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Abstract Fostriecin is a promising leading anticancer compound. The a,f-unsaturated lactone in Fostriecin is believed to be
the critical pharmacophore, which can covalently bind to the Cys269 residue of the PP2A subunit via a Michael 1,4-conjugate
addition. We reasoned that the introduction of strong electron-withdrawing gem-difluoromethylene to replace the methylene
group at the y position of the lactone ring would lead to fostriecin analogue 4 with enhanced enzymatic binding affinity. Ac-
cordingly, the synthesis of fostriecin analogue 4 was investigated. The skeleton of target molecule 4 was established conver-
gently from fragments a, b and ¢ via an magnesium mediated chelation-controlled addition and Stille coupling using
Pd(CH;CN)Cl, as catalyst. The key steps of synthesizing fragment a included the coupling between alkenyl iodide 8 and
ethyl bromodifluoroacetate in the presence of copper powder and the establishment of C-5 stereocenter via lipase AK cata-
lyzed kinetic resolution. The construction of C-11 and C-9 stereocenters in fragment b were realized by the lipase AK cata-
lyzed kinetic resolution and CBS asymmetric reduction of a.f-unsaturated ketone 23 (BH;*PhNEt, as reductive agent), re-
spectively. The connection of fragments a and b proceeded through the magnesium mediated chelation-controlled addition
procedures: fragment a (vinyl stannane) was firstly converted to vinyl lithium reagent 27 by the treatment of BuLi (1.05
equiv.) at —78 ‘C, then the i-PrMgCl (2.0 equiv.) solution in THF was added dropwise to produce the critical magne-
sium-ate complex intermediate A, finally the addition of fragment b solution in THF to the magnesium-ate complex A gave
the coupled product 29. The Stille coupling of fragment ¢ with vinyl iodide 39 prepared from 29 in the presence of
Pd(CH;CN)CI, gave target molecule skeleton 40 in 85% yield. Finally, the protected fostriecin analogue 42 was successfully
synthesized by a longest linear steps of 18 steps in 1.28% overall yield. However, the deprotection of compound 42 failed to
give the target molecular 4. This could be caused by the instability of the fluorinated lactone in which the strong electron-
withdrawing gem-difluoromethylene group enhanced the polarization of the lactone function.
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tion; hydrolysis of fluorinated lactone
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Fostriecin 1 24K 2% 52 s F (1087 ALH U R 98 ™
Y. 1983 4, %59 F M Streptomyces pulveraceus W) K1
WA oy B AT B, [\ L Sy B B A [F A & 4 PD
113270 #1 PD 113271 (Figure 1), Fostriecin HA LA 45
KRS s PR a - A 5- N HE, C-8 h 2Tk
tl, C-9 AL BEIR NG, 7> ¥ ARk &A1 Z,Z,E- L=
el A YERF YR WA Fostriecin LA ) eI
FRIBUEL IS, RN e R 1Y) B 1 B IR PP2A
FI PP4 [RIEREVEFNEIFI(PP2A/PP4 vs PP1 selectivity >
10H, 36 B B S hE 7T b0 e S AT T —
A ARARE .
3 NaO_ OH
12/

PD 113270, R'=R?=H 2
PD 113271,R'=R?=0OH 3

B 1 Fostriecin LA [R5 57 14544
Figure 1 The structures of Fostriecin and two structurally related mole-
cules

2003 4F, Boger /N X} Fostriecin R4 80 R AE
HUHIEEAT T %82 (Figure 2)!°. WY B Fostriecin 7 1
(1 o B-AHIFN 5-IRAE 9 Michael 52445 {7 T~ I I
fiff PP2A 1) B12-B13 778 Cys269 3k & A= S i e e
AR TE R <. 2009 4F, Sugawara /NI B 56 E K
T AW HFRIC Fostriecin (biotin-labeled fostriecin), Jf:
JWFH R F Pk Fl MALDI-TOF il Al S5 BooR T8, itk
—3PAESE T HeLa S3 i i (1) PP2A & (A iR Cys269
3k Y Fostriecin 45 #4111 ap- AR 5- W BEREAT T 1,4-
SERE IR AR . LA R R OG SR SR 2 B S G R W,
Fostriecin &5HH 1 a,f-AEHT 6- P BE &%) 2 R
PP2A 2 B FE RS P 1 OB 24 A5 41,

Michael acceptor
NaO_ OH

O/’P\Q oH A7
1~ = OH
9 11

me’ “OH

B 2 Fostriecin ¥ G 25 30 [4]
Figure 2 The key pharmacophore in Fostriecin
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AT AR, Fostriecin "1 1) a.f- AN 6- N BiE & K RCM
S TR S s 180-Be SESLSUSm o8], AT B A A A T
J C-5 A Tk po R i D7 888l g (3 Ze sk -k
wh e R ey R B S AR ORI R S B SE
PRSIl p 2 C-8.C-9 AL FPE 0 Sharpless ANKFR
XUFRA— 35 2E P te Se8ass 80 7 7 St = 075 U A P
‘%Ef’?éﬂ:lﬁl‘] Stille ﬁ%E%[Sd»~8e,8h,8j»~8k,8r,8t,9]‘ Hiyama {%H%[Sm]gz
% Suzuki-Miyaura BB S W BHESR & p: C-9 7 FRBE)
IR A A BRI 5 B BBEAT s 0 B4R SRR PR AN 1)
Fostriecin 731~ 42 £ i) — KA il

SR AT IR R, R R R e Uk A ik
FRIEHL S INA B 1 A8 2 2 O S5 40 1 IR AR B
M2 N T 2a s S tmsp L ALK
T AT RIE T X af- AU 5- N BEIEAT 45 K T8
U MRAE Fostriecin M 200G R M7 LR, BB
SR BT AT A FF LT Fostriecin 54 4, B3R
75 BAT S0 R A UM R S R A S 4.
2 #R51E
21 HBHfoFehgit

PATRIIAE Fostriecin NERERET C-4 A75 I AE 56
RIAL B S 66 1) R W R 0 O Ll L B N e G
HLF 2 2D A, A A1) T Michael A&, LA
HEORAZ 2O A 5 PO EE 23 A H (Figure 3). 75245 H
1] /&, Fostriecin [f][F] %4> 1 PD 113271 (C-4 {7 RA )
5 Fostriecin A A4 A6 M, XU C-4 £ 2 n]

Yoy, Bk HAR5r 1 4 W EAE Fostriecin Al
PD 113271 ARG 53 B BAUAE i) (Figure 3).

T - iR-af-ANEFT 5- R AL R AP Michael
TRV ICH T LR S g5 G 5 fribE
LA T AKARLE SACE Y 6 F1 7, AW T ()8R S 45 H 2
A K i S N 3T A I A R L Bt B - — -, 8- AN
N O-WERHEAT T 1,4- L8N i & 3 (Figure 4)13),

Michael Acceptor HO_ ONa

:fj,\R O/,P\9 =
G N OH

me “OH
Fostriecin 1: R=H
PD 113271: R=0H 3

fluorine atoms
» (electron-withdrawing)
More Electron-deficiency
Better Michael Acceptor E HO_ ONa

= ~P<
LI e 97
o P = OH

mé “OH

7% y~difluoro Fostriecin 4

Bl 3 H#AR4F y,y- 9 Fostriecin 4 [{1 ¥ 11
Figure 3 Rational design of the target molecule 4
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Ph i Et,0, rit.
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5

B4 py-—i-ap- N 5- A HE R IF1¥) Michael 52 {4

Figure 4 y,y-difluoro-a,f-unsaturated J-lactone (a good Michael acceptor)

22 BESFHIREHSH

BT RIRF“W) Fostriecin (4 E b5y, FAIxH
bray 7 4 HEAT T & ¥ 11 (Scheme 1). K i = 4
(Z,Z,E-triene) i) t Bt ¢ S alfAk d £ Stille B3 M 3R
5. HiEdk d M EMN C-7 5 C-8 Z [Py, FIHEA
PRBIRIN e S N SIS« AT PN A R, RN A
C-8 rMIZEmF . T 2e. A7 F Bk 1ol ik
T A By a AL F B b.

4
(0]
=
. 7
SnBus OoP
F F ¢
diastereoselective
addition
OP
op OP OP
| = "o . A
S
e SnBus ™S
a b
B 1 Hbso+ 4 AT

Scheme 1 Retrosynthetic analysis of target molecule 4

HAR T A 9,0-—-a,f-ANHLFN 6- P TiE . oC I 7E
FBla5biER s, Wit 1,5-F A0 IR R N MR IE k.
e, RN EARFIEEN 215 KRR B R
HERME I Sl 5 20128 i SR G R () RCM SRR 5%
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OH O
ol o« ()
Ph -
Ph HoX© F
onwF F F
6 35% 7 50%

5 e AR B R 2k R 1 RE A Sl A v DL R PR S
WEBRIGE, BATE T F B a, b, ¢ MEAKLE K. Hrp
Bt ¢ HEAMLEEY B b 5 Trost /NHAHMN F B2k
BB SR BE a B i (Figure 5).

OTBS QODMB
" otes o o OTBs P

> SnBug X SnBu;  OTBDPS
FF TMS

a b c

Bl 5 JrBra,b,c Mgk IR T

Figure 5 The design of the protecting groups in fragments a, b and ¢
23 BHRATFHENHR
23.1 hHEa®)em

FBa i E Y 9 20 B Re A AL 2], T
WAL S 9 1% A AT VR TR LR AR S
LA 8 IR IEG S B H OIS B (Scheme 2).

OTBS OTBS

‘ OTES — 0
SnBuj ) OEt

—

F

OTBS

|+ BrCF,CO,EtCu
|
8
B2 B a RG-S

Scheme 2 Retrosynthetic analysis of fragment a

NI ZBE R, 22 =0 RN EL 819%™ 243 5]
IEAEEU) 81T, LY 8 IR R LR LI/ AR A
FA'F, LLDMSO M, 60 C RN 15h, LL65%I[H™
A 75 2 AU LR KRGS 9 (Scheme 3).

http://sioc-journal.cn 2325



W F F R

MR

o o}
Nal, HOAc DIBAL-H
/LOEt o [ OB
Z 70°C -78°C
I
OH TBSCI, imidazole, ~ OTBS gicr,co,t, OTBS
DMF Cu, DMSO
‘ 81% (over 3 steps) ‘ 60 °C

f R Qi
| | OEt
65% SIS

8 9

B3 a9 mam

Scheme 3  Synthesis of compound 9

WEWITE—T8 C FH2(E)-2-— T ik L Jmi
RAHEBL, #A A EY) 100 BP9 10 HE4T Luche
IR, WP EL 80% MK sk ™ 245 213 e I 4 N AT EE 11
(Scheme 4). T2k, FATHER IS etk &P 1 5)
D150 K3k C-5 L HFHEdL. Lipase AK H3EH
Rice K% 1] Burgess /N1 ML B (Pseudomonas) 11 53
SR, TR PSR RN O AR IR
S EA AW R A N RCRD. B IRATTH
T B PIOPIE 11 7F Lipase AK F1 18 M HEM/1F Okt
ZAF N AT EES) 1R Ay, RIS B B A G s e
“4) 12 F1 13 (Scheme 4).  H1- 3~V gl AT 11 R4
SRR T HPLC MELAIX 43, BRI G238 e A
R e G 12 F 13 O WAAR Ll . R B AL
PERIAR ALl MR K] Mosher fiE, 43 #7 '"H NMR A1 'F
NMR  H A 0 T A o) B A4 2t 52 RN 246 o) g 24 14 FH

OTBS BU3SI’] OTBS
9 snBuy 9O
— P
OEt BuLi, THF, -78 °C SnBus
FF FF
9 10
OTBS
NaBH,, CeCly 7H,0 lipase AK,
MeOH, o °C \ OH vinyl acetate
Z SnBug hexane, r.t, 10 h
F
(#)-11
OTBS OTBS
‘ OR e OR?
SnBus > SnBus
FF FF

12 R' = H 46% 13 R? = OAc 48%
EM R' = TES 96% €. 15R2=H95%
b, 16 R' = (R-MTPA 84% |2

17 R'=(S)-MTPA83% | p

18 R' = TES 93%

19 R' = (R)-MTPA 88%
20 R' = (S)-MTPA 90%

Reagents and conditions: (a) TESCI, imidazole, DMF, r.t.; (b) (R)
or (S)-a-methoxy-a-(trifluoromethyl)phenylacetyl chloride, pyridine,
DMAP, CH,Cl,, r.t.; (c) DIBAL-H, CH,Cl,, -78 °C

B4 ABaMam

Scheme 4 Synthesis of fragment a
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J7RO IRATE BT A 2 AL A 12 4Kl Mosher S 16
17, i T3 C-5S AR R (ee>95%). LA 13
7E DIBAL-H £/ FRikk QB AL &9 15, Bl G
HEAT TES (R4 20590 18, B B a. b5 15 [AIFE
11 Mosher BEVERAE T HOG2A 41 (ee>95%) Fl C-5 i
XS B(S) (Scheme 4).
232 KHEb#A R

LTI FBE b o] LS4 25 48 B4k W
Tk 73 At S N 3RAT, T S PR gt QR0 T 21 RN
N AT A S B C-8 Fl C-9 [f13%#2(Scheme 5). fEIX—F
R TR AT R C-9 A R TR b0 A

ODMB ODMB
(:) OTBS 9 OTBS
A 8 -
9 % 9 %
(0] T™MS T™MS
b 25
W8T MgBr O OTBS
+
H 9 %
21 T™MS

DMB = 3,4-dimethoxybenzyl

ER5 HEbRRAES T

Scheme 5 Retrosynthetic analysis of fragment b

i 21890 C-11 7 Tk el R g W AK 2h 2%
G3HE 3 1 S TR A E R EA T I R Y, LA 95% 1K)
7= B4 B A DU i A 2 B 23 25 1 A0 i S R AR
22 (dr=1.7 1 1). MW 22 78 IBX fEH FEAN o p-A
YA 23 (Scheme 6), i B AT 3T S0 3o AN ki Jit S
NATARIEFEVE ARG C-9 7 B FR .

0 OTBS \('V'QBF
, THF, 0°C
H o 11 e
A .
S 95%
21
OH OTBS O OTBS
IBX, DMSO
9 S — 9 N
N 0,
e 9% N
22, dr=1.7:1 23

IBX = 2-iodoxybenzoic acid

B 6 ap- A 23 [R5k
Scheme 6 Synthesis of a,f-unsaturated ketone 23

o f-ANHOFE 23 AENEMER e AL FIVE R R, 46
BH;+PhNE, /5 438 JF52HEAT CBS AXHRIE J5U R Y,
DL 84% 1) 7= 2 RN i IR B X S PR 145 B4 TN B 24 (dr
>10 1 1). AW 24 FRIEHAT ORI 5, R A i XUbE 1t
AT R — R IEE iR 53 A8 B N U453 31 v BE b (Scheme
7).
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Ph Ph

N\B/O

</\H< (25 mol%)
YK/\ Me
N qys BHs PhNEt, THF,0°C
23

84% (dr > 10:1)

OH OTBS DMBOCH,CI
r (i-Pr),NEt, BugNI
X DMF
T™S 89%
opbvs24 ODMB
§ (1) O, PrOH L
9 OTBS 78°%C 9 OTBS
M (2) Me,S Y\/‘\
T™S 80% o) T™S
25 26 (fragment b)

B7 B b AL
Scheme 7 Synthesis of fragment b

233 hAEabhREb#EE

BATH B a5 b IEBEAT T 4 1F0fi 1% (Table 1).
G, IR G S F B a b BuLi $EA T AT M),
TN MgBr, HEAT 48 A8 4 S W 3k A4 S 4% Bk 771 v 1)
A 28, Bifif5 IIAER b VYRR, HZ TLC M,
FER KBNS 7= 4 (Entries 1~2 and 5). 1 H L
I SE R A AR 27 AE R SR AZ AR, RO e m A #)
80%, fHF=H) 1 AEXS Wk Lb il I A AL (dr=1.5 1 1)
(Entry 3). BARALBELR AT b (1) DY UM A 6 TG A\ 9
PRV, SEARERRE RIS B, B0 R R
(Entry 4). MELESZEegs Fonl g AR EEE 27 14

SRAZIRFIS, IR N AS BESRAHIR L R ST AR R, X
F= BRI R 2 A A FH AN SR, AN BRAR I a2 A5 1
¥ R OISR, AT B0 P AR R R
ANHLAE(Entries 3, 4); 1fIHEA% FRX 71 28 IFEHEAS A2 LA
VESCHA b, PR I B s N 6323617 (Entries 1, 2, 5).

DL B a 5 b &R0 45 AT, Rt gk
MY R Trost /INALI R BEE B Smg ™, 1%/ Nl L.
AW 31 AR HA T Al 32 % b HEAT 0,
ERSEEL T C-7 F C-8 Wiz, JF HIR NS T RUFIH
X e £EVE(dr>20 : 1) (Figure 6). Oshima 2% /NH 1)
R R AW T Akt TEer0 B3 T i+
MIRESERCAR, S T 0o tk, DRNMTAE s B 1 6 7 T A
U T A PR IR n B R Y I 7 2R A s, LU AR
M 2 A B PR BATH R B A b il ik
A (Scheme 8)1E Jy S AXFIXI A b FIIE S v, HIEE3k
15 R 1) P SR o) e e

WA IR 3B, BT E B a HA B A
HEfA A (Scheme 8), FF5HH b BEATINE SN, WAl i
FISEILR Bt a5 b (1i&EH:. FATEAT T LLF SE5(Scheme
8): H LA BrayBuLifE—78 ‘CHEATB—484 #: 30 min,
Bt JE N PR 1 0 e PN R U EE OB 30 min DAAE it
HEWA, B RAELE G 0 b (¥ THF SR S22 N,
{REE—78 TR 2 h, Lh 64%I1)7= 3 A R4 X ek
FEIE(dr>10 : DR EIMEAY) 29 (Scheme 8).
23.4 A BSIRGG T BOA B 7 SR AR BS 42 696,

&%) 29 7& HF/Py fEH T FEMER C-1 F1 C-5

R1 B a5b EENYIEER
Table 1 Initial trials for the connection of fragments a and b*
ODMB
O~ 0OTBS
~ ODMB
OTBS T OTBS
OTES (¢) T™MS OTES O OTBS
‘ b ‘ 8 + C-8 epimer 30
SnBuj reaction condition , Q
F OH ™S
a 29
OTBS OTBS
| OTES | OTES
= Li = MgBr
FF F
27 28

Entry Condition Yield  Ratio (29 : 30)°
1 BuLi (30 min); MgBr, (allyl bromide, Mg, reflux); ketone b NR —
2 BuLi (30 min); MgBr,*OEt,; ketone b NR —
3 BuLi (3 min); ketone b 80% 1501
4 BuLi (3 min); MgBr,*OEt, and ketone b complexed 50%°¢ 1501
5 BulLi (3 min); MgBr,*OEt,; ketone b NR —

“ All the reactions were carried out in 0.1 mmol scale at —78 °C, THF as the solvent. ” Compounds 29 and 30 were isolated as a mixture and the ratio of two isomers

was determined by '°F NMR and 'H NMR. “Ketone b was recovered in 30% yield.
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& F % R
/j
sBu. - . TESO 7N
2 s-BulLi + -PrMgCl —= MgLi ——
s-Bu” 17,
Pr-i
ODMB

o OTBS

_ :
ﬁ M
O p BDMS

TESO™ 7 Mg(Bu-s),

31 MgBr,, -78 °C
OLDMB
/j , 9o omss
TESO />8/9\/\
OH
BDMS
dr>20:1
OTES OTES
_—~ ~_Bu-s
= .+Mg = Z MgBr
VI 32

Bl 6 Trost /NH RIS SEME (B A4 T|) 4 31)
Figure 6 The union strategy of Trost’s group (Trialkylmagnesium-ate
complex 31)

OTBS OTBS
‘ OTES BuLi, -78 OC ‘ OTES I-PI'MgC| (2 equiv.)
Z8nBug THF, 30 min AN 18°C
F FFF
a 27
ODMB
o~ OTBS
OTBS -
N
X
QTES O b ™S
o~ - _Pr-i
MQ MgBr, complexed with b
FF A Pri 78°C
OTBS
| OTES OPG OTBS
= 7 X
- N
FoF OH ™S

29 PG = DMBOCH, (64%, dr> 10:1)
ketone b (recovered 28%)

B8 JrBa 5B b Mk

Scheme 8 The connection of fragments a and b

P ERERY IR, L 62%P = RIS R = LAY 34,
] AT AN 20% 040 &4 33 (IRl Itk &4 33 R FEIK
7E HF/Py 41 FIEFR C-1 7 TBS fRy LA RN AT THfb &
¥ 34) (Scheme 9).

=LA Y) 34 4E TEMPO HEAL R, DL ZERRILE Ny
FUF, IR 3 h, BL95%IK A F 1,5-5 4k K FR
P - o B- AN AT TR 35, TR, K 34
C-8 N MIBURFE N IX— 4 IR AT . &)
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OTBS ODMB
1

OTES O OTBS HF-Py/THF, r.t.

\ ; -

57 AN
‘e \
FFF OH ™S
29

OR! ODMB
1
| OR? o ORrR

5 7 11
FF OH O Sqvs
34 R'=R%2=H, R®= TBS (62%)
HF/P ’
v 33 R2=H, R' = R3 = TBS (20%)

BR9 AW 29 L HE B R RE R I

Scheme 9 The selective deprotection of silyl groups in compound 29

35 C-8 ML BUREEREAT TES R )5, BEJE 1E
AgNOy/NIS 511 N AT B Al S, L 90% ™ %3145
FRELT 37, 1A 37 76 DDQ E ] iR DMB {473
AL &) 38. Lt 38 7F NBSH A1 = Z R
f B AT IE IR, Lh 50% 1 26 15 3 i =45 L 39
(Scheme 10).

£ PACL(CH;CN), AL T, it &4 39 15 1 B
"IHEAT Stille FRIES Y, BARLFHBCRFEMLEY) 40.
W) 40 7RV IBEIEIZ 41, DUSUMEAER] T SO 1 h, BlJS
M -BuOOH 2 AL (D) 2 BE(V), WAIERAT T C-9 47 1%
FRAL 1K1~ 4) 42 (Scheme 11).

2.3.5 ALbdh 42 B9 BLIRI

1FBIREIRNG 42 5, FAD R R4 FEEAT T HT9T.
HH T RAR =) Fostriecin fesE P2, (UAE pH 5.5~7.5
T NARSE, BT BUBERR DR 3755 B K 73 B 4l Ak 3045 H b5 20
T A A 5P Boger™, Jacobsen™ Iman-
ishi®™ I O’ Doherty™ 45 /LK PMB {147 ({1 ik 215 43
(EEHIRVEF T B e iR PMB L[, Bl In At nE
S AR 28 IR B3 BT A R ORGP 6, BE TR R AR )
Fostriecin (Scheme 12). %774t T T BRI H 08 1
SR T BUR N F K. T Hatakeyama /M2H 2 175
HHEA A I AT N B SE BRI IR R 44 T M R OR
Pk, WS FEOE HE/Py AR TR BRI O RE GRS,
X J7 kR LA RAFI 77 S RG2S mi ) Fostriecin 73
T, %4h Shibasaki™F1 Suguwaral®™ &5 20 75 A1 ] )
4% I A ] T I SR I B R 4 R SR AR
Fostriecin (Scheme 13).

X TR 42, FRAT TR T A AT BT AN ) 5
Jiid, RMEAEAL AL IR A PE I BRI 2, 1545 HF/Py {E
FIR R P A GR35 (Scheme 14). {HA NGB
e, i 2 R SNAR R pH AE), FATIIFARS
BRI H AR T 4. KRR 00 B B s AR A K ).
TRATHEN TG 72 4 T p,p-—F-af-AHLH 6- 4 P
RAE T KABAE R T FFER =4 45. o ESI-MS  (negative
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Phl(OAc), TESOTHf, lutidine
TEMPO, CH,Cl, CH,Cl,
95% 92%
NIS, AgNO3 = DDQ
acetone CH,CI,/H,0
90% 89%

NBSH, EtzN

THF/i-PrOH
50%

38
TEMPO = 2,2,6,6-tetramethylpiperidinyloxy, free radical; NBSH = 2-nitrobenzenesulfonohydrazide

B 10 LEY 39 IH R
Scheme 10  Synthesis of compound 39

(0] // o)

SnBuj OTBDPS

(1) -Pr,NP(OAllyl), 41

H OTBS c tetrazole, CH,Cl,

lle)

OTBDPS

Pd(CH5CN),Cl,, DMF (2) +-BuOOH (5.5 mol L™

| 85% in decane) 60%
39 40

AllylO
9 y | _OAllyl

~

OTBDPS

B 11 fLad 42 Mk
Scheme 11  Synthesis of compound 42

(0] PMBO
'\D/OPMB (1) HF (ag)-MeCN
0O 0O "0 OTBS# (2) then pyridine, r.t., 2 d
= = OTBDPS 40%
OTES
43 Fostriecin

B 12 BERRIE 43 1LY

Scheme 12 The removal of protecting groups in compound 43

(1) Pd(PPhg); (10 mol%)
Q AMO o HCONH,, PPh, THF, 4 h
o o o OTBSF F (2) Dowex-50, MeOH, 15 min

= % OTBDPS (3) HF-Py-H,O-MeCN, 2 h
then NaHCO3 quench

44 Fostriecin

B 13 BFIRES 44 MRS

Scheme 13 The removal of protecting groups in compound 44

mode) Kl F(M—H)™ 483 FI(M—2H)*" 241 XPMEF WLER 2> TF, DRI VA % HEHEA T R B R AL

fiE i (see supporting information). JFH 74 45 ALK, FCS g ik, e T ANRT N EE . B RE AR A I
15 C-18 RAHREIM [ R#Z145 0.8 (H,0 : MeCN=10 : 1). 42 FhBUKH G KL R /7 7F, Fostriecin 7> 1A & Fa
ERHTHED 45 FEmA S HIRZAED SRR ITE e A sl FrEr 6 —50E FIRM5IA, i
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(1) Pd(PPhs), (10 mol%)
HCONH,, PPhg, THF, 4 h
(2) Dowex-50, MeOH, 15 min
OTBDPS (3) HF-Py-H,0-MeCN, 2 h
then NaHCO3 quench

gem-difluoromethylened Fostriecin 4

B 14 BEIRE 42 MBS

Scheme 14 The removal of protecting groups in compound 42

Hbror 5 4 BN BR kg SEnkA, Miiuth 5y 5 Bt B0k
TEKIRITRE.

3 4t

RIS I LR Fostriecin 2214 4 AT
T AR, AR AR s, AR T R )
Fostriecin 4= A BN A 1) — L4560 7675 0 B a 196 Ak
SR, C-5 i FPE L Is kMg 1 v sk B b
R C-9 A BB CBS ANXIHRIA JR s W 3E4 TR 2
(i) Hsf >R FH s TR YR — 3 £ R LW e A AR 4 F T 14
ER N LS 1,5-58 A0 O FA S W ke il o6 AN AT N . (H 4
NIRTEI A, TEA S G B BOW I N S R s 42 It
PRy R, T HR T 4 Th S N BR S5 A AL R
PERER S I AR TF KA, e Aoy 2545 2 o 75 H bR &
Y 4.

4 SLIGERSY
41 URE5RF

'H NMR %] Bruker AM-300 (300 MHz), Bruker
AM-400 (400 MHz)LL )2 Varian VXR (300 MHz)% % fi
SEPR A 2, TMS fE W k5. °C NMR % H Bruker
AM-300 (75.5 MHz), Varian VXR (75.5 MHz), Varian
Mercury-300 (75.5 MHz), Bruker AM-400 (100 MHz)%!
R ERAE, TMS 1EP RS, °F NMR 3%/ Bruker
AM-300 (282 MHz)1 Varian VXR (282 MHz) %! #% fif 3
AN E, FCCly AAMxR, mikp ki, IR i#%H Shimadzu
IR-440 BLZL AN 66 BE G E . MS 1% FH HP-5989A 214 Jiit
A . HRMS 1] Finnigan MAT 8430 7 i A ]
SE. S BT FHAGRISA R 4B 4l A FH i AR A Al A Ak 2R
Sy BT o T AR b al; AR E AT G 300~
400 H 1 Tk
42 REBRIESPFMESEMFRIE
42.1 1Lo4h 9 thE K

EEAA BN, [ 8T8 (146 mg, 2.30 mmol) [
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DMSO &Eihii(1 mL)HImALEY 8 (246 mg, 0.825
mmol) 5 R 5 4 415 (0.11 mL, 0.825 mmol) [
DMSO & (1 mL), ARM#AA 60 C/RA15h,
NIRRT KN, TR AEEN, A WU AR YA
PG LR . 7K MR SRk g, ToKBR AN T8,
ik, R BR R, ST S (PE L EA=
50 1 1, VIMTEE] 151 mg B EHIRY 9, 773 65%, 'H
NMR (300 MHz, CDCl3) d: 6.03~6.00 (m, 1H), 5.54 (dd,
J=27.3,12.9 Hz, 1H), 4.45~4.43 (m, 2H), 4.29 (q, J=6.6
Hz, 2H), 1.31 (t, J=6.9 Hz, 3H), 0.87 (s, 9H), 0.04 (s, 6H);
C NMR (100.7 MHz, CDCl3) d: 163.6 (t, J=34.4 Hz),
142.6, 119.3 (t, J=27.0 Hz), 112.6 (t, J=249.7 Hz), 63.0,
59.7,25.8,18.2, 13.8, —5.4; "’F NMR (282 MHz, CDCl )
5: —99.6 (d, J=15.5 Hz, 2F); IR (KBI) 0max: 2957, 2931,
2859, 1769, 1472, 1303, 1081, 839 cm™'; MS (ESI) m/z:
295 (M + H) *; HRMS caled for C;3H,4SiO;F,Na:
317.1360, found 317.1355.
422 Auedh 11 94

R TR 445(5.0 g, 8.25 mmol) i fiF T
TR DU LRI (40 mL), AREH R —78 C, L2180
B BuLi (1.6 moleL ™" in hexane, 5.16 mL, 8.25 mmol), $i
FEO0.5h)A, MALLEYI9 (2.2 g, 7.5 mmol) [ PU SRR %
(10 mL), WV 0.5 h. JIZKEK RN, LEEAEE, AL
FRAR A K AN SRk VB, TOKBRR AN T, T
PEIRE R v, MU= 10 AT H LS50 mL), A
BAKE=FA(2.18 g, 5.84 mmol), KRB EHE 0 C,
S REINAIZAL A (221 mg, 5.84 mmol), <V 0.5 h )5,
KR RN, LW CBRAI, A HARKIRAE K
FIEr SRRV E:, JoKBIRIN T, Lk, sl bR 255557,
AR ENT 73 B(PE L EA=20 : 1, VIV, 1% EtN)fH
F]3.40 g LOFEWIMRY 11, 773 80%, 'H NMR (300
MHz, CDCL;) d: 6.48 (dt, J=19.2, 19.5 Hz, 1H), 6.02 (dd,
J=19.5, 5.1 Hz, 1H), 5.98~5.94 (m, 1H), 5.47 (dd, J=
28.2, 14.1 Hz, 1H), 4.45~4.41 (m, 2H), 4.29~4.26 (m,
1H), 2.28 (d, J=6.0 Hz, 1H), 1.55~1.45 (m, 6H), 1.37~

Acta Chim. Sinica 2012, 70, 2323—2336



W F F R

1.25 (m, 6H), 0.91 (s, 9H), 0.95~0.87 (m, 15H), 0.08 (s,
6H); °C NMR (100.7 MHz, CDCl;) d: 141.1, 140.6 (t, J=
4.4 Hz), 134.5, 120.2 (t, J=25.9 Hz), 60.0 (t, J=3.8 Hz),
29.0 (t, J=9.9 Hz), 27.2 (t, J=26.7 Hz), 25.9, 18.3, 13.7,
9.6, —5.3; ""F NMR (282 MHz, CDCl3) 6: —102.3 (dt, J
=254.1, 12.1 Hz, 1F), —103.3 (dt, J=254.1, 13.5 Hz,
1F); IR (KBr) vmex: 3430, 2958, 2929, 2857, 1465, 1256,
1099, 839, 776 cm™'; MS (MALDI) m/z: 591 (M+Na)";
HRMS caled for C,sHsoF»,0,Si''°SnNa: 587.2463, found
587.2458.
423 BaEzh ) F P kFee 12 513

WL &Y 11 (2.80 g, 4.93 mmol)fl 41K ZJHE
(2.3 mL, 24.7 mmol)¥#i# T 1E CLbE(50 mL), AR5 AN
il AK (1.4 ), Z3 RN 10 h, i3E, A E
Okt SmEBERS, PR E KA RAE L E 2 A I8
JEBR S UM s, M= & AT ZHT(PE © EA=75 ¢
1 to 40 : 1, VIV, 1% EtN)#3 26 0% HlRY 12 (1.33
g, Yield 46%)FJC 3% PR 13 (1.40 g, Yield 48%).

Data for compound 12: [e]5 +4.6 (c 1.60, CHCL);
HApRBdE S5 E 11 —3L

Data for compound 13: [&]5 +30.8 (c 0.70,
CHCl;); 'H NMR (300 MHz, CDCl;) 6: 6.45 (d, J=18.9
Hz, 1H), 5.98~5.86 (m, 2H), 5.46 (d, J=12.0 Hz, 1H),
5.42 (dd, J=37.8, 16.5 Hz, 1H), 4.45~4.43 (m, 2H), 2.14
(s, 3H), 1.56~1.44 (m, 6H), 1.38~1.26 (m, 6H), 0.90 (s,
9H), 0.94~0.87 (m, 15H), 0.08 (s, 6H); *C NMR (100.7
MHz, CDCl5) d: 169.2, 141.1 (t, J=4.0 Hz), 137.9, 137.2,
119.9 (t, J=25.8 Hz), 119.1 (t, J=244.3 Hz), 60.1 (t, J=
4.2 Hz), 31.5, 30.2, 29.0 (t, J=10.9 Hz), 27.2 (t, J=26.7
Hz), 25.1, 20.9, 18.2, 13.6, 9.6, —5.3; '’F NMR (282
MHz, CDCly) §: —101.0 (dt, J=255.8, 14.1 Hz, IF),
—102.6 (dt, J=255.8, 13.5 Hz, 1F); IR (KBI) Opax: 2957,
2929, 2877, 2856, 1761, 1223, 1083, 775 cm '; MS
(MALDI) m/z: 633 (M + Na) " ; HRMS caled for
C,7Hs5,F,05Si''°SnNa: 629.2569, found 629.2563.
42.4 o) 14 895

b9 12 (1.33 g, 2.34 mmol)FIBKME(320 mg, 4.69
mmol)#Efi# T- DMF (10 mL), 415 0 C, @A
TESCI (0.67 mL, 3.52 mmol), [M|& 4% WV 3 h, A1
T R S s WL K S N, SRR AR, A7 HLAH AR R A
K A SR KPR, TOAKBR RN T4, k98, bR X
A, H =& EN 3 (PE - EA=50 1, VIV, 1%
E6N)YEE] 1.50 g LEFEIIIRY 14, 7% 95%, [a]?
—10.4 (¢ 4.35, CHCl;); '"H NMR (300 MHz, CDCl3) ¢:
6.41 (d, J=19.2 Hz, 1H), 5.94 (d, J=18.6 Hz, 1H), 5.93~
5.90 (m, 1H), 5.43 (dd, J=29.7, 14.7 Hz, 1H), 4.45~4.43
(m, 2H), 4.26~4.22 (m, 1H), 1.56~1.46 (m, 6H), 1.38~
1.26 (m, 6H), 0.89 (s, 9H), 0.98~0.86 (m, 24H), 0.61 (q,
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J=7.8 Hz, 6H), 0.07 (s, 6H); “C NMR (100.7 MHz,
CDCLy) o: 143.0 (d, J=3.7 Hz), 140.0 (t, J=3.8 Hz),
134.0, 120.2 (t, J=25.0 Hz), 60.3 (t, J=4.4 Hz), 29.1 (t,
J=9.8 Hz), 27.2 (t, J=26.4 Hz), 25.1, 18.2, 13.7, 9.5, 6.6,
4.8, —5.3; "F NMR (282 MHz, CDCl;) : —100.5 (d,
J=251.5Hz, 1F), —103.7 (dd, J=251.5, 10.4 Hz, 1F); IR
(KBI) 0max: 2957, 2929, 2877, 2857, 1464, 1253, 1100, 839
cm™'; MS (MALDI) m/z: 705 (M+Na)*; HRMS calcd for
C31HeiF,05Si,''°SnNa: 701.3328, found 701.3323.
425 ALe 15 698 R

&Y 13 (1.40 g, 2.30 mmol)a % |- 4 &t (10
mL), AHE—78 C, 2% A\ DIBAL-H (1.0 moleL "'
in toluene, 4.6 mL, 4.6 mmol), TRIFIREE XM 2 h, IIA
LR O TE(2.0 mLYPE K SN, Bl i i N L R A 1R B
WGB0 mL), FIEREESFE 1 h, SEEEEE, A4
B HK e, ToKBIREN T4, I8, kR
VA, AR AN B (PE D EA=10 © 1, VIV,
1% EGN)THE] 1.12 g LEFEHIRY) 15, 773% 95%,
[a]y —5.2 (c 2.70, CHCLy); AR S hEk 11 —
.
42.6 1o 16 894

44 12 (17 mg, 0.030 mmol), DMAP (1 mg, 8.2
umol), MEFE(10 pL, 0.12 mmol)A i T~ T4 5 ke
(1.0 mL), ¥#A(S)-MTPA 5 (12 pL, 0.066 mmol), =il
BN 10 hy KRN, —E PR, A PR
K MR SRk VB, TOKBRREN T4, 138, Wk
bR 220500, F LA JE8 0 S (PE © EA=20 1 1, V/V)
33 20 mg LEFEBWMCRY 16, 7% 84%, [a]y
+12.1 (¢ 1.00, CHCl;); '"H NMR (300 MHz, CDCL3) o:
7.52 (d, J=7.8 Hz, 2H), 7.41~7.38 (m, 3H), 6.42 (dt, J=
30.3, 18.6 Hz, 1H), 5.97~5.95 (m, 1H), 5.81 (dd, J=19.5,
6.3 Hz, 1H), 5.67~5.58 (m, 1H), 5.39 (dd, J=29.4, 14.7
Hz, 1H), 4.44~4.41 (m, 2H), 3.59 (s, 3H), 1.55~1.41 (m,
6H), 1.35~1.22 (m, 6H), 0.90 (s, 9H), 1.00~0.78 (m,
15H), 0.07 (s, 6H); *C NMR (100.7 MHz, CDCl3) o:
165.1, 141.9, 140.1, 135.8, 132.1, 129.7, 128.4, 127.3,
125.9, 123.2, 119.0 (t, J=25.1 Hz), 59.9, 55.6, 28.9 (t, J=
10.7 Hz), 27.2 (t, J=27.0 Hz), 25.8, 18.2, 13.6, 9.6, —5.3;
YF NMR (282 MHz, CDCly) 6: —71.4 (s, 3F), —100.5
(dt, J=256.6, 13.3 Hz, 1F), —101.5 (dt, J=256.6, 12.7
Hz, 1F); IR (KBr) vme: 2957, 2929, 2856, 1761, 1464,
1251, 1172, 838 cm ™ '; MS (MALDI) m/z: 807 (M~+Na)";
HRMS caled for CssHs,Fs0,4Si''®SnNa: 803.2861, found
803.2856.
427 ALE 17 66 R

k&% 12 (13 mg, 0.023 mmol), DMAP (1 mg, 8.2
umol), FEWE(10 pL, 0.12 mmol)¥ i 1T — S F ke
(1.0 mL), FABEE(12 pL, 0.066 mmol), =i 10 h,
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MR

KR RN, A BRI, A HUAR IR AE FHK . 1
e Ehokyesk, ToKBRE T, 1o, JpR 22,
P KL ENT /3 BI(PE © EA=20 : 1, V/V){5%] 13 mg
TEFBWHHIRY 17, 7% 83%, []F —88.1 (¢ 1.00,
CHCl;); '"H NMR (300 MHz, CDCLy) ¢: 7.52 (d, J=7.8
Hz, 2H), 7.41~7.39 (m, 3H), 6.60 (dt, J=30.6, 19.5 Hz,
1H), 5.94 (dd, J=19.5, 6.6 Hz, 1H), 5.90~5.82 (m, 1H),
5.64 (dd, J=16.8, 9.6 Hz, 1H), 5.29 (dd, J=29.4, 14.7 Hz,
1H), 4.36~4.34 (m, 2H), 3.53 (s, 3H), 1.55~1.40 (m,
6H), 1.38~1.24 (m, 6H), 0.90 (s, 9H), 0.95~0.86 (m,
15H), 0.06 (s, 6H); *C NMR (100.7 MHz, CDCl;) o:
165.1, 141.6, 141.2, 136.0, 131.9, 129.7, 128.4, 127.5,
118.9 (q, J=25.3 Hz), 59.9, 55.4, 29.0 (t, J=10.6 Hz),
27.4 (t, J=28.2 Hz), 25.8, 18.2, 13.6, 9.6, —5.3; ’F NMR
(282 MHz, CDCly) 0: —71.4 (s, 3F), —100.6 (dt, J=
258.3, 11.8 Hz, 1F), —102.5 (dt, J=258.3, 9.6 Hz, 1F);
IR (KBr) vmax: 2957, 2929, 2856, 1761, 1464, 1251, 1172,
838 cm '; MS (MALDI) m/z: 807 (M+Na)*; HRMS calcd
for C35Hs,F50,4Si''°SnNa: 803.2861, found 803.2856.

42.8 4uoh 18 494

AP 15 (1.12 g, 1.98 mmol)FIBKME(269 mg, 3.95
mmol) & i T- DMF (5 mL), A #I%E 0 C, ZMEiHA
TESCI (0.57 mL, 2.96 mmol), [M|& %% W 3 h, A
T B SN R K RN, LR ZE TN, A3 MU A T A
K A SR KPR, TOAKBR RN T4, k98, Wbk X
WA, H =& ENT 2 (PE - EA=50 1, VIV, 1%
E6N)YEE] 1.24 g LEFEIIRY 18, 7% 95%, [a]?
+10.2 (c 2.40, CHCL); HARHdE51&1 14 —5L
429 LA 19 696

KHASED 17 MIFERE I, WEE 15 (22
mg, 0.039 mmol)H & il %15 2 34 mg JoaiE IR
19, % 88%, [a]5 88.8 (c 1.00, CHCly); HAx¥dE 5
&Y 17 —50
42.10 teidh 20 696,

KHS5WED 16 MFIARITE, MEE 15 (29
mg, 0.051 mmol)th &% 153] 40 mg Jo i IRy
20, P7# 90%, [a]5 —14.6 (c 0.85, CHCLy); H 4%
SEM 16—

42.11 fuidh 22 B4

—78 CF, WML (0.5 molL ™' in
THF, 59.1 mL, 29.55 mmol)ZZ & AMLA&H) 21 (7.0 g,
24.64 mmol)f¥] THF (25 mL), {REFEEE SN 2 h, #
BB N RN A B, STRAEE, A WL
DA FHIK AR KU gk, KB RNT48, 1 uE, ik
R Br LR, M= Wart Z 2 5 (PE - EA=10 : 1,
VIVAFE] 711 g Totaid ke 22 (22 K IANER etk
RAY, LBl 1.7 1 1), 7% 88%, 'H NMR (300 MHz,
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CDCly) d: 4.97 (s, 0.37H), 4.95 (s, 0.63H), 4.77 (s, 1H),
4.63 (t, J=10.2 Hz, 0.37H), 4.52 (t, J=6.3 Hz, 0.63H),
441 (d, J=5.1 Hz, 0.37H), 4.23~4.20 (m, 0.63H), 3.07
(s, 0.63H), 3.04 (s, 0.37H), 1.88~1.81 (m, 2H), 1.67 (s,
3H), 0.86 (s, 9H), 0.13 (s, 9H), 0.08 (s, 6H); *C NMR
(100.7 MHz, CDCl;) §: 146.9, 146.7, 110.7, 110.3, 106.7,
106.5, 89.9, 89.7, 74.0, 72.2, 63.0, 61.9, 43.8, 42.9, 25.8,
18.4, 18.0, 18.0, —0.3, —0.4, —4.3, —4.6, —5.0,
—5.2.
42,12 fuid 23 B4R

IBX (1.13 g, 4.05 mmol) N A\ Z{L.54) 22 (882 mg,
2.70 mmol)[f] DMSO % (14 mL), =N 5 h, TIA
LR B AR IR PR AN VAR VR K RN, TR AE I, A WL AKX
K AN ShokPess, JoKmIRIN T4, g, sl
bR, KA AE 2T B(PE D EA=30 1 1, V/V)
733 800 mg R EAIMPIRY) 23, 77K 90%, [a]h +79.7
(¢ 6.20, CHCL;); '"H NMR (300 MHz, CDCl3) : 5.98 (s,
1H), 5.80 (s, 1H), 4.87 (dd, J=9.0, 3.9 Hz, 1H), 3.30~
3.22 (m, 1H), 2.78~2.72 (m, 1H), 1.85 (s, 3H), 0.83 (s,
9H), 0.12 (s, 9H), 0.05 (s, 6H); *C NMR (100.7 MHz,
CDCly) d: 197.6, 144.0, 124.8, 105.8, 88.1, 59.2, 44.8,
247, 17.1, 16.5, —0.1, —1.3, —5.7, —6.2; IR (KBr)
Umax: 2959, 2929, 2897, 2857, 2174, 1682, 1251, 1095, 841,
779 cm'; MS (ESI) m/z: 325 (M+H)"; 347 (M+Na)";
HRMS calcd for C;7H330,S1,: 325.2019, found 325.2014.
4213 fuidy 24 B4R

[ T4 THF (2 mL)yA 1% 0 C, KX CBS
TEALF(1.0 molsL™" in toluene, 0.12 mL, 0.12 mmol),
BH;*PhNEt, (90 pL, 0.51 mmol), #Hi#E i 0.5 h, Z&M2i
Ttk &4 23 (164 mg, 0.51 mmol) [¥) THF %¥((3 mL),
TREFIELE N, 20 min, A RIFTHZEMEHA 1 molL ™'
HCl %, LR ZFEAR, A HAHK KA 1 molL ™'
HCL. /K. VOFIEr hokUels, JoKBRIRM T, 1duk, i
HE B 2R, M= E A ZT 9 B (PE © EA=15 1 1,
VI3 140 mg JLAIE MRY) 24, 772 84%, [alf
+34.8 (¢ 5.90, CHCl;); '"H NMR (300 MHz, CDCLy) o:
5.04 (s, 1H), 4.85 (s, 1H), 4.66 (t, J=5.2 Hz, 1H), 4.43 (s,
1H), 2.99 (s, 1H), 1.94~1.85 (m, 2H), 1.73 (s, 3H), 0.91
(s, 9H), 0.17 (s, 9H), 0.16 (s, 3H), 0.14 (s, 3H); °C NMR
(100.7 MHz, CDCly) 6: 147.2, 110.7, 106.8, 90.2, 72.7,
62.3, 43.1, 26.0, 18.8, 18.4, 0.1, —4.2, —4.8; IR (KBr)
Umax: 3431, 2957, 2929, 2897, 2857, 2173, 1251, 1094, 841,
779 cm™'; MS (ESI) m/z: 349 (M+Na)"; 365 (M+K)";
HRMS caled for C;;H34,0,Si;Na: 349.1995,
349.1990.

42.14 1uath 25 696
b4 24 (615 mg, 1.88 mmol)¥%fi# T- DMF (4 mL),

found
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N DIEA (1.7 mL, 9.78 mmol). Buy,NI (104 mg,
0.28 mmol)F DMBOCH,CI (8.10 mmol), T-40 CTF &
% 24 h, RGO K RN, SR, A HUAH
MRIKAL K . A SR /K VeSS, oK IR T, L IE,
S SR 255500, M-S A 2T 4> BS(PE © EA=8 1 1,
VIVYSE] 1.0 g SRR 25, 773 90%, [a]F +63.2
(c 1.60, CHCL;); '"H NMR (300 MHz, CDCl;) 6: 6.90~
6.82 (m, 3H), 5.00 (s, 1H), 4.94 (s, 1H), 4.70~4.64 (m,
2H), 4.59~4.55 (m, 2H), 4.55~4.51 (m, 1H), 4.26 (dd,
J=8.4, 4.2 Hz, 1H), 3.90 (s, 3H), 3.89 (s, 3H), 2.06~1.97
(m, 1H), 1.93~1.84 (m, 1H), 1.84 (s, 3H), 0.92 (s, 9H),
0.17 (s, 9H), 0.14 (s, 6H); *C NMR (100.7 MHz, CDCl;)
9: 149.1, 148.7, 144.1, 130.5, 120.5, 113.7, 111.3, 111.0,
107.5, 92.0, 89.1, 69.5, 60.2, 56.0, 55.8, 43.6, 25.8, 18.2,
17.0, —02, —4.1, —4.7; IR (KBr) e 2956, 2930,
2896, 2856, 2171, 1517, 1464, 1251, 1094, 1030, 841
em '; MS (ESI) m/z: 524 (M+NH,)", 545 M+K)";

HRMS caled for C,7Hu05Si;Na: 529.2781, found
529.2776.
42.15 tidh 26 696,

51 25 (1.4 g, 2.76 mmol)# i T 1E N EE(30 mL),
AR —78 C, ZEIE N A EH 2 EUEHE R, AR
SO 2 RIS, = I EE(2.04 mL, 27.60 mol),
RRPIE R, KN 24 h, ORISR, M
FEENTAMBS(PE : EA=6: 1, VI35 1.32 g LOiEWY
AR 26, 7% 80%, [a]F —3.2 (c 2.20, CHCLy); 'H
NMR (300 MHz, CDCl5) J: 6.85~6.79 (m, 3H), 4.74 (d,
J=6.9 Hz, 1H), 4.69 (d, J=6.9 Hz, 1H), 4.60 (d, J=11.4
Hz, 1H), 4.59~4.54 (m, 1H), 4.47 (d, J=11.1 Hz, 1H),
4.19~4.15 (m, 1H), 3.86 (s, 3H), 3.84 (s, 3H), 2.19 (s,
3H), 2.06~1.90 (m, 2H), 0.90 (s, 9H), 0.16 (s, 3H), 0.15
(s, 9H), 0.11 (s, 3H); °C NMR (100.7 MHz, CDCl;) o:
208.5, 149.1, 148.8, 130.0, 120.6, 111.3, 111.0, 106.7,
95.0, 89.8, 80.2, 70.1, 59.4, 55.9, 55.8, 40.9, 26.2, 25.8,
182, —0.3, —4.2, —4.8; IR (KBr) vma: 2956, 2930,
2897, 2857, 2172, 1717, 1518, 1251, 1160, 1095, 1031,
841 cm '; MS (ESI) m/z: 526 (M+NH,)", 531 (M+Na)",
547 (M+K)+; HRMS calcd for C,gH4406Si,Na: 531.2574,
found 531.2569.

42.16 fuia4h 29 B4R,

FBta (180 mg, 0.26 mmol)i#fii T4 THF (2
mL), KRAHE—78 C, 18 A BuLi (1.6 moleL ™'
in hexane, 0.17 mL, 0.26 mmol), /41554 0.5 h )5, W%
NS RE AL BE(2.0 molsL™" in THF, 0.26 mL, 0.53
mmol), PREFELEE N 0.5 h, FfJEH A B b (132 mg, 0.26
mmol) 5 RALEE/ L BR4E A5 )(269 mg, 1.04 mmol)f¥) THF
F(1 mL)ZAZ N, TREFIE RNV 3 h, K RV S
18 3 N VKV A AL T, SR, A ALK IR
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K R Sh/K VRS, To/KBR RN T-45, I8, WUk
bR EW, M MEEZT 3 5 ((PE - EA=8 1 1, V/P)
93 133 mg W PR 29, 775 64%, [A] [ A B
b (49 mg, recovered yield 28%), [Ot]zDS +72 (c 2.20,
CHCl;); '"H NMR (300 MHz, CDCl;) d: 6.89~6.82 (m,
3H), 5.90~5.87 (m, 1H), 5.82 (s, 2H), 5.45 (dd, J=29.4,
15.6 Hz, 1H), 4.87 (d, J=6.6 Hz, 1H), 4.75 (d, J=6.6 Hz,
1H), 4.70 (d, J=11.4 Hz, 1H), 4.54 (d, J=11.7 Hz, 1H),
4.50 (d, J=2.4 Hz, 1H), 4.46 (d, J=2.4 Hz, 1H), 443~
4.40 (m, 1H), 4.30 (t, J=8.4 Hz, 1H), 3.89 (s, 3H), 3.88 (s,
3H), 3.55 (d, J=8.4 Hz, 1H), 3.08 (br, 1H), 1.92~1.85
(m, 1H), 1.73~1.64 (m, 1H), 1.26 (s, 3H), 0.96 (t, J=7.8
Hz, 9H), 0.89 (s, 9H), 0.87 (s, 9H), 0.62 (q, J=7.8 Hz,
6H), 0.15 (s, 6H), 0.11 (s, 9H), 0.06 (s, 6H); *C NMR
(100.7 MHz, CDCl;) §: 149.2, 148.9, 140.2, 138.1, 129.7,
125.9 (d, J=5.3 Hz), 120.6 (t, J=230.9 Hz), 120.2 (t, J=
26.0 Hz), 111.4, 111.1, 107.5, 96.7, 89.1, 85.4, 74.0, 70.3,
60.3, 60.0, 55.9 (d, J=7.4 Hz), 41.1, 25.9, 25.8,22.3, 18.2,
18.1, 6.7, 4.8, —0.3, —4.0, —4.8, —5.2; ”F NMR (282
MHz, CDCly) 6: —100.6 (dt, J=251.5, 11.3 Hz, IF),
—102.2 (ddd, J=251.5, 15.8, 3.7 Hz); IR (KBI) Opay:
3450, 2956, 2932, 2880, 2858, 2171, 1517, 1463, 1094
em 'y MS (ESI) m/z: 923 (M+Na)"; HRMS caled for
C4sHg,Si4,05F,Na: 923.4953, found 923.4947.
4217 ALbd 34 895

441 29 (100 mg, 0.11 mmol)¥f# J* THF (1.0
mL), RRAHE 0 °C, FECHIF HE/Py #) THF %
(3.0 moleL ™', 0.5 mL, 1.5 mmol)ii A\, itV 4 h, ¥
I T A% 8 N RNk FR A AN W, LR LR AR,
AR AR DA FH P R B PR SV BV R TR £ SRk DR I,
TR ER AN T4, U8, R LR, H ez
M B(PE : EA=3:1to 1 : 1, V/V)#35] 66 mg L {0i%E
HIHERY) 34, 72% 62%, [FIRSHILGY) 33 (12 mg,
20%).

Data for compound 34: [¢r]y —3.8 (c 1.20, CHCly);
'H NMR (300 MHz, CDCL5) d: 6.89~6.83 (m, 3H), 6.06~
6.00 (m, 1H), 5.88 (s, 2H), 5.50 (dd, J=28.5, 16.2 Hz,
1H), 4.89 (d, J=6.6 Hz, 1H), 4.71 (d, J=9.6 Hz, 2H), 4.53
(d, J=11.4 Hz, 1H), 4.48 (dd, J=10.5, 2.4 Hz, 1H), 4.37
(dd, J=11.4, 6.3 Hz, 1H), 4.25~4.23 (m, 2H), 3.90 (s,
3H), 3.89 (s, 3H), 3.55 (d, J=9.3 Hz, 1H), 2.74 (br, 3H),
1.91~1.84 (m, 1H), 1.75~1.67 (m, 1H), 1.29 (s, 3H), 0.88
(s, 9H), 0.16 (s, 9H), 0.15 (s, 3H), 0.09 (s, 3H); *C NMR
(100.7 MHz, CDCl;) d: 149.2, 149.1, 139.1 (t, J=5.4 Hz),
138.4, 129.3, 124.8, 121.2 (t, J=26.8 Hz), 120.7, 111.4,
111.1, 107.3, 96.7, 89.5, 85.9, 74.1, 73.9 (t, J=29.4 Hz),
70.5, 60.0, 58.5, 56.0, 55.9, 41.1, 25.8, 22.1, 18.1, —0.3,
—4.0, —4.8; "F NMR (282 MHz, CDCly) §: —100.6
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(dd, J=247.6, 12.7 Hz, 1F), —108.3 (dt, J=247.6, 13.3
Hz, 1F); IR (KBr) vpe: 3409, 2956, 2932, 2897, 2857,
1517, 1251, 1028, 840 cm™'; MS (ESI) m/z: 695 (M+Na)";
HRMS caled for Cs3Hs4Si,0gF,Na: 695.3223, found
695.3218.
4218 ALodh 35 696

&%) 34 (49 mg, 0.073 mmol)iE T 5 Fhi2
mL), &I = W2 (70 mg, 0.218 mmol) Fl
TEMPO (2 mg, 0.015 mmol), =i %W 4 h, JIA LRI
AR R AN WV K S, K W RE IS, S e A 1,
AR ALK . AN ER K R, oK RN T4,
g, WORRR WA, M SR E N4 S (PE L EA=
501, VINA3E] 45 mg R EANMPIRY 35, 77 95%,
[@]¥ +15.1 (¢ 1.05, CHCL}); '"H NMR (300 MHz,
CDCl;) J: 6.88~6.78 (m, 3H), 6.87 (d, J=9.6 Hz, 1H),
6.31 (d, J=9.9 Hz, 1H), 6.12~5.98 (m, 2H), 5.06~4.98
(m, 1H), 4.87 (d, J=7.2 Hz, 1H), 4.75 (d, J=6.6 Hz, 1H),
470 (d, J=11.7 Hz, 1H), 4.54 (d, J=11.7 Hz, 1H), 4.50
(d, J=12.3 Hz, 1H), 4.03 (s, 1H), 3.90 (s, 3H), 3.88 (s,
3H), 3.57 (d, J=7.5 Hz, 1H), 1.94~1.87 (m, 1H), 1.79~
1.72 (m, 1H), 1.30 (s, 3H), 0.87 (s, 9H), 0.17 (s, 9H), 0.15
(s, 3H), 0.09 (s, 3H); *C NMR (100.7 MHz, CDCl;) :
160.3, 149.2, 149.0, 142.5, 137.7 (t, J=27.8 Hz), 129.5,
126.6 (t, J=9.4 Hz), 120.6, 118.8, 111.3, 111.1, 107.2,
96.5, 89.5, 85.1, 79.6 (dd, J=31.9, 28.6 Hz), 74.0, 70.4,
60.1, 55.9, 55.9, 41.0, 25.0, 22.8, 18.1, —0.3, —4.0,
—4.8; “F NMR (282 MHz, CDCly) §: —107.5 (dt, J=
288.5, 5.9 Hz, 1F), —108.3 (dd, J=288.5, 14.1 Hz, 1F);
IR (KBr) vma: 3459, 2967, 2855, 2172, 1740, 1365, 1217,
840 cm™'; MS (ESI) m/z: 691 (M+Na)*; HRMS calcd for
C33H;0F,S1,05Na: 691.2910, found 691.2905.
4219 1Le4h 36 496

&9 35 (197 mg, 0.295 mmol )\ R T- T4 1) — 4
FEi(3 mL), KRAEEZE 0 C, KX 2,6-lutidine
(103 pL, 0.88 mmol)A! TESOTS (135 pL, 0.59 mmol), f4#
FRIELRE SOV 1.5 hy R SN I 22 18 BN DKV IR A A B 1R
At SRR, AU K, A
TR KB, ToKB R T8, 8, WOk 2507,
MU= WILALIZNT 73 #(PE D EA=6 @ 1, V/V){3%] 205 mg
R IRY 36, 77 95%, [y +33.8 (c 2.40,
CHCl;); '"H NMR (300 MHz, CDCl;) d: 6.91~6.85 (m,
3H), 6.82~6.80 (m, 1H), 6.33 (d, J=9.9 Hz, 1H), 6.13 (d,
J=15.6 Hz, 1H), 5.84 (dd, J=15.6, 6.6 Hz, 1H), 5.06~
5.03 (m, 1H), 4.87 (d, J=6.6 Hz, 1H), 4.77 (d, J=6.9 Hz,
1H), 4.58 (s, 2H), 4.54 (dd, J=9.3, 3.6 Hz, 1H), 3.90 (s,
3H), 3.89 (s, 3H), 3.57 (dd, J=8.1, 1.8 Hz, 1H), 2.06~
1.93 (m, 1H), 1.64~1.55 (m, 1H), 1.43 (s, 3H), 0.96 (t,
J=7.8 Hz, 9H), 0.88 (s, 9H), 0.62 (q, J=8.1 Hz, 6H), 0.16
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(s, 9H), 0.11 (s, 3H), 0.06 (s, 3H); *C NMR (100.7 MHz,
CDCLy) &: 160.3, 149.1, 148.6, 143.1, 137.7 (t, J=32.3
Hz), 130.6, 126.5 (t, J=9.1 Hz), 120.4, 118.3, 111.3,
111.1, 108.1, 96.3, 88.9, 83.2, 79.6 (t, J=29.7 Hz), 70.1,
60.4, 55.9, 55.8, 40.9, 25.8, 24.1, 18.1, 7.1, 6.8, —0.2,
—42, —4.8; "F NMR (282 MHz, CDCl;) 6: —108.2 (m,
2F); IR (KBr) vpa: 2956, 2878, 2170, 1750, 1516, 1365,
1231, 1032, 841 cm™'; MS (ESI) m/z: 805 (M+Na)", 821
(M+K)"; HRMS calcd for C3oHe,SisOgF,Na: 805.3775,
found 805.3769.

4220 fuiodh 37 AR

BAGHT, 1bEY 36 (205 mg, 0.262 mmol )i
T-AEH4 mL), #KKIA NIS (77 mg, 0.341 mmol) i
R4 (44 mg, 0.262 mmol), Fif I 4 h, [ L
0 U L S RN o I S Wt 7/ ESY o T )
(PE : EA=5: 1, /)33 210 mg Wk ikY) 37, 7
K 90%, [a]f +29.1 (¢ 1.50, CHCl3); 'H NMR (300
MHz, CDCLy) d: 6.91~6.81 (m, 3H), 6.85 (d, J=8.1 Hz,
1H), 6.33 (d, J=9.6 Hz, 1H), 6.12 (d, J=15.9 Hz, 1H),
5.84 (dd, J=15.9, 6.9 Hz, 1H), 5.10~5.00 (m, 1H), 4.86
(d, J=6.9 Hz, 1H), 4.76 (d, J=6.6 Hz, 1H), 4.70 (dd, J=
9.3, 3.3 Hz, 1H), 4.60 (d, J=11.1 Hz, 1H), 4.55 (d, J=
11.7 Hz, 1H), 3.91 (s, 3H), 3.90 (s, 3H), 3.57~3.55 (m,
1H), 2.02~1.95 (m, 1H), 1.64~1.56 (m, 1H), 1.42 (s,
3H), 0.96 (t, J=7.8 Hz, 9H), 0.87 (s, 9H), 0.62 (q, J=7.8
Hz, 6H), 0.09 (s, 3H), 0.05 (s, 3H); *C NMR (100.7 MHz,
CDCLy) d: 160.3, 149.1, 148.7, 142.9, 137.8 (t, J=29.4
Hz), 130.4, 126.5 (t,J=9.5 Hz), 120.5, 118.2, 112.1 (t, J=
242.8 Hz), 111.3, 111.1, 96.6, 96.4, 83.5, 79.5 (t, J=30.4
Hz), 70.2, 61.6, 56.0, 55.9, 40.8, 25.8, 24.2, 18.1, 7.1, 6.8,
—4.5, —4.9; F NMR (282 MHz, CDCl;) 6: —107.1~
—109.3 (m, 2F); IR (KBr) v 2955, 2935, 2878, 2176,
1751, 1516, 1265, 1031, 778 cm™'; MS (ESI) m/z: 859
(M+Na)*, 875 (M+K)"; HRMS caled for CsHssOs-
F,Si,INa: 859.2346, found 859.2340.

4221 fuidh 38 B4R,

&4 37 (218 mg, 0.26 mmol)ifiE - — & FHi 5
KRG V(4.4 mL, V: V=10 1), i\ DDQ (71
mg, 0.31 mmol), FILSN 3 h, HINFIL R BN
PRI, BEFE 10 min, IO PR IR SN R R,
CTRAEHL, H WU RAE K WA R KR Ek, Tk
DRI AN T, 198, WRHBR 25 R, M= e =2
B(PE : EA=5 1, V)33 160 mg JC {035 W] k4 38,
P 89%, [a]y +34.7 (¢ 2.05, CHCL); 'H NMR (300
MHz, CDCl3) d: 6.86~6.80 (m, 1H), 6.32 (d, J=9.9 Hz,
1H), 6.16 (d, J=15.9 Hz, 1H), 5.83 (dd, J=15.3, 6.9 Hz,
1H), 5.08~4.98 (m, 1H), 4.85~4.82 (m, 1H), 3.87 (d, J=
10.2 Hz, 1H), 3.23 (br, 1H), 1.94~1.87 (m, 1H), 1.58~
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1.49 (m, 1H), 1.42 (s, 3H), 0.96 (t, J=8.1 Hz, 9H), 0.89 (s,
9H), 0.62 (q, J=8.1 Hz, 6H), 0.15 (s, 3H), 0.12 (s, 3H);
C NMR (100.7 MHz, CDCl;) d: 160.3, 143.3, 137.7 (t,
J=28.8 Hz), 126.6 (t, J=8.6 Hz), 118.3, 112.1 (t, J=
248.0 Hz), 95.2, 79.8 (t, J=30.5 Hz), 75.5, 63.5, 38.6,
2577, 23.4, 18.1, 7.1, 6.7, —4.8, —5.4; ”F NMR (282
MHz, CDCly) §: —107.3~—109.5 (m, 2F); IR (KBr)
Umax: 3514, 2955, 2877, 2179, 1748, 1258, 1098, 1075, 838
em '; MS (ESI) m/z: 679 (M+Na)", 695 (M+K)";
HRMS caled for C,sH4;3S81,05F,INa: 679.1559, found
679.1554.

4222 fuidh 39 B

1b&47 38 (50 mg, 0.076 mmol)¥%ifi# T THF L5534
FER AW mL, Vi V=1 1), KX NBSH (35
mg, 0.152 mmol)Fl = ZJ}%(21 pL, 0.152 mmol), #E=
WY 24 h, DN STRFRRE B N, A A LARSE F L A
TRk YETR, oKD IR T, I8, W bR LA,
= MA R ENT 7 B (PE - EA=5 1, VIV)435] 28 mg
WRIEHPIRY) 39, 773 50%, [HH IR 38 (12 mg,
25%).

Data for compound 39: [e]5 +29.7 (¢ 0.6, CHCLy);
'H NMR (300 MHz, CDCl3) §: 6.87~6.80 (m, 1H), 6.37
(dd, J=15.3, 7.5 Hz, 1H), 6.33 (d, J=9.6 Hz, 1H), 6.25 (d,
J=17.8 Hz, 1H) 6.16 (d, J=15.3 Hz, 1H), 5.82 (dd, J=
15.9, 7.2 Hz, 1H), 5.09~4.99 (m, 1H), 4.71~4.65 (m,
1H), 3.68 (d, J=10.8 Hz, 1H), 3.30 (br, 1H), 1.83~1.76
(m, 1H), 1.47~1.40 (m, 1H), 1.39 (s, 3H), 0.94 (t, J=7.8
Hz, 9H), 0.88 (s, 9H), 0.59 (q, J=7.8 Hz, 6H), 0.11 (s,
3H), 0.06 (s, 3H); *C NMR (100.7 MHz, CDCl;) J: 160.3,
143.8, 137.8 (t, J=29.5 Hz), 126.6 (t, J=9.2 Hz), 118.5,
112.1 (t, J=242.4 Hz), 80.0 (t, J=14.1 Hz), 75.1, 74.5,
36.6, 25.7, 25.6, 23.1, 18.0, 7.0, 6.7, —4.5, —5.1; “F
NMR (282 MHz, CDCl;) 6: —107.2~—109.4 (m, 2F);
IR (KBr) vpa: 3488, 2955, 1749, 1275, 1098, 1074, 1003,
837, 744 cm™'; MS (ESI) m/z: 681 (M+Na)"; HRMS
caled for CygHysSi,OsF,INa: 681.1716, found 681.1711.
4223 Ab4h 40 694,

RAGHE, LAY 39 (144 mg, 0.017 mmol)Fll
B e (21 mg, 0.034 mmol)[*) DMF ##(1.0 mL)H i A
PdClL,(CH;CN), (0.5 mg, 0.002 mmol), G iR &Y 24
h, IIAEAR BRI K RN, SR, A AHLAHE
WOAT K R B R /K V%S, JoKRAN T4, 18,
TR BR 2205500, M= a 2073 & (PE - EA=4 1 1,
VIVYFF B E COE IR 40, 773K 85%, [a]h +11.1 (¢
0.60, CH;CN); 'H NMR (300 MHz, CD;CN) 6: 7.67 (d,
J=6.3 Hz, 4H), 7.46~7.38 (m, 6H), 6.97~6.90 (m, 1H),
6.77 (dd, J=13.2, 12.6 Hz, 1H), 6.33 (d, J=9.9 Hz, 1H),
6.32 (t, J=11.4 Hz, 1H), 6.20 (t, J=10.8 Hz, 1H), 6.14 (d,
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J=15.9 Hz, 1H), 6.07 (t, J=10.8 Hz, 1H), 5.88 (dt, J=
10.2, 3.0 Hz, 1H), 5.78 (dd, J=15.6, 7.2 Hz, 1H), 5.50 (t,
J=9.6 Hz, 1H), 5.17 (dt, J=16.2, 7.5 Hz, 1H), 4.89 (t, J=
9.0 Hz, 1H), 4.31 (d, J=3.9 Hz, 2H), 3.64~3.59 (m, 1H),
3.19 (d, J=4.5 Hz, 1H), 1.78~1.70 (m, 1H), 1.36 (s, 3H),
1.21~1.15 (m, 1H), 1.04 (s, 9H), 0.93 (t, J=8.1 Hz, 9H),
0.87 (s, 9H), 0.60 (q, J=8.1 Hz, 6H), 0.06 (s, 3H), 0.01 (s,
3H); C NMR (100.7 MHz, CD;CN) J: 160.3, 143.6,
137.7 (t, J=29.4 Hz), 135.5, 135.1, 134.3, 133.6, 130.1,
129.7, 127.7, 126.5 (t, J=9.3 Hz), 124.4, 123.1, 1224,
118.3, 112.1 (t, J=242.4 Hz), 79.9 (t, J=31.8 Hz), 75.1,
67.6, 64.1, 38.4, 27.8, 26.8, 25.8, 17.5, 13.6, 7.0, 6.6,
—4.4, —52; F NMR (282 MHz, CD;CN) §: —108.1
(ddd, J=285.7, 15.8, 2.5 Hz, 1F), —109.0 (dt, J=285.7
Hz, 7.6 Hz, 1F); IR (KBr) vma: 3505, 2955, 2930, 2877,
2857, 1749, 1110, 1072, 702 cm™'; MS (ESI) m/z: 875 (M
+Na)+; HRMS calcd for C4H;0O¢F,SizNa: 875.4346,
found 875.4341.
4224 ety 42 B4R

44 40 (16.8 mg, 0.020 mmol)¥ i+ T4 4
el mL), AR EHE 0 C, HWIKIMATIE (22 mg,
0.315 mmol)FIF /i 41 (42 plL, 0.158 mmol), {AEFiR
JEJRN 1 h, §i AR T EE(5.5 moleL ™! in decane, 73
ul, 0.40 mmol), TREFIREARLEINY 1 h, IR
VNI K RN, S AR, AU AR A
KN LRI R /KBRS, TOKBRBREN T, I8, WRER 2%
W, M= EAEZHN 2 (PE : EA=4 . 1, V{32
12 mg (b &Y 42, 72F 60%, [a]3 +22.5 (¢ 0.55,
CH;CN); 'H NMR (400 MHz, CD+CN) d: 7.71 (d, J=7.2
Hz, 4H), 7.52~7.43 (m, 6H), 7.00~6.96 (m, 1H), 6.81 (t,
J=12.4 Hz, 1H), 6.36 (t, J=10.0 Hz, 2H), 6.27 (t, J=11.2
Hz, 1H), 6.14 (d, J=15.2 Hz, 1H), 6.11 (t, J=10.0 Hz,
1H), 6.08~5.98 (m, 2H), 5.95~5.84 (m, 2H), 5.49~5.40
(m, 3H), 5.33~5.20 (m, 3H), 5.03 (t, J=11.4 Hz, 1H),
4.56 (q, J=5.6 Hz, 4H), 4.49 (t, J=10.2 Hz, 1H), 4.36 (d,
J=4.8 Hz, 2H), 2.10~2.03 (m, 1H), 1.51 (s, 3H), 1.34~
1.29 (m, 1H), 1.09 (s, 9H), 1.00 (t, J=8.0 Hz, 9H), 0.92 (s,
9H), 0.68 (q, J=8.0 Hz, 6H), 0.15 (s, 3H), 0.06 (s, 3H);
*C NMR (100.7 MHz, CD+CN) §: 161.4, 142.7, 138.5 (dd,
J=25.6, 31.9 Hz), 137.1, 136.4, 135.5, 134.5, 133.9 (dd,
J=10.5, 7.5 Hz), 130.9, 130.9, 128.8, 127.8 (t, J=9.2 Hz),
125.4,124.5, 123.2, 120.5, 118.8, 83.0 (d, J=7.2 Hz), 79.8
(dd, J=32.5,27.5 Hz), 77.1 (d, J=5.2 Hz), 69.0 (d, J=5.4
Hz), 66.0, 65.0, 41.2, 30.3, 27.2, 26.4, 25.4, 19.8, 18.7, 7.5,
74, —3.7, —4.0; "F NMR (282 MHz, CD;CN) 4:
—107.7 (dd, J=286.5, 19.2 Hz, 1F), —109.0 (dt, J=
286.5, 7.3 Hz, 1F); IR (KBr) vma: 3071, 2955, 2929, 2878,
2856, 1753, 1465, 1275, 1110, 1007, 701 cm™'; MS (ESI)
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m/z: 1035 (M—|—Na)+; HRMS calcd for Cs53H79O0F,PSi3Na:
1035.4635, found 1035.4600.
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