 131.14, 129.04
(d, J=8.6 Hz, 2C), 128.07, 125.96, 115.96(d, J=22.8
Hz, 2C), 105.11, 102.74, 25.99, 22.96(s, 2C). HRMS
(ESI) m/z: caled for C;,H,sFN;05 [M-H] 328.1103,
Found 328.1107,

2.1.9 5-(2,4-Z 82 HE-5-5 N 3 R 3L )-4-(3-5 R
$)-2,4- A -3H-1,2,4-= W3- (F9) (Il 45

Hirfb &kl & kS H a9 FL.

IR K A4 5 AK (0.205 g, WCF 79%). 'H NMR
(600 MHz, DMSO-d¢)d 12.00(s, 1H), 9.64(s, 1H),
9.39(s, 1H), 7.42-7.37(m, 1H), 7.19-7.12(m, 1H),
7.09-7.05(m, 1H), 7.00-6.97(m, 1H), 6.91(s, 1H),
6.26(s, 1H), 3.08-2.97(m, 1H), 1.03(s, 3H), 1.02(s,
3H). C NMR(151 MHz, DMSO-d¢)é 162.08(d,
J=243.7 Hz), 157.63, 154.89, 154.32, 145.48, 136.33
(d, J=10.6 Hz), 130.66(d, J=9.0 Hz), 128.15, 126.12,
122.80, 114.81(d, J=20.8 Hz), 114.02(d, J=24.0 Hz),
105.12, 102.78, 26.04, 22.98(s, 2C) .

2110 5-(2,4-— R -5-5 N ORI ) -4-(2-5 K
$)-2,4-— A -3H-1,2,4-=W-3-F (F10) (Il %

Hirfb &l & kS5 69 FL.

RK 4 15 A (0.196 g, YR 76%). 'H NMR
(600 MHz, DMSO-d4)d 12.00(s, 1H), 9.63(s, 1H),
9.41(s, 1H), 7.44-7.39(m, 1H), 7.33-7.28(m, 1H),

7.28-7.24(m, 1H), 7.22-7.16(m, 1H), 6.84(s, 1H),
6.25(s, 1H), 3.02-2.94(m, 1H), 0.99(s, 3H), 0.98(s,
3H). “"C NMR(151 MHz, DMSO-d¢)é 157.84(d,
J=250.5 Hz), 157.58, 155.03, 154.36, 146.04, 131.09
(d,J=7.6 Hz), 130.60, 127.52, 125.94, 125.04, 122.42
(d,J=12.6 Hz), 116.63(d, J=19.4 Hz), 104.68, 102.74,
25.93,22.93(s,2C).

2111 5-(2,4- 5 5E-5- R N R AR L) -4-(2,4- 9K
HHL)-2,4- T A-3H-1,2,4- = W3- (F11) i 4

Hirb & Hl & k250G Fl.

WK A R (0211 g, IR 80%). 'H NMR
(600 MHz, DMSO-dq)d 11.97(s, 1H), 9.61(s, 1H),
9.38(s, 1H), 7.47-7.37(m, 1H), 7.35-7.27(m, 1H),
7.15-7.09(m, 1H), 6.89(s, 1H), 6.24(s, 1H), 3.08-
2.95(m, 1H), 1.04(s, 3H), 1.03(s, 3H). "C NMR
(151 MHz, DMSO-d¢)6161.52(dd, J=247.8,11.8 Hz),
157.35(dd, J=252.3, 13.5 Hz), 156.92, 154.09, 153.52,
145.32,130.92(d, J=10.1 Hz), 127.03, 125.21, 118.44
(d, J=12.3 Hz), 111.29(d, J=21.8 Hz), 104.41(t,
J=25.5 Hz), 103.92, 101.91, 25.23, 22.20(s, 2C).
HRMS(ESDm/z: caled for C;;H4F,N;05 [M-H]
346.1009, Found 346.1002.

2,112 5-(24- R H-5-F N EEOR AL ) 4-(4- =
BRI )-2,4- T A-3H-1,2,4- = W-3- (F12) (4 %
Hirfb & H & IESH G FL.

R A [ R (0219 g, IR 81%). 'H NMR
(600 MHz, DMSO-d¢)d 12.03(s, 1H), 9.63(s, 1H),
9.32(s, 1H), 7.73(d, J=8.5 Hz, 2H), 7.36(d, J=8.5 Hz,
2H),6.93(s, 1H), 6.23(s, 1H), 3.05-2.96(m, 1H), 1.03
(s,3H), 1.02(s, 3H). *C NMR(151 MHz, DMSO-d;)
0 157.79, 154.65, 154.23, 145.39, 138.56, 128.20,
128.02(q, J=32.0 Hz, 2C), 126.95(s, 2C), 126.25,
126.23, 124.44(q, J=272.0 Hz), 105.10, 102.77,
26.09, 22.93(s, 2C). HRMS(ESI)m/z: caled for
C,sH,sF3N;0; [M-H] 378.107 1, Found 378.1076.
2113 5-(24- 8 HE-5-RIN AR ) -4-(3- =5
FERHL)-2,4- A -3H-1,2,4- =3 (F13) [ 4%

Hirfb & rhl & LS H G FL.

R A [ 1K (0203 g, IR 75%). 'H NMR
(600 MHz, DMSO-d¢)d 12.05(s, 1H), 9.63(s, 1H),
9.36(s, 1H), 7.66(d, J=7.9 Hz, 1H), 7.60(t, J=7.9 Hz,
1H),7.52(s, 1H), 7.46(d,J=7.9 Hz, 1H), 6.95(s, IH),
6.25(d, J=2.4 Hz, 1H), 3.07-2.99(m, 1H), 1.04(s,
3H), 1.02(s, 3H). *C NMR(151 MHz, DMSO-dg)d
157.72,154.74,154.30, 145.43,135.54,130.38, 129.84
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(q, J=32.2 Hz), 128.25, 126.30, 124.46, 124.12(q,
J=272.4 Hz), 123.25, 123.22, 105.02, 102.72, 26.04,
22.94(s,2C)

2.1.14  5-(24- 8 H-5-F N AR ) -4-(2-—
HHH)2,4-T A -3H-1,2,4- = W3- (F14) Y145

Hinfb Wt & ks %G9 FL.

RO A [ {4 (0.211 g, L% 78%). 'H NMR
(600 MHz, DMSO-dg)é 12.01(s, 1H), 9.67(s, 1H),
9.61(s, 1H), 7.83(d, J=7.7 Hz, 1H), 7.75(t, J=7.7 Hz,
1H), 7.66(t, J=7.7 Hz, 1H), 7.54(d, J=7.7 Hz, 1H),
6.58(s, 1H), 6.25(s, 1H), 2.95-2.83(m, 1H), 0.85(d,
J=6.9 Hz, 3H), 0.82(d, J=6.9 Hz, 3H). *C NMR(151
MHz, DMSO-d¢)d 157.46, 155.48, 154.71, 145.83,
133.99, 132.66, 132.03, 130.67, 127.97, 127.92(q,
J=30.5 Hz), 126.91, 125.81, 123.52(q, J=273.9 Hz),
104.03, 102.83, 25.60, 22.84(s, 2C) .

2,115 5-(24-FHE-5-F N R I ) -4-(4-F R
$£)-2,4- " A -3H-1,2,4- = W-3-F{ (F15) il 45

PLAE & 290 S JER i 4% T B 4K 310, 'H
NMR (600 MHz, CDCl;)é 8.38(s, 1H), 7.94(s, 1H),
7.35(d, J=8.9 Hz, 2H), 6.89(d, J=8.9 Hz, 2H),
6.75(s, 1H), 3.81(bs, 2H), 1.48(s, 9H) .

W ] AR 310(0.642 g, 2.41 mmol, 1.0 equiv)
BT ToK CBENA-—SF N (1, Vv, 50 mD)
TE [F A T B FE R D 2 hy J5 MK NaOH
(0.58 g, 14.5 mmol, 6.0 equiv) il K;Fe(CN)4(2.38 g,
7.23 mmol, 3.0 equiv), 4k ZE7E 713 2514 T i 4
W 12 h, [ 528 T A NaOH(0.193 g, 4.82 mmol,
2.0 equiv) Fll H,0(20 ml), F- 427 1137 444 F 1
FESCN 12 h, 1 520 R 22 500 5, 08, B8O
A 150 ml B9 7K # BE, DL 1 mol/L HCI 7K ¥ W 4 15
pH & 7 47, INA LR 2. TR (200 mIx2) ZEHL, W4
LIRTBR)Z, Tk NaySO, T4, i 38, e 2808
BR 2595 70, 159 5% 4 9 DL 80 A (CH,Cly/CH;0H,
100/0-100/8, V/V) TERE AL 2 AT v Al fb 1545 (2 [ {4
AR AR 32000.425 g, R 35%) . 'H NMR(600
MHz, DMSO-dg)d 11.79(s, 1H), 7.40-7.30(m, 8H),
7.22(d, J=7.3 Hz, 2H), 7.11(s, 1H), 6.72(s, 1H),
6.67(d, J=8.6 Hz, 2H), 6.42(d, J=8.6 Hz, 2H), 5.21
(s,2H), 5.06(s, 2H), 4.94(s, 2H), 3.17-3.09(m, 1H),
1.08(s, 3H), 1.07(s, 3H) .

B A] fR 320(0.40 g, 0.790 mmol, 1.0 equiv)
Vs A T G K B (20 m) R, ) H RO 10% B
Pd/C(0.042 g, 39.5umol, 0.05 equiv), 7 H, 514+
FARIEFEON 12 h, 308, IR AR R KA, 15

B AW LA 3 AH (CH,CL,/CH;0H, 100/1-100/5, V/V)
TERER AT AT Th A A1 IR B AL AR R o B ARt &
¥ F15(0.202 g, W% 78%)., 'H NMR(600 MHz,
DMSO-dg)d 11.79(s, 1H), 9.62(s, 1H), 9.52(s, 1H),
6.80(d, J=8.6 Hz, 2H), 6.73(s, 1H), 6.50(d, J=8.6
Hz, 2H), 6.28(s, 1H), 5.26(bs, 2H), 2.98-2.87(m,
1H), 0.92(s, 3H), 0.91(s, 3H). “C NMR(151 MHz,
DMSO-dg)d 157.19, 155.42, 155.03, 149.02, 146.25,
128.44(s, 2C), 127.35, 125.68, 122.56, 114.03(s,
2C), 104.89, 102.87, 25.84, 22.93(s, 2C). HRMS
(ESDm/z: caled for C;;H,;N,O5 [M-H] 325.1306,
Found 325.1314,

2.1.16  5-(24- 53 H-5-F N EE R ) -4-(3- HE R
$£)-2,4- "4 -3H-1,2,4-=M-3- (F16) (11 4%

Hirfb &Ml s ks %G9 Fls.

R 0[5 AR (0.220 g, IR 85%). 'H NMR
(600 MHz, DMSO-d¢)é 11.87(s, 1H), 9.60(s, 1H),
9.50(s, 1H), 6.99(t, J=7.9 Hz, 1H), 6.79(s, 1H),
6.56-6.51(m, 1H), 6.47(t, J=2.1 Hz, 1H), 6.29(s,
1H), 6.26-6.24(m, 1H), 5.27(bs, 2H), 3.02-2.93(m,
1H), 0.96(s, 3H), 0.95(s, 3H). *C NMR(151 MHz,
DMSO-dg)d 157.22, 155.38, 154.54, 149.78, 145.69,
135.32, 129.48, 127.28, 125.73, 114.57, 113.85,
112.94, 104.78, 102.86, 25.84, 22.91(s, 2C) ,

2.1.17  5-(2,4-—FFH-5-F NI ) -4-(4-F R
$£)-2,4- "4 -3H-1,2,4-=M-3- (F17) (11 4%

Hirfb &Ml ks %G9 Fl1s.

IR B0 [ AR (0.183 g, WK 71%). 'H NMR
(600 MHz, DMSO-dg)6 11.92(s, 1H), 9.69(s, 1H),
9.65(s, 1H), 7.11-7.06(m, 1H), 6.87-6.83(m, 1H),
6.80-6.76(m, 1H), 6.74(s, 1H), 6.55-6.50(m, 1H),
6.29(s, 1H), 3.62(bs, 2H), 2.92-2.83(m, 1H), 0.83
(d, J=6.9 Hz, 3H), 0.76(d, J=6.9 Hz, 3H). °*C NMR
(151 MHz, DMSO-dg)d 157.11, 155.64, 154.50,
145.87, 130.19, 129.96, 126.10, 125.87, 119.24,
116.71, 116.37, 104.02, 102.90, 25.58, 22.86, 22.82,
2.1.18 4-(3-(2,4- ¥ -5-F N HL IR I )-5-F [0 -
1,5- "5 -4H-1,2,4- = W-4-5L) ZEH R (F18) il 45

Hirfb & Wnhil s ks %G9 Fls,

RK 4[5 R (0.196 g, IR 74%). 'H NMR
(600 MHz, DMSO-dg)é 13.02(bs, 1H), 12.00(s,
1H), 9.61(s, 1H), 9.30(s, 1H), 7.91(d, J=8.3 Hz,
2H), 7.28(d, J=8.3 Hz, 2H), 6.95(s, 1H), 6.24(s,
1H), 3.07-3.01(m, 1H), 1.06(s, 3H), 1.05(s, 3H).
“C NMR(151 MHz, DMSO-d¢)d 167.34, 157.68,
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154.72, 154.25, 145.48, 138.52, 130.45, 130.07(s,
2C), 128.15, 126.26(s, 2C), 126.10, 105.23, 102.72,
26.07, 22.96(s, 2C). HRMS(ESI)m/z: caled for
C,sHgN;05 [M+H]" 356.124 1, Found 356.1253,
2.1.19 3-(3-(24- ¥ F-5-F N FEIEIL)-5-HA1C-
1,5- " 4%(-4H-1,2,4- =14 FEH R (F19) I 145

Hirfb &bl ks %G F1s.

K 8 [ A (0.220 g, YR 83%). 'H NMR
(600 MHz, DMSO-dg)d 13.14(bs, 1H), 11.99(s,
1H), 9.61(s, 1H), 9.34(s, 1H), 7.92-7.86(m, 1H),
7.79(t, J=1.8 Hz, 1H), 7.50(t, J=7.9 Hz, 1H), 7.41-
7.33(m, 1H), 6.94(s, 1H), 6.25(s, 1H), 3.10-2.97(m,
1H), 1.05(s, 3H), 1.04(s, 3H). *C NMR(151 MHz,
DMSO-dq)d 166.98, 157.59, 154.77, 154.45, 145.56,
135.08, 131.97, 130.80, 129.39, 128.59, 128.15,
127.67, 126.10, 105.16, 102.77, 26.05, 22.97(s, 2C) .
22 ARIMLAE FHR X

G ARSI [T i 24 0 TR T P R P 56
T M AR 552 5 2 A v Btp 2o 1 P R A X A v
R, SR AL TR ANF B o

W AR i B0 A R I A T A0 B, DL LT
RPMI 1640 55323/ BE 2 1x10° CFU/ml, #4184
fL 100 pl 427 B FBR 2B W] 96 fLARH, Hir
1~ 11 5IMA R BRI S, A-HATIMA RS

B BRI 259, 265 G T4 R BAPEXT BE, £l
AINAZGHL L, RPMI 1640 1537 JEA0 8 B R BE
W, 115U AL A B A A FLC, HAT4Um A
FLC ANIMASLEWD), MiJa7E 35 C 20 FIEE 48 he

D 72 45 FLAE 630 nm 4b [ W OG BE 4, AR P8 2
2 IHR %o=(Appearma A ama )/ (Appexrma—
Agypenmag, )% 100%, THE AL R 0 2 . 7E
96 fLAR T A1-F10 DX, G SR — L i i
e b7 FLANZAL IR 23R T 80%, WAL
FIAEE YU FLC e B2 7351 FIC 441 FICk
FI 72 28 FICI=(FIC, 4 4/MICy 41, 45y )+ (FICg ¢/
MICgopr ) (MICgp>64 pg/ml i 4t & #1, MICg, LA
64 pug/ml 1550, RS G YIRTNH FICI,
2.3 HR4h Hsp90o. 2] & P ] 4,

A S Hsp90o, 1 il T 4 1 38 SR FH 2€ 'l 9% 725
SERAE RN FiR o

(R 96 FLARAYEHLIA Hsp90a(3.4 pg/ml) |
FITC-Geldanamycin F1 & %1 #i B 09 1L & 9 1 52 4%
H Buffer % 100 pl(FHPE XS FEFLAS AL G,
BRI o) BEFLBE A LA Hsp90a WA AAL &), T

JEFEEIRAM T E 3 he M2 BEFLEB R MK
485 nm MRS 530 nm T AYZOEIREE, ARIETHE
9 B L AR 0 Y m IR Fbo A 2. ) 2R =
(Fbppe e, Fbr s )/ (Fbpe e, ~Fbpgpepnaz, ) >
100%, T AU EE AL SRS, 324 Graphpad
BAFHEAL G 1Cs 18
2.4 ARINFIY I MR R,

$t HEL 1 HL60 (1) 24 Jfd 7% 4 0 i 20 9% an
Fim o

1EBEH 96 FLAR-PAEFLINA 50 ul 7 HEL 4
(£ 10000 ) KiFeiaisk HL60 4iji( 7 20 000 1)
REFRIEIR, 7 37 °C F 5% CO, BISME T 1537 24 he
RIS AT RPN EE AL BB 50 l,
REETE 37 “C Fl 5% CO, 4 T 4557 48 h(FHE
X REFLE AP A IAS I AL, B M REFLAN A
LA ALY, I ALl R0 ) . )
FHLFIIAEA 10 pl Y CCK-8, 7E 37 °C H15% CO,
FYZAF TR 3% 30 ming U2 AEFLAE 450 nm A9 I
TRE A, AR A IHIR % =(Appearma—Aeama)/
(At~ Appextmn, )< 100%, TSR T 05
Wy 1 30 1 #, I L)L Graphpad #5485 46 & 90 19
ICso H.

Bt AS49 (4GP IR AR TR

Fie I BE£L 5 000 20 B Rl AS49 B4 i 1%
FRILEI 100 wl F1EW 96 FLHH, 78 37 C 1 5%
CO, M2 T 1557 24 he WSFREFLEGFRIE, [m14HfL
T A AN R BE R AL P 35 35 5505 W 100 pl, 7E
37 C 1 5% CO, WY 514 T 4R L35 5% 48 h(BH P XT
RESLEERN A BN I AL G, BT BEFLAS TR 240
MIBA AL S Y H DA RFRA R SR 30 ) . )
SR LR IR, M AL A S A 10% CCK-8 1Y
R FRFLIEWE 100 pl, 7E 37 °C H1 5% CO, ISR
RS EE SR 30 min, I 5E BEFLAE 450 nm &0 HYOE
JEE A, MR 2 3 IR o= (At~ A srma)/
(Apexpras—Ape g ) % 100%, RS RE T A
Y 2R, 3L Graphpad A4 158G W) 1Cs.
2.5 ARSDEFR) A o & 5 I

W BT B A KR C. albicans 0304103, 3f
IR RPMI 1640 3553 FEZ 1 < 10* CFU/ml,
FEREE 5 ml M R MBI 23R8, A
N[ BE B AL & W Fn 32 pg/ml B FLC, J5 7E 30 °C
A1 200 r/min 2578 B TERIR G A P RE 3R, HL O,
3.6, 9. 12 1 24 h I 2% 20 EL & 5 SR WK 100 pl, DA
PBS Fi B 216 HIRE 5, IR TE &4 SDA
A B % 3 0 85 35 L, 45 4 B A B[] 5 34 0 A
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3R, TG TE 30 °C 2540 T 53 48 ho MG MLAH
AR B TS BRI, IRl 1] - B Y5 BT L
2.6 Real time RT-PCR 5234

B C. albicans 0304103 FLE &3 T 1 ml
) YEPD 5323, 78 30 'C B4 FREF 16 he
B0 pl BRI, M TS A LEY,
FLC M55 1416 YEPD K5 723 (50 ml) H, SR )5 76
30 C &M Faksetsss 24 he B0 4 ECTH 21
Jf, 2 B AT 2 EL B RNAout 127 2 52 U8 2H B T
RNA, Jf-I2E 2% ZH P2 B L RNA WREE . DUIFR U
A RNA SR 2 S i skaalonl G #5454 cDNA
PIFRTS ) cDNA 2 1R qPCR i3 &, 1 40 MG
N B4 LR AT CT (H. MRAEA . M
TR A=A AU TR 4[] 4% 3 R Y e 3R A5 8
ARSI R B NS S ACTT(ER 1)
2.7 AMARET R E I

BEODIEETR B E KRR C. albicans 0304103,
DI FH RPMI 1640 Hi 5556 BE 2 1x10° CFU/m,
J& LB 100 pl 2280 2 & W] 96 fLAR T, 7£ 37 C
T EEFE 90 min(FIMEXT B R LR EL B ) . W F-5F
FLEEFRIE, UL PBS WEUE 2 WK, M BRFL A I A R 5
FHALE 1 RPMI 1640 1555 521 W (FH R X BR AL
FEIHXT AL I AR SB35 ) o Jdhe:
TE 37 'C THEFE 24 he W AALEEFREE, UL PBS I
Ve 2 WK, 1 EEFL o A 2518 (3 pmol/L) A1 XTT
(0.5 mg/ml) ) PBS ¥ 100 pl, 4k2:7E 37 °C T H;
3% 3 ho WU FLESFRI 80 ul =55 —iB M 96 FLR
A FLAE 492 nm ARG RE(E A, ARSI
FEFETH R AW A YT B Pp BT i, A%
R=(A g~ Awpensina, ) A, —Apisext )
100%.
28 WMLAEKRER

BRI C. albicans 0304103,
DL Spider #5 FREM B A B £ 1x10° CFU/ml. T HX
2 ml BB AERAE 12 LA P, I ACK [ Ak
EWy, 16 37 °C F 3R 3 he flEHJC 0 B8 E B
BEMESIFIE A H I AR
2.9 4RIl mA R AR L

W HC 1 ml % HEL 4 i A 3% 5% 3 Bl (5 3x
10° N4 i) BF0 T 24 fLARh, 7E 37 'C Fil 5% CO,
PSR THEFR 24 he [ BRHLTIMAEA RYTHREER
B YIREFRIEER 1 mlOSIFLA IS ), kst
£ 37 °C F1 5% CO, By F155% 48 ho 1000 r/min
B0 5 min WAE L AN B, JF DL PBS T VE
W ISR IR A A 300 ul Binding Buffer 4%

%1 Real time RT-PCR 3235 Fr RV EE 549551

AR 5zl
ERGI1I-F ACTCATGGGGTTGCCAATGT
ERGII-R GAGCAGCATCACGTCTCCAA
CDRI-F TCCACGGTCGTGAATTCCAATGTG
CDRI-R GCCAGCAACAGGACCAGCTTC
CDR2-F GCTACTGCCATGTCACTCTCCAC
CDR2-R GGACAACTGTGCTTCCAGGAGTAG
MDRI-F CCACTGGTGGTGCAAGTGTT
MDRI-R TCGTTACCGGTGATGGCTCT
ALSI-F GTGTCGGTTGTCAGAAGAGC
ALSI-R TTGTTCACGTTGAGCCATGG
ALS3-F ACTTTGTGGTCTACAACTTGGG
ALS3-R CCAGATGGGGATTGTAAAGTGG
HWPI-F CTGAACCTTCCCCAGTTGCT
HWPI-R CGACAGCACTAGATTCCGGA
EAPI-F TCCTACACGACTGACACTGC
EAPI-R TGACACCCGTAGTTACTGCTG
BCRI-F TCCTTTACGTGCACCACCTC
BCRI-R ATGCCGACGATTCAGCTGAT
ACE2-F ACTTTGTGGTCTACAACTTGGG
ACE2-R CCAGATGGGGATTGTAAAGTGG
RLMI-F GTGCCTGCGAATGTTCCAAA
RLMI-R TGCATTGCTTCCTCCTGTCA
ZAPI-F TACCGCGACTACAAACCACC
ZAPI-R TGCCCCTGTTGCTCATGTTT
ACTI-F GGTTTGGAAGCTGCTGGTAT
ACTI-R ACCACCAATCCAGACAGAGT

BWRLAR 10 pl PLYLRL IR G195, 7R3l T #ET
15 min, LAV {SCRL I 45 20 4H e

3 LIEHER

3.1 # A Hsp90 p ] 7 a4 3% 3t

M1 Ganetespib 5 A Hsp90o #4254 A 2h
¥ (PDB: 3UTH), n] & B 73 A 6] — 1 0 73 Al
—WRERER 735 Hsp90a 25 80 B % (AnTa] — iy s
Y 2B RS Asp93, — MR 1L N JRF
55 Thr184 ¥IfFAEESEEE &), 1 H JEm e i B R
H—MdL AT 5 Lys58 F7E FH S +-m AR H], Mg 3F—
0 0 A2k 5 50 B 5 X P, 3 ] Ganetespib HY 2SR
¥ AUY922 [F] C. albicans Hsp90 & &) it A 45 #4)
(PDB: 6CIS)H1 & WL 1 U, 32 i 1A 45 4tk 7
AUY922 [d] C. albicans Hsp90 (1) 45 & 1 X 5
Ganetespib [A] A Hsp90a 2 [8] () 285 & AH 2L, 4544
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AUY922 [ ] R o0 i 2> i ¥ 35 A (HERR
T O FSF B MR R 17 O J7F 7] 4 Bl 5
Asp82 Fll Thr174 J& s 288 A4E H, 1 5 — M % 4 A
MR IR S Lysd7 BAHE - fEH. Bk, 4
R RILE B Ganetespib 5% 445 45543 (A —
P53 . — WA RIS 5 W | e () A B — ), Mg 24
B AT O S A R s W R 4 o S T A
IR LA Hsp9o H0 137, LA & BL3E i o
PPt B SHE A CEE R AP (E 2) .
32 BARLA AR

DA AR B EE 1 R (29a-s) M SRR, 75 =2

HN/OR—» Ph\O)L/O L HN )L/O

29a-s 30a-s 31a S
Q ’éééfide{,’i la, 32a, F1
—>
\5\r 1 29b, 30b, 31b, 32b, F2
OH N‘NH 1 29¢, 30c, 31¢, 32¢, F3

F1-F19 ! 1 29d, 30d, 31d, 32d, F4

' 29, 30e, 31e, 32¢, F5

1 29f, 301, 31f, 32f, F6

3, 29g, 30g, 31g, 32g, F7
1 290,300,310  R=4-NHBoc 320,F15 R=4-NH,
1 29p, 30p, 31p  R=3-NHBoc 32p,F16 R=3-NH,
129q,30q,31q  R=2-NHBoc 32q,F17 R=2-NH,

\

N
\
ﬁmmm HQ

T /EO gn N-

OH N‘NH

B2 FHE Hsp90 HIHI5IAY & T

e
L(N

| (6]
N
A R 5 SRR R S I A9 21 v [A] 1A 30a-s, 75

[0 9 2% 1R T 5 7K A S A A S i A ﬂ$@%

3la-s, T4 = A5 2 Hh a4 32a-s, )5 48
ER LB R IR 3L 15 3] H bR 59 Fi F19

\59

OBn N‘NH
32a-s
OBn 12
'R=H  29h,30h,31h,32h,F§ R=4-F |
R=4-OCH, 29i, 30i, 311, 32i, F9 R=3-F
R=3-OCH, 29j, 305, 31j, 32j, F10 R=2-F !
R=2-OCH, 29k, 30k, 31k, 32k, F11 R=2,4-2F :
R=4-CH, 291, 301, 311, 321, F12 R=4-CF,
R=3-CH; 29m, 30m, 31m, 32m, F13 R=3-CF,
R=2-CH; 29n, 30n, 31n, 32n, F14 R=2-CF,
29r, 30r, 31r R=4-CO,t-Bu 32r, F18 R=4-CO,H 1
29s,30s,31s  R=3-CO,-Bu 32s,F19 R=3-CO,H 1

3 BHULEYINEREEZ
FE 55 264F: (a)PhOCOCI, CH,Cly, EtsN, rt, 30 min, =3 75% ~ 92%;(b)NH,NH,-H,0, EtOH, A3, 3 h, 7= 72% ~ 91%;(¢) (i) EtOH, 1,4-

dioxane, 117, 2 h;(ii)K;Fe(CN) g, NaOH, [fl3i, 12 h /=38 53% ~

35% ~

3.3 BAMLA WA RN ERIEN S MRk &

H 45 1L & W 0 4 S0 16 M 37 A A 5 X AU
Hsp90o (14310 1 6 PEEAN | 38 o AR 45 X VR B A
Bkl i S B FLC B9RSMI [FHL T 25 5
PRSP DL ST I A M PP . e, i 2 B
PRI IR BS (T2 C. albicans(H% 5 0304103);
i Je A AfL e B 2 A IR RE 40 il 52 HEL (LT 140
JH F 1ML 975 40 B ) AT HL6O (A - &7 14 1L 40 g ),
1 AR A 4 2R (AS49) . SEEG R LUE S E
Ganetespib /£ X} R4 .

i 1K Ganetespib 193 H B 5 05| W 245 44 %
R A AN BRI RSB T Bk &9, %
FALE YRR TEINE 2 Bk . 7E 1 pmol/L Y
WRER, Hbrba %t Hsp90o 2 ELA 5 (40 il 1
FHEMHIHRIE =94%) .

49%;(d)H,, Pd/C, CH;0H, rt, 12 h, % 71% ~

72%;(iii) (FH 145 320 ~ 32s)NaOH, H,0, 13, 12 h, =%
85%.

RSN BT 25 B BTG T B, 655 B
LAY EA S FLC PRI (FICI<0.5) . %
K 1, R BRI ) 50 o W R B 24 &
PRTE PR A IR, WOREA RS (F) s & A
HEr L A F 4R (F2-F4) . B 3L (F5-F7) . & gk
(F15-F17) 5% 55 W HL -3 P 4n sl A (F8-F10) By £k
B L A R LA a0 = R SE(F12-F14)
FR EE (F18-F19) (1 4k & W) U [R] it it 24 0 1 3 P
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