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6a #1 6B-F2 2L FABEZ YA B
L T

(NIRRT 2B KRR AR EHE WA E R SLRE Al 610041)

WE  6a M 6p-FIFANHIR[DCA-6a-0l (6)F DCA-64-0l (7)]/EHir 4 & MG B T A ) 8 2 = 4 I H R AR
WY, DUERR)ARGIERZ 10 DR R J7 ERGEM [FE B SEHL DCA-6a-0l (6)F1 DCA-6f-ol (TG K. MLk K&
Mukaiyama JEBE4E A SLAA AR Sml, {2 0E (1 FRIL AR 7 314 J5 I 58 5 o B S L.

KigiE VTR, 6o- Rtk LA, 6p- R LR, &%

Synthesis of 6a- and 63-Hydroxydeoxycholic Acid

Niu, Wei Xiao, Dan Cheng, Hang Xu, Liang™
(Key Laboratory of Drug Targeting, Ministry of Education, Department of Chemistry of Medicinal Natural Products,
West China College of Pharmacy, Sichuan University, Chengdu 610041)

Abstract  6a- and 6f-hydroxydeoxycholic acids [DCA-6a-ol (6) and DCA-6f-ol (7)] are recently identified important
tertiary bile acids derived from deoxycholic acid (3) in human liver. A rapid and robust synthesis of DCA-6a-ol (6) and
DCA-64-ol (7) from cholic acid (1) in 10 steps involing the key Mukaiyama aldol condensation, ozone oxidative cleavage and

Sml, promoted reductive deoxygenation was conducted.

Keywords bile acid; 6a-hydroxydeoxycholic acid; 64-hydroxydeoxycholic acid; synthesis

FHYTER(BAs) & —RAFAE T N L e B MEsh P H T
H B A I A S A S (B D). AR
AR B AR AR U 6 42 1T DA 2 A R IR« IRR
TR AN =RV IR. AP Ig R B L HE IR (CA, 1)F1
8L EHRR(CDCA, 2), 12 HIEERAE 42
BN A R WY RR AR R — 25 5 A R
BCH R R KIS PEB B I i 22 /N, 11 TE 40 &
FVE R R AR i 24006 . 2250 Rk B S M A 2B vk 2%
JH VB2 35 B SEUIHER(DCA, 3) A1 HER(LCA, 4)F1#E
FAHHER(UDCA, 5)P. i bk fE iR H A 4 3k AS i fn
VP4 2E 21 B FLAL AR S 55 B B AR HR TR, i R
TEIRE YT ERZ) 95%1E (Bl gy s FEWR L, ol — R R A
“BHRTAEIR” BN iE R G0R [ AP, Bl =l Bl AT
FIE (IR R B Rk — D AE BRI R R AR SR B 4 1
AL B AL EIEAL), ER— RANE Z =% E T
FRACH =) 4R 7005 4 = G RR AR M B AR X T 52
S JH TR (1) b 1R QU5 190 28 RIM LA AR5 Sk, Sl YT

2
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1CA aOH  OH H
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3 DCA H OH H
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5 UDCA pOH H H
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Figure 1 Selective structures of bile acids
ARG FCAE 6 v RO — 55 BT RE (UPLC-MS/MS) B AR
RISCHE T B R HERR 7R 1 I SEUIHER(DCA, 3)E4H i th 3
P4S0 3A [RUMEHOF I T R2L 65 (6 A C-6 RrAUILR =
SRR TR T A R IR, BRI %
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B NI AR =Y 60 F1 64-F23E LA IHER[(DCA-
6a-ol (6)F1 DCA-6B-ol (7)|7E NAARHE 1 ER Bl [F] A 1 99 2%
B B AR DA AR R ZRAE PASO3A AU EE 1 1)
HAENUEPEIREE, & HCE 211 DCA-6a-0l 1 DCA-6f-0l
AHRERR

DCA-60-0l Fil DCA-6p-ol R F.7E 20 42 50 4F4%
HE HIHER CA (1)E 8L C-6 REdEAT 5 4k A B i),
ST X L LA 1B 9 B 2 0 B B SRR P) C-7 6k SR AR
R H 6 (1) [ RESCRARAR (18 5%), A H 2% S brifil] &
ENE . BJE Tida 7T 1991 FE4RIE T BB AR
DCA 3)E NG FRIZ C-6 FALIEATFEAL & BB 28
PRt DCA tHRZ C-3 i s L Husa i, 5 i Ak ik
AP SEEUIRERERE, PRI A XL C-68
BEREMSIN, BIZ 12 B 19 BousilT
DCA-6f-0l (7)F1 DCA-6a-o0l (6)f1 & K", 1%k Lki e %
RS G NFNEALIE SR R4, T S BOEBRITK &
AR ME DA B AW T A AROE — 2 A8 i DUIH R
()N ERE, GAE C-6 A7 5] NI ZFFAN [ 38 5

OH
15 60-OH
16 64-0H

JIt AR S D S B, BRI HB R SR E DCA-60-0l1 (6)FH
DCA-68-0l (T)IIE R, 146 i 26 564l TRk 20
HIE B 7L

1 HR5iHe

AR ST Scheme 1 FTaw, 1 S MR 2 15 18
HIEIGIFERER) &, 4 N-IRACHEIIEE I fZ(NBS)
TR HE ) C-7 AR 55 e R A AN PR AL P 28 N s,
NER ) 4 7-FR A 80 S 8 ST 3 T W Rk
=% SRR S (TBSOTHLE 2,6- - FFFEMEE 1E T
N, BL 96% St f I RERERE AL &4 9, TE1ZR M 1%
AT RN S2EL T A C-3 AT C-12 IR R0, 220
FEREmE 9 BHEERKM 6-FEM 10 FEHEHRM
Wollf-Kishner i£ Jf %5 %2 fh 26 Btk C-7 3D, SR
ToiFEAR B R DCA-6-0l P24, N 4r & E|I/b & C-6 Al
C-7 [A) I Bt 2 B P~ 0 (B DCA 3). PRI FRATT % B AE C-6
BLFI NG 2,35 P 48 A AR R R B] B2 52 THL C-6 A Th REJE (1)
FIN. ZESCERFAE, HBERERE 9 Bk E QAR

TBSO

OH 6 64-0OH
7 640H

Reagents and conditions: (a) NBS, NaHCO3, acetone/H,0, r.t.~85 C, 95%; (b) MeOH, PTSA, reflux, 2 h, 100%; (c) TBSOTf, 2,6-lutidine,
DCM, r.t., 96%; (d) mCPBA, NaHCO;, DCM, 48%; (e) CH;CHO, BF3+Et,0, DCM, —78 °C, 84%; (f) NaBH4, THF/MeOH (V. V=1 :1),0 C,
86%; (g) Ac,O, DMAP, pyridine, 80 ‘C, 94%; (h) O;, DCM, —78 °C, then Me,S, r.t., 85%; (i) Sml,, THF/MeOH (V : V=10 : 1), r.t., 88%; (j)
t-BuNH,*BH3;, DCM, r.t., then HCI/MeOH, 0 C, 46% for 15, 46% for 16; (k) LiOH, THF/MeOH/H,O (V. V: V=53 2), 90%.

ElR 1 #1% DCA-6a-ol (6)F1 DCA-68-0l (7)
Scheme 1 Preparation of DCA-6a-o0l (6) and DCA-6f-0l (7)
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AL 2 (BF»ELO)HIEH R &4 Mukaiyama F2[
i O A R 5N 2 LB R A 11,
AR 1E £ 0 & M N U(Znly/SiE 8( #  BFs3eEt,0/
NaCNBH;) B 4230 J5 FEPEAE R 11 A IS I 28, 28
AR, BN 5 4%, Ko BUTAT R
Y. I IRATTE— 6 12 TR i C-7 A A AL
BNIE R ONEE, TR fE SIS R AR AL ) 513 BE RS 2
FEBE AL A 12, 765098 B B 40 S0 010 0d T ot B s 73 7
RIS, BATEETR 12 e LA AR
TR 3, A 85% RIS I =4 13. #4513
1E VY S5 IR (THF)/ H R (4 7R 4 v 77) Hp 3 47 Ak 42 e ik
IBRIE o A 1 IR R U ), DL 88% i3 i 2%
NS HAEE ) C-7 07 LB A SRR 1Y 6-FiL &4 14.
14 Bl 5 28 0 S0 A0 B 0 5 9% 3 5 308 1 76 BR 1tk 4% 1 T
(HCUMeOH)Jltkx TBS frfr 3k, DB ELL A2 115
53 A3 2T LURE AR E AT 25 B 60-OH LA 150K
15%) 1 68-OH A &4 16(WL 3 75%). iiidk Bkl I 2% 14
B DA e AT 3 i 52 A W0 (+-BuNH,»BH,) R 38 5 5]
REME LI IREE A 10 1 2 9EEbaY 150 %
46%)F1 16(150% 46%). FERLAD) 15 116 17 'H NMR
F13C NMR 5048 5 1991 4F Tida 25079 R IE STk
B 524 — 30 FeJE, 15 116 23 BIAERIME 2618 T /K filt
fis, LL 90% MW EE 73 7l 41145 S & R R 724 DCA-6a-0l
(6)F1 DCA-6-0l (7).

2 g

AR T LAMEE SRR A JE R, Bladt 10 2Pk
FL 19% 1 S E R T — S PRAE ST — S IR R AR 7™
) DCA-6a-0l (6)F1 DCA-6f-0l (7)E3Er Ik Lk. %
ZFIFH Mukaiyama F2RE4E & F1 Sml, (2 ik R BREE AR A7 18
JE PG SE N B S N, e R St S B T RE R £8S A 4 e
7-OH [HARALIE FEE(C-6) R, Z BTt 2 2 AR Ar
F& BB 1 SR e SN B 22 IR AT AE 0 1 22 BEARAB 1 LA K AR
KRR A AR T I TE g 12, MWt 54l 7
AT .
3 IS
3.1 X5

FEE 61 A Perkin Polarimeter 341 &Y JiE 6% B 52
A 5E ; KEREFEAR IR Varian Unity NOVA-400/54 ¥4
FLPRACI 5E (TMS N #R). HRMS 18 ] Bruker Daltonics
Bio-TOF-Q JF WS 5. KA R il 1t BH s 7 2 7 T8
SR N EET. BrA SR 2 S O T S Al ), 8
FRTARMAT A AR TR, PUSRRRE . R 2 F AT &
AN 2R R B K AL B S b A T A 0 S A
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BR/KALEE; 2 AR (TLC)N GF254 ®EIRIR, MHETLA
RERCHF RATIRA T, F 10%B IR/ LBE . 1,y FhiRe
e O R A ENTFEER N 200~300 H, 5
T

3.2 XWHE

321 30,7,120-=8R T & = F 2 A K -56-N2 Bi -6- 4 F
A5 (9) 89 & A&,

F0 CTF, MLEYI8 (4.0 g, 9.5 mmol)ff) — & ke
(100 mL)¥#EHH, WK 2,6- — H F ik ig (8.2 mL,
70.40 mmol)fl TBSOTS (13.5 mL, 77.11 mmol). ¥ 5,
NI EWR, FERMN 3 h IR S A K
(10 mL)#H K N, — A A EL(50 mLX3), &IFF
BLZ, WA /K15 mL)Yekk, JoKBmERAN T, #hiE,
B R 28 FIT A5 R it 28 TN QR i ik JE AT Ak [ VCR i g )
V(2% Z.H8)=30 : 11115 30,7,12a- =41 T 3 ~HEESH,
Ba-58-NHFR-6-47 FHER(9), R, 7 ¢ (9.19 mmol),
FEER 96%. m.p. 140~142 C; [a]y +52 (¢ 1.0, CHCly);
'H NMR (400 MHz, CDCL3) 6: 4.70 (d, J=5.2 Hz, 1H),
3.94 (s, 1H), 3.66 (s, 3H), 3.53~3.41 (m, 1H), 2.40~2.33
(m, 1H), 2.25~2.20 (m, 1H), 2.17~2.00 (m, 1H), 1.99~
1.94 (m, 3H), 1.88~1.84 (m, 2H), 1.76~1.56 (m, 5H),
1.49~1.23 (m, 9H), 0.95 (s, 3H), 0.92 (s, 9H), 0.86 (s,
9H), 0.84 (s, 9H), 0.79 (s, 3H), 0.72 (s, 3H), 0.13 (s, 3H),
0.11 (s, 3H), 0.10 (s, 3H), 0.04 (s, 3H), 0.01 (s, 6H); °C
NMR (101 MHz, CDCl;y) d: 174.7, 152.0, 108.8, 72.8,
71.1, 51.4, 49.4, 45.7, 44.7, 42.6, 41.0, 40.9, 34.6, 34.3,
33.2, 32.6, 31.8, 31.1, 30.5, 28.6, 27.3, 26.5, 26.4, 26.4,
26.2, 26.2, 25.7, 25.7, 22.5, 18.9, 18.4, 18.3, 17.9, 13.2,
—2.7, =29, —29, —3.6, —3.7, —3.9, —4.5, —4.6,
— 4.62; ESI-HRMS calcd for C43Hg305Si; [M—i—H]+
763.5543, found 763.5540.

322 30,120-=RT A= FaEAK-5-FK-7-87-56-12
BR P B5(10) 89 & A%,

F0 CTF, HMEEERER 9 (200 mg, 0.262 mmol)ff] —
AFFE(E mLyE R, RO S0E AR R (70%,
96.1 mg, 0.39 mmol) MR EEN(88.2 mg, 1.05 mmol),
TEAZUR N GRS PE OB 30 min. 2 JiF, IIAMAIRRAR
TREREN KW (2 mL) KR, LR CBEAEEL(10 mL X
3), GIFANZE, WA K10 mL)BERE, To/KMEREN
T, UL, WOERKYE. BT THF (4 mL)AH,
T 0 CF, AV T & (99 mg, 0.36 mmol), FHiE
FEEIR, RPN E TLC SR ER e A, N
KQ mL)E KR, L8 BERERA0 mLX3), &H4F
HLZ, 55 0 DU ANk B SN /K (10 mL) A A&
KA mL)BEERANE, ToKBRERIN TR, i, 8k
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WeHs, MG N URE AT E M 440 [ VO ) - (&
Hht)=1: 2180115 3a,120- 0T 3 ~ A E-5-F
He-7- -58- L R H I (10): 1 € [ {7, 83.6 mg (0.13
mmol), =% 48%. m.p. 150~152 C; [a]y +18 (c 0.05,
CHCl;); '"H NMR (400 MHz, CDCly) &: 4.47 (d, J=6.4
Hz, 1H), 4.00 (s, 1H), 3.66 (s, 3H), 3.50~3.45 (m, 1H),
2.48~2.26 (m, 4H), 2.24~2.17 (m, 4H), 2.11~2.06 (m,
2H), 1.90~1.79 (m, 4H), 1.71~1.60 (m, 5H), 0.94 (d, J=
6.2 Hz, 3H), 0.90 (s, 9H), 0.86 (s, 3H), 0.82 (s, 9H), 0.68
(s, 3H), 0.07 (s, 6H), 0.05 (s, 6H); ESI-HRMS calcd for
C37Hg906Si, [M+H]" 665.4627, found 665.4635.

323 30,12a-=RT A = F A HK-6-T T HK-7-87-58-
fe BR P BE(11) 469 A &

F—78 CF, L& 9 (6.4 g, 8.4 mmol)ff] &
FE(70 mL)EWRH, WKIRGAZ N /(1.7 mL, 30.33
mmol)Fl = FALI 2 Bk¥A (2.1 mL, 17.0 mmol), HT1%
TR Rkt IR N EH A TLC Al EoR RN ZEH. N
N R A BN K (20 mL)VE K N, 5 830
mL X3)ZEH, SIFANLE, WAIE K20 mL)sEk,
KRBT, g, wEwkds, A N KR
Mratifb[VCa ) @ (LR LBR)=230 @ 118118 3a,12a-
RT3t T RE AR S -6- 1 £ FE - 7- -5 8- H R HE I (11):
HEE A, 476 g (7.06 mmol), K 84%. m.p. 174~
176 C; [a]d +47 (¢ 0.05, CHCly); "H NMR (400 MHz,
CDCly) 6: 6.09 (q, J=6.8 Hz, 1H), 4.00 (s, 1H), 3.66 (s,
3H), 3.51~3.59 (m, 1H), 2.53 (d, J=12.8 Hz, 1H), 2.44~
2.09 (m, 7H), 1.79 (d, J=11.8 Hz, 4H), 1.67 (d, J=6.8
Hz, 3H), 1.57~1.42 (m, 4H), 1.39~1.20 (m, 6H), 0.98 (s,
3H), 0.94 (d, J=5.6 Hz, 3H), 0.91 (s, 9H), 0.82 (s, 9H),
0.65 (s, 3H), 0.08 (s, 3H), 0.05 (s, 3H), —0.01 (s, 3H),
—0.02 (s, 3H); °C NMR (101 MHz, CDCls) &: 205.1,
174.70, 143.9, 128.5, 72.6, 70.7, 51.5, 48.9, 48.3, 45.8,
44.9, 41.4, 38.0, 35.4, 34.5, 34.4, 32.5, 31.4, 30.8, 30.6,
28.9, 27.63, 26.2, 26.2, 25.7, 25.7, 25.7, 23.0, 18.2, 18.3,
17.9, 13.0, 12.6, —2.9, —2.9, —3.8, —3.8, —4.6, —
4.6; ESI-HRMS caled for CiH;05Si, [M + H] *
675.4835, found 675.4828.

324 3a,120-=RTA_FaAK-6-BCLA-7-THLA
A -5p-N2 BR P BE(12)89 4%

BALEY 11 (2.8 g, 4.15 mmol)iE T H EE(18 mL)F
PYEPRIF(18 mL)FEEERF, T 0 CIANE LA
(302 mg, 7.98 mmol), 4% N % TLC Kl 2 7 & B 5%
4= K5 mL)EK, LR LERG0 mLX3)ZEE, &5
HHUZ, WA /K0 mL)YE, ToKBEREN T, HhivE,
IR R A R i 28 TN SUEE A E AT [V ) - (LR &
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BE)=10 : 11EI75 3a,120-=HUT 3 — HEEHE-6-1 2
JE-7-FR R -Sp-HIR g (12s): ([ 44k, 2.42 ¢ (3.57
mmol), 7*F 86%. m.p. 183~185 C; [a]¥ +95 (c 1.0,
CHCly); 'H NMR (400 MHz, CDCl;) 8: 5.61 (q, J=6.8
Hz, 1H), 4.04~4.08 (m, 1H), 3.96 (d, J=3.2 Hz, 1H),
3.66 (s, 3H), 3.52~3.58 (m, 1H), 2.49~2.39 (m, 1H),
2.39~2.30 (m, 1H), 2.25~2.12 (m, 2H), 2.02~1.69 (m,
6H), 1.69~1.60 (m, 6H), 1.49~1.42 (m, 5H), 1.34~1.24
(m, 4H), 0.95 (s, 12H), 0.85 (s, 9H), 0.75 (s, 3H), 0.67 (s,
3H), 0.08 (s, 3H), 0.05 (s, 3H), 0.01 (s, 6H); *C NMR
(101 MHz, CDCly) 0: 174.7, 142.2, 113.6, 73.4, 72.9, 71.5,
51.5, 48.9, 46.9, 45.7, 44.9, 44.7, 37.0, 35.2, 35.2, 34.7,
32.3, 31.5, 31.3, 30.8, 28.8, 27.5, 27.2, 26.3, 26.3, 25.7,
25.7,23.0, 18.4, 18.4, 179, 13.0, 12.4, —2.7, —2.7, —
39, —3.9, —45, — 4.5; ESI-HRMS caled for
C30H:305Si, [M+H]" 677.4991, found 677.5007.

FIRF, A& 12s (1.8 g, 2.66 mmol) A IE (27
mL)ER PRI 4-— R 2L iE (DMAP) (325 mg,
2.66 mmol)fEEEF(1.3 mL, 13.75 mmol). JHEZE 80°C,
HAkS R B2 TLC Al SR R B A58 4. AN
SALEKIE R0 mL)E KW, LB GEE(B0 mL X 3)
FE, FIFENE, MAEHKAS mL)Psk, KRR
BNTRR, g, ek A AR i 22 TN URE i A JE A Al AL
[VCAMEE) @ M(ZBR ZB8)=20 © 1118 3a,12a- =T
T R I -6- T 2,3, -7- 2 TR R -5 8- FH R B (12):
HEE A, 1.8 g (2.51 mmol), 5% 94%. m.p. 136~
138 C; [a]d 4110 (¢ 1.0, CHCl;); 'H NMR (400 MHz,
CDCly) d: 527 (d, J=10.4 Hz, 1H), 5.12 (q, J=6.8 Hz,
1H), 3.96~3.94 (m, 1H), 3.66 (s, 3H), 3.57~3.52 (m,
1H), 2.45 (dd, J=13.2, 3.8 Hz, 1H), 2.37~2.32 (m, 1H),
2.25~2.10 (m, 3H), 2.10 (s, 3H), 1.94~1.67 (m, 11H),
1.55~1.47 (m, 6H), 1.43~1.36 (m, 3H), 0.90~0.98 (m,
12H), 0.85 (s, 9H), 0.77 (s, 3H), 0.68 (s, 3H), 0.09~0.01
(m, 12H); C NMR (101 MHz, CDCl;) d: 174.6, 170.4,
137.5, 113.8, 75.1, 72.7, 71.4, 51.5, 48.8, 46.3, 45.0, 44.7,
42.2, 36.4, 35.16, 33.1, 34.6, 32.7, 31.5, 31.3, 30.6, 28.9,
27.2, 26.3, 26.3, 25.7, 25.7, 25.7, 22.8, 21.6, 18.4, 18.3,
17.9, 13.0, 12.5, —2.7, —2.7, —4.0, —4.0, —4.6, —
4.6; ESI-HRMS caled for C4H75068i, [M + H] *
719.5097, found 719.5091.

325 30,120-=RT R F e aHk-6-HA-7-Tt A
K -5p-N2 B T BE(13)89 5 A%,

F—78 CF, Atb& 12 (1.8 g, 2.5 mmol)i) 5
FH (200 mL) R HIE AN SLA, Bk 8 2 2 i ks
W EL7R ROV, N R E(8.5 mL)F K 3L, F
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BEIRIFARLE L 3 h, ORI BT A A i 28 TR U
FEEM 2 [ VA B © (SRR CFR)=10 @ 118145
30,120~ =0T 3k = W SR Jk-6- B ik - 7- 2L T AR R -5 8-
R FE(13): A EE, 1.5 g (2.1 mmol), 723 85%. m.p.
201~203 C; [a]y +75 (¢ 1.0, CHCly); '"H NMR (400
MHz, CDCl;) 6: 5.21 (d, J=10.4 Hz, 1H), 4.02~4.00 (s,
1H), 3.66 (s, 3H), 3.58~3.43 (m, 1H), 2.59~2.49 (m,
1H), 2.39~2.32 (m, 1H), 2.30~2.15 (m, 2H), 2.13 (s,
3H), 2.10~1.90 (m, 3H), 1.90~1.68 (m, 7H), 1.61~1.57
(m, 5H), 1.54~1.38 (m, 3H), 0.97 (s, 9H), 0.94 (d, J=6.4
Hz, 3H), 0.85 (s, 9H), 0.82 (s, 3H), 0.70 (s, 3H), 0.11 (s,
3H), 0.08 (s, 3H), 0.07 (s, 3H), 0.01 (s, 3H); *C NMR
(101 MHz, CDCly) d: 205.83, 174.59, 170.20, 72.46,
70.20, 58.88, 51.53, 48.81, 47.01, 44.93, 41.86, 37.43,
35.28, 35.28, 34.78, 34.30, 32.38, 31.46, 30.88, 30.70,
28.80, 27.23, 26.33, 26.33, 25.70, 25.70, 25.56, 23.08,
21.05, 18.39, 1836, 17.87, 12.92, — 2.78, — 2.78,
—3.88, —3.88, —4.67, —4.73; ESI-HRMS calcd for
Cso0H7,0,Si, [M+H]" 707.4733, found 707.4714.

32.6 30,120-=RT A= F 2 A HK-6- K-5-N2 g F
B (14) 89 4 A,

LAY 13 (0.8 g, 1.1 mmol) P Uk I Al 375
WV v=10:1, 11 mL)EHFES =K, T=EET, I
NHALEZ 1 DO SR V(10 mL, 10 mmol), FF4k%E %
J% 48 TLC A 27 s B 5E 4. DIV AR R S AN /K 1A R (2
mL)# KN, LFRABE(10 mLX ), &HEIZE,
WA B EEK(10 mL)BEMR, To/KBREREA TR, HhiE, Bk
WA BR8N SURE AT E AT Ak [ V(A k) - (2
TR 28 =10 : 118175 3a,120- =4 ] F — FFRE A JE-6- 3k
F-54-IHPR FHEE(14): EAE &, 650 mg (1.0 mmol),
% 88%. m.p. 176~178 C; [a]y +36 (c 1.05, CHCly);
'H NMR (400 MHz, CDCl;) d: 4.05 (s, 1H), 3.66 (s, 3H),
3.56~3.48 (m, 1H), 2.41~2.02 (m, 8H), 1.98~1.65 (m,
9H), 1.58~1.50 (m, 7H), 0.97 (s, 9H), 0.94 (d, J=6.4 Hz,
3H), 0.85 (s, 9H), 0.81 (s, 3H), 0.67 (s, 3H), 0.12 (s, 3H),
0.08 (s, 3H), 0.01 (s, 3H), —0.00 (s, 3H); °C NMR (151
MHz, CDCly) d: 214.1, 174.5, 73.2, 70.5, 59.8, 51.4, 47.9,
477, 45.9, 42.8, 37.7, 37.2, 35.7, 35.6, 34.3, 33.2, 31.3,
30.9, 30.8, 28.6, 27.4, 26.2, 26.2, 25.6, 25.6, 23.8, 23.3,
18.3,17.9,17.8,12.6, —2.7, —2.7, —4.0, —4.0, —4.6,
— 4.7; ESI-HRMS calcd for Cs3;HgOsSi, [M + H] "
649.4678, found 649.4665.

3.2.7 3a.60,12a- =% K -56-12 B8 F B5(15)4= 30,65,12a-
Z 3 -54-N2 R F BE(16)89 A Ak
F0 CTF, k&Y 14 (500 mg, 0.77 mmol)ff] &
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FBE(25 mL) W, INANIEE- BT 4% & 90(75 mg,
0.89 mmol), Ft& =R, H4kLLRFE TLC Kl B Rk
REZE . ML S B KA (10 mL) K B, — &
FE(30 mLX3)ZEHL, & HANZE, MAEEEK(10 mL)5k
W, TCKBRIREA T, HhiE. 0k 4e Fr A i s T
FEEQ23 mL)H, T 0 Ciilhnik #hRR 1 F BE 1A W (23 mL).
W, AR ER, RSN R TLC il s [ 3 58
A NI R S AN K (10 mL)E KRB, ZFR 4
BE(30 mLX3)ZH, &HFANZE, MMEEEKQ20 mL)¥k
&, TOOKBREREN T8, W MR 4 BT 5 KL i 28 TN =Rk e A
EWVCH M) @ (R B8 =1 1 51132 3a,6a,12a-—
F2IE-5p-HHEE S (15)7 A 30,6f,12a- = ¥4 FE-54-H L F
fig(16)7).

3a,6a,120- = ¥2 3 -54- IR S (15)7: [ & [F 4k,
150 mg (0.35 mmol), PiPULE 46%. m.p. 102~104 C;
[a]® 437 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl;) o:
4.07~4.04 (m, 1H), 4.00~3.99 (m, 1H), 3.66 (s, 3H),
3.64~3.62 (m, 1H), 2.39~2.34 (m, 2H), 2.26~2.22 (m,
1H), 1.94~1.85 (m, 2H), 1.85~1.77 (m, 2H), 1.77~1.58
(m, 7H), 1.54~1.45 (m, 4H), 1.44~1.29 (m, 4H), 1.28~
1.13 (m, 2H), 0.97 (d, J=6.2 Hz, 3H), 0.89 (s, 3H), 0.67
(s, 3H); ®C NMR (101 MHz, CDCl3) : 174.8, 72.9, 71.7,
68.0, 51.5, 48.3, 47.6, 47.1, 46.5, 35.5, 35.5, 35.1, 34.9,
34.4, 32.8, 31.1, 30.8, 29.7, 28.7, 28.4, 27.4, 23.6, 23.1,
17.2,12.6; LC-MS m/z: 422.4 [M+ H]".

30,608,120 = ¥ H -5p-H B R (16)7: [ €5 [F 14,
149 mg (0.35 mmol), PPUCE 46%. mp. 91~92 C;
[a]® 445 (c 1.0, CHCl;); '"H NMR (400 MHz, CDCl;) o:
4.01~4.00 (m, 1H), 3.79~3.77 (m, 1H), 3.66 (s, 3H),
3.63~3.57 (m, 1H), 2.41~2.33 (m, 1H), 2.20~2.27 (m,
1H), 1.86~1.77 (m, 4H), 1.61~1.65 (m, 13H), 1.43~
1.35 (m, 4H), 1.10 (s, 3H), 0.97 (d, J=6.2 Hz, 3H), 0.89~
0.82 (m, 1H), 0.71 (s, 3H); >*C NMR (151 MHz, CDCl;) ¢:
174.7, 73.0, 72.9, 71.1, 51.5, 48.4, 47.8, 47.2, 46.4, 36.2,
35.6, 35.1, 34.2, 33.8, 33.8, 31.0, 30.8, 30.8, 29.8, 28.3,
27.4,252,23.6,17.2,12.7; MS m/z: 422.4 [M+H]".
3.2.8 3a,6a,120- = K -54-12 B8 (6)F= 3a,66,12a- =%
H-5B-N2BR(T) 89 A A

ZHLER[7]. iR MR EALERK—KEMA0
mg, 0.24 mmol)IIALEH) 15 (30 mg, 0.07 mmol)[#] Py
S (5 mL)« HEE(3 mL)FI7K (2 mL) IR SvaRI, I
TEAZHR BE N PP OB 2 2 A I B s ) B 56 4. 17
SOSBHEIN 2 moleL ™' #RAR, NI N pH A 3~4,
LR (10 mL X 3)AHL, A IHAHAH, HAEEIK(10
mL)PEdk, JoKBREREN T, g, BRIk %0 B 50 b
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Z N EN At [ (& 5 - VA =1 : 2]
33 30,6a,120- =2 FH-5B-RHFE (6), [l {4, 26 mg
(0.064 mmol), #3 90%. m.p. 135~137 C (lit."" m.p.
135~137 C); [a]y +55 (c 0.5, 95% EtOH); MS (ESI)
m/z: 409.4 [M+H]".

PILAEY) 16 (18 mg, 0.043 mmol) A EUREHE Lk AH
[ (773 BN %458 30,68,120- = F2FE-54-RHER(7): H
&K, 15.7 mg (0.038 mmol), ;=3 90%. m.p. 137~
139 °C (1t mp. 137~139 C); [a]? +35 (c 0.41,
95% EtOH) [lit.*) [a]X +36 (c 0.41, 95% EtOH)]; MS
(ESI) m/z: 409.3 [M+H]".

4 Bh#1%L(Supporting Information) 154 9~16 K
"H NMR A1 °C NMR i [, 324 mT LA G 5 A
WX 3k (http://sioc-journal.cn/) I T %,
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