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Practical Synthesis of the C(11)~C(21) Fragment of
Geldanamycin

Li, Yonggiang Yan, Rui Bian, Chuancai Zhang, Zhi Liu, Di Yu, Xiaoming™
(State Key Laboratory of Bioactive Substance and Function of Natural Medicine, Institute of Materia Medica,
Peking Union Medical College & Chinese Academy of Medical Sciences, Beijing 100050)

Abstract The C(11)~C(21) fragment of benzoquinone ansamycin geldanamycin was synthesized in 10 steps and 24% over-
all yield from known lactone 5, which was prepared from tri-O-acetyl-D-glucal in 3 steps. The key steps included an
a-methylenation of lactone 5, followed by a substance induced facial selective hydrogenation.

Keywords geldanamycin; chiral y-lactone; asymmetric synthesis

¥4 /K 1475 % (Geldanamycin, GD, 1, & 1)j&—MMN
WKEERE TR S, hygroscopicus KIEFMR 43 515 21 1 R
4958 % 25(Benzoquinone ansamycin) KR =M. %4k
GRS FEEE—D I EENERN—&XS A 2T
PR s R BB R IR 22 P BE P A TR, S5 0 LU A 2.
WL EY] GD AA MR AR E 90 (heat shock
protein 90, Hsp90)fM % 2. Hsp90 & 4 {52 K3 MK
PR 25 R S 2 Bl GD #E 2t ST b A 4 Geldanamycin (1), R= OMe Reblastatin 2
WA T 2T I ABEE S EBIEATIR s R o i, CHAMe,
WY, 41 17-AAG il 17-DMAG %%,

T GD ek s Mgy e w7 T [FAE AR Ty

i, AW A &I o 4 AT T BFSE. - B
AndrusPAI Panekl®4 S il T kA A, - FECAD~CRUJTBIHALE ik Scheme 1 Ji

Bl 1 Geldanamycin 1 Reblastatin ft] &5 14
Figure 1 Structure of geldanamycin and reblastatin

Bach )52 % T I3t 4 & pk THE. SXESHFS £ 0] H b 5 HABRREAT L, FATTa8 I LABR i T-PEJS 4 5 (chiral
ST AL L LB I C(10)~COS) B g POODAIEIRISURY, SRJH G AR 1L BRI #75 F BE
SRR, IR COM R T, A SEIAZFERIR I 22 FEAL & B LA 5T LA R 3R
BG5S T GD IR/E40 & T #6 Reblastatingle] ity 4rsy 1O BRI RESHHIRE, AT A
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3 steps
Br reduction 15 Br 2
OTBS
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Scheme 1

RSN 4, i Panek FTAEFH (1) F MR 77 & Bach
TER A C(LAYRL TP RO i TR 1 5 e &0 46(8.0 MPa).

GBI T AR, BRATVIRE] B3R DURE T 1A
X R FE A by DD SR A BT VR AT AN 2 2 4. 15
i, FE A 3, C(12), COAHBAREERL 1,3- X HE
T NERIS b SOLE T 2% FIEARR 1, fE)E 22
PN T3 J ok R P A A SR A R AT, i 2R 0Tk
HTAREH CASHNTFEFEIEMRER IR RIER
SR, 1 Herbimycin 2500, b, A TAERIE —Fhik
A s, LA K GD 1) C(11)~CQ 1)k £ A B

1 ZR5WE

T SELL D-—= SRR N R, e T AT
MEWERIE S SO VAT R ST, Bt A R T IA
20 g thEY) 5 EAENIARY TR EY 6. L
HCOOEt/NaH 17 o- H Ak, 13AHN L 7; 7 A& 4lifh,
HESZETEAE, UL T1%7 25814654 8. H
2 PA/C AL R R &ML, BLE BI04 T a9
(Scheme 2). fEAAEY) 8 H, HATRKSLARL BRI C(12)
PrEAREE AL T N ER IR, AL AT bz X, A=
BRI R C-14 7 L, TEIE LA BB, Lh—Rh i e 77
Wk, AR RREH S IN T C-14 AL TR, [,
T C-14 LIS C-12 AR T 1,3-M0:0, AFEAE

SRl XU
NaH, HCOOEt Pd/C,H, (101 kPa)
EtZO r.t. EtOAc r.t.
then (CH,0), quantltatlve
0}
||||| O H
14 "12 (0]
(o}

AcO” J/\J 3 steps 2,2-dimethoxypropane
AcO >20g OH PPTS, acetone, r.t.
THF,70°C
Scheme 2

95%
71%
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PL= SRR N (RS, B9 5 N,O-— FAIE %
EhIR Eh R AE BRI W N, A ETTFR =) 10; %A
A% L) NaH/Mel AbFRASAH Y. 16 T 11.

KT ISR B, EECAE T BEEEEmR, K
&Y 12 e Ak ok F N AR R L 0T SR 5 5
Weinreb FifiE 11 SN, DL 84%(1) 77 45555 7l 13. 2
equiv. [ PUSVERHRE R 13 H C15 Btk J5UA iR (1 -
1 Z M FHERREY), ZREYMARES B, L=
LR 4 A1) 0 A _Lﬁzﬁik’“ﬁkﬁﬁ A, B
C(15)-OH Rtk &9 14, 45 N ER AR SEAB A B PE 41
B, EE, 14 5 s e, L 95%I1
FEEE T GD KR B 15 (Scheme 3).

Qs (MeO)MeNH, - HCI 0 Q’P
,,,,, 9 AMes, THF, 0°C \NJ\/Y'\/O
11 _— :
0 Ive = OR
07/\ OMe
9 NaH, Mel
THF, DMF EWR H
O0°Ctort. TR =Me
2 steps 80%
) OPr-i0 O/P
n-Buli, 12 £ b (1) LiAH, THF,rt.
_7Q0
_THF, -78°C (2) BF3-Et,0, TES
84% oMe ©OMe DCM, rt.
OPr-i 13 2 steps 56%
OPr-i QH NaIO4 OPr-i IO
: Acetone, H,0, r.t. 21 y
H —_— H
: 95Y% :
oMe  OMe OH o oMe ©OMe
OPr-i 14 OPr-i 15

Scheme 3

WA LA ETAE, DL i D- = LI 25 0 )
0 C R EE 5 9 JE0RL, B IE 10 25 RN, LA 24%(H)
KERT GD Y C(11)~CQR)FBL. Ibsbh, 7570 13 (1)
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ST R, R A C-15 A7 A7 FE ARSI 16 2 1
ISR R BRI (I Herbimycin A) 44 Bt T
TP A5 P B I R BT .

2 #ig

T —F Geldanamycin 1) C(11)~C(21)F & Jr
BL RIS k. CURTR T A R E A S M s 3
R T B Pk R () C-14 AL L. BT Weinreb

i B 25 AL S 58 O R o - C(11)~C(15)18
M2 dbk iz, HOsiay s 4h, 210 RN, LA
24% A=A T BAMEE .

3 KEIHN
3.1 XE5KH

&P NMR #4437l tH Varian 300, 400M Fil
Bruker 500, 600M {#%l5E, TMS 1EA W bR, =2 HE i
W Ll LC-ESI-IMS T100CS X #% W 52 . 41 #h %0 $is tH
Thermo-Nicolet 5700 2. H:ENTHEH LR E HilFEL
T A 200~300 H AR E BT RER. S5 B FH RS
MR, REHE—D 4.

32 ZWAHE
321 (8)-5-[4-(R)-2,2-=F A-13-— Mk K] — Sk

7 -2-BR (6) 44 5~ A%,

¥ WE S (20 g, 137 mmol)i T~ 250 mL AR+, #
P AN 2,2- AR £E(118 mL, 960 mmol)Al
o} AR I e £5(3.4 g, 13.7 mmol), Fih R Vi KA,
TLC WUkl N 564y, BRI E 28 BR 27, HHh
PRIERE WA SRR R, Vo V=12 . 1){33]242 ¢
TR 6, 77 95%. [alh +5.48 (¢ 0.67, CHCLy);
'H NMR (400 MHz, CDCly) J: 4.45~4.37 (m, 1H),
4.20~4.10 (m, 2H), 3.91~3.83 (m, 1H), 2.67~2.45 (m,
2H), 2.42~2.30 (m, 1H), 2.24~2.12 (m, 1H), 1.44 (s,
3H), 1.36 (s, 3H); *C NMR (125 MHz, CDCl;) J: 176.7,
110.1, 79.9, 76.6, 66.7, 27.9, 26.6, 24.9, 23.9; IR (neat) v:
2988, 2893, 1780, 1181, 1059 cm '; HRMS (ESI) calcd
for CoH ;50,4 [M+H]" 187.0965, found 187.0969.

322 (8)-5-[4-(R)-2,2- = ¥ #-1,3- =Mz L ]-3- 2 ¥

H = Sk 2R (8) 49 A A,

HEEAAT, BELE60% in oil, 7.55 g, 189
mmol)¥k & T 190 mL Jo/K Z Bk, [t ATEK L
(0.59 mL, 10 mmol), FHHE: 5 min. FED) 6 (23.4
g, 126 mmol)F1 H R ZFiE(11.17 g, 151 mmol)% T~ 60 mL
AN L A N NSRS LS VA = 8 G
T I R P DR SN S IR, N Ee, =R 1 b,

Chin. J. Org. Chem. 2014, 34, 2035~2039
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TLC K JsURRHFE5E 4. 198, HE/K SBE(75 mLX2)
Ve KT R EE A, m A 2 R R (12
g, 400 mmol)A1 120 mL FE/KPUEWEM. 70 C R ik
W, TLC Mz 54, ) [ N I SRR (pH =35,
200 mL)CAVEK Y, FHE Sk B DARR AN Y.
JEWH 1R L R(200 mL X HAEHL, SHEHUH, TR
PR T, DB IR 2R, wk4a, KL DUEAE RN
WK B 8, VI V=4 )EF] 174 g AGEEKS,
K T71%. [a]f) +12.00 (¢ 2.04, CHCLy); 'H NMR (300
MHz, CDCLy) 6: 6.25 (t, J=3.0 Hz, 1H), 5.67 (t, J=2.4
Hz, 1H), 4.46~4.36 (m, 1H), 4.17~4.03 (m, 2H), 3.95~
3.87 (m, 1H), 3.06 (ddt, J=17.4, 8.1, 2.7 Hz, 1H), 2.98~
2.84 (m, 1H), 1.42 (s, 3H), 1.34 (s, 3H); °C NMR (125
MHz, CDCly) §: 169.8, 133.6, 122.7, 110.1, 76.7, 76.7,
66.6, 29.8, 26.5, 24.9; IR (neat) v: 2994, 2920, 1761, 1263,
852 c¢m '; HRMS (ESI) caled for C,oH;s0, [M+H]"
199.0965, found 199.0966.

323 (38,55)-5-[4-(R)-2,2- = F 4k -1,3- =M bz 3 ]-3-
¥ = Sk -2-BR(9) 8 A A,

BALEY) 8 (17.1 g, 86 mmol)i T 300 mL £ 2.1
I PA/C (1.71 @), RONIRAE = i M 101 kPa
A R BERE 24 h, AL REREEE B LA 25 Pd/C.
VR EZE R 20, RIS 17.3 g (IEGE1E 9, 775 100%.
[a]h +2.39 (¢ 1.8, CHCLy); '"H NMR (300 MHz, CDCl;)
5: 430~423 (m, 1H), 4.18~4.06 (m, 2H), 3.96~3.87
(m, 1H), 2.75~2.51 (m, 2H), 1.82~1.67 (m, 1H), 1.44 (s,
3H), 1.36 (s, 3H), 1.30 (d, J=6.9 Hz, 3H); *C NMR (125
MHz, CDCL;) d: 178.9, 110.0, 77.8, 67.0, 35.1, 33.8, 26.7,
25.1, 15.3; IR (neat) v: 2986, 2889, 1770, 1379, 1262,
1042, 842 cmfl; HRMS (ESI) caled for C,oH,;04 [M+
H]" 201.1121, found 201.1122.

324  (2548)-4-[4-(R)-2,2- = W 3 -1,3- — & ¥z 3 -
NA-—F 8HA-N,2- = F I T BRI (11) 8946 A%,

WA F, ¥ (MeO)MeNH-HCl (3.4 g, 35.0
mmol)¥i & T 30 mL Jo/KPUSRRIE . 0 CHLRAdHE T,
If1) J52 N R 1 N\ = T RE AR VA (AIMes, 1 moleL ™ in
heptanes, 35.0 mL, 35.0 mmol), ¥k 0.5 h J&, )Nl
ALY 9 (2 g, 10 mmol) 157K DU S 7 (20
mL), [ 2 h J5, TLC Wl Rk S N 58 4. 21 it
P AT R IB(75 mL), FIZIBERE 2 h B30 1w
AR, 20, KA 18 ZT6(100 mL X 3)A<HL. JiTfs
A WU KB BR AN T4, I DERR T30, K46, Bt
A EH TR A0 O

EEAAE, B LIS % T 0K THF-DMF R &
WHRITV . v=7:3,30 mL), 0 CHEHFER, KU

http://sioc-journal.cn/ 2037
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N 4E(1.87 mL, 30 mmol). ZAL4H(60% in oil, 1.19 g,
30 mmol), B, ¥ RVIETH = SR 2 h )5,
TLC 05Ukl S N 5E 4. K N T UKok T, 2818
TN AN AR (20 mL) LAV R . T 218 2B
(100 mL X 3) AR NI, & A HUAH, JoK6m BT
P, T UERR 2R, kAR, RH 4 PRI S AT (T
fik/ IR CTg, VL V=15 1){F 2.23 ¢ LRy 11, ¥
RN TR 80%. [aly +15.6 (¢ 1.12, CHCL); 'H
NMR (300 MHz, CDCl;) d: 4.10~3.97 (m, 2H), 3.89~
3.80 (m, 1H), 3.71 (s, 3H), 3.45 (s, 3H), 3.36 (td, J=8.1,
3.9 Hz, 1H), 3.19 (s, 3H), 3.16~3.04 (m, 1H), 1.86 (ddd,
J=15.0, 8.4, 6.6 Hz, 1H), 1.53 (ddd, J=14.1, 7.2, 4.2 Hz,
1H), 1.41 (s, 3H), 1.34 (s, 3H), 1.16 (d, J=6.9 Hz, 3H);
3C NMR (150 MHz, CDCLy) §: 177.9, 109.1, 79.2, 78.4,
66.0, 61.4, 58.8, 35.3, 32.3, 31.7, 26.4, 25.3, 17.4; IR
(neat) v: 3577, 3504, 3310, 2984, 2937, 2827, 1663, 1461,
1381, 856 cm'; HRMS (ESI) caled for C3H,c0sN [M+
H]" 276.1805, found 276.1808.

325 (2545)-1-3,6- = F R A 2- F A A K
H)-4-[4-(R)-2,2- = F F-1,3- =Mk 3 ]-4-F AL -2-F
F-1-TEA(13)89 8%,

T = S0P AL &Y 12 (815 mg, 3.64
mmol), EALE T =IRE, I 10 mL oK PO, K
N E T vk K, el Herh g N OE T BB (2.5
moleL™" in Hexane, 1.45 mL, 3.63 mmol), Frf54 8 Ay
WAE 0 CRHEEE 0.5 h 5, KOV UK-TA i
Hh. B Weinreb FEZ 11 (500 mg, 1.81 mmol)f¥) 5K PUE
MRS mLYi N SN, 39 IR 4o S Nl P AN e 1
—70 °C. W, 4REEHiFE 3 h, TLC Milib&9 11 [
SE4. —78 CF, A I N AT &AL B 5 (20 mL)
PLER N, FIARTF R =, LBF40 mL X 3)AHU% M.
W, AIEATHUNE, JCRBR RN T, ok IR 25T 55,
AR, M EATE 2T Ch A LR L, Vi V=30
D35 669 mg TLEOMARY 13, 77K 84%. [ald +1.7 (¢
0.41, CHCly); '"H NMR (300 MHz, CDCl3) 6: 6.83 (d, J=
9.0 Hz, 1H), 6.53 (d, J=9.0 Hz, 1H), 4.42 (dq, J=11.7,
6.0 Hz, 2H), 4.05~4.13 (m, 1H), 3.99 (t, J=7.2 Hz, 1H),
3.91~3.84 (m, 1H), 3.83 (s, 3H), 3.49~3.39 (ovlp m,
1H), 3.4 (s, 3H), 3.24~3.11 (m, 1H), 1.92 (ddd, J=13.8,
9.3, 3.9 Hz, 1H), 1.55~1.44 (m, 1H), 1.40 (s, 3H), 1.36~
1.24 (m, 15H), 1.18 (d, J=6.9 Hz, 3H); *C NMR (150
MHz, CDCls) 6: 207.9, 148.8, 147.9, 144.5, 127.6, 118.2,
109.0, 108.6, 78.4, 78.3, 72.1, 70.9, 65.6, 61.6, 59.0, 43.5,
33.2,26.3, 25.3, 22.2, 22.0, 15.0; IR (neat) v: 3389, 2977,
2935, 2827, 1702, 1586, 1476, 1374, 1258, 1113, 857
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cm ~'; HRMS (ESI) caled for CpHz0; [M + H] "
439.2690, found 439.2711.
32.6 (2R3S,5R)-6-(3,6- — F R A AL 2-F AL R
F)-3-F AIL-5-F 2-1,2- T B2 (14) 49 5%,

AR, BAY 13 (550 mg, 1.26 mmol )i 1
10 mL JE/K PSRRI A . 1) H 4k i\ DU &R A
(143 mg, 3.76 mmol), ZHEF: 2 h J5, TLC Al JERkR
MSEAT. F RV IEE oK, T A SR R n i Fn
AT PPN (15 mL), J8ZUEHE 2 h AT 4SP65 1) Y AH
W W, KA QR CGBEAEE(20 mL X 3), Fifdf
U R TG BRI 1052, I 9B IR 25 TR0, I8 i 28 B
FHR, R EEH TN A ROV

AT, # FIR T 25 mL oK S e
.0 CF, PRI = SR (1.6 mL, 10
mmol) M = AL Hl £ 1(0.32 mL, 2.51 mmol), KM 1 h
Jii, TLC AN JEORE SN 58 4. ) 5 NI HH I N oL Rk R
S5 mL)PAE KON, S TEE(30 mL X 3)%
WO N, G AN, oK T8, okl L+
PR, W4, K PO AT 2 AT (A SR R, Vol
V=2 Df3F] 270 mg TLEMHIRY) 14, PP NV E -5
56%. [a]y +1.3 (c 0.78, CHCly); 'H NMR (400 MHz,
CDCly) &: 6.70 (d, J=8.8 Hz, 1H), 6.50 (d, J=8.8 Hz,
1H), 4.42 (tt, J=12.0, 6.0 Hz, 2H), 3.82 (s, 3H), 3.79~
3.71 (m, 2H), 3.69~3.62 (m, 1H), 3.53~3.44 (m, 1H),
3.39 (s, 3H), 2.64~2.54 (m, 3H), 2.49 (dd, J=12.4, 8.4
Hz, 1H), 2.02~1.92 (m, 1H), 1.71~1.60 (m, 1H), 1.36~
1.29 (m, 12H), 1.29~1.24 (m, 1H), 0.87 (d, J=6.8 Hz,
3H); *C NMR (100 MHz, CDCl;) 8: 150.8, 150.1, 144.4,
124.9, 114.7,107.6, 82.2, 72.6, 71.6, 70.0, 63.3, 60.3, 58.3,
37.9, 31.5, 30.2, 22.3, 22.2, 20.2; IR (neat) v: 3421, 2974,
2931, 1729, 1589, 1478, 1251, 1119, 980, 796 cm '
HRMS (ESI) caled for C,;H;3406Na [M—I—Na]+ 407.2404,
found 407.2421.
3.27 (254R)-5-(3,6- =5 A A -2-F AL K A )H-2-
T E A -4-F HOREA(15)89 6%

¥ W% 14 (190 mg, 0.49 mmol)i T P/ /K A%
FIR (AR 4 mL, 7K 2 mL), [a3A i sl 212
mg, 0.99 mmol), FkL FHFE 2 h, TLC A5kl W 5¢
Ax. 1A OV 10 mL K DA R AR, 5 ke(15
mL X 3)A R N, S IFA U, oK T, o
DEBR 2SR, s, KA PRIEAE E M (A ik 4R &
g, V:V=>50:1)735] 165 mg LRy 15, =%
96%. [aly —58.2 (¢ 0.83, CHCl3); '"H NMR (400 MHz,
CDCLy) d: 9.62 (d, J=1.6 Hz, 1H), 6.69 (d, J=8.8 Hz,
1H), 6.48 (d, J=8.8 Hz, 1H), 4.47~4.36 (m, 2H), 3.82 (s,
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3H), 3.67 (ddd, J=9.6, 4.0, 1.6 Hz, 1H), 3.39 (s, 3H),
2.63~2.51 (m, 2H), 2.14~2.02 (m, 1H), 1.65 (ddd, J=
14.4,9.6,4.8 Hz, 1H), 1.50~1.40 (m, 1H), 1.34~1.28 (m,
12H), 091 (d, J=6.8 Hz, 3H); “C NMR (100 MHz,
CDCl) 6: 204.1, 150.9, 150.1, 144.4, 124.6, 114.8, 107.5,
844, 71.6, 69.9, 60.3, 58.1, 36.6, 31.6, 29.8, 22.3, 22.3,
22.2, 19.5; IR (neat) v: 2975, 2931, 1735, 1589, 1479,
1252, 1119, 1059, 980, 793 c¢cm™'; HRMS (ESI) calcd for
Cy0H3305 [M+H]" 353.2323, found 353.2338.

4B B (Supporting Information) L7546, 8, 9, 11,
13, 14 F115 (&1, XSERPRL AT LU G B MAST R 3t T
#(http://sioc-journal.cn/).
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