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ARTICLE

SEERIRFEY) Leiodelide A C(10)~C(22) K BRI M & B
FETL? WAES MERE

(CHEBERFUER B 200433)
(" ERFZ2 i 201203)

ExRE

WE UUBSE R-EFENEER, £ Julia-Lythgoe <l Sharpless NI FR MRS 15 BB, LA 7.6%H) SR
3L T KRR Leiodelide A FISCHE P BE 19 I BT, T (T IAASS #1924 "H NMR, *C NMR 1 ESI-MS #iiF.
KR FHIFEWEL Leiodelide A; M RIRF=M;, KFF A g

Effective Method to C(10)~C(22) Fragment of Leiodelide A

Ren, Rongguo” Mao, Zhuoya” Wei, Bangguo ™ Lin, Guogiang”
(“ Department of Chemistry, Fudan University, Shanghai 200433)
(® School of Pharmacy, Fudan University, Shanghai 201203)

Abstract An enantioselective route for compound 19, a key fragment toward the asymmetric synthesis of leiodelide A, is
described. This key compound 19 was synthesized through Julia-Lythgoe olefination and Sharpless asymmetric dihydroxyla-
tion in 7.6% overall yield. All intermediates were characterized by 'H NMR, '*C NMR and ESI-MS spectral data.

Keywords citronellol; leiodelide A; marine natural products; macrolide

WA RN BRIy — SR E IR, B
FEEE R, WSO, WA A BRI S AR AR
ZiR R A%, JCHIRIERIR ), DRI CAREw A2 2t
AT R TR, B, 7R % 20 24, X
FERIR N BRI & OTRE T RERTIT, JEEeai i AR
P A B ORI AR O T IR IR 25, 48K 2 50K

MeO,,,

Phorboxazole A

A B AR AT A B R S 14, 1Cs 34 W] 31 nmol
o pmol, fFl%1: Phorboxazole B!, Spirastrellolide B!*/All
Epothilones™ (B 1). A 8A %8 Epothilones, 7EHT
JigE R AL, STCE Y o, p-10E B e R
p R A S, (REME E ARG, HAH e MR,
N T A5 400 A BE R AT 1 W B 22 p MR &R T

Epothilone A(X=H,Y=H, M=0)
Epothilone B (X =Me, Y =H, M=0)

Spirastrellolide B Epothilone E (X =H, Y =0H, M=0)

Bl 1 Phorboxazole A, Spirastrellolide B I Epothilones [t 545 #)
Figure 1 Structures of phorboxazole A, spirastrellolide and epothilones
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H, SEBREAHLL, XF 2 S 24 e 40 BRI TN 5542 BE
iR 24t 32 2R AL s K B S . R, 2007 4R, 3B
[ £ 5 24 0 HEL R (FDA) L E T epothilone 25114
1x-abep110ne b, AT ERRYT. BEl, 2F
N epothilones FEABNYIAN [FIFE BEHIEN 1 I RIS

Leiodelides A 1 B #& Fencial 252006 4 M iR i
45 Leiodermatium Y5 B 15 2| PG EERIA=Y). K0
FIET 19 JORIRAEE, FAMUEE S 752 & A M Os
TN o BIERIR, BN EEH—PDIERIE, Ha1hfa
ZAFHEFOE 2). BAIRPE, fEEEES, BT
B PER D ER A, A CA3) LA R Beffi .
EARAMNEM IR T, Leiodelides A #ll B R TR E
s, B, B HCT-116 H A 403 M (A
IC5p=2.5 umolsL ™', B: IC5,=5.6 pmolsL™"). 74k, Lei-
odelide A X§ HL-60( 1 IMLJ%) NCI-H522( /i 4t fg) Fl
OVCAR-3( 5P 55 40 i) H A7 BT I H0 i) 35 14 (GlLso 43731
N:0.26, 0.26, 0.25 pmoleL ™). HiZ4 T &E g, EAN
A AN T A S EF 7T, 2011 4E, Firstner /)
HPIRETER T Leiodelide B M3 C(13)Ai 74k Mgk
AR, AR, Bra LA B bR g i r ik 5o 1)
50 BIE I RARBIE AR, Tk, Stambuli /NP
FFRE T Leiodelide A 73§ =N BHIA R, BI& 2
K IUATAT B B Z M5t 4%, Liv MAPITHR R T
Leiodelide A 70 T4 G R, AL T INEEM & BT 7.
T Leiodelide A 43 FHIE MK, HRESETET C13)~
C(17) Fr B ST AR A 22 (1) i U S AN & v B ] A K
Xf 4.

AR T A SR — BB T3 IR A W B AN R ER
Bart 2 FEVE G RUF R, B Leiodelides A, B 7055 LK,
?ﬂ&ﬂ]l&ﬂﬂ%@ﬁéAﬁkﬁﬁ ) 25 i 393 00 &5 ) SR s v

Macrolactamization

Leiodelide A (1)

Julia-Lythgoe Olefination

A

K H
Leiodelide B (2)O

B2 Leiodelides A\ B [f145#)
Figure 2  Structure of leiodelides A and B

A/NH F BT RS S AR B BT C(13)f7
ISR S, BB S b B B RO, KRR
AR 7 G ReR. Ik, 9 7IRAIDT € Leiodelides A, B
M) 4G ORI 8 AR, FRATT LA B 1) 37 14 U5 40 )5 (chiral
pool) AR LR k), B E A BT Leiodelide A 431
C(13)r BRI, SRJE K Julia-Lythgoe J W%
WF MR RG R G, H24 Sharpless ANXTFRARA MV,
mxﬁlﬂﬂ/} i1 Leiodelide A 73+ C(10)~C(22)7 B, it

I AR N 2H T A SR e, M 8 R T
Leiodelide A 3 FHRIFEE FEE 3 (Scheme 1).

1 HR5iTR

Bl R-FFEEUNERL, 43l TBS R4 #a%E LU
95% LRI R EY) 6. HEEME Ky0s042H,0/NMO
& B3 AT R 95% U R 53] i 7. ik

Sharpless Asymmetri‘c Dihydroxylation

OTBS s 0
= 2 H P4
{: P O/H/\ — 0
P30 \/\/\COOH P20 E T OH
PO OMe *
R 5 4

B 1 Leiodelides A (1) & Ao
Scheme 1 Retrosynthetic analysis of leiodelides A (1)
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A9 7 FH NalOy ALY, SRJ54 NaBH, i85, DLW
S1%MINCRZEIEE 9. thEW 9 Fo R4t FE L Fl
FRERARIPIE, DL 77%U R A 5 T & 1109,
KH R-EFENFEEL, G/ BRIFEAL, Pl 56%M I
HKEMT Leiodelide A 7+ C (10)~C5)FMHHE 11
(Scheme 2).

Bk, MEED 11 R, BB 5 11 C(15),
C(16)r R b, B, R EY 11 5 -5k K0
BEMEZ2 - Mitsunobu 52 MU VAR pBREE, 2050 AL 1S BT
W, FEE Julia-Lythgoe BIBCHEAT TRBELE K. SR 1M,
I IR 15 ICRIRIR(27%). N T e mith &4
15 MR, BATIEF T 1-ZRF-5- 55 Py mpl B3Ik 47
Mitsunobu W15 ZIR. &3 — L5 04k R (W Oxone
Al NaHCO;/m-CPBAIP YR 2R, H &L 4s RE W, 3
equiv.[] m-CPBA BELA 84% US43 2B K 13 (Scheme
3). BETFR, WATRERT Julia RS HIAE, 7RI RS,
24 LiHMDS 1E#%, L\ THF, DMF 5% THF/HMPA (V :

=4 DIEGEHIY, 22 5ILL 61%(F 1, Entry 1), 71%(#
1, Entry 4), 21%(F 1, Entry )[R 2L G 15, H
Sl TH NMR 2047, (AP 15 FE R R IR AT,
PREME N 301, 3401, 1.7 01, 44 KHMDS fF
#>, Ll THF, DMF 8, THF/HMPA (¥ : V=4 : D)/E¥H
W #AN SN (3 1, Entries 3, 6, 9). #¢Ji H NaHMDS {E
BN, 4351 LL THE A1 DMF {EE 7], BL 80%A1 56% I
RAFFEHERY). @ik "H NMR W, 38805551 A
311 M5 1(£ 1, Entries 2, 5). &L REEN: X4

THF/HMPA 1R, 1 HAARI N4 D18, —78 CF,
NaHMDS 1Em, FIrE 7 MmN, DL i 2

Rk MR RIE 1S 1538 1, Entry 8). BRMRY 5, %
PR Ky0s0,2H0/5U T BERIK(V = v=1© D474k
U SR T ok H C(15) C16) AN R IE ik
Bk, BRI E B RGN EY, —FH 1L
N1t 1. E# DL Sharpless K FRXGEALEC A N TF-PERD
AT, CATHE Bk FALAT A LR, B Y=
R FR B i s 0 s, R R /M) K080,22H,0 AR
# 0504 AT Sharpless AR AL 1) 85%9’14&
ESRCE EWJ&\% 16. RIEILEYIN THNMR 247, —
FER dr N 6 2 1.

&9 16 zé TBS EFEVERI R, B 7T1% MR
BEMLE 17, SRIGHAED 17 16 NaH 1ERIZ&M4 T,
SRR, CL71%MBCRAER T &P 18, 81
K, th&Y 18 SIS L AR FY, B
1T Dess-Martin LU Pinnick 4k, =& E/E L
2% IR L S Leiodelide A ) C(10)~C(22) 7 Bk 19.
I3 Je R /NI S SR 0 AT 5 7). AR 2 DA 1S 2B A
7.6%H AU ) 543 5] Leiodelide A FIFRE BT AL S
19 (Scheme 4).

2 i

DA it A ) R-75 50 1 9 J5URE, R Julia-Lythgoe %
M.+ Sharpless ANXFHRXFRAL Jso B 55 I B3 S T — 4%
Leiodelide A [ C(10)~C(22)} BIKIASKS Bk & Bl 5 ¥2:.

OH
i NalO,
_ on _TBSCI, imid. _ oTBs K20s042H,0,NMO ~_OH OTBS a4
W DMF, 95% W t-BUOH:H,0 (V:V = 1:1) THF, H,0
6 95% 7
(0]
NaBH,4, CH;0H CSA
H)K/Y\ : 4 3 Ho/\/\(\ NaH, BnBr BnO/\/Y\ BnO/\/\‘/\‘
OTBS 81%, 2 steps OTBS 85% OTBS M:OOO/H OH
8 9 10 1
B2 FrERE 11 BEK
Scheme 2 The synthesis of chiral fragment 11
o o)
X 4 Fg
N’ (0)
11+ N7 IN/Ph (1) DIAD, PPhs, THF NYS\/\:/\/\OBn L R H /Y\/\/\/\OBn
N=N (2) m-CPBA, DCM NN, : NaHMDS, THF 4/0 :
12 1% Ph 62% 15 dr = 16:1
13
OH
AD-mix-a, Ko0sO4*2H,0 :
Y OBn
CH3SO,NH,, KzFe(CN)g, KoCO3 %/o OH H
85%
16 dr =6:1
B3 LEw 16 E K

Scheme 3 The synthesis of compound 16
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AL Hoiex
£ 1 Julia B
Table 1 Julia reaction conditions
Entry Solvent Base Yield’/% E.Z
1 THF LiHMDS 61 301
2 THF NaHMDS 80 301
3 THF KHMDS N.R.” N.R.”
4 DMF LiHMDS 71 3401
5 DMF NaHMDS 56 501
6 DMF KHMDS N.R.” N.R.”
7 THE/HMPA (VI V=4 11) LiHMDS 21 1.7 01
8 THE/HMPA (Vi V=4 11) NaHMDS 62 16 0 1
9 THF/HMPA (V : V=4 1) KHMDS N.R? N.R.?
“ Isolated yield. ® No reaction. ¢ E/Z was determited by "H NMR.

oTBS
TBSCI, Imid. H

16 O £ H
DMAP, DMF O OH :
71% %/ 1

(1) Hy, Pd/C, MeOH

(2) Dess-Martin
(3) Pinnick
72%

oTBS

oBn —— OWOB”

CE)Me :

DMF, 71% %/o
18

0 %
Ref. [7] OMe  )~¢
D —

N

B4 a9 M6
Scheme 4 The synthesis of compound 19

M R-BFFEEK, L4 15 BRMN, LL 7.6%K R EE
%1 Leiodelide A [f) C(10)~C(22) A Bk, %5 &aT,
it — 4 B Leiodelide A 73 T-2558 1 LAl

3 IS
3.1 X5

2L E A Nicolet-FT-IR360 {8 37 A8 41 4 i
X, CHCl, BRI 52 ; A% 1 LA MERCURY-400 %Y
R AEARACI €, TMS AW AR, CDCL NI A, =7
LA HP6890/5973 A s s A3l &, ESI Jeds; FevtkH
Perkin-Elmer 241M %! 5 i e G470 & .

FE Z AT BT FH R B 70 SR 0 B VA B T R AR 7=
J&Z, 300~400 H, Belli A FEARF LA A i ik Gk A%
N 60~90 C)FI LR LR IR & FIEE S it 5
IR AR T IR IE R &t A, A
k. MR M. — G F oAl P AT R A A A B A
FUI T o A Al 2 7).
32 (S)-MTE[B7-ZHE¥-6-1%-1-B)FE] —H
ERELT(6)MIE AR

¥ R-FFHE(3.0 g, 19.2 mmol)iA T T N,N-—H
B (30 mL)H, ARG K UK (2.62 g, 38.5
mmol), TBSCI (4.36 g, 28.9 mmol)fl DMAP (235 mg,
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1.92 mmol), 0 CHiHk 24 h J&, MAMAIG AL E A K
R, MUKW RE, H AR CBRZEE =R, GHANAH, A
BUAH AR £ Sk P s, PREREE T 1, 18, KR46)5 A
135k B W AR IR A JE AT (A Tl )45 210 il A 6
(4.93 mg, 95%). [a]s —1.7 (¢ 1.56, CHCly); '"H NMR
(400 MHz, CDCls) 8: 5.12~5.08 (m, 1H), 3.67~3.61 (m,
2H), 2.02~1.94 (m, 2H), 1.69~1.67 (m, 3H), 1.60 (s,
3H), 1.57~1.54 (m, 2H), 1.36~1.31 (m, 2H), 1.22~1.13
(m, 1H), 0.89~0.87 (m, 12H), 0.05 (s, 6H); *C NMR
(100 MHz, CDCl3) d: 131.0, 124.9, 61.5, 39.9, 37.2, 29.1,
25.9, 25.7, 25.5, 19.6, 18.3, 17.6, —5.3; IR (film) Vyay:
2955, 2927, 2857, 1471, 1462, 1377, 1361, 1253, 1094,
938 cm .
3.3 (6S)-8-(MTE-HERE)SE-2,6-—HEFLR-
2,3-ZE(7T)HE R

Kb & 6 (4.93 g, 18.3 mmol)i& T HUT i Fl/K
V:iv=1:1, 40 mL)¥, A K,0s0,2H,0 (70 mg,
1.83 mmol), N-HIEEMEIRELYI(NMOH,0, 7.4 g, 54.8
mmol), 0 CHi$: 24 h, M 1.5 g/mmol [ ERREEH, i
$ 30 min J5, MKFRE, HCROEEER =R, GIFH
BUAH, A HLAE A & EhoK e, BRIREE T, Ik,
W4 Ja T3 Wik A i B (SR OBR) = VA

Chin. J. Org. Chem. 2015, 35, 2313~2320
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k) =1 : 25 BT AR 7 (527 g, 95%). [alp
—1.8 (¢ 1.18, CHCl3); 'H NMR (400 MHz, CDCl;) o:
3.71~3.62 (m, 1H), 3.37~3.32 (m, 1H), 2.34 (dd, J=
20.0, 4.0 Hz, 1H), 2.15 (d, J=12.0 Hz, 1H), 1.88 (s, 1H),
1.65~1.52 (m, 3H), 1.48~1.26 (m, 4H), 1.22 (s, 2H),
1.17 (s, 2H), 0.92~0.90 (m, 12H), 0.06~0.04 (m, 3H);
C NMR (100 MHz, CDCLy) d: 79.1, 78.7, 73.2, 73.2,
61.4, 61.4, 39.9, 39.6, 34.3, 33.9, 29.7, 29.3, 29.1, 29.0,
26.5, 25.9, 23.2, 19.8, 19.6, 18.3, —5.3; IR (film) vynay:
3398, 2953, 2928, 2857, 1462, 1383, 1361, 1254, 1093,
1005, 988 ¢cm™'. HRMS (ESI) caled for C;¢H340;SiNa
[M+Na]™ 327.2331, found 327.2324.

34 (S)6-(MTEZHERE)SE4-FES-1-E2(9)
HIE R

BB 7 (1.53 g, 5.03 mmol)ia T PUEKIR (20
mL) 1 pH="7 B ER 2% /(20 mL)H, A NalOy (3.23 g,
15.1 mmol), 0 CHiFt4h, KMNFEESE, KR, Ha
TR CBEZEE =R, GIHA NN, AU A A K B
Ve, TREREE T, IR, RS FTAS H05R B J0 R A Al
1k, #&H.

¥ ik wiiA1.22 g 5.0 mmol)¥E TS /K H EE (30
mL), BISASET 0 CTF 4= NaBH, (380 mg,
10 mmol), 2 h 5, /KB KRB, H R CBEZEE
=R, GFFANIAE, AU R h K e, RIREE
A, IR, ARG TS R BB AR ZE V(LR
LTR) T VCAHER) =1 2113 B EREA 9 (1.07 g,
81%, PiBULE). [aly —0.09 (¢ 1.09, CHCl;); 'H NMR
(400 MHz, CDCl;) 8: 3.72~3.60 (m, 4H), 1.68~1.52 (m,
5H), 1.44~1.33 (m, 3H), 1.25~1.17 (m, 1H), 0.93~0.90
(m, 12H), 0.06~0.04 (m, 6H); *C NMR (100 MHz,
CDCl3) d: 63.3, 61.4, 39.8, 33.0, 30.2, 29.3, 25.9, 19.7,
18.3, —5.3; IR (film) vimax: 3342, 2953, 2928, 2857, 1471,
1462, 1387, 1253, 1094, 938 cm'; HRMS (ESI) caled for
C3H;,0,Si 247.2093, found 247.2089.
35 (SNB6-FEE-3-FECSE)FEE|MTE)ZHE
KR (10)H9 & AR

# NaH (60%, 432 mg, 10.8 mmol)¥& T T/ N,N-
TR REE L, REIMANAEY) 10 (1.2 g, 5.4 mmol),
0 CFHiHE 1 h )5, RS NEEMNRLTR0.77
mL, 6.48 mmol), i FHFE 24 h, MRS AL E 5
KB, IKFRE, R CBERER =R, A 3FA P,
AU MR 3ok Pk, BREREE T, g, W45
BT 1S IR B G R AL E T V(B ) @ V(A
k) =1 : 801/3 FI T MR 10 (1.39 g, 85%). [a]b
—3.6 (¢ 0.89, CHCLy); '"H NMR (400 MHz, CDCl;) 6:

Chin. J. Org. Chem. 2015, 35, 2313~2320
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7.40~7.31 (m, 5H), 4.56 (brs, 2H), 3.74~3.64 (m, 2H),
3.53~3.49 (m, 2H), 1.74~1.59 (m, 4H), 1.46~1.36 (m,
2H), 1.32~1.21 (m, 1H), 0.95~0.93 (m, 12H), 0.10 (s,
6H); *C NMR (100 MHz, CDCls) 6: 138.2, 127.9, 127.2,
128.0, 72.4, 70.3, 60.9, 39.4, 32.9, 28.9, 26.8, 25.5, 19.1,
17.9, —5.7; IR (film): vinex 3372, 2930, 1637, 1462, 1264,
1090, 895 cm ™.
3.6 (R)-6-FEE-3-BHED-1-EE(11)HIERK

B AP 10 (1.11 g, 3.30 mmol)ia T T-IE ) (15
mL)H, 0 C R, BRI L (153 meg,
0.66 mmol), #ii#f 1 h, FEAGEAEE KR, K
B, AR CERAER =R, GIHE VA, A HUHEH

KPR, MEREET 1, U, R 5 TSR Y

SEEIRIEE M LR CHR) - V(A mE) =1 4433k
R B 11 (660 mg, 90%). [a]p —5.1 (¢ 141,
CHCl;); '"H NMR (400 MHz, CDCLy) 6: 7.39~7.29 (m,
5H), 4.50 (brs, 2H), 3.72~3.65 (m, 2H), 3.50~3.47 (m,
2H), 1.71~1.61 (m, 4H), 1.50 (brs, 1H), 1.45~1.40 (m,
2H), 1.29~1.23 (m, 1H), 0.90 (d, J=6.4 Hz, 3H); "°C
NMR (100 MHz, CDCly) o: 138.5, 128.2, 127.5, 127.4,
72.8,70.5, 60.9, 39.7, 33.3,29.2, 27.0, 19.4; IR (film) vyqy:
3416, 3030, 2928, 2855, 1633, 1496, 1454, 1362, 1205,
1098, 1028, Cmfl; HRMS (ESI) caled for C;4H,,0,Na
245.1517, found 245.1519.
3.7 (S)5(6-FTRE-3-BHEDE)BEE]-1-KE- 1H-
PURE(13)RY & R

B A 11 (620 mg, 2.8 mmol). = ZKFE (878 mg,
3.4 mmol) 1 1-ZK3E 5-Z5 HEPUME(597 mg, 3.35 mmol)iE T
T DU S PRI (40 mL)H, 0 C RHiHE 5 min, ZAfR
PRI E Z H R = 2. 15(583 mg, 3.4 mmol), #iif: 4
h J&, RGeS KRB, KR, H R B
W =IR, GHAHAE, A HUH A SRRk,
FREE T, U8, W48 )5 AT AT 1Bk B W 2 R A 2 A
(MR ZTBE) - VOB =1 © 10175 275 iR 4
12 (900 mg, 84%). [a]p +2.3 (¢ 1.11, CHCLy); 'H NMR
(400 MHz, CDCls) 8: 7.58~7.55 (m, 5H), 7.34~7.26 (m,
5H), 4.50 (brs, 2H), 3.49~3.42 (m, 3H), 3.38~3.33 (m,
1H), 1.86~1.80 (m, 1H), 1.69~1.56 (m, 4H), 1.48~1.40
(m, 1H), 1.30~1.22 (m, 1H), 0.95 (d, J=6.8 Hz, 3H); "°C
NMR (100 MHz, CDCly) o: 154.5, 138.6, 133.8, 130.1,
129.9, 128.4, 127.6, 123.9, 72.9, 70.5, 36.0, 32.9, 32.1,
31.3, 27.1, 19.1; IR (film) vy 3032, 2925, 2852, 1595,
1499, 1454, 1384, 1315, 1276, 1242, 1092, 1053 cm ';
HRMS (ESI) caled for C,H,,N4OSNa [M + Na] *
405.1725, found 405.1722.
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R

KR E(880 mg, 2.3 mmol)iA T T & H ki,
0 C R, AR FIMARSEEERFRQR0 g,
11.5 mmol, 85%), FEIER, KB TERUE IR
IR AN FI R BRI, $iHE 30 min J5, MI/KHRE, H
LR CBRFEW =R, &IFE VA, AV EK
Ve, MEREE T, U8, W45 TS 5k B A tt ik
FEEMV(ZIR ZB8) - V(AR =1 : 10145 | TC iR
Witk 13 (900 mg, 84%). [alh +3.0 (c 0.96, CHCLy); 'H
NMR (400 MHz, CDCl3) d: 7.70~7.58 (m, 5H), 7.34~
7.25 (m, 5H), 4.52 (brs, 2H), 3.79~3.65 (m, 2H), 3.50~
3.47 (m, 2H), 2.01~1.92 (m, 1H), 1.81~1.76 (m, 1H),
1.68~1.58 (m, 3H), 1.49~1.40 (m, 1H), 1.33~1.24 (m,
1H), 0.96 (d, J=6.8 Hz, 3H); *C NMR (100 MHz, CDCl5)
9: 153.5, 138.5, 133.1, 131.5, 129.7, 128.4, 127.7, 127.6,
125.1, 73.0, 70.2, 54.3, 32.8, 31.8, 28.4, 27.0, 19.1; IR
(film) vinex: 3034, 2923, 2852, 1593, 1496, 1454, 1383,
1338, 1150, 1098, 1042 cm™'; HRMS (ESI) caled for
C,HyeN403SNa [M+Na]" 437.1623, found 437.1612.
3.8 (R)4-[(S,E)7T-FEE4-FEE1-H-1-&]-2,2-=
BRE-1,3-ZEHXI(15)ME K

BALAY) 13 (880 mg, 2.3 mmol)iA T 15 VT &bk
WA/ PR LR RC(30 mL, V@ V=4 : ), —78 CF
Bt 5 min, ZAES FIIA NaHMDS (2 molsL ™' in
THF, 1.3 mL, 2.6 mmol), i+t 1 h 5, IMAKEY) 14,
BRERPEHE 3 h, RETTRER, Wi, ML
O KRS, kMR, H R CERAER =R, &
FEANUAH, G VAR Sk B, mEREE T, ot
I, WG TS R B ARE A ENT [ LR L1R)
VCAHER) =1 © 20143 270 R 14 (419 mg, 62%).
[a]d —7.0 (c 0.98, CHCl;); '"H NMR (400 MHz, CDCl;)
5: 7.34~7.26 (m, 5H), 5.79~5.71 (m, 1H), 5.42 (dd, J=
15.2, 8.0 Hz, 1H), 4.50~4.44 (m, 3H), 4.06~4.03 (m,
1H), 3.57~3.55 (m, 1H), 3.47~3.43 (m, 2H), 2.12~2.06
(m, 1H), 1.91~1.85 (m, 1H), 1.68~1.56 (m, 2H), 1.53~
1.47 (m, 1H), 1.42~1.38 (m, 6H), 1.25~1.11 (m, 1H),
0.87~0.86 (m, 3H); °C NMR (100 MHz, CDCly) ¢:
138.7, 134.2, 128.7, 128.4, 127.5, 127.5, 109.0, 72.9, 70.7,
69.5, 69.4, 39.7, 33.0, 32.9, 32.7, 27.3, 26.8, 26.0, 19.5,
19.4; IR (film) viay: 3034, 2926, 2869, 1633, 1586, 1454,
1379, 1215, 1156, 1099, 1059 cm '; HRMS (ESI) calcd
for C,0H300sNa [M+Na]" 341.2093, found 341.2094.

3.9 (1R2S4S)-7T-F*&EE-1-[(S)-2,2-—H%E-13-=-%F
RIR-4-B)-4- B EFIR-1,2-ZEF(16)B & A&

Btk & 15 (550 mg, 1.73 mmol)¥&ET#U T EEAIK
B0 mL, V@ V=1:@ D", &N IEgk e
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K3Fe(CN)g (1.71 g, 5.19 mmol). BREZE K,CO5 (716 mg,
5.19 mmol). (DHQ),-PHAL (67 mg, 0.086 mmol). k&
1 K,0s042H,0 (19 mg, 0.052 mmol) A1 H fi#k B %
CH;SO,NH, (164 mg, 1.73 mmol), 0 CHi#k 24 h 5, I
A 1.5 g/mol MERREREN, kS HE 30 min, JI/KFRE,
M 4R CERFER =R, &IFANIAE, AN
KYEEE, IREETIR, I8, R 5Nk A EhE
RKEEMT (TR ZH8) - VR MBR) =1 © 21438 L
RWAK 16 (517 mg, 85%). [alh +1.9 (¢ 1.0, CHCLy); 'H
NMR (400 MHz, CDCl;) 8: 7.34~7.26 (m, 5H), 4.52 (brs,
2H), 4.14~4.03 (m, 2H), 3.95~3.92 (m, 1H), 3.85~3.82
(m, 1H), 3.50~3.46 (m, 2H), 2.52~2.50 (m, 1H), 2.31~
229 (m, 1H), 1.71~1.56 (m, 3H), 1.49~1.46 (m, 2H),
1.42~1.36 (m, 6H), 1.23~1.13 (m, 1H), 0.94~0.91 (m,
3H); *C NMR (100 MHz, CDCly) 8: 138.5, 128.4, 127.7,
127.6, 109.0, 73.4, 72.9, 70.7, 70.6, 68.6, 68.3, 40.8, 32.9,
29.2, 27.0, 26.7, 25.4, 25.3, 20.2; IR (film) vy 3412,
3038, 2930, 2855, 1633, 1557, 1454, 1370, 1254, 1215,
1155, 1065 cm™'; HRMS (ESI) caled for C,yH;,0sNa
[M+Na]" 375.2147, found 375.2137.

310 (1R2S4S)-7-FEE-1-(MT E R EPRERE)
FE-1-[(S)22-—HE1 - “E X F4-H]4-BEFE-2-
B2(17)M9E& R

B G 16 (550 mg, 1.73 mmol)i& T T-1E ) N,N-
THIEHEEZ (10 mL)H, ARSI IR (230 mg,
3.38 mmol), TBSCI (638 mg, 4.23 mmol)# DMAP (41
mg, 0.34 mmol), 0 CHi$k 24 h J5, IR GAL Ee v K
RONE, K HERE, O QB AB =k, & AN,
A HUAH A& bk ki, BB, g, k4
i3 Mk M A RAE BT MR O] - VA
fk)=1: 10]43 21T MR 17 (559 mg, 71%). [alp
+12.3 (¢ 0.65, CHCly); '"H NMR (400 MHz, CDCl;) §:
7.34~7.26 (m, 5H), 4.52 (brs, 2H), 4.16~4.12 (m, 1H),
4.09~4.04 (m, 1H), 4.01~3.96 (m, 1H), 3.90~3.85 (m,
1H), 3.49~3.46 (m, 2H), 3.32~3.27 (m, 1H), 2.40~2.35
(m, 1H), 1.83~1.76 (m, 1H), 1.64~1.59 (m, 4H), 1.37~
1.32 (m, 8H), 1.29~1.22 (m, 1H), 1.16~1.09 (m, 1H),
0.91~0.90 (m, 12H), 0.07~0.01 (m, 6H); *C NMR (100
MHz, CDCLy) 6: 138.7, 128.4, 127.6, 127.5 109.1, 75.3,
72.9, 72.6, 70.6, 68.9, 67.9, 40.7, 34.5, 29.4, 27.2, 26.9,
25.9,25.3,19.2, 18.0, —4.2, —4.8; IR (film) vyae: 3420,
3036, 2929, 2855, 1634, 1558, 1454, 1381, 1370, 1255,
1214, 1062 cm'; HRMS (ESI) caled for CyeHysOsSiNa
[M+Na]" 489.3012, found 489.3005.
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3.11 {(1R2SAS)-7T-F&E-1-[(S)-2,2-“HH-1,3-=
FUXF-4-E]-2-PEE4-FEEER)SE)IT E) ZHE
FERE(18)HI A A

# NaH (60%, 55 mg, 1.38 mmol)¥& T T4 N,N-—
AR, ZEMALEY 17 (215 mg, 0.46
mmol), 0 'C FHiHE 1 hJ5, AR FREMAMH
$t(0.14 mL, 2.31 mmol), IN5EEE, Wik, H
AEA KB, IKFRE, H LR GERAI =R,
S IE N, AN AT Sk ved, MR T 1%,
e, W4 G TSR EMAEEREEN N CR
fig) * VAR =1 © 20143 27t i R 18 (157 mg,
71%). [als —15.4 (¢ 0.76, CHCl;); '"H NMR (400 MHz,
CDCly) &: 7.36~7.34 (m, 5H), 4.53 (brs, 2H), 4.28~4.24
(m, 1H), 4.00~3.92 (m, 2H), 3.91~3.87 (m, 1H), 3.50~
3.44 (m, 5H), 3.39~3.37 (m, 1H), 1.70~1.49 (m, 4H),
1.42 (s, 3 H), 1.34 (s, 3H), 1.19~1.17 (m, 1H), 1.12~1.05
(m, 1H), 0.92~0.89 (m, 12H), 0.07~0.04 (m, 6H); "*C
NMR (100 MHz, CDCly) d: 138.6, 128.4, 127.6, 127.5
107.9, 82.5, 75.7, 72.9, 70.8, 70.2, 65.7, 60.3, 40.4, 33.5,
29.3, 27.1, 26.5, 26.0, 25.0, 20.1, 18.1, —4.3, —4.4; IR
(film) vimax: 2927, 2850, 1633, 1454, 1379, 1368, 1256,
1211, 1160, 1102, 1067 cm™'; HRMS (ESI) caled for
C»7H4505SiNa [M+Na]* 503.3169, found 503.3152.

312 (4SESTR)7-(MTE_HEKRE )R E-
7-[(S)-2,2-—HE-1,3-Z“RKF-4-E]-6-FHFE-4-RE
BRER(19)M& X

L&) 18 (280 mg , 0.58 mmol) & T4 i[5 i
BEIR(100 mL)F, IiA Pd/C (28 mg, 10 wt%)Fl 20%
Pd(OH), (28 mg, 10 wt%), B ¥ 4)5 I H (60
mL), FRREISAGIEANH, Hik FHFE4hjE, K
T2 R BRIk = IR, R4 G T AR B
ZEERHKE BTV CIR LTE) - VA i) =1 : 2153
IR WK (205 mg, 90%). [alh — 15.8 (¢ 0.93,
CHCl;); 'H NMR (400 MHz, CDCLy) &: 4.29~4.25(m,
1H), 4.02~3.93 (m, 2H), 3.92~3.87 (m, 1H), 3.65~3.62
(m, 2H), 3.50 (s, 3H), 3.40~3.36 (m, 1H), 1.67~1.50 (m,
4H), 1.42 (s, 3H), 1.39~1.22 (m, 2H), 1.34 (s, 3H), 1.22~
1.16 (m, 1H), 1.13~1.06 (m, 1H), 0.93~0.80 (m, 12H),
0.08~0.05 (m, 6H); *C NMR (100 MHz, CDCl;) o:
107.9, 82.4, 75.6, 70.2, 65.6, 63.3, 60.3, 40.4, 33.1, 30.1,
29.3, 26.5, 26.0, 25.0, 20.2, 18.1, —4.3 —4.4; IR (film)
vimax: 3421, 2929, 2856, 1633, 1462, 1380, 1255, 1212,
1160, 1063 cm '; HRMS (ESI) caled for C,H,0sSiNa
[M-+Na]" 413.2699, found 413.2684.

¥ EiREE(156 mg, 0.4 mmol)iFT 10 mL 5 FHkE,
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BN Dess-Martin 5 /t7)(204 mg, 0.48 mmol), #iF ¥
F, TLC Al 5ok} s RE5E 4, LRI R BR S AT+ 30
o3l AR =R, MR SRk PG — IR, oK
IREREE T, R, Wk4n, FFA.

H UL B S E TRCT B 2- I R-2- T IR0
y=1:1,10 mL), MATSEIN NaClO, (80%, 156 mg,
1.74 mmol) FfHE — 54N NaH,PO,4 (271 mg, 1.74 mmol)
KBS mL), Sk, RN 5EsE, H OB O
FEW =R, EIFAHAHE, A HUHH & SRR,
FREE T, i UE, WR4HJ5 I fs 05k B W) & ik IR A J2
[V(CH;0H) : (DCM)=1 : 30]{I L iR A 19 (187
mg, 80%). [a]y —14.2 (c 1.33, CHCl); '"H NMR (400
MHz, CDCl;) J: 4.29~4.24 (m, 1H), 4.02~3.94 (m, 2H),
3.92~3.87 (m, 1H), 3.49 (s, 3H), 3.39~3.37 (m, 1H),
2.40~2.33 (m, 2H), 1.72~1.64 (m, 3H), 1.50~1.44 (m,
1H), 1.42 (s, 3H), 1.34 (s, 3H), 1.14~1.05 (m, 1H), 0.93~
0.92 (m, 3H), 0.90~0.89 (m, 9H), 0.10~0.06 (m, 6H);
C NMR (100 MHz, CDCLy) d: 179.5, 107.9, 82.4, 75.6,
70.1, 65.7, 60.3, 40.1, 31.7, 31.4, 28.9, 26.5, 25.9, 25.0,
19.8,18.1, —4.4, —4.3; IR (film) vyay: 2955, 2930, 2857,
1711, 1634, 1463, 1381, 1256, 1214, 1160, 1099, 1066
cm '; HRMS (ESI) caled for ChoHsOeSiNa [M+Na]”
427.2492, found 427.2487.

3.13 (2EAS5R.6E)-HAE-5-MT £ _HERRK
SE-7-{(S)-2-[(3R,5S,6R)-6-RT E _HEHREIRS
E-6-[(S)-2,2-—HHE-13-—FXIF-4-K]-5-FHFHE-3-
HEDE]45-—SEM-4-F)-4-BFE-2 6- — IE B fig
(20)H9 & K

WEY 20 % CER[T1T7 156 K, AL EPIRY).
[a]5 —12.2 (¢ 0.21, CHCl;); '"H NMR (400 MHz, CDCl;)
d: 7.05 (dd, J=16.0, 7.2 Hz, 1H), 6.00~5.93 (m, 1H),
5.84 (dd, J=15.8, 1.3 Hz, 1H), 5.37~5.33 (m, 2H), 5.26
(dd, J=15.6, 1.2 Hz, 1H), 4.66~4.65 (m, 2H), 4.59~4.54
(m, 1H), 436 (m, 1H), 4.31~4.26 (m, 2H), 4.04~3.96
(m, 2H), 3.94~3.88 (m, 2H), 3.51~3.50 (m 3H), 3.39~
3.37 (m, 1H), 2.50~2.45 (m, 1H), 2.37~2.30 (m, 2H),
1.69~1.63 (m, 8H), 1.59~1.57 (m, 4H), 1.44 (s, 3H),
1.36 (s, 3H), 1.17~1.06 (m, 2H), 1.08~1.06 (m, 3H),
0.97~0.96 (m, 3H), 0.91~0.88 (m, 21H), 0.11~0.02 (m,
12H); *C NMR (100 MHz, CDCl5) d: 168.9, 166.3, 151.8,
135.5, 132.4, 128.7, 120.7, 117.9, 107.9, 82.4, 75.6, 71.9,
70.9, 70.1, 65.7, 64.9, 60.3, 43.4, 40.2, 33.4, 29.4, 26.5,
26.0,25.8,25.6,25.0,19.7,18.1, 13.7, 12.7, —4.2, —4.4,
—4.9; IR (film) vyay: 3416, 2923, 1714, 1649, 1586, 1557,
1462, 1382, 1258, 1039 cm™'; HRMS (ESI) calcd for
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CaoH7sNOgSi> [M+H]" 752.4953, found 752.4930.

%% Bh A1 8} (Supporting Information) & =4/ 'H
NMR F1 °C NMR 15 [&]. X £kl a] LG 3 AT 93
(http://sioc-journal.cn/) .~ #X.
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