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17-[5-(BX PHEER BR B ) I —BR)-17- K S B A& /RIEE
AT EMRE K
g FEF OE O HEH
eE%E K B HAFE*

(IZRRZEZ 2 R F A E R SCR= 5Fi 250012)

2

WE I /R#EE E (geldanamycin, GA)2 2B — AN RIRF=IRIF I B UHA T A 90 (heat shock protein 90, Hsp90)41i
A, ARG PR S 52 B R v 1 BRI ATHARZOC R TR, 16 GA W C-17 fnidid — AN i HaZEHERE A, I NRIF
R (] PAVAEE P K2 T ARG AP 2 4. 338 DA I i B [, 26 AN 17-[5-(BUAR RE I 56) I — 1% ]-17- 25 AR 2 GA i
IR E RREVEVEOY. SEVEIR S R, BT MG SR BRI BT ALIE 4Dk MDA-MB-231 3514, 1Cs, {H1E
0.12~1 pmoleL ™" Z [A]. L1, 3a Al 3u 2 H MR 5 = AOAL &40, 1Cso (B384 0.12 pmoleL ™", AT BHHERTHE 17-N-4% 14
BRIE-17-EHEE GA (17-AAG) (IC5o=0.27 pmolsL™"), FH. 3u I HT4H o 5 M 5K, LZ%HTE%E"H‘E?}:WXQ%%H
F, 9 GA & Hsp-90 HIifilFIFIH e 2 SA6 S I S5 i SR AL IR T S M E 1 A,
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Synthesis and Preliminary Antitumor Activity Evaluation of 17-(5-
(Substituted cinnamamido)pentylamino)-17-demethoxygeldan-
amycin Derivatives as Potent Hsp90 Inhibitors

Xu, Hongjiao Li, Zhenyu Wang, Zhen Hao, Huilin Lu, Chunhua

Zhu, Jing  Shen, Yuemao™
(Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical Sciences,
Shandong University, Shandong 250012)

Abstract Geldanamcyin (GA) is the first potent inhibitor of heat shock protein 90 (Hsp90) from natural products. However,
its clinical application was limited by the unwanted hepatotoxicity. Our previous studies on the structure-activity relationships
of GA derivatives indicated that the introduction of hepatoprotective cinnamyol group via an alkyldiamino linker decreased the
hepatotoxicity evidently. In this study, using pentyldiamine as the linker, twenty-six 17-(5-(substituted cinna-
mamido)pentylamino)-17-demethoxygeldanamycins were designed and synthesized as the inhibitors of Hsp90. All the com-
pounds showed potent antitumor activities against human breast cancer cell line MDA-MB-231 with ICs, ranging from 0.12 to
1 pmolsL™". Particularly, 17-(5-(cinnamamido)pentylamino)-17-demethoxygeldanamycin (3a) and 17-(5-(2,5-methoxycinn-
amamido)pentylamino)-17-demethoxygeldanamycin (3u) were proved to be the most potent compounds (ICso=0.12
pmolsL "), more active than the positive control 17-N-allylamino-17-demethoxygeldanamycin (17-AAG) (ICso=0.27 pmole
L") and showed lower hepatotoxicity. Additionally, the preliminary structure-activity relationships among these newly synthe-
sized congeners are briefly discussed, which should provide valuable basis for the structure optimization of GA-type Hsp90
inhibitors and antitumor lead compounds.
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s /R 855 K (Geldanamycin, GA)J2: 1970 £E MR 7K 4
P 1 (Streptomyces  hygroscopicus) R B 43 55 49 21 1)
KR ZIER, BH—DRATYRIFERI AR T EA
90 (Heat shock protein 90, Hsp90)Hii|57" . GA @it %
rPE 454 Hsp90 N At ATP/ADP S5 Fis, 4% S i)
il Hsp90 BT 04 5 1) ATP Bv& 14, o403 Hsp90 M4, Mifi
] Hsp90 4> FAEARTIRE. Hspo0 #4Miil 5, s
Hsp90 MAxZEA, BG5S RAMF L HER R
Wz FAFNBERAR, =R A R 4 AR 5 . 5 S A0 R
TR,

R GA B HiMEER, (ARIEFMIKRE T2
AN B E AT R, R E R T HO 2 F RCL T s
250 TRERAITE. BRARERNE, 24 ERT GA HHT
T2 MRS KRBT GA BRI
PESESRIATAY), Bl 17-N-J& A FE & 172 AR A
GA (17-AAG)FI 17-[2-( = FE L) L e %-17-2 4k
GA (17-DMAG) (E DB BAR — WK 17-AAG Xt
FUMRAE A TR, AER A I R R 50 A
IR R, SO ARIRIF BN GA AT ARG E

=98

TERTIATAE SR, AR AR T AR5 GA fif
W, 17- R HE-17-5 W EE GA M 17-2K L fie-17-
FHEIE GA'OL A WE I 45 SRR, 17-{[6-(=
SR LR E -3- 25 P Ry -17- 22 FRAEE GA (A)AT 17-(3-
=R O )-17-2 AR GA (B)(E DI
KT GA, AHEBNFRERIT 4R S &, #—
B 3 P ook AEIRE . 1,4-T . 1L,6-00

H
/\/N

J)WEN GA C-17 A BRI A, AT 34251 GA T
AU NEAR NI R R, C~E B3 RKER
% ¥ (Aspartate aminotransferase, AST)F A & f& 7% &
fi#(Alanine aminotransferase, ALT)MJ{EHAKF 2 Z KT
GA (P<0.05), &M L6-C MK EEATEYS
Hsp90 54, #R)5, FATTE GA 1) C-17 BIN—PEKK)
BRI 3,6- A k-1,8-F MY RIS GA ML,
FITE R AR AR SN IR 5 3 3 PR, N T 25
2 1 % e B P B K A B o e e i R 1 R
W, A GA 19 C-17 hiSIN L5-IRZR%, ST 26
A 17-[S-(IAR IR AG A i ]-17- 2 AU GA, JF
Jiiik 7 HARSMT MDA-MB-231 402 ) 75 ¥4 (Scheme 1).
1 HR5VHE
1.1 EYHERK

PL GA NilEHHERL, ARE SRz &, 5
1,5- % g B A B AR 2. BBk rp a4 2 43 93] S5 B
AR AERR I NA5 2 H A5k &4 3a~3z (Scheme 1). H
FRALE WIS B S . "H NMR F1 °C NMR HiLE.
1.2 MRS MHENXER

KH MTT LAY 3a~3z 5 AN FLIRSE
MDA-MB-231 4Hftk 4K AIMHIEH, LL 17-AAG 1
GA ANFAVEXT IR, 851K, BRT 3z LUAh, AR GA AT
A Eon BSRIIPUMRTEE. o H 144 GA TR
PR DERE L 17-AAG 538 44 S0k 8 3

TERERAT A, W7 IR R AT A S5t

NH,

alvespimycin (17-DMAG)

MeO

C R = 3-MeO-4-OH o-(
D R = 3,4-(OMe),
E R =34,5-(OMe);

Bl 1 AR GA 25 Hsp90 #4544
Figure 1 Structures of representative GA-type of Hsp90 inhibitors
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Reagents and conditions: (i) 1,5-pentyldiamine, dichloromethane, r.t., 3.5 h; (ii) substituted cinnamic acid, NHS, EDC-HCI, DMF, r.t., 24 h

B 1 &Y 3a~3z NG R LR

Scheme 1 The synthesis of compounds 3a~3z

F 1 AEY 3a~3z 3 NFUBE MDA-MB-231 4 b 1 AE- KA 15 H
Table 1 The cytotoxicities of compounds 3a~3z against the growth of MDA-MB-231 cells

R% { H H
2NN TN 7. demethoxyl GA
(0]

Compd. R ICs¢/(umoleL ™) Compd. R ICs¢/(umoleL™")
3a H 0.12 30 4-N(Me), 0.28
3b 2-NO, 0.35 3p 4-CF; 0.24
3¢ 3-NO, 0.18 3q 4-OCF; 0.46
3d 4-NO, 0.17 3r 3-OH-4-OMe 0.14
3e 2-Cl 0.38 3s 3-OMe-4-OH 0.36
3f 3-Cl 0.15 3t 2,3-(OMe), 0.28
3g 4-Cl 0.21 3u 2,5-(OMe), 0.12
3h 2-Me 0.48 3v 3,4-(OMe), 0.13
3i 3-Me 0.21 3w 3,5-(OMe), 0.21
3j 4-Me 0.23 3x 2,3,4-(OMe); 0.41
3k 2-OH 0.28 3y 3,4,5-(0OMe); 0.34
3l 3-OH 0.26 3z 3,5-(0OMe),-4-OH >1
3m 2-OMe 0.28 17-AAG 0.27
3n 4-OMe 0.21 GA 0.05

L2 BRI AR a1 22 A K, (R AR ]
A B XTGBT RL 1,5-IK oA E R A
HIRTAY, 1L BRI S 0T AR B, AR A B
AT A S AR e 2. i, W Fi 1 2 A R BUAR
T4 3b~3d TR AR PR IS 1, SRR EUAR
MATADD 3b FIEHARTRTAEY) 3¢ A1 3d. SRATED
3e~3g FIHEEMMAEDY 3h~3j WX
[, o P73 [ H AR ARG 6 B AT 2R 4 v 1 i
ARALEUAR, TR0 2 3L AR AT A i 5 F-40 0. —HUAR
A YIAT e RS, — AR B IAT A YA
TR, UL, B XL AT RO, Hor 3y
40 B EEME(ICso=0.13 pmoleL )Y KT 3a A1 3u (ICs,
=0.12 umolsL™"). A2, F74EW 3r HIPTHIR T
T 3s, HE7R AR A FR JE (0 A7 B U PR TS M A Bk
semm. = HURATA DI ME ] B R, = H AR IUR
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HIRTA D) 3t~3w b = R RUR IO AT A1) 3x~3y TG
PESR, 3z SEVERRAR T NIAE. AL, 17-[5-(AIEEEERL L)
% E)-17-2s A GA (3a) Rl 17-(5-[(2,5- ALK IE)
WIRBE I —%)-17-2% A GA Bu)ZiZ R8Tt
i 8 v P B 1 B AL A D (1IC50=10.12 pumoleL™"), ¥JET
PHTEZG 17-AAG KIS PE(ICsp=0.27 pmoleL ™). ffAk
A, UL LSRN B AT A s A Hofh &
I () AT A .
1.3 FF4HRE HL7702 SHNE

PL17-AAG F1 GA NFHMESTHIR, KA SRB A6 4
it 5 e AL A 3a R0 3u X P4 AL HL 7702 H)E: %
SEIGHHE R, ST IRAR LG, B R DU S
FTEEY) 3a 7E4H AT 351 5250 A 7R HH B BH P ) B B 53
PN, BG5 3a MH4AHMREERATAEY 3u
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(IC5p=368.15 nmolsL )X} AT 41 o &5 PR, 7T LAk — 25
RIERIGTT A 2593k 2).
F2 LAY 3a F 3u X AATAIM HL7702 40 fubk i #d4

Table 2 In vitro hepatotoxicity of compounds 3a and 3u against
HL7702 cells

Compd. ICso/(nmolsL™")
3a 230.17
3u 368.15
GA 350.28
17-AAG 270.09

1.4 Hsp90 ¥ & FAFTME

N T AR EATA P RIE R s, BRAT TR BT g
STt 375 e o v AL S 3a HEAT ARSI Hsp90 SZ5G.
K6 R4 3a 5 Hsp90 SEAIEH Ky fE N 0.36
pumolsL ™!, It 17-AAG (ICs5,=0.72 pmoleL ™ ") iFPE
U, R 17-[5-CUR PREER ) I — k2 ]-17- 2 A GA
#& Hsp90 #1151).
1.5 3u 3 FXEZE Hsp90

RNT MW FRFEBEAEY 3u F7ERBLE], FIH
4% 48 Hsp90 H3E M 48 . AR URBER A Autodock vina
112 3T Tt se. | 2 aTUEH, &% 3u
TS GA KRIMEE B 3u R EENW RS &
% Hsp90 ] ATP/ADP £54 148, 3u LIb R Y 6-47
I, 7- & FRRERIE . 8- A1 10-hi LS
Hsp90 FIASREL A, TU AR Z e a6 J M BAE H,
T RBEIF LT Hsp90 45 & TSI DX, RE /DB
7. EERE, RAEFRREENE AR 55"
FEIR R HE Asp83 Fl Thr174 JE BB, TEVEPE RN
b, FRERIS b 18- Y HE AN 17 AR 15 Aspad
TE RO E S B, 23R 107 BRI S T DA 5 R Rk
%5 Phel28 JERESE. MBS 4RI, 17-C0MEE AR b
(12,5~ F 4R 25 PR R Tk 2 1 A5 3 ] DL 5 O R ik 3
GIn123 (M2 BT B FH B +-n AH BLAE .

B2, UL RO R OB 17-5 -
17-LH4EIE GA TS Hsp90 743 F /K F KA BAE
M%7 7 EERIRRE, Ndt— Bt — Ll GA IE
ZE1¥) Hsp9o FFIFAL T4 F 15 .

2 Zhig

AT, TATLL GA ABFZ, 1,5- 0 G etk
B, 5INERHI AR, SEA T 26 1~ GA £,
H H P T N TR 4 ik MDA-MB-231 47
PE. BR T ARG 32 LLAL, LB ATAEDI8 o B 4H
JIFE 1, ICso fH7E 0.12~0.48 pmoleL ™' Z &, Hrh,
17-[5-(ARE B [ — i ]-17- 25 FRARJE GA (3a) Al 17-[5-

2128 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

| LYs-102 ASNI6
—

B2 AL 3u XA Hsp9o G TE 48
Figure 2 Docking of compound 3u binding to the ATP site of
yeast Hsp90

(2,5-F AR 2k AU RE B A ) I — ) 17-2 FH 42k GA (Bu) bt
JEPEERE, LT FRIEZ) 17-AAG, A UL GA NEHZH)
Hsp90 il 7RI &s A AL SR AL 138 i) .

3 SEEEERSY
31 X5

i X4 BB ARUE SACE (ERLEERRIE); ik
FLHRA N Brucker Avance-600 F1 Brucker Avance-300 7,
TMS NWZ; BN LTQ-Orbitrap XL % (Thermo
Fisher), & T K Ml B W8 %5 B 5 4k (ESD); % 5 1% 1
200~300 H IR ZHTREIR GFase A B
A= B R E O IE E BlE a Br A, R
BN, — R BB .
32 ZWHE
32,1 fFEARK

&) 3a~3z Kl #&& BUP IR UL 3a fl. GA (56
mg, 0.10 mmol, 1.0 equiv.)¥ T Z& %% (10 mL)H, fn
A 1,5-1% "% (73 pL, 1.00 mmol, 10.0 equiv.), MNIRTE
FiR PR35 h)E, Al ZK (25 mL X 3)FIE AT &R K
(25 mLX3)Peik, A HUAHH KRR T, I8, K
dafa P Hidk 2 HERT 5. Kdk 2 BT
N,N-ZHEEHEEZ(10 mL)H, IO 1-Z5E-(3- = S
FLTR L) B WP % 2 ER TR (EDCHCI, 1.2 equiv.). N-F&3&
BEIAME W FZ(NHS, 1.2 equiv.). MK F iR FHisEdw,
R G H B8 A Bs R EL(20 mL X 3), & AU,
FIMLAT A £ /K BEVR (30 mL X 3), To/KERERAN 15, g,
W4E 5 b AT E T 7 B (LT L BR) - V(A
fif)y=2 : 1 Belt], FEOEERLEY 3a. KAMERTT
EH SR BNEY) 3b~3z.
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17-[5-( PR PR i 585 ) 0 — i ]-17-25 PSR RE A R B 5
% (3a): WK 65.9%. mp. 125~127 C; 'H NMR (600
MHz, CDCL) 6: 9.16 (s, 1H, CONH-1), 8.01 (s, 1H,
CONH-6'), 7.64 (d, J=15.4 Hz, 1H, H-7'), 7.50 (d, J=6.3
Hz, 2H, H-10' and H-14"), 7.41~7.31 (m, 3H, H-11', H-12'
and H-13'), 7.26 (s, 1H, H-19), 6.94 (d, J=11.4 Hz, 1H,
H-3), 6.59 (t, J=11.3 Hz, 1H, H-4), 6.41 (d, J=15.6 Hz,
1H, H-8'), 6.28 (s, 1H, NH-17), 5.90 (d, J=9.6 Hz, 1H,
H-9), 5.87 (t, J=10.3 Hz, 1H, H-5), 5.17 (s, 1H, H-7), 4.92
(br s, 2H, CONH,-7), 4.30 (d, J=9.8 Hz, 1H, H-6), 3.61~
3.52 (m, 2H, H-11, H-12), 3.48~3.38 (m, 4H, H-1' and
H-5"), 3.34 (s, 3H, MeO-12), 3.26 (s, 3H, Me0-6), 2.77~
2.69 (m, 1H, H-10), 2.66 (d, J=13.9 Hz, 1H, H-15), 2.42
(t, J=12.2 Hz, 1H, H-15), 2.01 (s, 3H, Me-2), 1.83~1.76
(m, 5H, Me-8, H-13), 1.74~1.66 (m, 3H), 1.66~1.59 (m,
2H), 1.51~1.44 (m, 2H), 0.99 (d, J=6.2 Hz, 3H, Me-10),
0.95 (d, J=5.9 Hz, 3H, Me-14); *C NMR (150 MHz,
CDCly) d: 183.9 (C-18), 180.6 (C-21), 168.4 (C-1), 166.1,
156.2 (CONH,-7), 144.8 (C-17), 141.4 (C-20), 141.2,
135.8 (C-5), 135.0 (C-2), 134.8, 133.8 (C-9), 132.7 (C-8),
129.7, 128.8, 127.8, 126.9 (C-4), 126.6 (C-3), 120.5, 108.6
(C-19), 108.4 (C-16), 81.7 (C-7), 81.5 (C-6), 81.2 (C-12),
72.6 (C-11), 57.1 (MeO-6), 56.7 (MeO-12), 45.7, 39.3,
35.0 (C-13), 34.4 (C-15), 32.3 (C-10), 29.5, 28.5 (C-14),
24.1, 229 (Me-14), 12.8 (Me-8), 12.7 (Me-2), 12.4
(Me-10); HRESIMS caled for C4Hs¢NsNaOy [M+Na] '
783.3940, found 783.3915.

17-[5-(2- i 358 PR A 0k o 225 ) 13 — e 1-17- 2% FR AL R A
IR PSR 2 (3b): A E AR, I E 74.9%. mp. 116 ~
118 °C; '"H NMR (600 MHz, CDCl3) 6: 9.17 (s, 1H), 8.02
(d, J=7.9 Hz, 1H), 7.97 (d, J=15.5 Hz, 1H), 7.67~7.57
(m, 2H), 7.52 (t, J=7.4 Hz, 1H), 7.26 (s, 1H), 6.96 (d, J=
10.9 Hz, 1H), 6.60 (t, J=11.4 Hz, 1H), 6.35 (d, J=15.6
Hz, 1H), 5.94~5.81 (m, 3H), 5.18 (s, 1H), 4.31 (d, J=9.8
Hz, 1H), 3.64~3.52 (m, 2H), 3.51~3.38 (m, 4H), 3.36 (s,
3H), 3.27 (s, 3H), 2.78~2.70 (m, 1H), 2.68 (d, J=13.8
Hz, 1H), 2.47~2.35 (m, 1H), 2.02 (s, 3H), 1.83~1.77 (m,
5H), 1.76~1.69 (m, 3H), 1.68~1.61 (m, 2H), 1.54~1.43
(m, 2H), 1.00 (d, J=6.9 Hz, 3H), 0.97 (d, J=6.6 Hz, 3H);
HRESIMS calcd for C4,HssNsNaO;; [M+Na]": 828.3790,
found 828.3765.

17-[5-(3- i 358 PR A Mk o 225 ) 13 — g 1-17- 2% FR AL A
IR B R 2 (3e): R, WEE 88.0%. mp. 123~
124 “C; "H NMR (600 MHz, CDCl;) 6: 9.16 (s, 1H), 8.38
(s, 1H), 8.19 (d, J=8.1 Hz, 1H), 7.78 (d, J=7.6 Hz, 1H),
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7.69 (d, J=15.5 Hz, 1H), 7.57 (t, J=7.9 Hz, 1H), 7.25 (s,
1H), 6.94 (d, J=11.5 Hz, 1H), 6.59 (d, J=11.2 Hz, 1H),
6.28 (s, 1H), 5.97 (s, 1H), 5.90~5.82 (m, 2H), 5.19 (s,
1H), 4.98 (s, 2H), 4.31 (d, J=9.9 Hz, 1H), 3.59~3.52 (m,
2H), 3.51~3.40 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.77~
2.70 (m, 1H), 2.67 (d, J=13.8 Hz, 1H), 2.42 (d, J=11.4
Hz, 1H), 2.02 (s, 3H), 1.83~1.76 (m, 5H), 1.76~1.68 (m,
3H), 1.69~1.62 (m, 2H), 1.55~1.45 (m, 2H), 1.00 (d, J=
6.9 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); HRESIMS calcd for
C4HssNsNaO;, [M+Na]": 828.3790, found 828.3761.

17-[5-(4-Tirf 355 PR R 195 e 368 ) 16 — i 1-17- 2 HE AR A%
IRHE T (3d): KB E AR, FE 75.6%. mp. 136~
138 °C; 'H NMR (600 MHz, CDCl5) 6: 9.16 (s, 1H), 8.23
(d, J=8.5 Hz, 2H), 7.72~7.68 (m, 1H), 7.68~7.61 (m,
2H), 7.26 (s, 1H), 6.94 (d, J=11.5 Hz, 1H), 6.60 (t, J=
11.4 Hz, 1H), 6.53 (d, J=15.6 Hz, 1H), 6.26 (s, 1H),
5.93~5.84 (m, 2H), 5.18 (s, 1H), 4.89 (s, 2H), 4.31 (t, J=
7.6 Hz, 1H), 3.63~3.54 (m, 2H), 3.51~3.39 (m, 4H), 3.37
(s, 3H), 3.35 (s, 3H), 2.78~2.70 (m, 1H), 2.67 (t, J=12.6
Hz, 1H), 2.42 (d, J=11.2 Hz, 1H), 2.01 (d, J=15.9 Hz,
3H), 1.83~1.76 (m, 5H), 175~1.68 (m, 3H), 1.68~1.61
(m, 2H), 1.55~1.42 (m, 2H), 1.00 (d, J=6.9 Hz, 3H),
0.96 (d, J=6.42 Hz, 3H); HRESIMS calcd for CjHss-
NsNaO;, [M+Na]": 828.3790, found 828.3762.

17-[5-(2- 5 RURE I i 225 ) 136 — i 1-17- 2% FE AR 4% /K
T3 (3e): HAM K, K 69.6%. mp. 129~131 C;
'H NMR (600 MHz, CDCl;) d: 9.17 (s, 1H), 7.98 (d, J=
15.6 Hz, 1H), 7.56 (d, J=5.9 Hz, 1H), 7.40 (dd, J=7.6,
1.6 Hz, 1H), 7.30~7.26 (m, 1H), 7.26~7.22 (m, 2H), 6.95
(d, J=11.3 Hz, 1H), 6.59 (t, J=11.4 Hz, 1H), 6.42 (d, J=
15.6 Hz, 1H), 6.26 (s, 1H), 5.95~5.81 (m, 2H), 5.18 (s,
1H), 4.84 (br s, 1H), 4.31 (d, J=9.8 Hz, 1H), 3.63~3.52
(m, 2H), 3.50~3.39 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H),
2.78~2.70 (m, 1H), 2.67 (d, J=13.5 Hz, 1H), 2.45~2.37
(m, 1H), 2.02 (s, 3H), 1.82~1.76 (m, 5H), 1.76~1.68 (m,
3H), 1.68~1.59 (m, 2H), 1.54~1.43 (m, 2H), 1.00 (d, J=
6.9 Hz, 3H), 0.96 (d, J=6.4 Hz, 3H); HRESIMS calcd for
C4HssCINyNaOo [M+Na]": 817.3550, found 817.3527.

17-[5-(3- L RIRE I i 225 ) 136 — i 1-17- 2% FE AR 4% /K
RGN KA, WE 74.1%. mp. 120~122 C;
'H NMR (600 MHz, CDCl;) &: 9.14 (s, 1H), 8.00 (s, 1H),
7.54 (d, J=15.5 Hz, 1H), 7.44 (s, 1H), 7.40~7.26 (m,
3H), 7.22 (s, 1H), 6.93 (d, J=10.8 Hz, 1H), 6.57 (t, J=
11.2 Hz, 1H), 6.43 (d, J=15.5 Hz, 1H), 6.26 (br s, 1H),
5.96~5.79 (m, 2H), 5.15 (s, 1H), 5.01 (br s, 2H), 4.29 (d,
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J=9.5 Hz, 1H), 3.65~3.50 (m, 2H), 3.49~3.36 (m, 4H),
3.33 (s, 3H), 3.24 (s, 3H), 2.78~2.67 (m, 1H), 2.67~2.58
(m, 1H), 2.39 (t, J=12.2 Hz, 1H), 2.00 (s, 3H), 1.84~1.73
(m, 5H), 1.73~1.65 (m, 3H), 1.65~1.57 (m, 2H), 1.46 (s,
2H), 0.97 (d, J=6.4 Hz, 3H), 0.94 (d, J=5.5 Hz, 3H);
HRESIMS caled for C4HssCIN,NaO, [M + Na] * :
817.3550, found 817.3542.

17-[5-(4- 50 PRVRE 9% flc 328 ) 13— i 1-17- 25 FRAR R 4% R
MR 3g): KAFEE, K 40.4%. mp. 127~129 C;
"H NMR (600 MHz, CDCl;) 6: 9.16 (s, 1H), 8.01 (s, 1H),
7.60 (d, J=15.5 Hz, 1H), 7.43 (d, J=8.3 Hz, 2H), 7.34 (d,
J=8.3 Hz, 2H), 7.27 (s, 1H), 6.95 (d, J=11.4 Hz, 1H),
6.60 (t, J=11.4 Hz, 1H), 6.37 (d, J=15.6 Hz, 1H), 6.27 (s,
1H), 591 (d, J=9.4 Hz, 1H), 5.88 (t, J=10.5 Hz, 1H),
5.73 (t, J=5.1 Hz,1H), 5.19 (s, 1H), 4.31 (d, J=9.8 Hz,
1H), 3.61~3.52 (m, 2H), 3.50~3.38 (m, 4H), 3.35 (s,
3H), 3.27 (s, 3H), 2.77~2.70 (m, 1H), 2.67 (d, J=13.8
Hz, 1H), 2.42 (t, J=12.4 Hz, 1H), 2.02 (s, 3H), 1.76~1.84
(m, 5H), 1.76~1.67 (m, 3H), 1.67~1.59 (m, 2H), 1.54~
1.43 (m, 2H), 1.00 (d, J=6.9 Hz, 3H), 0.96 (d, J=6.6 Hz,
3H); *C NMR (151 MHz, CDCl5) §: 183.9, 180.6, 168.4,
165.7, 156.1, 144.8, 141.4, 139.9, 135.9, 135.5, 135.0,
133.8, 133.3, 132.7, 129.1, 129.0, 126.9, 126.6, 120.9,
108.6, 108.5, 81.7, 81.5, 81.2, 72.6, 57.2, 56.7, 45.7, 39.3,
35.0, 34.4, 32.3, 29.4, 28.5, 24.0, 23.0, 12.8, 12.7, 12.4;
HRESIMS caled for C4HssCIN,NaO, [M + Na] * :
817.3550, found 817.3529.

17-[5-(2- FF 356 PR A 0k i 225 ) 13 — e 1-17- 2% FR G R A
IR PS5 2 (3h): A E AR, R 67.3%. mp. 118~
120 “C; "H NMR (600 MHz, CDCl;) d: 9.17 (s, 1H), 7.93
(d, J=15.4 Hz, 1H), 7.50 (d, J=7.6 Hz, 1H), 7.26 (s, 1H),
7.25~7.22 (m, 1H), 7.22~7.15 (m, 2H), 6.95 (d, J=11.4
Hz, 1H,), 6.60 (t, J=11.4 Hz, 1H), 6.35~6.23 (m, 2H),
5.90 (d, J=9.4 Hz, 1H), 5.88~5.79 (m, 2H), 5.18 (s, 1H),
4.90 (s, 2H), 4.31 (d, J=9.9 Hz, 1H), 3.61~3.52 (m, 2H),
3.50~3.39 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.79~2.69
(m, 1H), 2.70 (d, J=13.9 Hz, 1H), 2.43 (s, 3H), 2.41 (d,
J=13.1 Hz, 1H), 2.04 (d, J=13.4 Hz, 3H), 1.82~1.76 (m,
5H), 1.76~1.67 (m, 3H), 1.67~1.59 (m, 2H), 1.53~1.44
(m, 2H), 1.00 (d, J=6.8 Hz, 3H), 0.96 (d, J=6.4 Hz, 3H);
C NMR (151 MHz, CDCl;) d: 183.9, 180.6, 168.4, 166.1,
156.1, 144.8, 141.4, 139.1, 137.6, 135.8, 135.0, 133.8,
132.7, 130.8, 129.5, 126.9, 126.6, 126.2, 126.0, 121.5,
108.67, 108.4, 81.7, 81.5, 81.2, 72.6, 57.1, 56.7, 45.8, 39.3,
35.0, 34.4, 32.3, 29.5, 28.5, 24.1, 22.9, 19.9, 12.8, 12.7,
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12.4; HRESIMS calcd for CyHsgN,NaOy [M+ Na] *:
797.4096, found 797.4068.

17-[5-(3- H 35k PR R 5 e 36 ) 16— e 1-17- 2 FE AR A
IR SR R (3D): AR, UTE 62.4%. mp. 114~
116 “C; 'H NMR (600 MHz, CDCl;) 8: 9.16 (s, 1H), 7.61
(d, J=15.5 Hz, 1H), 7.30 (s, 1H), 7.29 (s, 1H), 7.26 (s,
1H), 7.25~7.22 (m, 1H), 7.16 (d, J=7.4 Hz, 1H), 6.94 (d,
J=11.5 Hz, 1H), 6.60 (t, J=11.4 Hz, 1H), 6.39 (d, J=
15.6 Hz, 1H), 6.27 (s, 1H), 5.91 (d, J=9.4 Hz, 1H), 5.87
(t, J=10.5 Hz, 1H), 5.29 (s, 1H), 5.16 (s, 1H), 4.87 (br s,
2H), 4.31 (d, J=9.9 Hz, 1H), 3.63~3.51 (m, 2H), 3.51~
3.38 (m, 4H), 3.35 (s, 3H), 3.28 (s, 3H), 2.76~2.69 (m,
1H), 2.67 (d, J=13.8 Hz, 1H), 2.44~2.37 (m, 1H), 2.35
(s, 3H), 2.02 (s, 3H), 1.84~1.76 (m, 5H), 1.74~1.67 (m,
3H), 1.67~1.59 (m, 2H), 1.55~1.43 (m, 2H), 1.00 (d, J=
6.9 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); *C NMR (151 MHz,
CDCly) d: 183.9, 180.6, 168.4, 166.1, 156.1, 144.8, 141.4,
141.3, 138.5, 135.8, 135.0, 134.7, 133.8, 132.7, 130.6,
128.7, 128.5, 126.9, 126.6, 124.9, 120.2, 108.7, 108.4,
81.7, 81.5, 81.2, 72.6, 57.2, 56.7, 45.8, 39.3, 35.0, 34.4,
32.3, 29.5, 28.5, 24.1, 229, 21.4, 12.8, 12.7, 12.4;
HRESIMS calcd for C43HssN4NaOg [M—|—Na]+: 797.4096,
found 797.4065.

17-[5-(4- FF 25k PR R I Jle 28 ) 1 — ik )-17- 26 AR 2 A
IR B R R (3)): AR, WE 63.1%. mp. 130~
132 °C; "H NMR (600 MHz, CDCls) 6: 9.16 (s, 1H), 7.60
(d, J=15.5 Hz, 1H), 7.39 (d, J=7.8 Hz, 2H), 7.26 (s, 1H),
7.17 (d, J=17.7 Hz, 2H), 6.94 (d, J=11.5 Hz, 1H), 6.59 (t,
J=11.4 Hz, 1H), 6.36 (d, J=15.6 Hz, 1H), 6.27 (s, 1H),
5.90 (d, J=9.3 Hz, 1H), 5.85 (t, J=10.6 Hz, 2H), 5.18 (s,
1H), 4.90 (s, 2H), 4.31 (d, J=9.9 Hz, 1H), 3.60~3.51 (m,
2H), 3.49~3.38 (m, 4H), 3.34 (s, 3H), 3.26 (s, 3H), 2.77~
2.69 (m, 1H), 2.66 (d, J=13.9 Hz, 1H), 2.42 (t, J=11.6
Hz, 1H), 2.35 (s, 3H), 2.02 (s, 3H), 1.84~1.75 (m, 5H),
1.75~1.66 (m, 3H), 1.66~1.58 (m, 2H), 1.53~1.42 (m,
2H), 1.00 (d, J=6.9 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); "°C
NMR (151 MHz, CDCl;) o: 183.9, 180.6, 168.4, 166.3,
156.1, 144.8, 141.4, 141.1, 140.0, 135.8, 135.0, 133.79,
132.74, 132.0, 129.6, 127.8, 126.9, 126.6, 119.4, 108.6,
108.4, 81.7, 81.4, 81.2, 72.6, 57.2, 56.7, 45.8, 41.0, 39.3,
35.0, 34.4, 32.3, 29.5, 28.5, 24.1, 22.9, 21.5, 12.8, 12.7,
12.4; HRESIMS caled for C4HsgN,NaOy [M+ Na] *:
797.4096, found 797.4067.

17-[5-(2-F2 J PR I Jie 585 ) 1 — Bk )-17- 2 R AR A
IR R R BK): EAEFE K, E 44.0%. mp. 139~
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141 “C; '"H NMR (600 MHz, CDCl;) d: 9.11 (s, 1H), 7.93
(d, J=15.8 Hz, 1H), 7.37 (d, J=7.5 Hz, 1H), 7.26 (s, 1H),
7.18 (s, 1H), 7.15 (t, J=7.6 Hz, 1H), 6.90 (d, J=11.9 Hz,
1H), 6.82 (t, J=7.4 Hz, 1H), 6.57 (t, J=11.3 Hz, 1H),
6.31 (s, 1H), 5.92 (d, J=9.1 Hz, 1H), 5.88 (t, J=10.3 Hz,
1H), 5.17 (s, 1H), 4.97 (s, 2H), 4.31 (d, J=9.7 Hz, 1H),
3.58~3.37 (m, 6H), 3.34 (s, 3H), 3.27 (s, 3H), 2.78~2.69
(m, 1H), 2.66 (d, J=13.6 Hz, 1H), 2.40~2.32 (m, 1H),
1.98 (s, 3H), 1.82~1.77 (m, 3H), 1.77~1.71 (m, 3H),
1.70~1.64 (m, 2H), 1.64~1.53 (m, 2H), 1.46~1.39 (m,
2H), 1.00 (d, J=6.9 Hz, 3H), 0.94 (d, J=5.2 Hz, 3H); "*C
NMR (151 MHz, CDCLy) o: 184.1, 180.4, 168.2, 167.7,
156.4, 156.0, 144.9, 141.5, 137.3, 136.1, 134.9, 133.9,
132.6, 130.8, 128.8, 126.9, 126.6, 121.9, 120.4, 120.1,
116.5, 108.6, 108.4, 82.1, 81.3, 72.6, 57.3, 56.7, 45.5, 39.3,
347, 34.4, 32.3, 29.2, 29.1, 28.2, 23.7, 23.0, 12.8, 12.6,
12.5; HRESIMS caled for C4Hs¢N4NaOy [M+Na]+:
799.3889, found 799.3861.

17-[5-(3-F2 5 PO AR B Jie i ) I — 1% 1-17- 2% F AR B A
IRAE R 2 31 A AR, I 24.9%. mp. 140~
142 “C; "H NMR (600 MHz, CDCl;) d: 9.11 (s, 1H), 7.56
(d, J=14.6 Hz, 1H), 7.22~7.12 (m, 2H), 7.05 (s, 1H),
6.99 (s, 1H), 6.91 (d, J=11.5 Hz, 1H), 6.83 (d, J=7.9 Hz,
1H), 6.58 (t, J=11.1 Hz, 1H), 6.41~6.19 (m, 1H), 5.91~
5.82 (m, 2H), 5.19 (s, 1H), 4.92 (br s, 1H), 4.32 (d, J=9.3
Hz, 1H), 3.61~3.54 (m, 1H), 3.53~3.40 (m, 4H), 3.35 (s,
3H), 3.27 (s, 3H), 2.79~2.69 (m, 1H), 2.63 (d, J=12.4
Hz, 1H), 2.35 (s, 1H), 2.00 (s, 3H), 1.83~1.51 (m, 10H),
1.44 (s, 2H), 1.00 (d, J=6.8 Hz, 3H), 0.97~0.91 (m, 3H);
HRESIMS calcd for C4,Hs¢N;NaO;, [M+Na]": 799.3889,
found 799.3861.

17-[5-(2- P 48025 PR RE 9 Jie 58 ) T — % 1-17- 2 4 3
R R (3m): EEFEE, KFE 67.1%. mp. 116~
118 °C; '"H NMR (600 MHz, CDCl3) 6: 9.16 (s, 1H), 7.87
(d, J=15.8 Hz, 1H), 7.46 (d, J=7.6 Hz, 1H), 7.32 (t, J=
7.8 Hz, 1H), 7.26 (s, 2H), 7.27 (s, 1H), 6.96~6.91 (m,
2H), 6.90 (d, J=8.3 Hz, 1H), 6.59 (t, J=11.4 Hz, 1H),
6.54 (d, J=15.8 Hz, 1H), 6.27 (s, 1H), 5.90 (d, J=9.3 Hz,
1H), 5.87~5.78 (m, 2H), 5.17 (s, 1H), 4.91 (s, 2H), 4.30
(d, J=10.0 Hz, 1H), 3.87 (s, 3H), 3.62~3.51 (m, 2H),
3.49~3.38 (m, 4H), 3.34 (s, 3H), 3.26 (s, 3H), 2.78~2.69
(m, 1H), 2.66 (d, J=13.9 Hz, 1H), 2.43 (t, J=12.1 Hz,
1H), 2.01 (s, 3H), 1.83~1.75 (m, 5H), 1.74~1.66 (m,
3H), 1.66~1.57 (m, 2H), 1.52~1.44 (m, 2H), 0.99 (d, J=
6.8 Hz, 3H), 0.96 (d, J=6.4 Hz, 3H); *C NMR (151 MHz,
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CDCly) d: 183.9, 180.6, 168.4, 166.7, 158.2, 156.2, 144.8,
141.4, 136.6, 135.8, 135.0, 133.8, 132.7, 130.8, 129.1,
126.9, 126.6, 123.7, 121.5, 120.7, 111.1, 108.6, 108.4,
81.7, 81.5, 81.2, 72.6, 57.1, 56.7, 55.4, 45.8, 39.3, 36.6,
35.0, 34.4, 32.3, 29.5, 28.5, 24.1, 22.9, 12.8, 12.7, 12.4;
HRESIMS calcd for C43HssNyNaO;, [M+Na]': 813.4045,
found 813.4019.

17-[5-(4- FF 420 05 PRUAE Tk e 358 ) 13— JHe 1-17- 2 FR AL
MR85 2 (3n): K OMEE, WKFE 63.4%. mp. 126~
128 ‘C; 'H NMR (600 MHz, CDCly) &: 9.16 (s, 1H), 8.01
(s, 1H), 7.59 (d, J=15.5 Hz, 1H), 7.44 (d, J=8.4 Hz, 2H),
7.25 (s, 1H), 6.94 (d, J=11.5 Hz, 1H), 6.88 (d, J=8.4 Hz,
2H), 6.59 (t, J=11.4 Hz, 1H), 6.33~6.21 (m, 2H), 5.90 (d,
J=9.4 Hz, 1H), 5.87 (t, J=10.41 Hz, 2H). 5.17 (s, 1H),
4.99 (br s, 2H), 4.30 (d, J=9.9 Hz, 1H), 3.81 (s, 3H),
3.61~3.51 (m, 2H), 3.46~3.38 (m, 4H), 3.35 (s, 3H),
3.25 (s, 3H), 2.76~2.69 (m, 1H), 2.66 (d, J=13.9 Hz,
1H), 2.42 (t, J=11.9 Hz, 1H), 2.01 (s, 3H), 1.82~1.75 (m,
5H), 1.74~1.65 (m, 3H), 1.65~1.58 (m, 2H), 1.50~1.42
(m, 2H), 0.99 (d, J=6.9 Hz, 3H), 0.95 (d, J=6.5 Hz, 3H);
C NMR (151 MHz, CDCl;) d: 183.9, 180.6, 168.4, 166.5,
160.9, 156.3, 144.8, 141.4, 140.8, 135.8, 135.0, 133.8,
132.7, 129.4, 127.5, 126.9, 126.6, 118.0, 114.2, 108.6,
108.4, 81.7, 81.5, 81.2, 72.6, 57.1, 56.7, 55.4, 45.7, 39.3,
35.0, 34.4, 32.3, 29.5, 28.5, 24.1, 22.9, 20.7, 12.8, 12.7,
12.4; HRESIMS caled for C43HsgN,NaOy, [M + Na]':
813.4045, found 813.4014.

17-[5-(4-(N,N-— F B S B ] PR Tk e 25 ) [ — Ji)-17-
EHEEM R ERE R 30): BOEMEMA, K 44.9%. mp.
127~129 °C; 'H NMR (600 MHz, CDCl;) d: 9.17 (s, 1H),
7.56 (d, J=15.5 Hz, 1H), 7.39 (d, J=7.5 Hz, 2H), 7.26 (s,
1H), 6.95 (d, J=10.6 Hz, 1H), 6.68 (s, 2H), 6.59 (t, J=
11.0 Hz, 1H), 6.27 (s, 1H), 6.20 (d, J=15.4 Hz, 1H),
5.95~5.81 (m, 2H), 5.68 (s, 1H), 5.18 (s, 1H), 4.88 (br s,
1H), 4.31 (d, J=9.0 Hz, 1H), 3.66~3.52 (m, 2H), 3.51~
3.37 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.99 (s, 6H),
2.79~2.69 (m, 1H), 2.67 (d, J=14.4 Hz, 1H), 2.42 (t, J=
11.8 Hz, 1H), 2.02 (s, 3H), 1.85~1.75 (m, 5H), 1.75~
1.67 (m, 3H), 1.66~1.58 (m, 2H), 1.51~1.41 (m, 2H),
1.00 (d, J=6.1 Hz, 3H), 0.96 (d, J=4.8 Hz 3H);
HRESIMS calcd for Cy44HgNsNaOy [M+Na]+: 826.4361,
found 826.4331.

17-[5-(4- = 5 FH ik PR RE TR e 25 ) T — i 1-17- 26 HVAR
B REEZRQGp): LA, I8E 74.8%. mp. 118~
120 °C; 'H NMR (600 MHz, CDCl;) 6: 9.16 (s, 1H), 7.67
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(d, J=15.6 Hz, 1H), 7.63~7.56 (m, 4H), 7.26 (s, 1H),
6.94 (d, J=11.5 Hz, 1H), 6.59 (t, J=11.4 Hz, 1H), 6.48 (d,
J=15.6 Hz, 1H), 6.27 (s, 1H), 5.94~5.82 (m, 3H), 5.18
(s, 1H), 4.96 (s, 2H), 4.31 (d, J=9.6 Hz, 1H), 3.61~3.52
(m, 2H), 3.50~3.39 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H),
2.77~2.70 (m, 1H), 2.67 (d, J=13.8 Hz, 1H), 2.42 (t, J=
12.3 Hz, 1H), 2.01 (s, 3H), 1.81~1.75 (m, 5H), 1.75~
1.67 (m, 3H), 1.67~1.58 (m, 2H), 1.53~1.44 (m, 2H),
1.00 (d, J=6.9 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); "*C
NMR (151 MHz, CDCly) 6: 183.93, 180.59, 168.41,
165.40, 156.26, 144.79, 141.44, 139.54, 138.20, 135.88,
134.94, 133.71, 132.77, 127.93, 126.95, 126.59, 125.82,
125.80, 122.97, 122.92, 108.63, 108.47, 81.71, 81.44,
81.19, 72.62, 57.15, 56.73, 45.70, 39.41, 35.02, 34.40,
32.31, 29.42, 29.38, 28.52, 24.04, 22.94, 12.83, 12.64,
12.41; HRESIMS calcd for C4;HssFsN,NaOy [M+Na] '
851.3813, found 851.3776.

17-[5-(4- = 5 A0 258 PR R I Jl 8 ) 1 — i )-17- 5
AEME R R (3q): KAk, ILE 66.4%. mp.
126~128 °C; 'H NMR (600 MHz, CDCls) d: 9.17 (s, 1H),
7.62 (d, J=15.5 Hz, 1H), 7.53 (d, J=8.5 Hz, 2H), 7.26 (s,
1H), 7.21 (d, J=8.3 Hz, 2H), 6.95 (d, J=11.5 Hz, 1H),
6.60 (t, J=11.4 Hz, 1H), 6.38 (d, J=15.6 Hz, 1H), 6.27 (s,
1H), 5.93~5.78 (m, 3H), 5.18 (s, 1H), 4.88 (s, 2H), 4.31
(d, J=9.9 Hz, 1H), 3.63~3.52 (m, 2H), 3.52~3.38 (m,
4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.79~2.69 (m, 1H), 2.67
(d, J=13.7 Hz, 1H), 2.42 (t, J=11.2 Hz, 1H), 2.02 (s, 3H),
1.87~1.76 (m, 5H), 1.75~1.67 (m, 3H), 1.67~1.59 (m,
2H), 1.54~1.41 (m, 2H), 1.00 (d, J=6.9 Hz, 3H), 0.96 (d,
J=6.6 Hz, 3H); °C NMR (151 MHz, CDCl;) &: 183.9,
180.6, 168.4, 165.6, 156.1, 150.0, 144.8, 141.4, 139.6,
135.9, 135.0, 133.7, 133.4, 132.8, 129.2, 126.9, 126.6,
121.3, 121.2, 119.5, 108.6, 108.5, 81.7, 81.4, 81.2, 72.6,
57.2, 56.7, 45.7, 39.4, 35.0, 34.4, 32.3, 29.4, 28.5, 24.0,
22.9, 12.8, 12.6, 12.4; HRESIMS calcd for Cs;HssFs-
NyNaO,, [M+Na]": 867.3762, found 867.3738.

17-[5-(3-F Fk-4- FH AR 0 PR IR e 368 ) I — i )-17- 2%
AR LR R & 2R 3r): LA A, E 33.3%. mp.
131~133 °C; 'H NMR (600 MHz, CDCl5) d: 9.16 (s, 1H),
7.53 (d, J=15.5 Hz, 1H), 7.25 (s, 1H), 7.10 (d, J=1.6 Hz,
1H), 7.00~6.96 (m, 1H), 6.94 (d, J=11.4 Hz, 1H), 6.82
(d, J=8.3 Hz, 1H), 6.59 (t, J=11.4 Hz, 1H), 6.30~6.20
(m, 2H), 5.90 (d, J=9.4 Hz, 1H), 5.87 (t, J=10.3 Hz, 2H),
5.18 (s, 1H), 4.89 (br s, 2H), 4.31 (d, J=9.4 Hz, 1H), 3.90
(s, 3H), 3.60~3.51 (m, 2H), 3.48~3.39 (m, 4H), 3.35 (s,
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3H), 3.26 (s, 3H), 2.79~2.69 (m, 1H), 2.66 (d, J=13.6
Hz, 1H), 2.42 (t, J=11.0 Hz, 1H), 2.01 (s, 3H), 1.81~1.75
(m, 5H), 1.75~1.66 (m, 3H), 1.66~1.56 (m, 2H), 1.51~
1.41 (m, 2H), 1.00 (d, J=6.9 Hz, 3H), 0.95 (d, J=6.6 Hz,
3H); *C NMR (151 MHz, CDCl3) J: 183.9, 180.5, 168.4,
166.4, 156.2, 148.2, 145.8, 144.8, 141.4, 141.0, 135.9,
134.9, 133.8, 132.7, 128.3, 126.9, 126.6, 121.6, 118.5,
112.6, 110.6, 108.6, 108.4, 81.8, 81.4, 81.2, 72.6, 57.2,
56.7, 56.0, 45.7, 39.3, 35.0, 34.4, 32.3, 29.4, 29.4, 28.5,
24.0,22.9, 12.8, 12.6, 12.4; HRESIMS calcd for Cs3HssNy-
NaO;; [M+Na]": 829.3994, found 829.3969.

17-[5-(4- 7 Fk-3- R Sk PR AR Tk e 28 ) 16— i ]-17- 2
FHA M R B 2K (3s): A, E 24.9%. mp.
118~120 °C; "HNMR (600 MHz, CDCl;) 6: 9.14 (s, 1H),
7.54 (d, J=15.3 Hz, 1H), 7.25 (s, 1H), 7.04 (d, J=8.1 Hz,
1H), 6.98 (s, 1H), 6.94 (d, J=11.5 Hz, 1H), 6.89 (d, J=
8.2 Hz, 1H), 6.59 (t, J=11.3 Hz, 1H), 6.35~6.17 (m, 2H),
5.91~5.82 (m, 2H), 5.79 (s, 1H), 5.18 (s, 1H), 4.90 (br s,
1H), 4.34~4.26 (m, 1H), 3.90 (s, 3H), 3.59~3.51 (m,
2H), 3.50~3.36 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.77~
2.69 (m, 1H), 2.66 (d, J=13.6 Hz, 1H), 2.42 (t, J=11.1
Hz, 1H), 2.01 (s, 3H), 1.83~1.75 (m, 5H), 1.74~1.67 (m,
3H), 1.65~1.59 (m, 2H), 1.51~1.43 (m, 2H), 1.00 (d, J=
6.9 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); HRESIMS calcd for
C43HssNyNaO;, [M+Na]": 829.3994, found 829.3964.

17-[5-(2,3- = 4R B PR RE IO 328 ) T — & ]-17- 25 FR &R
FEAG R ERE R (3): RO, KFE 56.2%. mp. 114~
116 “C; 'H NMR (600 MHz, CDCl;) 8: 9.17 (s, 1H), 8.01
(s, 1H), 7.87 (d, J=15.8 Hz, 1H), 7.26 (s, 1H), 7.10 (d,
J=17.9 Hz, 1H), 7.05 (t, J=7.9 Hz, 1H), 6.98~6.88 (m,
2H), 6.59 (t, J=11.3 Hz, 1H), 6.50 (d, J=15.8 Hz, 1H),
6.28 (s, 1H), 5.89 (d, J=9.4 Hz, 1H), 5.85 (t, J=10.6 Hz,
1H), 5.17 (s, 1H), 4.97 (br s, 2H), 4.31 (d, J=9.9 Hz, 1H),
3.86 (s, 3H), 3.84 (s, 3H), 3.61~3.51 (m, 2H, H-11),
3.50~3.38 (m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.95 (s,
3H), 2.88 (s, 3H), 2.77~2.69 (m, 1H), 2.66 (t, J=14.0 Hz,
1H), 2.43 (t, J=12.4 Hz, 1H), 2.02 (s, 3H), 1.84~1.75 (m,
5H), 1.75~1.67 (m, 3H), 1.66~1.60 (m, 2H), 1.52~1.43
(m, 2H), 0.99 (d, J=6.8 Hz, 3H), 0.96 (d, J=6.3 Hz, 3H);
BC NMR (151 MHz, CDCls) d: 183.9, 180.6, 168.4, 166.4,
156.3, 153.1, 148.2, 144.8, 141.4, 135.8, 135.0, 133.8,
132.7, 128.9, 126.9, 126.6, 124.1, 122.2, 119.4, 113.3,
108.6, 108.4, 81.7, 81.5, 81.2, 72.6, 61.2, 57.1, 56.7, 55.8,
45.8, 39.4, 35.0, 34.4, 32.3, 29.5, 29.5, 28.5, 24.1, 22.9,
12.8, 12.7, 12.4; HRESIMS calcd for CyHgN4NaOy,
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[M+Na]': 843.4151, found 843.4118.

17-[5-(2,5- F 48 B0 PR AR I Jie 2 ) 1 — Jie )-17- 2 FR L 0k
MR R (Bu): LOREAE, WE 67.3%. mp. 131~
133 °C; 'H NMR (600 MHz, CDCls) 6: 9.16 (s, 1H), 8.01
(s, 1H), 7.83 (d, J=15.7 Hz, 1H), 7.26 (s, 1H), 7.00 (s,
1H), 6.95 (d, J=11.4 Hz, 1H), 6.89~6.80 (m, 2H), 6.60 (t,
J=11.3 Hz, 1H), 6.52 (d, J=15.7 Hz, 1H), 6.27 (s, 1H),
5.90 (d, J=9.3 Hz, 1H), 5.87 (t, J=10.5 Hz, 1H), 5.80 (s,
1H), 5.18 (s, 1H), 4.89 (s, 2H), 4.31 (d, J=9.9 Hz, 1H),
3.83 (s, 3H), 3.77 (s, 3H), 3.61~3.52 (m, 2H), 3.50~3.37
(m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.77~2.70 (m, 1H),
2.67 (d, J=13.9 Hz, 1H), 2.43 (t, J=12.4 Hz, 1H), 2.02 (s,
3H), 1.82~1.75 (m, 5H), 1.75~1.67 (m, 3H), 1.66~1.57
(m, 2H), 1.48 (d, J=7.0 Hz, 2H), 1.00 (d, J=6.8 Hz, 3H),
0.96 (d, J=6.4 Hz, 3H); *C NMR (151 MHz, CDCl;) ¢:
183.9, 180.6, 168.4, 166.6, 156.2, 153.4, 152.7, 144.8,
141.4, 136.4, 135.8, 135.0, 133.8, 132.7, 126.9, 126.6,
1243, 121.8, 116.1, 113.9, 112.3, 108.7, 108.4, 81.7, 81.5,
81.2, 72.6, 57.2, 56.7, 56.1, 55.8, 45.8, 39.3, 35.0, 34.4,
32.3, 29.5, 28.5, 24.1, 22.9, 12.8, 12.7, 12.4; HRESIMS
caled for CyHgoN4NaOy, [M+Na]+: 843.4151, found
843.4120.

17-[5-(3,4- — W 5 2 PR A I e 38 ) [ — i) -17- 2 FH AR
FMREERGY): LA, E 59.4%. mp. 124~
126 “C; "H NMR (600 MHz, CDCl;) 8: 9.16 (s, 1H), 8.01
(s, 1H), 7.57 (d, J=15.5 Hz, 1H), 7.26 (s, 1H), 7.09 (d,
J=8.3 Hz, 1H), 7.01 (s, 1H), 6.94 (d, J=11.5 Hz, 1H),
6.85 (d, J=8.3 Hz, 1H), 6.59 (t, J=11.4 Hz, 1H), 6.32~
6.22 (m, 2H), 5.89 (d, J=9.4 Hz, 1H), 5.87 (t, J=10.6 Hz,
1H), 5.79 (s, 1H), 5.17 (s, 1H), 4.97 (s, 2H), 4.30 (d, J=
9.8 Hz, 1H), 3.89 (s, 6H), 3.62~3.51 (m, 2H), 3.50~3.38
(m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.95 (s, 3H), 2.87 (s,
3H), 2.77~2.70 (m, 1H), 2.67~2.62 (m, 1H), 2.42 (t, J=
12.3 Hz, 1H), 2.01 (s, 3H), 1.81~1.75 (m, 5H), 1.75~
1.65 (m, 3H), 1.65~1.58 (m, 2H), 1.52~1.43 (m, 2H),
0.99 (d, J=6.9 Hz, 3H), 0.95 (d, J=6.5 Hz, 3H); "*C
NMR (151 MHz, CDCLy) J: 183.9, 180.6, 168.4, 166.4,
156.3, 150.6, 149.1, 144.8, 141.5, 141.1, 135.8, 135.0,
133.8, 132.7, 127.7, 126.9, 126.6, 122.0, 118.3, 111.0,
109.6, 108.6, 108.4, 81.7, 81.5, 81.2, 72.6, 57.1, 56.7, 56.0,
55.9, 45.7, 39.3, 35.0, 34.4, 32.3, 29.5, 28.5, 25.4, 24.0,
22.9, 12.8, 12.6, 12.4; HRESIMS calcd for C44HgoN,NaO,
[M+Na]': 843.4151, found 843.4117.

17-[5-(3,5- = H 4 5 PRV RE B e 358 ) T — & ]-17- 25 F 4
FARIERE R (Bw): K EEA, K 33.9%. mp. 128~
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130 ‘C; 'H NMR (600 MHz, CDCly) 6: 9.16 (s, 1H,
CONH-1), 7.55 (d, J=15.5 Hz, 1H), 7.26 (s, 1H), 6.95 (d,
J=11.4 Hz, 1H), 6.64 (s, 2H, H-10"), 6.60 (t, J=11.4 Hz,
1H), 6.45 (s, 1H), 6.37 (d, J=15.5 Hz, 1H), 6.27 (s, 1H),
5.90 (d, J=9.3 Hz, 1H), 5.87 (t, J=10.5 Hz, 1H), 5.78 (s,
1H), 5.18 (s, 1H), 4.84 (br s, 2H), 4.31 (d, J=9.9 Hz, 1H),
3.80 (s, 6H), 3.60~3.52 (m, 2H), 3.49~3.38 (m, 4H),
3.35 (s, 3H), 3.26 (s, 3H), 2.77~2.69 (m, 1H), 2.66 (d, J=
13.8 Hz, 1H), 2.42 (t, J=11.7 Hz, 1H), 2.02 (s, 3H),
1.83~1.75 (m, 5H), 1.75~1.66 (m, 3H), 1.66~1.58 (m,
2H), 1.53~1.42 (m, 2H), 1.00 (d, J=6.8 Hz, 3H), 0.96 (d,
J=6.5 Hz, 3H); °*C NMR (151 MHz, CDCl;) J: 183.9,
180.6, 168.4, 165.9, 161.0, 156.1, 144.8, 141.4, 141.2,
136.7, 135.8, 135.0, 133.8, 132.7, 126.9, 126.6, 121.0,
108.6, 108.4, 105.8, 101.8, 81.7, 81.5, 81.2, 72.6, 57.2,
56.7, 55.4, 45.7 (C-1'), 39.3, 35.0, 34.4, 32., 29.5, 28.5,
24.1,22.9,12.8, 12.7, 12.4; HRESIMS calcd for C44HgoNy-
NaO;; [M+Na]": 843.4151, found 843.4121.

17-[5-(2,3,4- = W S 5 P A 1 Jr ) L2 — e )-17- 25
AR R R (3x): BOME A, IR 54.9%. mp.
127~129 °C; "H NMR (600 MHz, CDCl5) d: 9.17 (s, 1H),
7.76 (d, J=15.7 Hz, 1H), 7.26 (s, 1H), 7.21 (d, J=8.6 Hz,
1H), 6.95 (d, J=11.4 Hz, 1H), 6.67 (d, J=8.7 Hz, 1H),
6.59 (t, J=11.3 Hz, 1H), 6.44 (d, J=15.7 Hz, 1H), 6.28 (s,
1H), 5.90 (d, J=9.1 Hz, 1H), 5.87 (t, J=10.6 Hz, 1H),
5.77 (s, 1H), 5.18 (s, 1H), 4.93 (s, 2H), 4.31 (d, J=9.8 Hz,
1H), 3.95~3.82 (m, 9H), 3.61~3.53 (m, 2H), 3.49~3.37
(m, 4H), 3.35 (s, 3H), 3.26 (s, 3H), 2.77~2.69 (m, 1H),
2.66 (d, J=14.0 Hz, 1H), 2.43 (t, J=12.3 Hz, 1H), 2.02 (s,
3H), 1.79 (s, 5H), 1.75~1.66 (m, 3H), 1.66~1.56 (m,
2H), 1.53~1.42 (m, 2H), 0.99 (d, J=6.5 Hz, 3H), 0.96 (d,
J=5.6 Hz, 3H); °C NMR (151 MHz, CDCl;) J: 183.9,
180.6, 168.4, 166.7, 156.2, 155.0, 153.1, 144.8, 142.4,
141.4, 136.2, 135.8, 135.0, 133.8, 132.7, 126.9, 126.61
123.4, 121.8, 119.9, 108.7, 108.4, 107.5, 81.7, 81.5, 81.2,
72.6, 61.3, 60.9, 57.1, 56.7, 56.0, 45.8, 39.3, 35.0, 34.4,
32.3, 29.5, 28.5, 24.1, 22.9, 12.8, 12.7, 12.4; HRESIMS
caled for C4sHeNyNaO;, [M+Na]': 873.4256, found
873.4231.

17-[5-(3,4,5- — H S8 JE P RE I e 228 ) IR — B -17- 5 HF
AR R By): LAaEE, W 22.5%. mp. 97~
99 °C; 'H NMR (600 MHz, CDCLy) d: 9.17 (s, 1H), 7.56
(d, J=15.4 Hz, 1H), 7.27 (s, 1H), 6.95 (d, J=11.5 Hz,
1H), 6.73 (s, 2H), 6.60 (t, J=11.3 Hz, 1H), 6.37~6.20 (m,
2H), 5.90 (d, J=9.3 Hz, 1H), 5.87 (t, J=10.5 Hz, 1H),
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5.72 (s, 1H), 5.18 (s, 1H), 4.32 (d, J=9.9 Hz, 1H), 3.92~
3.84 (m, 9H), 3.61~3.54 (m, 2H), 3.51~3.39 (m, 4H),
3.35 (s, 3H), 3.27 (s, 3H), 2.77~2.71 (m, 1H), 2.68 (d, J=
13.8 Hz, 1H), 2.43 (t, J=12.3 Hz, 1H), 2.02 (s, 3H),
1.82~1.77 (m, 5H), 1.76~1.67 (m, 3H), 1.67~1.59 (m,
2H), 1.52~1.45 (m, 2H), 1.00 (d, J=6.9 Hz, 3H), 0.96 (d,
J=6.4 Hz, 3H); °C NMR (151 MHz, CDCl;) é: 183.9,
180.6, 168.4, 166.1, 156.2, 153.4, 144.8, 141.5, 141.3,
139.6, 135.8, 135.0, 133.8, 132.7, 130.3, 126.9, 126.6,
119.7, 108.6, 108.5, 104.9, 81.7, 81.5, 81.2, 72.6, 61.0,
57.2, 56.7, 56.2, 45.7, 39.4, 35.0, 34.4, 32.3, 29.4, 28.5,
25.4, 24.1, 22.9, 12.8, 12.7, 12.4; HRESIMS calcd for
C4sHeNyNaO;, [M+Na]*: 873.4256, found 873.4228.

17-[5-(4- F& J& -3,5- — F 480 56 P R W ik 5 ) I —
12 1-17- 25 F A R M R 18 85 3K (3z): 55 (B[ 1k, o=
44.9%. m.p. 124~126 C; "H NMR (600 MHz, CDCl5) &:
9.15 (s, 1H), 7.54 (d, J=15.4 Hz, 1H), 7.26 (s, 1H), 6.95
(d, J=11.7 Hz, 1H), 6.74 (s, 2H), 6.59 (t, J=11.4 Hz, 1H),
6.32~6.19 (m, 2H), 5.83~5.94 (m, 2H), 5.77 (s, 1H),
5.66 (s, 1H), 5.18 (s, 1H), 4.30 (d, J=9.9 Hz, 1H), 3.91 (s,
6H), 3.62~3.52 (m, 2H), 3.50~3.38 (m, 4H), 3.35 (s,
3H), 3.26 (s, 3H), 2.80~2.70 (m, 1H), 2.68 (d, J=13.5
Hz, 1H), 2.44~2.34 (m, 1H), 2.02 (s, 3H), 1.83~1.76 (m,
5H), 1.74~1.68 (m, 3H), 1.65~1.59 (m, 2H), 1.52~1.45
(m, 2H), 1.00 (d, J=6.9 Hz, 3H), 0.96 (d, J=6.6 Hz, 3H);
HRESIMS calcd for C4HgoN;NaO, [M+Na]": 859.4100,
found 859.4068.
322 ARIMFAVIG E RIS

PRANTUIPIRT G D 2 R MTT ¥k, BARSZIS J5vk
RSB0 KA b3 5 vk WA B2 2% SCHR[15~ 17]. #ifi]=
2 PRI (A5T0conol cetis— A5 Ogeated celis) (A5 70contol cells—
AS57Opjank ceits)*100%. I1Cso {EHHA Prism 5 (GraphPad
Software, Inc., USA)it 5.
3.2.3 JfmAs HL7702 &M X5

JH- 20 HL7702 FEPE A% K A SRB 2, BARSLES T
ARSI HHE A3 5 v LA N 22 SCRR[15~17].
3.2.4 3 KARIRFA IS Hspo0 ¥e &5 F= /)

&9 3a T Hsp90 ¥ S50 770 w2 K FH % e i
W, FLAR S 7 v RN S I8 BN Ak B T VR WL S 3 SR
[15~17]. Hsp90 ¥ iz f 71 L 17-AAG AFHMEXT
HE
325 HFxEd g

% ChemBioDraw Ultra 12.0 H &4 3u HI4h
¥4, #RJ5 H ChemBio3D Ultra 12.0 ¥ HAEAr g = 4E 454,
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Hsp90 ) =445 #)(PDB ID: 1YET)M Protein Data Bank
(http://www.rcsb.org/pdb/home/home.do) N # f5 F]. Hsp90
A1 3u {# Fi AutodockTools 1.5.6 ¥4k PDBQT #% . A
K H Autodock vina 1.1.2 #E1T 20 F XA 5. Hsp90 1)
TETE A8 AR FR N center x=41.067, center y=—46.783,
center z=65.506; size x=15, size_ y=15, size z=15. =
# exhaustiveness WE AN 20. B VRV, HABSEL
BRI BIME, WHEss R H PyMoL B s,

HBI#TKl (Supporting Information) 1t &4 3a~3z )
JFiE . "HNMR A1 PC NMR &, X L4481 A] PG 37 M
AT WL (http://sioc-journal.cn/) I N %K.
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