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17-[3,6- R 5%-8-N-(BUR POEEBE )3 —Bg]-17- K A B R B R
SRTE MRS AL

T o RER

REY FET
GRE A%

(AR 22 R BA WA SKIE g 250012)

WE /R84 5K (geldanamycin, GA)JE MUK T HT T 90 (Hsp90) A 5 K i AT e o 4, AELIC I PR H 52 3]
THPEREPEROBR ] HOATE R C-17 A7 AT B, DUR RS VEM BRARAT REE. ABFTTHet T GA G5 R BHRIKBr
B, RIFE GA IR C-17 AL I A FelEHERE, B N ORITFHE AT EEBESE. 4108 T 26 1 17-(3,6- — % 7%- 8-N-(UC A EEBESE)
A U JE)-17-5 WARIE GA BRI AEPIIA s RSN LIRS 40 i Pk MDA-MB-23 1 /= (A i) S 46 AN i3 AN S0 45 SRR
W, A5 3u A AN EREL SO FEPE(IC = 1.5 pmol/L, Kg=1.14 pmol/L); FFXF i LM IO RUAT T
g, XHRATTRE GA G B IAR 54T 225 i fE.

REEE PR 90; MURMERER; GG AT, PUMREIE

Synthesis of Novel 17-[3,6-Dioxa-8-N-(substituted cinnamyol)-
octanediamino]-17-demethoxygeldanamycin Derivatives

Wu, Yunfei Li, Zhenyu Wang, Zhen Xu, Hongjiao

Wu, Xingkang Lu, Chunhua Shen, Yuemao™
(Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical Sciences,
Shandong University, Jinan 250012)

Abstract Twenty six new 17-[3,6-dioxa-8-N-(substituted cinnamyol)octanediamino]-17-demethoxygeldanamycins were
designed, synthesized and evaluated for their cytotoxicities against the growth of human breast cancer cell line MDA-MB-231
and binding affinities to heat shock protein 90 (Hsp90). Among these derivatives, 17-(3,6-dioxa-8-N-((E)-3-(3,5-dimethoxy-
phenyl)acrylamido)octanediamino)-17-demethoxygeldanamycin (3u), was identified as the most potent one (ICso=1.5
umol/L, K4=1.14 pmol/L). Additionally, influence of substitutions at the cinnamyol group on the bioactivities of this type of
Geldanamycin (GA) derivatives was discussed. This study was anticipated to provide reference for the further structure modi-

fications of GA for developing antitumor agents.

Keywords heat shock protein 90 (Hsp90); geldanamycin (GA); synthesis; derivatives; antitumor activity

1% /R 1% 3 (Geldanamycin, GA)H5 FL7E 1970 4F, M
WY 7K %k 25 1 (Streptomyces  hygroscopicus) R BE =¥ o 43
B8, /T RRC bR 2R AERDY GA Mg
PR A HUATEE [ 90 (Heat shock protein 90, Hsp90) N
Ky ATP/ADP 53, 5t Alf] Hsp9o 1) ATP 1§

* E-mail: yshen@sdu.edu.cn

Received April 3, 2014; revised May 13, 2014; published online June 9, 2014.

WPk, IR Hsp9o 43 FHEARTHAER ), s fir 4K
A W EMEERST . R GA BRI, ™ &
BRI T JCl R R .

A CH KB ICIIRE GA C-17 {LIE i T
PP I C-17 RLFINHARSE, Ak T IR 2 #E AR

Project supported by the National Basic Research Program (973 Program, No. 2010CB833802), the National Natural Science Foundation of China (Nos.
81373304, 91313303), the Program for Changjiang Scholars and Innovative Research Team in University (No. IRT13028) and the National Science Found for

Distinguished Young Scholars of China (No. 30325044).

[ R FERAT T HRI(973 W H, No. 2010CB833802). [H 5% [ 4k Rl 2% 3 4x(Nos. 81373304, 91313303). 12435 F 1357 41 A & & +H&(No. IRT13028)F1[H

KA ERE RS (No. 30325044) % Bh T H .

1870 http://sioc-journal.cn/ A © 2014 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2014, 34, 1870~1874

Sioc



Chinese Journal of Organic Chemistry

NOTE

K S8 1) GA A4, 10 17- N i%-17-2 AR
£ GA (tanespimycin, 17-AAG)FI 17-[2-(—H & J&) £.%45¢]
Jli-17-2 48 L GA (alvespimycin, 17-DMAG)(& 1)),
76 I AREG T, AR 17-AAG X FUIRIE 7 2% 5%,
EE AT Bt LI AR g e B Rk, SRR
PEIK) GA RTAEWIIARA R X

MeO 17

iy 17
/\/N

Alvespimycin (17-DMAG)

Bl 1 MRIERE R (GA) SRR B 17- MR fie-17- %11
‘HHE GA (tanespimycin, 17-AAG)HI 17-[2-(— &%) L4 %-
17-2: 48 3E GA (alvespimycin, 17-DMAG)

Figure 1 Structures of geldanamycin (GA), and its representa-
tive derivatives 17-AAG and 17-DMAG

Xt GA I C-17 Pr A TAE S H T A A
Al el GA 11 C-17 TR, 5IA 1
ANERIEA, M T &SRR, MR E GA
PUIPIRT VG T () Sty BRI R M R T AT . R IRIE ST
Hh, BATTCAE GA T C-17 AL N T 3 Fh — el 4 14
A-F FFEORIE . 1,4- T Jf 1,6-00 %, %A T HX
GA T AEY BT R R 25 0 s, R A% 2 3 (4]
BB T PR R, LR R R, 3 o PRA T ] o i
FLHBIh 1,6-0 1%, KB 17-[1,6-(3,4,5-= F 4L YRR
B E H-17-2 A GA AP ALY MDA-MB-231
AN B PR AT B R S, O BRI (R
). N TR AR B KO VS R R R B
wi, AR GA 8 C-17 75| NEBILA 3,6- 4
ZR-1,8-F g, Wt AT 264N 17-[3,6- 48 4=-8-N-(HX
AR AR I ) 1 )-17- 2 FHAEUSE GAUBR T AL, JF0i
T R Al e R

1 &R5HE

1.1 LEMBERK
154 3a~3z i Scheme 1 FiRig 54 k. GA il
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IR S B A 2 R IR 2, f TS AN [ ORGSR AR
WEERR [N, 192 H AL &%) 3a~3z. JlRLIE i Rl
SR A Bt 7 M ifiE T &AL SISk,

SN
Z N cooH

substituted cinnamic acids

HoN (@)
1,8-diamino-3,6-dioxaoctane

Reagents and conditions: (l) 1,8-diamino-3,6-dioxaoctane, di-
chloromethane, r.t., 3.5 h; (Il) substituted cinnamic acid, NHS,
EDC<HCI, DMF, r.t., 24 h

Scheme 1

1.2 HESHMPRER

PL17-AAG F1 GA Sy BHPEXT I, KA SRB iEK AL
AW 3a~3z 5 AN FLIRE MDA-MB-231 41 i ik 1) A KA
VR, 45 REW, 26 1> GA RTAMER T 3v Al 3y, ¥4
A M (R 1.

R T TR IR RO R, FRATIIZE X R IR S A
Yy 3a A EEbRAE. R IARET DI (3b~30, 3x~32)
rh, AR I b 20 40 B RE PR R e A B e, U
13'-OCF; WAEBEIEAT A 3y (F35 1 2 25 A%, i B, AH
[ FBCAR 5 PR AN [ B AR 5% 7% 2 P s Wit AN {5 1 2,
1 3b~3d, 3e~3g, 3h~3j, 3k~3m Al 3n~30. ZHAL
F2EY) 3p~3w B RILH — Mgk, I 3u (135
U, ICso fE 4 1.5 pmol/L, 1y H.5 I = F A FEHUAR 1) A A
P I BRI T 4 B B R (19 Bv), 1 W R At i A&
AR E A BRI g .
1.3 Hsp90 #8 & FEFHME

H U 26 A~ GA R BERZAR T, 45 R840, BT
AJBEAT AHACL Hsp9O SR Ay, IR SRR E T 41l i 75 M
PRI A 3u MR Hspoo [ISER ). 48 5¢ i
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1 B 3a~3z 6 AFLIRE MDA-MB-23 1 201 i b i A4 KA 75
Table 1 The inhibitory activities of 3a~3z against the growth of human breast cancer cell line MDA-MB-231

13 )2

H

= 11"
S P N o) 17-demethoxyl GA
14'\15' = \/\o/\/ \/\N/ -aemetnoxy
o)

Compd. R ICs¢/(umoleL™") Compd. R ICso/(nmoleL™")
3a H 5.2 30 13'-OMe 5.1
3b 11'-Cl 5.9 3p 12'-OH, 13'-OMe 4.4
3¢ 12'-Cl 7.8 3q 12'-OMe, 13'-OH 43
3d 13'-Cl 9.9 3r 11',12'-(OMe), 3.8
3e 11'-Me 8.8 3s 11',14'-(OMe), 3.9
3f 12'-Me 4.1 3t 12',13'-(OMe), 4.4
3g 13'-Me 5.6 3u 12',14'-(OMe), 1.5
3h 11'-NO, 3.9 3v 11',12',13'-(OMe), >10
3i 12'-NO, 43 3w 12',13',14'-(OMe), 6.1
3j 13'-NO, 5.7 3x 13'-CF; 5.7
3k 11'-OH 3.8 3y 13'-OCF; >10
3l 12'-OH 3.9 3z 13'-N(Me), 43
3m 13'-OH 42 17-AAG 0.27
3n 11'-OMe 8.7 GA 0.05

P2 3u 5 Hsp90 SEHMEH] Ky=1.14 pmol/L, 5
PEXTHE 17-AAG 40T [F)— 205 20(0.89 umol/L), EWIH:
1 FHEE 50T BEJ2 Hsp90.

2 it

AR T 26 NFH GA T4, UL GA B,
3,6- A A%-1,8-2F RS AL, SIS R AR R
JH R LA R AR . I A 8O0 R A B, RIS I AU 4R
R R AR, X T GA ATl etk
B, o 3u XTI ok MDA-MB-231 0675 2%
o, H1Cso A 1.5 pmol/L, Kg=1.14 pmol/L. AHFIT 4,
RRWL, LL 3,6- 4 AR-1,8-F A E IE B S AN
FEMERN, GA HEATEME, WA AL, (HX) GA it
— B EEUE A S A

3 ZEEH4S
3.1 UEE5RA

FEEEAE ] 200~300 H &R A5 Skl T
J ), BRI Brucker Avance-600 2, TMS S N Z;
JEIEAY ) LTQ-Orbitrap XL %Y(Thermo Fisher), & T
K HI LM% BT AL(ESD); 45 miFH X4 B8 fes s Gl e
(ELERAZIE); 2% Silica Gel GF,s,(W HH
WEAL T ), B A A3 o [ = st L o3 Frali, ek
VAR TR TR AL B RS
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3.2 ZWHE
3.2.1 4ba4h 3a~3z 494

L 3a( 2)[\ & ). GA 56 mg (0.10 mmol)i&E 1
THEFRE10.0 mL Y, I 3,6- A AR-1,8-3E % 73 il
(1.00 mmol), K MNIEAEZE i FHiFE 3.5 h, TLC Hf5 = M
R RN SEEE S, RNV KPR (25 mL X 3), Y
B ERKIES(30 mL X 3). Jo/AKGRBREN T8 2 h, I8, 7%
T A EE A N-FR LB E Y (NHS) 13.9
mg (0.121 mmol), 1-ZFE-(3- - FFIEEFL N L) b W %
EhIR H(EDC-HCI) 23.2 mg (0.121 mmol)Fl AH:ME 16.3
mg (0.11 mmol), A 10 mL — 5 F L (DMF) i,
BV R N HEEE 24 h, TLC Wads e ke, v oe e
5, AN GIR SBEFIK, A HUAH FH AN £ SRk D% (25
mL X 3), WAiA VA G320 S A AR = b 4y
2, (SR TR © VA M) =3 o 1 YEM, 1955l 4.

B2 W) 3a i

Figure 2  Structure of compound 3a
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HRREMA 17-(3,6- 5 2%-8-3¢ f%)-17- K H 4 GA
(2): %ff#H{A. "H NMR (300 MHz, CDCL3) J: 9.17 (s,
1H, CONH-1), 7.23 (s, 1H, H-19), 6.95 (d, J=11.5 Hz,
1H, H-3), 6.70 (s, 1H), 6.57 (t, J=11.5 Hz, 1H, H-4),
5.85~5.90 (m, 2H, H-5 and H-9), 5.29 (s, 1H), 5.18 (s,
1H, H-7), 4.93 (br s, 2H, CONH,-7), 4.31 (d, J=9.7 Hz,
1H, H-6), 3.76~3.71 (m, 3H), 3.69~3.63 (m, 7H), 3.60~
3.54 (m, 1H, H-11), 3.47~3.42 (m, 1H, H-12), 3.35 (s,
3H, MeO-12), 3.27 (s, 3H, MeO-6), 3.06~2.99 (m, 2H)
2.76~2.64 (m, 2H, H-10 and H-15), 2.42~2.33 (m, 1H,
H-15), 2.01 (s, 3H, Me-2), 1.99 (br s, 1H, NH-1"), 1.79 (s,
3H, Me-8), 1.76 (s, 2H, H-13), 1.75~1.69 (m, 1H, H-14),
1.00 (s, 3H, Me-10), 0.97 (s, 3H, Me-14); *C NMR (75
MHz, CDCl;) 0: 184.1, 180.6, 168.4, 156.2, 1452, 141.3,
135.9, 135.0, 133.6, 132.8, 127.1, 126.5, 108.9, 108.8,
81.7, 81.5, 81.2, 72.7, 70.5 (C-2"), 70.3 (C-5"), 70.3 (C-4"),
68.9 (C-3"), 57.2, 56.7, 45.3 (C-1'), 40.6 (C-6"), 35.1, 34.3,
32.4, 28.7, 22.9, 12.8, 12.6, 12.5; HRESIMS calcd for
C3H53N,0 0 [M+H]" 677.3762, found 677.3745.

17-[3,6- 5 24-8-((E)-3- AR N I B & ) o i ]-17-2%
A GA (3a): EEFEE. W2 LIE 43.1%. mp.
99~101 “C; 'H NMR (600 MHz, CDCl;) &: 9.17 (s, 1H,
CONH-1), 7.62 (d, J=15.6 Hz, 1H, H-9"), 7.48 (d, J=17.3
Hz, 2H, H-11' and H-15"), 7.33 (d, J=6.8 Hz, 1H, H-12'
and H-14"), 7.32 (s, 1H, H-13"),7.31 (s, 1H, H-19), 6.95 (d,
J=11.5 Hz, 1H, H-3), 6.80 (s, |H, CONH-7"), 6.64 (s, 1H,
NH-17), 6.58 (t, J=11.4 Hz, 1H, H-4), 6.46 (d, J=15.6
Hz, 1H, H-8'), 5.92~5.83 (m, 2H, H-5 and H-9), 5.19 (s,
1H, H-7), 4.93 (br s, 2H, CONH,-7), 4.30 (d, J=10.1 Hz,
1H, H-6), 3.83~3.78 (br s, 1H, HO-11), 3.77~3.72 (m,
2H), 3.72~3.58 (m, 10H), 3.59~3.54 (m, 1H, H-11),
3.46~3.42 (m, 1H, H-12), 3.35 (s, 3H, MeO-12), 3.27 (s,
3H, Me0-6), 2.77~2.71 (m, 1H, H-10), 2.69~2.63 (m,
1H, H-15), 2.44~2.36 (m, 1H, H-15), 2.02 (s, 3H, Me-2),
1.79 (s, 3H, Me-8), 1.78~1.74 (m, 2H, H-13), 1.73~1.65
(m, 1H, H-14), 0.99 (d, J=6.9 Hz, 3H, Me-10), 0.96 (d,
J=6.5 Hz, 3H, Me-14); *C NMR (150 MHz, CDCl;) o:
1842, 180.6, 168.3, 166.2 (C-7), 156.2, 145.0, 141.5,
141.0 (C-9"), 135.9, 134.9, 134.9 (C-10", 133.8, 132.8,
129.6 (C-12' and C-14'), 128.8 (C-11' and C-15"), 127.8
(C-13"), 127.0, 126.6, 120.7 (C-8"), 108.7, 108.6, 81.7,
81.4, 81.2, 72.6, 70.4 (C-2'), 70.2 (C-5"), 70.0 (C-4'), 68.4
(C-3", 57.2, 56.7, 45.3 (C-1"), 39.6 (C-6'), 35.0, 34.4, 32.3,
28.4, 23.0, 12.8, 12.7, 12.4; HRESIMS calcd for Cy43Hso-
N,Oy; [M+H]" 807.4180, found 807.4163.
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3.2.2  ARINIUAPIE E R I

A A0 i e 3 P e R A E 2 PHEH B (SRB)
U8 DL GA F 17-AAG hy BT 06 2k K
MDA-MB-231 4iffiLL 3000~4000/FL 1) 25 R 96
FLan R FEm T, BESL 80 uL. P ¥ 3 FLICANHL . A AT AH
[ AR IR B AR R S ER L & 37 °C, 5%
CO, 5 FEAA TR 5 5E 24 h, 58 AR [ AR B 40 i 15
FRIE, SRIGIIN 20 pL JI PBS B IORE M. [, 4%
FHPEXT R L2 30N 20 pL #FE 51 GA Fl 17-AAG, B
PE X LN 23 0 B AL 23 3 AR R A B BE 1) DMSO- Al
20 uL PBS. 4¥£4:557% 72 h )5, FF AR, I 100 uL
10% = LR T4 CUKFEME 1 h, RZEKMUES X, =
T8 2 min, BESAEFLINIA 100 puL 3% 4 mg/mL ()
SRB ¥, i gt 10 min, L 1%0K LIRS (AFAEL)
PEUE S R AR 2 R 454011 SRB, & T4 2 min, &FFLIN
AN 200 pL KK 10 mmol/L Tris ¥, M 51X
(Bio-Rad680, USA)LLEIE 570 nm FIOGAE. #Wii=
ML A5

sz — UL IRZLODIH — 545 40D

F 1 % R 4 ODME — 4% FHODAH.

MDA-MB-231 4l il 2 ] 1Cso £,
323 LARARIRIEALLE Hsp90 ¥e,k F A7)

A 3u X Hsp90 HIE s S5 730 5 2K F %€ e i Hé
5, ELARSIZEG Ty V2R S 00 H e b vk WL 22 SCHR(19,
20]. Hsp90 & AT 2 A7 5 B 17-AAG Jhy BH X R

X100%

#HBh#1 kL (Supporting Information)  1[A] 4 2 FlL 54
3a~3z ) 'TH NMR 1 °C NMR 5. X 28kR T Ll
B MASTI (4 34 (http://sioc-journal.cn/) F#.
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