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A

ZEDFEE DY - ERIERNICE IS, Whkd 5 Y FARDOKIGIE, BEZERE
ZEILEEEZ 1 EORBTITD I EZAREICT B/, ERRISDMEZIRERICH LS
T2, i, EMNRR-RREETEERIGZER TR EREHRICOMAEIE, EFA
WRESAHNS, EEICHMEOEVEDTHS.

LIARETIE, BER, Brook iz b H—ET23HLWRZTH A VI B &k
D, BIRICHHEI BZRILZ 1 EOBRETITSOCENTESHMULWRICOREFEZL B>
TW3. Brook Bxfi' & &, 1958 FIC A. G. Brook?*lc &k > T#H&EShica->JILF7ILO
FIURTICRIBTARDODREFEFNSBRERFANDODFANI12-7 =AY VEHUTH S
(Scheme 1). Brook EfiildZFDHRELIE, EICRIGEBHLGESNSHEIERHINT
BH, BERIGE LU TOEREEIZDRESNCDDTH . TDORODKRESBRAIE
CDEMRISHFERIGTH B EVWSRICH S, IBDSE, a-YYUILTIILIAFIRT L&
MICEDERT B a-YAFVAINZAY 2 EOFER—KIC 1 ORIICR>TED, &

B MCHRMAADT ITIE, ASHDAETERT D2NHIVINZAVEZEIT Z2HENHD.

(1) Brook 247 DFRFRIZ DWW TIZDL T %2 £H: (a) Brook, M. A. Silicon in Organic, Organometallic,
and Polymer Chemistry, John Wiley & Sons, Inc. 2000. (b) Brook, A. G.; Bassindale, A. R. In
Rearrangements in Ground and Excited States; de Mayo, P., Ed.; Academic Press: New York,
1980; pp 149-221. (¢) Brook, A.G. Acc. Chem. Res. 1974, 7, 77-84. Brook #afi #fIH L 72 % > 7 4
B DFEE RSB DWW TIXPL T 2 2 8: (d) Moser, W. H. Tetrahedron 2001, 57, 2065-2084.
Also, see: (e) Ricci, A.; Degl'Innocenti, A. Synthesis 1989, 647-660. (f) Bulman Page, P. C.; Klair,
S. S.; Rosenthal, S. Chem. Soc. Rev. 1990, 19, 147-195. (g) Qi, H.; Curran, D. P. In Comprehensive
Organic Functional Group Transformations, Katritzky, A. R.; Meth-Cohn, O.; Rees, C. W.; Moody,
C. J., Eds.; Pergamon, Oxford, 1995, pp 409-431. (h) Cirillo, P. F.; Panek, J. S. Org. Prep. Proc.
Int., 1992, 24, 553-582. (i) Patrocinio, A. F.; Moran, P. J. S. J. Braz. Chem. Soc. 2001, 12, 7-31.
(2) Brook, A. G. J. Am. Chem. Soc. 1958, 80, 1886-1889.
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Scheme 1

_ o+

oM Brook rearrangement OSiR;

R™ "SiRs Retro-Brook R™ M
rearrangement 2

1

INEFTOERAEETOMERICED, UTOZEMNESHICH>TWS, RyYVTIILY
3T/ L—M4ERIDSESE, BlcHTS Brook ErfiIic &> TERKRT S
HIVIKZAY 6 DB-AILRZILEICE > THHIRS©, 27070/ IA—)LFEER T

EZFD 1,4-0,0-2V) )VEAR 8 hEINETEHE SN S (Scheme 2).

Scheme 2
(o
Ph7 “SiMes ~ | |
3 _Qn ©tn .An © "0 SiRO R5SIO 0 Me3S|O? ;\OH HQ" f\OSIMes
+ 80 ° to -30 °C > 3 )@L - .
T L VAL [
(OLi THF Ph iPr Ph” - ipy Ph Pr Ph\/ iPr
|
3 90% 7%
4

ULHhU, NTT /AN ZV9ETRVYI/L—M4 EDORINTIE, 0K 10 ODHME
B U, Brook Bsfifkidi@ Sz, £z, XYV 1ILY T Y 3 & n-butyllithum (n-BuLi)

EDRIBTHMME 11 DNEREEE4RD (Scheme 3).

Scheme 3
o} i ,
W + ;\LI _80 - to _30 OC \/\/I\/|338)|£|_|)o'L
SiMeg Pr THF Pr
9 4 10
41%
0 : ;
MesSi OH Me3SiO H
-80 °t0 -30 °C 3
Ph)J\SiMe3 T THE Ph)w * P
3 11 12
50% 28%

INSDFERIF Brook I ZMELCETSESRHICE, B-NILRZILERMTIE

AR THD, BHET ZREMEOFEEDRARTHSH, B-HILRZILEIC L ZINHER)



ENDBDORZEREDTH DI EERLTWVWDSS, 5[, UARETIE, InNSOER%E
3FZ, B+ 2BOBREMMRE ([3+2]7=a2L—>3Y) ¥[3 +4BHOBREMNK
IB° (3+4]7=al—>3aYy) REDHERICHIIL TWS.

B+2]7=alL—>3avi& (B-(trimethylsilyl)acryloyl)silane13 I, XFILT k> D
UFIOLT/L—KM14Z[MESEZZEICEDECSMAMINE 15 ICHEWLT Brook Exfizh’
BID, ERULEANINZAYTI6 N B-AILRZIIEZKELTEZ/)Ly27O070/0/ L
—N17 &tk EZILY7O7ONY-Y ARV TVENMICE > T, ZBEERAE

RI18MEKTHEWVWSHEDTHS (Scheme 4).

Scheme 4
O
SiMe,Bu! N - _ OTBS
Jl)j; -80 ° to O SiRs OSiR, RsSIO.
MesSi -30 °C )\ 3 ~
+ . C "0
THF | | R /g
. J\ MesSi© O~ 'R MegSi Q) R MesSi MesSi  OH
LiO y R .5 16 17 18

DA TDRIERIGDERKRIGE U TCOERKEIF4-E kOFV-2->0ORYT /Y

BREZBVCEBEORAYDERZITS> Z&ICLDEIES N (Figure 1)°

(3) Takeda, K.; Nakatani, J.; Nakamura, H.; Sako, K. Yoshii, E.; Yamaguchi, K. Synlert, 1993, 115,
841-843.

(4) (a) Takeda, K.; Fujisawa, M.; Makino, T.; Yoshii E.; Yamaguchi, K. J. Am. Chem. Soc. 1993, 115,
9351-9352. (b)Takeda, K.; Yamowaki, K.; Hatakeyama, N. J. Org. Chem. 2002, 67, 1786-1794.

(5) (a) Takeda, K.; Takeda, M.; Nakajima, A.; Yoshii, E. J. Am. Chem. Soc., 1995, 117, 6400-6401.
(b) Takeda, K.; Nakajima, A.; Takeda, M.; Okamoto, Y.; Sato, T.; Yoshii, E.; Koizumi, T.; Shiro,
M. J. Am. Chem. Soc., 1998, 120, 4947-4959. (c) Takeda, K.; Nakajima, A.; Takeda, M.; Yoshii, E.;
Zhang, J.; Boeckman, Jr. R. K. Org. Synth. 1999, 76, 199-213.

(6) (a) Takeda, K.; Nakajima, A.; Yoshii, E. Synlett 1994, 1994, 178-178. (b) Takeda, K.; Kitagawa,

K.; Nakayama, I.; Yoshii, E. Synlett 1997, 1997, 251-252.
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Figure 1

COM
7 «CO,CHs NF 2Me
CO,Me ____OAc
OH 6HCH2(CH2)14CH3 OAc
chromomoric acid DIl methyl seter untenone A clavulone 11, 11l

R, CORIGZARBERIGICEBAT S EMRE SN, dhabs, CIHEMELT,
HEEERIRFY REET S B-silyl-a,B-epoxyacylsilane19 ZAWIEHE, 7 VT
JL—hOfME 20 ICEWT Brook BExUn& T D, TRF 222D r filicAIL/IN=A
VHRET D, E0%R, IRFIRORE (21-22) , 2EBD Brook #&fiI (22—23)
NEID, ERULADINZAYDBAILRZIIEICFMINTZIET, ABR 24 HMERT
2EEZ5NE (Ba) CDEE, A=Ay 23 #RETNIE TFMEEINDS
ATREMEIHE LD, I b ICRT K5I, TRF Y ROFER,/Brook #f1/ AJLR=JLEA
DO, NHRERICETL, 23 DX SBHEFZERT T ICRIEHIETINIE, IR+

YROARFEEGEESI N, XRFEEBRABRNME SN DAL HS. (Scheme 5).

Scheme 5
Co
o/ SMeBu 3 SR, OSiRg OSiRs OSiRg
> [19 3
M93S| . N . _ - Pz
¥ a 0 g\ > e
>l MesSi© O7 R MegSim O7 R Meysi2 07 R MeSi0” 07°R
L0 R 20 21 29 23
o l
7 OTBS OSiR;,
O SiR,
g |
Me;Si Jc;:) R Me3SiO OHR MegSiO  OH
20 24 24



9, ZtI{60D B-silyl-a,B-epoxyacylsilane19 #&KL, T/ L—k 4 ERIGS
Bleel s, FRICRLT, ABR24 F2<®EHEINT, Brook #xfii / TIRF ¥ RDFH
RICEDAERKU 25 102 T, ZEB® Brook &filic & DA ca->OF> 7 VILA
JWIRZAY 23 W S2BTHILRZJVEIMIMUL 2> 2070/ VA —)LFERE 26 HY

B5hic’ (Scheme 6).

Scheme 6
_ VR ] .
o) SiR, OSiR3 OSiR;
o] )
S”VlezBUt @ . . — i Pri
0 RsSi 07 "Pr RsSIO” O” 'Pr RsSIO  OH
BT 19 BN I I 24
+ THF
X OSiR3
J\ O SiR;
7
LiO” ~Pr D 3 5\
4 © RS0~ 07 “Pr
ReSi~ O7 “Pr 8 )
- 20 23
OSiR, R3SiO,
+1OH
HO . | Pri
ReSi” O7 “Pr RsSIO
25 26
32% 12%

CDREREIROLSICHATES. I805, MME20ICIFIAY T+ X—2 3> 204,
20b NEZ 5N BN, Ih5hBrook i,/ TIRF Y ROFRZE I I I &ICLD, 20a
"5lE (B)-22 10, 20b 1'5(F (9-22 BMERT B, (H-22 ICE8WTK, 2FATOL
VBEICELD, T/L—h27 ZRT25PNERTBDICXHL, (D-22 T, IZENZH
NS RFATAN BEBPAEBREMDNAETH S, ZUILAILIKZAVH S22

RTHILRZIILEICMMUT=BR 26 BMERT D EVWSHDTHS (Scheme 7).

(7) RH %, Kiitnl KFEXRT—%



Scheme 7

OSiR,
HO
RsSi” 07 "Pr
25
- _ |-
O SiR, RSO O) RSO O
)
0] 6\ o = ) Pr = = Pri
; t . H
0 SiMe,Bu RsSi~ O7 “Pr R3Si _o\) RsSi” “OH
Bu'Me,Si~ 19  -80°tort 20a (E)-22 27
+ THF ”
JL _6\8 - C O OSiRg
. . 1IR3 .
Lo~ "Pr mai v) RsSi™ /\’ R38IO,’, B
4 ey — P pi | ReSIOTN o
o~ "Pr ) Pr
20b (2)-22 28 ]
RsSI0,
| ++*OH
, Pri
R38|O 2

B E UVERBRIFESNEBN >THDD, ZDHERIE, TRFIITVDOBEEAMICH
IWNZAVEFREIEZZEICELD, TRFY ROBAER/Brook #i1,/ 7 \J VIR K%
AlEDRIL (20b—28) MEHEMICKRI D S52ZEZRELTWS. 22T, RDBHBIC
A,B-TRFIIIVDYy fLUTHAILNZAVZRESEZHEELT, 29 DL SBEFIR
SIEEZBHEMICE I 2IRF VISV ZBETUET S EZ2E X2 (Scheme 8). &
DRETIE, a,B-IRFYIZVDyr-FZAY30%IT/—=)LYIYIILI—FILDa-7=
A 33 OFEMELHRIIENTED, e, T/—ILVYINI—FTIZIKDET S
2ET, PILTERICEBLZENTESRSD, IWEI/ L—MNEMFE L TOMESHE
FoTWwa, LED-T, BFRINE, REFRHZRNIZIET, BLXOFREHES

BRIGCDOREFEICHEO DT ZIENTEDEEZILSND.
6



Scheme 8

o sl B @
R;Si EWG R38| {SEWG ~ - RsSi EWG

29 30
QL = E* T
Risio 4 EnG RSO Ny EWG . O/Yk EWG
K H g
32 33 24

EWG = Electron Withdrawing Group

S5, a-YINL7ZIL3—)L 35 ZI3 X FIDOEFEAET, potassium
hexamethyldisilazide (KHMDS) LY % &, Brook #xfi(36—37)/ 7 ILFI)L{LRHE
14 38 &#tic, Brook i/ 77 U ILERAL(37—39) /7 ILFILLEHER 40 NS5 h, 7L
FILELHIDEET, 36 DLOIBF_AVERESIETH, Brook i,/ 7Y ILELAIHVE

FERICEC3ZEBHESMNICE>TWS (Scheme 9).

Scheme 9
OH OSiMe,Bu!
KHMDS
+ CH3| ,) _
tBu/\)\sn\/legBut THF, -80 °C tBu/\)\SMe But A\)
35 37
H3C_|
SN j ~
HaC—I
i t OSiMe,But
% OS|MezBut CH; OSiMe,Bu ivieobu
- gy NF Bu" X" CHj
39 40 38
(32%) (34%)

ZDZ &X, Brook Bxfiz/ 7 U ILERGLI/ 7 ILF ILEDMRERISETT LU TLWSREHERE
ITEHAEEZRELTED, 2OZENS, AEEEBRINRFY RzAWNIEL, —EDE

BZRT, IRFYROFRFZERANICAHINZAVICEEL, REFHAIEDORIGICE >
7



T, FIlcBARAFEEZBEITDZIEVNDS, cNFETIKBWIYET MCEDIDLLARERIGDRHF

ICED2ENBEEZS5NSD (Scheme 10) .

Scheme 10
oH El B El
I%&/<%/kEWG base '%50/\§/>EWG I%&o/\g/kEWG
H H

BERCLZIRFIROTZVILZILA=IADEBEERIGIC D WTIFLZEDIREFIN H
208, IRFTI UMV, TRFY RORER/Brook Bl DEFRNGIBEZFIAT S
KIiSlE Gondlez-Nogai S5IC& > THRESNZHNH DDA THB°. Thbs, o,B
-epoxysilane 44, 48 (Z lithium diphenylphosphide 4 % L\ (& lithium phenylsulfide h'
KA U 7c&IC Brook 61/ NTORFOREEICED, T/ —ILYUILT—FT) 47,
51 #8%5&EWS5EDTHD (Scheme 11), BEICKDITREY RORRE,/Brook {1

EEUEFNZEBEZRAUVLEKREFH EDORISDHAM T I NE TITEHRESFIIZ W,

(8) = A*x Folitic Xk 2 B bic o TIZBLUF 2 2H: (a) Crandall, J. K.; Apparu, M. Org.
React. 1983, 29, 345-443. (b) Satoh, T. Chem. Rev. 1996, 96, 3303-3325. B HrIZE W& 3: % Ff
DI RF Y FOEHIC X 2 BEMICOVTIEU T 22 (A ¥ > = MY L) (¢c) Fleming, F. F.;
Wang, Q.; Steward, O. W. J. Org. Chem. 2001, 66, 2171-2174. (=X ¥ > 7 2 F) (d) Brooks, P. B.;
Marson, C. M. Tetrahedron 1998, 54, 9613-9622. (=X ¥ > = Z 7 L) (e) Mohr, P.; Rosslein, L.;

Tamm, C. Tetrahedron Lett. 1989, 30, 2513-2516. (f) Cory, R. M. Ritchie, B. M.; Shrier, A. M.
Tetrahedron Lett. 1990, 31, 6789-6792.

(9) Cuadrado, P.; Gonzdlez-Nogai, A. M. Tetrahedron Lett. 2000, 41, 1111-1114. (b) Cuadrado, P.;

Gonzdlez-Nogai, A. M. Tetrahedron Lett. 1997, 38, 8117-8120.



Scheme 11

0
WAV
BuPh,Si*
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0
BulPh,Si*
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ZZTEZEIL, Scheme8ICRUTY 1 7ORGZFNBT 2FEERRIGDOAFE E TR

1. PhoPLi
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o H
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H
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affd

F—E r{lCHEHEZEIZIIRT VI VERWSERRICDREF

Scheme 8 [cRT ¥ VT LEDRIGEEHRRIGICERIT 2 L TRODEZER I L, EF
&%5114E (Electron Withdrawing Group) D:#IRTH 2. EFRSIHEREDOHEE U T,
BNORIGHNER S EITT B EICMAT, ERYMZERBERFREEICEL Z ENT
BEREHRHNEREZR O EHNERSIND.

Scheme 8
0
H
@) base a (
R3Si/<l)\EWG R3Si/<‘€EWG ReSI < CEWG T
H
oL f , ~ El* T
ReSIO” 7 “EWG ReSI0 Ny EWG RSSiO“\g\ WG
H H g
32 33 iy

EWG = Electron Withdrawing Group

EBFW3IMEE L TIE, TRAFTIILE ((C(O)OR), = hOXE (-NO,), = ~YUJLE (-CN),
ZJLRZJLE (-SO,R), RAKRYUILE (-P(O)(OR),) RrEMNEZSND. ITATFTIE =
NOE, ZNYILERBER, BLAOBBREICEBMNAETH D EWVWSHARZEIS—AT,
ZIVIRZJVE, MARUIILERER, REES LU THEET S, CLWSEFEZR>TW5.

FEIL, BEOUHEICIAL, InZzMBEI 2 BRCHREGERRICEREIT S &ic U,
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FIOALAY BT A VEMAEDRF

H’Idi
1k

3
e
I
Ll

PRBEE E UCHHEITI2EFRSINE (2) 2B IHITRFI ISV B2 ZIEETUIEL,
B4 NEM bR KEFAIERDSENE, 55/ 5N, ZDLEYDIRT Y ILE
/R Z ORRBEICK D, a,B-FEM7ILTER B6 [CEL ZENTEDEEZI SN
3. 9L, B3 A, FrOLAYB-FZAVESMEK 57 EUTHETZ I EICRD

(Scheme 12).

Scheme 12
oM base o} — Bl ~ mEl
RSSi/Q)\Z R3Si/<l/_\2 —>R3S|O/YZ — RSIOTNY Z
H i G
52 53 54 55
= /<(])/\ -
—_— OM El R3Si -z — OM
56 53 57

a,B-FEHN7ILTERE, ZOEEEEYEICEINTVWSIEBEHEMLTHD, i,
BRDICEZEHICE T Z2ERFEFBE UV THEERMUBZLHH TS, COBEREZEMN
I BeHITRD —MRIICEDLINLTWDFEIE Wittig-type DRIGTH S (Scheme 13).
Scheme 13

Rl
PhsP=CHCHO
O)\R 8 OMR

(10) (a) Nicolaou, K. C.; Harter, Michael W.; Gunzner, Janet L.; Nadin, A. Liebigs
Annalen/Recueil 1997, 1283-1301. (b) Mann, S.; Carillon, S.; Breyne, O.; Marquet, A. Chemistry-A
European Journal 2002, 8, 439-450.
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ULHUL, 2DOHR, RIDEIBRENT K> H2WE7ILTE RICBEESNS. 1971 F,
Corey Ic & D, 1,3-bis(methylthio)allyllithium Z>7 27 AL A > B-7 ZA YV &EffitAkE U T
FAT2FENRES N (Scheme 14). T4 5, 1,3-bis(methylthio)propene 58
Z LDA, DWT, ZILFILMEAIB ULIEZILTER, ThyERIDEEE, BIEKIET

MBI B ElcLD, 59 60 DESBHBRTILTERZF/ZEVWSHDTHS (Scheme

14).
Scheme 14
1. LDA HgCl
MeS SMe 2 CsHyy o
MeS._~_-SMe 2 MCsthiBr 5NN 50 2hr Y
-75 °C, 2hr CsHy (84%) H
58 (90%) 59
R' R?
S boreco  MeS. o~ SMe HdCl X/\fo
MeS SMe & — = » 85°C,4hr HO =
N -75°Ctort WIiV/ (41%) H
58 (89-97%) Rl OH 60

CDHREDE, BRONINZAVREREEZRIZ2EREZR DT JVILELEYZEXY
IMEU TKREBFRIE RIS EE, BonikcIT /—ILIT—TILEEEZ HILRZILEICH
KDET 2 AR, REEZRMSIES, cWSAVE7MNEDLKFZ7AOLIY BT
ZA VEMEORENBANICTONTELN, WThOIFES, MK ED M T:BE

BREGHEPEET B2 (Scheme 15).

(11) Corey, E. J.; Erickson, B. W.; Noyori, R. J. Am. Chem, Soc. 1971, 93, 1724-1729.
(12) (a) Chinchilla, R.; Najera, C. Chem. Rev. 2000, 100, 1891-1928. (b) Reich, H. J.; Clark, M. C.;
Willis, W. W, Jr. J. Org. Chem. 1982, 47, 1618-1623. (c) Ogura, K.; [ihama, T.; Takahashi, K.;
lida, H. Tetrahedron Lett. 1984, 25, 2671-2674. (d) Clinet, J.-C.; Linstrumelle, G. ibid. 1980,
21,3987-3990. (e) Cohen, T.; Bennett, D. A.; Mura, A. J., Jr. J. Org. Chem. 1976, 41, 2506-2507.
(fYWada, M.; Nakamura, H.; Taguchi, T.; Takei, H. Chem. Lett. 1977, 4, 345-348. (g) Kondo, K_;
Tunemoto, D. Tetrahedron Lett. 1975, 1007-1010. (h) Nakai, T.; Shiono, H.; Okawara, M. ibid.
1974, 3625-3628. (i) Leroux, Y.; Mantione, R. ibid. 1971, 591-592.
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Scheme 15

1. hydrolysis

+ imination El 0
RX\/\/YR or LDA RXWYR El RXWYR 2. elimination W
El H

X=Y=SorSe
X=8,¥Y=0
X=80,Y=0

—73, Pohmakotr 5 & 2-[(2-methoxyethoxy)methoxy]-1-phenylsulfonylcycloprop-
ane 61 ZF7V0OLA Y BF7ZAVEMEE L THWSAEZREL TVWED, ZOAE
ICHEWVWTH, MEM EDHIIKD R, RILNRZIILEORBEDRIC, BREREGZLEET S

(Scheme 16).

Scheme 16
OMEM
OMEM 4/ BuLior LDA OH
2. RX . HBF,
770 CH,Cl, R
PhO,S N (65-73%) PhO,S reflux, 57 hr ~ PhO,S
NaHCO4 ©
THF/H,0 RMH
reﬂUX, 4 hr MEM = CH20CH20H2OCH3
(65-90%)

F7z, Funk 51, 4H-1,3-dioxin62 =277 0L A Y B 7 A VEMAEE UL THWSAE
ERELTWS COAEIR, KEFHIERIBSEZ 63 IcHIF 5, retro Diels-Alder
RiSZEFATZEDT, MEADH, EWVWSLHBRIUEINLZFETERYMEBDZENTES

(Scheme 17).

Scheme 17
1. s-BuLi e,
o0 2.EF o o A 0
(J Tscon g S wsssm 8N

0
E = RHal, R'R2CO, RCHO, /\

(13) Pohmakotr, M.; Pisutjaroenpong, S. Tetrahedron Lett. 1985, 26, 3613-3616.
(14) Funk, R. L.; Bolton, G. L. J. Am. Chem, Soc. 1988, 110, 1290-1292.
13



EESORETIE, T/ —ILYYILI—FILOMKMEEEDICBRE ZOliEE s
BO5DT, Z WEYRAINZAVLZECREE BB Z > WX, S SICEMGREE

Ta,B-TEM7ILTERZRTSIENTE D LHFIND.
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FEH BMEEAFEOIRFIIIVEDOER

CDORIGOBEDRZICE>TWVWBDIF, BIREZDFERTHD, Z&UT, ROME
NEREIND. (1) EBRICEVWTHRZICINRFY ROHRMEC 2EBEOREEZ a-7
ORVICEZ3D, £ a-NILNZAVYDKREFRIERIGT BDICHRBREEZET
PEREDHEEREFRIMZHEDOI L. (2) BUNLBFRETARZICHEMIZ L, TH.
CDEHEICERT 2ETRS IR E U T, 4,5-dihydrothiazole-2-thio &, pyridine-2-thio
H, pyridin-2-sulfinyl &, phenylsulfonyl &, p-toluenesulfonyl EZEFOEEZREFT
5Z&lcl, ATIIRRIBEICEDERZ{To> 7. propargyl alcohol DT hF>TF)L
R#E{E 64 %, lithium diisopropylamide (LDA) X W T tert-butyl(dimethyl)silyl
chloride (TBSCIl) &ERIGEHE 65 & U, ThFIITFILT—FTI)LDINKD#E, sodium
bis(methoxyethoxy)aluminiumhydride (Red-Al®)IC kK 2 =FHEED _EFEESNDETT
ZRRT, transs7)IL7ILO—)L 67 = 78% (3 steps) DWNETERH L. 67 %,
m-chloroperbenzoic acid (mCPBA) &k t, T/RF7I)ILO—-IL 68 & LI, X
VIMEZITW 69 Z, &5IC, AV F MU TLZRAWCEBRKINICED 70°ZF .
(Scheme 18).

Scheme 18

1. LDA, -80 to -70°C

. -TsOH OH
2. 'BuMe,SiCl, -80 to rt = OEE__P =Z
oz~ OEE 2 >~ Bu'Me,Si H,0, acetone Bu'Me,Si
64 THF 65 reflux 66
o)
Red-Al® “ mCPBA , Na,HPO, <9
t N Y t
Et,0,0°Ctort  BuMesSi OH " CH,Cl, 0°Ctort . BUMe:Si 68 OH
78% (3 steps) 67 100%
MsCI /<Cl)/\ Nal 0
Et;N, CH,Cl,  BuMeSi OMs "~ acetone ButMeQSiAl/\l
0 °C, 30 min 69 rt, 6 hr 70

72% (2 steps)

(15) Achmatowicz, B.; Raubo, P.; Wicha, J. J. Chem. Soc. Perkin Trans. 1.1995, 17,2193-2195.
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3O R{LET0 & 2-mercapto-2-thiazoline sodium salt ZRIGSs €32 & T71%, O-X
2 JLEB9 & 2-mercaptopyridine sodium saltzZ RIS 82 Z & T72%1F . £, 72
Zz—HEDmMCPBATEILT S &l LD, RINT«ZIIEZFDT7IICE W, RILIKR=
IWEBZFD2DOD(LEWT4, T5IFAVRFBTOENNT 2ANT « VBRI NIV LEDR

INICK > TH/EDZEMNTET (Scheme 19).

Scheme 19
N
0 Nas_</sj 0 '\,'3
Bu‘MeZSiAI/\I —= ButMeZSi/QASAS
70 -80°Ctort, 2 hr 71
71%
N—
0 NaSJ\\:/> Q mCPBA (1.0 eq) N7
‘ QPN 0 |
Bu'Me,Si OMs R3$|/<V\ CHyCl, Bu'Me Si/<l/\3 N
DMF ° 2
DME -80 °to -30 °C 3
69 60% o1 r
PhSO,Na o)
DM ButMe,Si~ ~L">50,Ph
rt, over night 74
/<O|/\ 83%
Bu'Me,Si [
70 ToISO,N
p-10 oNa
BuMe,Si~ " 80,0Tol  mp 76 °C

DMF
rt, over night
80%

75

16



BoE BEEEROTREYYSVEE FILFILE E ORIS

4,5-dihydrothiazole-2-thio £EZ=HB 3 2&EE 71 Z#, THF A, -80 °C Ic&WT n-BuLi
T30 MEMEL, ZILFILEFEIE UTEIERYVIILZMZ, -10°CEXTHRAELEED, &
BIERIC i o fz. pyridine-2-thio EZE I 2EE 72 ZAWHEH, BRICFERIEUX
IC#& >z (Scheme 20).
Scheme 20

1. n-BuLi (1.1 eq), 80 °C, 30 min

/> 2.BnBr (1.2 eq), -80 °to -10 °C, 1.5 hr /\J\ />
ButMeZS|/<% )\ THF Bu'Me,SiO )\

Ph ~
)\/j BnBr (1.1 eq), n-BuLi (1.1 eq) /\J\ )N\/j
BUtMGZSIAI/\ ~ BUtMGQSiO A S N

THF
-80°Ctort, 1.5 hr

pyridin-2-sulfinyl E%H59 2&H 73 ZRAWLHEEE, -80 C lc8WTH, EMLE

EYES5Z, BNETDEBYMEBDZEIXTERD > (Scheme 21).

Scheme 21
Ph
o N7 | BnBr (1.1 eq), n-BuLi (1.1 eq) A N~ |
BulMe,si” 57N THF BLMe,SI0” 87
5 -80 °C , 30 min o]

17



benzenesulfonyl EZ&FDEE 74 &RV YILT7OYA RO THF B®&ic -80 °C T
sodium hexamethyldisilazide (NaHMDS) Zi1%, -60 'C ¥ CHREI /& T 3, 88%
DWNETHMWDODI / —ILYIUILNI—FTILDOXRYIILEE 76 Eonlc. Fi,
p-toluenesulfonyl EZFDOEE 75 ZRAKDORIGICH U TH, 93%DINET 77 K5
5hfc (Scheme 22). 77 OBEIZT / — LYV I T —FILO _EBHEICEENG/NS I
EEERZHO—HDAL 74 DE—Y, 3805, EARICEWVWTIE 4.97,5.85 ppm (J
=119 Hz), ZEKICHEWTIF 4.39,5.85 ppm (J=5.4Hz) NMERINZENSREL
Ic.

Scheme 22
PhCH,Br (1.2 eq) Ph

') NaHMDS (1.1 eq)
BuMe,Si” ~L"~s0,Ph THE BuMe,SiI0” ¢ > S0,Ph
H

-80 ° to -60 °C, 30 min

74 88% 76
PhCHJ,Br (1.1 eq) Ph
o) NaHMDS (1.1 eq)
Bu'Me,Si 2V SO,p-Tol THE BulMe,Si0” X SO,p-Tol
75 -80 ° to -60 °C, 30 min H
93% 77
nsnZeEns, BFESIMEEUVTRILIRZIIEZEITZEETE, EBEICKSY

TLARBE, B TILFIVMEDHRRSETT 5 EMASHICR ST

18



SBIUE >V )AL/ AR O R R T DR EY

RNy I)EET6 Za, B-AEEM7ILTE R 78a ICEL D= Tofc. Bt UL
EHlE LT, HSIFeZRAWHRS, RIGMNETET, REEURICKEbD . £, 0°Clc
BWT, tetra-n-butylammonium fluoride (TBAF) T U fohY, EMHBESYHES L
5DHTHoe. LML, -7T0°CICEWNT, TBAF TI50MEIBLIcE T3, 85%DIUX

=T, BHD 78a'%%183 2N TE (Table 1).

Table 1
Ph
H
ButMeQS|O S \SOzPh OZ\/\/ Ph
76 78a
conditions yield (%)

H,SiFg, THF/H,O, rt, overnight  starting material recovered
TBAF, THF, 0 °C, 10 min decomposed products
TBAF, THF, -70 °C, 15 min 85

p-toluenesulfonyl EZB 3 2EE 77 [cDWTH, -80°C ih5-70°C ICHEWT, TBAF
T20 BT B2 &lck D, BINET 78a B SNfc (Scheme 23).
Scheme 23

Ph
H

TBAF
ButMeZSio/\giSOQp-Tol THE OM Ph

H -80 ° to -70 °C, 20 min
77 86% 78a

BRICEDYVTLARR/ T7ILFILELE, B VILE/ BREBEDRBMIOINER < ETT
BIEDNHASMIB DT, INSDTVIRY MRIGZERNT B EIC U, £, 74,
75, OWMGTESREEICRIENEITI S0, 75 DIEFSHERENRL, GHOER, B

mDHTIRENFRETH D, SEROKRTIETTE ZHAWTITS 2 &ICUTE.

(16) Rodney, F. A.; Pradeep, K. Tetrahedron Lett. 2003, 44, 1275-1278.
19



ERET T YRy hRIGOKRET

75 =RV TOYA REET, NaHMDS THIEL =%, -80 °C ic&W\WT TBAF %
mz, 1.5 KEBH¥LED, RIDHPERITETEY, FEM7IILTE R 78a (56%)&&H
I, B UILBEID 77 (19%)DEINE e, FEEEEAKRST LD, BIREICZU <,

BUNEKIcEEFE 57z (20 - 60%) (Scheme 24),

Scheme 24
o PhCH,Br Ph Y
NaHMDS TBAF
Bu‘MeQSiAJ/\SOZp-ToI THE RsSIO” Ny~ S0 Tol| o OM Ph
-80 ° to -50 °C H -80°C, 1.5 hr
75 40 min 77 78a

56% (77:19%)

BIREENZ UWERERIE, -80 CICHEWT, TBAF (1.0Min THF) OfiMEIMEL, RIGK
DIEF—EDMRIENBEW T EITEREAT DD TIFBRWHNEE X, TBAF Z&HRL TIA LY,
RIGERENZUET U, &, -7T0°CULEICRRLULET S, EBUNIELUE. Z
N, RIGOETE EHITERT BZKZEDE LY ammonium p-toluenesulfinate &K
ICKBRIRIBHESE L TWSDTIEBRWHNEFAIL, CORIRIVZES XS, 7))L
—IVERMT B ExEZX . PILA—ILEMASZ &Ic&D, sulfinate FEARD KK
MMET IS &ichNZ, TBAF OBBUENERL, EETHRIDHINRYT % &M HEFS

ns.

20



75 ER{ERY VLD THF BRIC-80 °C lc&WT NaHMDS 1%, -60 °C £ THR
L7t RISBE%-80 °C ICHE/SHIL, TBAF (1.0 eq)-EtOH (3.0 eq) %1 T, -70°C
FTHREBIVBILET3, BHOFREM7ZILTE R 78a ' 85%DIRETH SN, BN
YIWMAONAT T ILFILZEBW TS RDIFINERCETURY. i, EEREW
&, YOFVEY, IRTIEBEDEREGHEFETETLIENHESHICHE

(entry 4, 5) (Table 2).

Table 2
1. RX (1.0 eq)
0] NHMDS (1.0 eq)
BuMe,si” 50,70 —THF 0" R
75 2. TBAF (1.0 eq) 78a-e
EtOH (3.0 eq)
entry RX conditions yield (%)
1 BrCH,Ph 1.-80 ° to -60 °C, 30 min 85
2.-80°t0 -70 °C, 15 min
2 ICH,(CH,)gCHs 1.-80 ° to -50 °C, 40 min 84
2.-80 °to -70 °C, 20 min
3 BrCH,CH=CH(CH,),CH3 1.-80 ° to -50 °C, 30 min 82
2.-80°t0 -70 °C, 15 min
4 ICH,CH,CH,CH,0SiMe,But 1.-80 to -40 °C, 45 min 68
2.-80°to0 -70 °C, 15 min
5 ICH,CH,CH,CO,Et 1.-80 °C, 5 min; then RX 74

-80 ° to -40 °C, 45 min
2.-80 °to -70 °C, 20 min

(17) (a) Funk, R. L.; Bolton, G. L. J. Am. Chem, Soc. 1988, 110, 1290-1292. (b) Craig, D.;
Etheridge, C. J.; Smith, A. M.  Tetrahedron Lett. 1992, 33, 7445-7446.
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Ric, KEFHELTZITE RZBWIAKORIGZ{To>. 75 ® THF BRKIC,
-80 °C Ic&WT NaHMDS Z iz, 10 2B Lickic, ZILTeRZmZ, -60°C X

THREUE Z01% KRINER&RZ-80 °CIcESEUL, n-Bu,NF (1.0 eq)-EtOH (3.0 eq)
ZZA, AT 10 2EB®LIcET S, r-EROFY-a,8-FEAT7ILTER 79 R
WNETE S5z (Table 3)'8,

Table 3

o
1. NHMDS (1.05 e
BuMe,Si” " 50,p-Tol (1.5 eq)

THF, -80°C, 10min _~_~__R
75 07T

2. n-BuyNF (1.1 eq) OH
+ EtOH (3.0 eq) 79a-c
RCHO -80 °C, 10 min
entry RCHO yield (%)
1 CHjz(CH,),CHO 77¢
2 (CH3),CHCHO 71
3 (CHg)gCCHO 80

a B2 U )LEDREICCH;COOH (1.0 eq) MM A 7=.

(18) Sasaki, M. Takeda, K. Org. Lett. 2004, 6, 4849-4851.
22



r-AIRZ)b-a,B-TIRFT 5> 75 D, Brook EBiizB2T Y VT ARSZRAL,
BEREICERR, Z7O0LAYB7ZAVEMEBPE UL THET I EZRWIUEK.
ZD—EDRIGIF-80 °C 15-50 'C L WHIERFHTETI 5/, BLDEBREDH
FENFIEETHD. Ffc, 75 BIBHERTHRENAETHD, ERT, MOTXETHSBZ

ENS, P7ALAYBT7ZAVEMBERFEE UT, E<FENDIENEHFIND.

23



IJT /=Y IINIT—TILEBEDRER

?”di
1k

B—H B=R

BFR5IMEE LT, RARZAE, RAT 1 /AILE, KRAKRVILEZDOY VRFZ
oG 80 ZIEBETHIEL, 81 ICEM LR ZITER, HHIVWRETFVER
SN, Wittig ¥4 7ORIGHETL, YT/ —ILYJIILIT—FTIL 82 E5NndE
EZZ25N% (Scheme 25). ¥ T/ —)L¥YIJLT—7F)LIZ Diels-Alder RIS Z G UsH &
BBRDEBRRINICAVWSNSIFEICERRBREHNTEETH SN, GRCEIESNTED,

IASERNGERBUEIC D WTRIEE A EREBID RN,

Scheme 25
Jis
H b _
o ase o) . Rm R
R38i/<l)\x RS~ L ——RsSI07 N X
H
80 81
R A
o)
R o . X = PPhg*X’
) R
| Wittig-Type Reaction Rg,SiOW P(O)Ph,
RsSIO” Xy~ ~X '
; H R P(O)(OR),
82

(19) (a) Petrzilka, M.; Grayson, J. I. Synthesis, 1981, 753-786. (b) Brownbridge, P. Synthesis, 1983,
85-104.
(20) P2/ =PIV NIZ—=FLDEFRIEICOWTIZU 22 : (a) Fleming, 1.; Goldhill, J.;
Paterson, 1. Tetrahedron Lett. 1979, 3209-3212. (b) Suzuki, H.; Koyama, Y.; Morooka, Y.; Ikawa,
T. Tetrahedron Lett. 1979, 1415-1418. (c¢) Cazeau, P.; Duboudin, F.; Moulines, F.; Babot, O.;
Dunogues, J. Tetrahedron 1987, 43, 2089-2100. (d) Kozikowski, A. P.; Jung, S. H. Tetrahedron
Lett. 1986, 27, 3227-3230, (e) Kozikowski, A. P.; Jung, S. H., J. Org. Chem. 1986, 51, 3402- 3405
(f) Sodeoka, M.; Yamada, H.; Shibasaki, M. J. Am. Chem. Soc. 1990, 112, 4906-4911.
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%I’ 5 (&, (silyloxy)acetaldehyde = B W7 Wittg RIibIC K D E 5 N 3
(2)-1-[(silyloxy)-methyl]butadiene 83 % (naphthalene)Cr(CO), TEM{bta 822 &
IC&D, (1E 39-YT /=LY UILI—FTIL 84 NES5NdIEzH/BELTWS 4 BlE
9 % (E)-1-[(silyloxy)-methyl]butadiene 83 [X[EIIXE 112 (Scheme 26).

Scheme 26

R1

+
R% PPhs OSiMe,Bu OSiMe,Bu!
Br '_PJ

H 3 3 . o,
BUtMeZSiO/\W R | R naphthalene-Cr(CO); (20 mol%) =~ R3
0] = R2

acetone, 20 °C, 4 hr N

n-BuLi R2
THF, -78 °C 1
R R1
83 84
58-86%

Kozikowski 51, acrolein Z 'BuMe,SiOTf/PPh, TIBT 5 &, (A-2JILT./—)
T—7)L 85 #H, 'BuMe,SiCl/PPh, TAIET 2 &, (- UL/ —)LT—F)L 86 i'4&E
e 2 EZBASMCL, FNEN%Z isobutylaldehyde ERGSES2&ET, YT/ —

L2V IT—F)L 87 #1 B TW3 (Scheme 27).%

Scheme 27
H o 1. n-Buli
= BuMe,SiOTf, PPh + 2 iPrCH ,
/\ﬂ/ 2 3 PhSP\/\/OSiMeQBUt &» MoslMeZBut
o PhH, 25 °C 50%
85 (E)-87
+
Z OSiMe,Bu!
*PPhj
88
85 : 88 =1.8:1
phip 1. n-BuLi
/YH BuMe,SiCl, PPhy & "N 2.iPrCHO o
i t
o) PhH. 25 ° OSiMe,Bu 77% _
,25°C 86 (Z)-87 ()SIMGQBUt

25



FZ_f RARUILEZFE ODIRFIITIVOEREZFDRIL

F—BICRUEREBICEDERULEETOETEY YEERNY XFJLE D Arbuzov RIGICEL D

y-mARVILIRFIISY 89 % SOUDUWNETHE = (Scheme 28).
Scheme 28
0 P(OMe); o 0
ButMeZSi/Q/\l X ButMeZSi/<V\F>(0Me)2
70 30 min 89

80%

/"o5Nc89Ic, -80°ClcHEWVWT LDA =, 20 2E#E# L fci&, hexanal ZE T L,
10 °C ¥THRESIBLET S, —EBEOF7_AVBENE I >, hexanal BMIML K
90 &, hexanal &ERIGET, 7OKV{EEI N/ 91 HESNcOHAT, BNETZI T/
—JILYUIIT—F)L 92 B SNEH, > (Scheme 29). —f&%IC, afiicTRXFILRE
DBEBFIS | MR Z T2 WIR AR R — k& Honer-Wadsworth-Emmons RISHHETT U I
<L, HMOEETEIETZ I ENMNHSNTWSH?, ThlEoEtEEd, BEF

KEIEEEZNEEUVBWRA T4 /AILEZEHDIRFI T V2 ICDOVWTRF TSI &IC

L.
Scheme 29
1. LDA,
-80 °C, 20 min HO. _CsHi1 !
O O 2. hexanal, /\:[O o
: i -80 °t0 10 °C - .
BuMe,Si~ L B(OMe), BulMe,Si0” " P(OMe), Bu‘Me2SiO/\)\FI’(OMe)2
89 THF 90 91
38% 19%

H
ButMeQSiO/WCE’ "

92
0%

(21) (a) Wadsworth, Jr. W. S. Org. React. 1977, 25, 73-253. (b) Marynoff, B. E.; Reitz, A. B. Chem.

Rev., 1989, 89, 863-927.

(22) Buss, A. D.; Warren, S. J. Chem. Soc. Perkin Trans. 1, 1985, 2307-2325.
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BT RATA4/AINEZHEDIRFIISVOEREFDORIL

F—BICRUBRICEDERLIEZUILZILO—IL 67 %, N-bromosuccinimide
(NBS), Me,S #FBW\WT 7 ATEEU 2%, diphenylphosphine @Y F 77 Lg% kit S,
5% B KFRAKTEILT D &ICED, RRTavAFH A K94 [cE=, mCPBATI

REIMT D ETERD Yy -MRA 70 /AMILIRFI T2 95 2187 (Scheme 30).

Scheme 30
1. LiPPhy, -25 °t0 0 °C
t e N NBS, Me,S BUtMeQSi/\/\Br 2. 5% H,05
PufeaS! OH " cH,Cl, 0°Ctort
e THF
o7 49 93
6/0 78%
o)
XN mCPBA o o
BuMe,Si”~ > “PPh N
2 2 CHCl, 0°Ctort  BuMesSi PPh,
% 85% 95

95 @ THF A& Ic-80 °C IC&H W T n-BuLi Z10 %, 10 2 E#E# U =%, cyclohexanone
ZMATcET D, —BEOT7 ZAVBREDE, 7OMVEEINT 96 N 25%DINET, ZUL
T cyclohexanone NDOfIHAR 97 M 57%DYNETHE SNz, BEE LT NaHMDS ZH
W EEBRIFAKDERZRULE. &£ Z25%h, KHMDS ZAWIBE, & 97 k&
<#Bs5nd, BRNOIYIT/—IILYYIIT—F)L 98 H* 52%DINETIF SNz (Table 4).
E/ZthiE 'THNMR OFBAIC K > TEH L, EfRE ZBRODBIRHPERE/ONNT 7

14— (MPLC) 1T/ o I,

(23) Okugawa, S.; Takeda, K. Org. Lett. 2004, 6, 2973-2975.
27



Table 4

1. base, -80 °C, 10 min
O O 2. cyclohexanone,

. c ) , 0] HO”| O
; AN -80 ° to -50 °C, 30min T :
Bu'Me,Si PPh, TBSO” Ny “PPh,  TBSO” Ny “PPh,
95 THF M g
96 97
ield (%) (E/.
yield (%) (E/2) TBSO” N X
base 96 97 98 £
n-BuLi 25 (6.7) 57 (0.8) - 98
NaHMDS 36 (E only) 32 (1.3)
KHMDS <51 (2.8) - 52 (4.5)

BEEUTKHMDS ZRWNIE, YT/ =)LV YT —FTILETEREND Z EDDDH

S1cDT, RIVNEE, HEREDRFZToN, NRFWESI NN > (Table b).

Table 5
o o 1. KHMDS o
1 2. cyclohexanone . TBSO X "X
BulMe,Si~ " pph N F
2 2 TBso/\f PPh, g
95 H
96 98
yield (%) (E/2)
conditions 96 98
1. KHMDS (1 eq), THF, -80 °C, 10 min 29 (5.0) 32(3.3)

2.-50 ° to -45 °C, 30 min

1. KHMDS (2 eq), THF, -80 °C, 5 min 36 (2.3) 52 (6.7)
2.-80 ° to -50 °C, 30 min

1. KHMDS (1 eq), toluene, -80 °C, 10 min 25(2.8) 33(3.7)
2.-80 ° to -50 °C, 30 min

1o, KHMDS Z AW RIS INE 97 M I RT 98 [cEHE 5 DiF, KHMDS (1.0M

in toluene) IC&% 115 toluene ICEEERT D AEEMENH D & E X, tolene/THF AL,

28



nBuLli ZzAWTRIbZ{Tofc. EDfER, YT/ —ILYUIILI—FTIL 98 FE5NhiEh -

=Dy, 06k 97 BNFIETHER Uz (Scheme 31).

Scheme 31
1. nBuLi, -80 °C, 5 min
2. cyclohexanone,
o © 80 °to -10 °C, 1 hr HO" ] ©
‘ A<\ ) TBSO™ X bph,  79% (E/IZ =1.0)
BuMe,Si PPhz  hFoluene (2.8 - 1) £ 2
95 97

INSOF/ERNS, £I, nBuli Trhroftmzitofkk AVYI—aAArzY
FOLDSH)DALCERTZIET, WRAENEDHDDTIFBEWHNEEZ. -80 °C
ICHWT nBulLi THIEL, cyclohexanone ZiNx, -50 °C ¥ CRREIE/%, -80 °C
ICESHL, KHMDS ZilZxfc& 3, 98 4R LD, INRIEHEERD < H D TIFEM
ofc. LML, BINT3EEZ NaHMDS & ULTc& 23, INROEENHSNTIZTcH
NaHMDS OHEEHZIEP UIcE 23, 3HERWCKIC 77%DIET 98 Mg S5h, 97
FIFEAEEREESNGD - I
Table 6

1. nBuLi, THF, -80 °C, 5 min
2. cyclohexanone,

O O -80 °t0-10 °C, 1 hr Ny N
t /<l/\ ! _ o _ o HO Q TBSO
Bu'Me,Si PPh, 3.base-80°to-10°C TBSO™ X PPh, H

95 W
97 98
yield (%)
base (equiv) 97 98
KHMDS (2.0) 17 38
NaHMDS (1.1) 25 51
NaHMDS (2.0) 19 58
NaHMDS (3.0) 2 77

IRER YT/ =LY VILI—FTIUHBENZ I ENBESNICA S, Bz 3UE
BINT ZRENH S ENS, RICRAKZAEE S DAY ERNS Wittig Rt % &5t

g5 iU,
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E=H RARZABRELDIRFYISVOEREZDORIG

E—BICRURBRRBICE>TERULE 7O ERNY T2 ZIILIRR T4 Y ORYE VAR %
MEBRERIETH, BNORARZT LR 99 FESNY, EMLEEYMES A

(Scheme 32).

Scheme 32
o) PPhg o 4+
ButMeQSi/Q/\I bonzone ButMeQSi/Q/\PPhs
70 reflux 99

2T, TRFIZILO=IL 68 ZEAKKNY ZIILAOXY VYRR VBERIGSESDZ
ETEL5NS 100 ZYITFILI—FILR, NUTxZIILIRAT7 s v ERIGESED &, R
ZARZT LT 101 EEBEERE U TE ST (Scheme 33).

Scheme 33

o Tf,0, pyridine PPh o} OTf
‘ A<~ ¢ /<|/\ s _ +
Bu'Me,Si OH CHL,Oh. 0°C >BuMe,Si OTf E 5. BuM e28|/<‘/\PPh3
68 100 80% (2 steps) 101

101 @ THF A& IC-80 °C ICH W T nBuLi Z Nz, 15 2 E#E# U =&, cyclohexanone
ZMZ, BREFTHRBLURLEZS, IRRT7 4 AFH A K95 DIFEEIEEMRD, NaHMDS

EMZ%HL<ED, BROIT/ =)LV YIIIT—FTILD 40%DNETE SN (Scheme

34).
Scheme 34
0 +_OTf 1. nBuLi. -80 °C, 15 min
BulMe Si/<l/\PPh 2. cyclohexanone, -80 °Ctort, 1 hr TBSOW
2 3
THF H
101 98

40% (E:Z = 0.62:1.0)
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BTETII/—ILYIII—TIHMEOND I ENHS MR D, INERMEW
&, &0 KRIGHEDEW benzaldehyde #F AW TR Z®RTT S &lc L. -80 Clcd W
T n-BuLi DWT benzaldehyde ZMNA fcima, INE(F 47%TH>h’ (entry 1),15°C
M5 20 Clc W TR ZETo2 &2 3, 7T5%ETHE LU (entry 2). XRIC, ILAEIR
HomEtEBEL, AEOKRSSE{Tok. 1,4-dioxane ZAWcE 23, IR, E/ZHIC
RERBEKEHENGEMN >z (entry 3). CH,CLATRIGZITS &, 15 °C TlEE< kit
MNETULREN D, RIDBEEZETIETH<E, -40°CIZE VT B5%DINET 102
nNEonf. £, T/ —ILYIUNI—TFTIDZEEHEEDIAANIY—IFE:Z=10:94
THOH, BVWZERENBOSND I EMNHASHICE o (entry 4,5,6). RINEEZS 5

ICIETEE3 &, INEMET UL (Table 7).

Table 7
O ., om 1. n-BuLi N Ph
2, benzaldehyde TBSO
TBS/<I/\PPh3 /\H(\H{
101 102
Ph TBSO
entry conditions solvent yield (%) TBSOW WPh
H
H
1 1. -80 °C, 15 min THF 47 1.0 (E:Z=1.0:1.2) 3.4 (E:Z=1.0:1.1)
2. -80 °C, 30 min
2 1. 15° t0 20 °C, 3 min THF 75 1.0 (E:Z2=1.0:1.3) 3.4 (E:Z=1.0:1.5)
2.15° to 20 °C, 5 min
3 1.15° t0 20 °C, 3 min  1,4-dioxane 75 1.0 (E:Z2=1.0:1.3) 23(EZ=1.0:1.2)
2.15° to 20 °C, 5 minn
4 1.15° t0 20 °C, 3 min CH,Cl, 0
2.15° to 20 °C, 10 minn
5 1.-15°1t0-10 °C, 3 min CH,Cl, trace - 1.0 (EZ=1.41.0)
2.-15°t0-10 °C, 30 min
6 1.-40 ° to -35 °C, 3 min CH,Cl, 65 1.0 (E:Z=1.0:1.8) 9.4 (EZ=1.1:1.0)
2.-40 ° to -30 °C, 25 min
7 1. -40° to -45 °C, 3 min CHJCl, 44 1.0 (E:Z=1.1:1.0) 10.7 (E:Z=1.2:1.0)
2,-50° to -40 °C, 10 min
8 1.-80 °C, 3 min CH,Cl, 38 1.0 (E:Z=1.6:1.0) 47 (EZ=11:1.0)

2,-80°to -70 °C, 15 min
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hexanal % B\ ci8 &6, CH,CL A, -40 °C TRIS%ET- IBic, £: Z=1.0:80
EWSE ZERNICERYIDE SNz (entry 6). %7z, toluene/THF (2 :1)HFTRILZ%E
15 &, ERTRRIGHET LRV, 15 °C Tid 75%DINET 103 iESNB I &
(entry 3,4), hexane FTIE, 15°C THERIGHETTLRWIZ & (entry B) IR ENBHSH

[CTx > Tz (Table 8).

Table 8
0] . _OTf 1. n-BulLi SN AN C5H11
2, n-hexanal TBSO
8~ L ppn, /\H(\H(
101 103
CH OTBS
511
entry conditions solvent yield (%) TBSO/W WcsHﬁ
H
H

1 1. -80 °C, 20 min THF 54 1.0 (E:Z=1.0:1.0) 2.7 (E:Z=1.011.4)

2. -80 °to -70 °C, 30 min
2 1. -80 ° to -50 °C, 35 min THF 71 1.0(EZ=1.0:1.2) 26 (EZ=1.0:1.7)

2. -50 °C, 30 min
3 1.-80° to 20 °C, 5 min toluene/THF - - -

2. -80 °to -70 °C, 30 min (2:1)
4 1.15° t0 20 °C, 3 min  toluene/THF 75 1.0(E:Z=1.0:1.0) 5.3 (E:Z=1.6:1.0)

2.15° to 20 °C, 5 minn (2:1)
5 1.15° t0 20 °C, 3 min hexane - - -

2.15° t0 20 °C, 10 minn
6 1.-40 ° to -35 °C, 3 min CH,Cl, 60 1.0 (EZ=1.211.0) 8.0 (E:Z=1.0:1.9)

2.-40 ° to -30 °C, 25 min
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r-mMRA74/4)-a,B-TRF>¥Z> 95, LV r-MARZA-a,B-TREIZ
Y101 NIV /=)L) )T —FTILEIRAEE U THgET 2 & ZBWE L., r-IRX 7
4 /A)-a,B-TR¥FY¥ 5> 95 TIE, nBuli, 7 ~>, NaHMDS (3 % 8) TIERL
BysdZ&lckh, IETII/—ILYUINI—TILHESNS. r-RAKR=ZA-a,B-
ITRFPYZY 101 F, ERTEERERTHD, BB, BEREE WS EEREREICE
> TRENTIETHS. £, CHLLATRESZITS>E, & ZERNICY T /=LY
I—TILDMEEND ZENBEONCER oo, SORDIFHRETICED, BREZMA LS E

B2ED, SEROFETHS.
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ETE IRFY RS AINZA VYADRFEE RIS D FH

BT, EERERICEITIZ2AFEROEERFBH TRV, BEFEAINTVWSIERES
DELDRBREZRFERF > TVWED, 2DDIFVFAN—DS>5, EHOEEEEFT
26D, FEAEDHT, RADHTHD, D) TFHYFAN—IZTEEIZVD, B
UK IFRE<ER2EYEEZHS, BIERORRERSD 2 EHDRARN,

—HADIFVFAN—ICEERBERALNH DI EIcLD, ZHROBEEEH UICEER
EULTRHELBHDETY RIYARTHD. HURTA R, BERESLUTHETIN,

ETMEZEIT B ENSRTELICB > EEMTH DD, EFELEEZEIZDE S

KDHTHDE WD TWS.
Figure 2
0] 0
\H H/

o} ~N N= ¢}
HN NH
O O O O
(R)-thalidomide (S)-thalidomide

ME, YYRIYA RONYEVFEY, TAXZIFUHETIELDHFICTT 2EN
ESNBWEEIN, BRREBICEVWTRS TRBSBVWERIEE>TWS, LAL, T
URYA RDBE, FERRICEEUVICKRRFOBREENBWH, £HENTESICT
L TLEL, RAEDHAZEFERLUTCHETEEZTRICHS I EEFTERL, Lih
>T, FEIMOFEEEEZISNZNILNZAY, BICHAILRZIILEDLS BEERE
ICBEEES 2 NILNZAYDFR Y T« DIBMEENTEMICE T 2EBBNEE L1225 DY,
INSICEATBMRICOVTIE, EERRIGEFEZHNT7 ZXTIRADEZERIGICEWVNTE T2

ERFRWZBWVWDHIRIRTH S,
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BREZICE T DAFEROMRENHNZARVD L DICHE I KELREZT >HIFIE, 1980
FRKICT XU NERERBREERRE (FDA) », EERHARICEVT, FIIILAEEE
HEDHDICDOVWTE, TFYFAN—NADOEMGOEEREMY - BEALBRE DR ZEE
DiFfcc&ETHB. BNETHRKOEHINRIN, TR, BIEO ETEXFEEE
EENEREGO>TWVWS, LD > T HILWIAYE T NMCE DK AEFERRIDDRHFEIL,
RABRLEZICBIZ2REEFVEE V> THBES TIRAL,

HEFMAEMOERICHEWT, THYFARRNARE 7O > (104—105)IC &>
TRESELFIINBHIVNNZA Y EXREBEFH EDILFFENLZRIG (retention B U<
& inversion) I & BRE—REZFBEATEBRRIGIE, ZOBEIHNSELEENRFETH D
A, BRB7ORMEICL > TRBICARTEDLSBAINNZAVEIEBICTEIHMLYPT
WZ ENHSNTWS (Scheme 35). BHIZIE, RV IIILYFU LADEERREEEE -70 °C
ICEWNWTH 9.4 kcal/mol THZZENBESINTWVWD CDZENSHEHESHRESIC,
VFILBEOREDRS S EZDOIMMEENTEMRTIZEY, B7ON LK DI

EZENICLELGER ) FUOLBEZRAREITIDIIRETHDIEEZI SN TS,

Scheme 35
retention H ;El
R™ "G
T base* HLU _El 106
R™ G R™ G inversion El H
104 105 L Q
R™ "G
“ ent-106
Li H
R™ G
ent-105

(24) Peoples, P. R.; Grutzner, J. B. J. Am. Chem. Soc. 1980, 102, 4709-4715.
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UL, 1990 &, FIIERMFTHDIR/NNITA Y ERINEASINEZHAEGDE
FIIWAIVINZA VEBIED Hoppe SICEDBESNDICE>TFIILAINZ=AVZ
AW AFRR-RREBERISPHAZBV D LS ICEoe. TDOFEIF, secBuli &
(-)-sparteine = AJ)L/IXX—K 107 ICEAZE, pro-(9-H Z:&RWIcRE7OM k&
e, EURTZILEFILIFOLDAILINEAILEE (H)-sparteine ICX D LEEILETNB &
IC&D, FENMRE SN, REFAIEIHRBFENICRD TS EVWSHDTHS* (Scheme
36).

Scheme 36

N \ MesSn H
5 IShM SRR
H>\H sBuLi, (—)-sparteine 3 C/)"“Ili/N Mczaxo R
CbxO~ "R Et,0, 5 hr o N o/("H 95%
107 278 °C (- R e

EESIE BMBICHRULEIRF VY S VOEBRICKLZGNRGZFEAINE ARS
BINRFYRDODAFZAHINZAVICEET LW, £2<ERZIAVETMNIE IR
BEREDFAFAELZDOTRBVWHNEWSERZR ST,

HEEMTIRF Y RIL, Shapless i£%5, Shi xR EICED, MOTAFBRETHD
EDS, BREHRICEITZRVEERBAFTERRZTFDO—DOTHSEH, Z0FZ U T 1 (3H
BRIGERTEIILBBEEEEDEAICAVWSNZON—ITHS. LML, Brook
BRI ZBAAL I ET, AIVNNZAVICEDAREZGECE2ARMENH S, 3785,
41 OLSBINRFI IS VEBETNMET S 2 LICLD, R7OMN L/ IIRFIRD

IR/ Brook Bz T, TIRFYRORENMNILNZAVICEEENS (41-110).

(25) Hoppe, D.; Hintze, F.; Tebben, P. Angew. Chem. Int. Ed. Engl. 1990, 29, 1422-1424.
(26) Shapless %12BH 9 % #23t : Katsuki, T.; Martin, V. S. Org. React. 1996, 48, 1-299.

(27) Tu, Y.; Wang Z. -X., Shi, Y. J. Am. Chem. Soc. 1996, 118, 9806-9807.
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S SICT VIVERZ R DIVINZA VB, REFH EILFFENICKRIG (42—43)L T

HICBAFTELIEEREINDS, EWS5HDTHD (Scheme 37),

Scheme 37
) H base % a g
RSSiMEWG R38| EWG ~ RgSi EWG
a1 108 109
- —_ . El
R38|O/.\(\ EWG Rsslo/Y\EWG RSSio/\g\ EWG
H H M
110 42 43

EWG = Electron Withdrawing Group

CORIGDAVET ME, FIIEMTHREDNBRAEFRHNFEELRWRET, £I)LA
WIRZAYDNZEIET BRNICKEBFRITHIET S, EWSHDTHD, EKOTERE
EREMICERS. CORBOBEICENT NI, FIRAFERRIGOARKICEEEST,
A=A DIEEPRER B EICDOVWTOERIEZORBICEBLIHENESND &F

AbNns.
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F—E IRFIIITVEMEHNRYTS7ZILEIERIGDRF

F—f OYIUILIF/ERUYEBIZIRFIIIVDOEM

CORIGERFET BICHicD, GRNEGHEEELXUORREZERICAN, Y7 /ER
DYBEBHR112CEBLE® £9, JEIg4ZzRAVWTIRBEGZRE TSI EEL, F
CIHEOERERFT Ui, T/RF27I)LI—)L 68 & Parich BB{bic kD, ZILTER 111
ICEZE, IhZz3V{LEIROFET, tert-butyl(dimethyl)silyl cyanide (TBSCN) & &kits
SEBEILEST, AZL7ANKI ST« —THHARBRY 7 AT LATY—112a
(less polar isomer), 112b (more polar isomer) ZZhn21 37%, 23%DIETHES
ZENTER., Y7 /e RYVEER112a b OEMEEIE 112b O X iRiERESHENT

ICEDWTHRE UL (Scheme 38).

Scheme 38
OSiMe,Bu!
O [.H
Bu'Me,SIiCN Bu'Me,Si CN
/<C[)/\ DMSO, SO;-py /<?)?\ Znl, 1317%/a
Buille,Si OH ~h,cn, NE, | BuMecSi H ' CH.Cl, 1t * OSiMe,But
68 2wz TS 111 O _H 2
0°C 82% Bu'Me,Si “'CN
112b

23%

(28) O-> VN7 7 ERY VEHD T L X MEIGIZOWTIZEL T %228 : (a) Arseniyadis, S.;

Kyler, K. S.; Watt, D. S. Org. React. 1984, 31, 1-364. (b) Albright, J. D. Tetrahedron 1983, 39,
3207-3233.
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Y7/ RYVEEE 112 0ERICEITEERYE (112a:112b=1.6:1.0) &, X
TICRTLSICAVEERNITRF Y ROBERFETFILTE NOBRERFICERMULEF
L—YavEFINEEZSZEICEST, SEAFEETH S (Scheme 39),

Scheme 39

>
Zn
Y

ioo ReSi, S\ OSiMe,Bu!
> R3Si/,.. @\ I H -
H He--
H N H™ CN
SiMe,But 112a

Bu'Me,SiCN

R3Si/,l O \\\H |2
H%‘/H Znl, Zn
00
© R3Si 0
m 3 H/L @ RsSi., OSiMe,Bu!
— > - H _— ‘.
S =
NC’

H CN
[
'‘BuMe,Si 112b

Fre, fEE U TIATIESRDMR D D IT n-tetrabutylphosphonium bromide/KCN %
BWa EWREAMEEL, 112a% 43%, 112b Z 44%DNETHBDI I ENTEL

(Scheme 40).

Scheme 40
0 Bu'Me,SiCN, OSiMe,But OSiMe,But
A?)L n-Bu,PBr - KCN O [.H . | O ]H
BuMe,Si H CH,Cly, rt Bu'Me,Si CN Bu'Me,Si ‘CN
111 112a 112b
43% 44%
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EE IRFIVIVSVEMEFNBT 3 7ILFIMERISDREFR

112a, b &I TEXFIL (1.2 HE) O THF ARIC -80°C TLDAZMMZ, FRTH
PMERNETELET S, rflCRAIVKRZIEREZFOEELRALKIC, 7O/ T
INF ¥ RO/ Brook 8561,/ 7V ILVERINE Z > feRICA FIL{EkE e 113 (R =Me)
MNZENZN 82% & 84%DINEKTHE SN (Scheme41). 113 (R=Me)DE&ElET ./ —
WY ULI—FILO_ER/BICFENANS BEESERER DO—NOAL 7 vDE—7,
IR0 5E, EARICEWNWTIE5.07,6.79 ppm (J= 12.0 Hz), ZIKICHWTIE4.51,6.21 ppm
(J=64 Hz) MRESINIIENSRELR. E/ZEIE 'H NMR OERLICK > TEH

U, EfRE ZEODEEERERGKION ST ST «— (MPLC)TITRR S 12,

Scheme 41
i t OSiMe,Bu!
o OSMezBU" Gy, (1.2 eq), LDA (1.1 eq) Me
Bu'Me,Si CN -80 °C. 5 min Bu'Me,SiO” Xy~ “CN
112a H
113
82% (E:Z=12.5:1)
OSiMe,Bu!
o OS|i_|MezBut CHsl (1.2 eq), LDA (1.1 eq) Me
. o o - BuMe,Si0” X CN
BuMe,Si “CN 80 °C, 5 min £
112b 113

84% (E:Z=22.0:1)

RiC, ZILFIEIOBEE RIS E OBRRZHESMNMCT B, AIEAFILLUAND
BL2oNOT L7 ILFILZRAVWTRKRORIGZTE>Tc. ZOHER, hEanwavis
VI7RENNZRWSGE, FIC 112a TRERN 58%EETLILLDD, D7 ILFILL
BT, BINERTTZILFILEEBZ I ENTER, £, ZERED E/ZHH 112a h
5D4EMIFFS 2.9:1.0, 112b H 5 DERMIETF 34.0:1.0, EIFRTLAY—MET

RELERBRD I EBHASHICR > (Table 9).

40



Table 9

OSiMe,But
o |.H
Bu'Me,Si CN OSiMe,Bu!
112a RX(1.2 eq), LDA (1.1 eq) R
THF . BUtMGZSiO N CN
OSiMe,Bu! -80 °C, 5 min H
0] y H 113
Bu'Me,Si ‘CN
112b
from 112a from 112b
RX yield (%) EZ yield (%) EZ
Mel 82 2.5:1 84 22.0:1
Etl 76 2.9:1 74 28.0:1
-Prl 582 2.8:1 74 31.0:1
PhCH,Br 86 2.7:1 98 47.0:1
CH,=CHCH,Br 83 3.4:1 87 40.0:1

a12% ® 113 (R=H) h"E5 N iz,

ZIT, PNFE, E/ZHICHEZRIFIERICETZERZR/Z2E2zENELT, BE
& U T, lithium hexamethyldisilazide (LHMDS), sodium hexamethyldisilazide
(NaHMDS), potassium hexamethyldisilazide (KHMDS)?*%Z W TREED RS Z TS

ZElcUrze.

(29) 7 2 FERDOX A F 4 12 X > THEBY O ST LEEDS E 7 2 KGO W« Stork, G.; Boeckman,
R. K., Jr. J. Am. Chem. Soc. 1973, 95, 2016-2017.
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LHMDS ZH W54, 112aii2WTELUWNROETHARSN, YFATFTLAT—
BTOPEEICKERENRENEL, 112bICDOVWTH 112a IFE TlIBRWA, ZILF LA
A SELRBICONTIRRIIMET U, X FILETIFINEE 83%, TFILLTIFINER 64%,
1YV 70EIMETIFINER 44%TH D, MEFHDEBEDOHRT, M—, REHEINES . E/Z
HicDWTik 112a h 5 DEEYIEF 23.0:1.0, 112b 15 DERKYIEFH 53.0:1.0
THOH, LDAZREWCKRICHRL, EZERENEL, Y7 AT LAV—HETOREREDE

AUNE WA, 112b 5 DIFHIERIENE WV E WS EREIF—EHL TWS (Table 10).

Table 10
OSiMe,But
O [.H
Bu'Me,Si CN OSiMe.But
128 RX(1.2 eq), LHMDS (1.1 eq) R 2=y
THE Bu'Me,Si0” X CN
OSiMe,Bu! -80 °C, 5 min H
0 JH 113
Bu'Me,Si "“CN
112b
from 112a from 112b
RX yield (%) E:Z SM (%) yield (%)  EZ SM (%)
Mel 44 23.0:1 40 83 31.0:1 40
Etl 24 16.0:1 70 64 28.0:1 70
i-Prl 15 14.0:1 61 44 37.0:1 61
PhCH,Br 56 30.0:1 26 75 82.0:1 26
CH,=CHCH,Br 45 31.0:1 42 80 89.0:1 42
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NaHMDS Z=RW/cima, hEeaWnWI ks VY 7aEILZRWEETH, SETT
IWEILEEDES . RERENEhGN>Tc. e, Y7 AT LANY—MET, £HYPD

E/ZHICKRERERERSNT, F947.0:1.0&, 8WEERMEZRLUI (Table 11).

Table 11
OSiMe,Bu!
O |.H
Bu'Me,Si CN OSiMe,Bu!
112a RX(1.2 eq), NaHMDS (1.1 eq) R
THF BuMe,Si0O” ™ CN
OSiMe,But -80 °C, 5 min H
0] , H 113
BuMe,Si “CN
112b
from 112a from 112b
RX yield (%) EZ yield (%) EZ
Mel 91 40.0:1 84 47.0:1
Etl 90 42.0:1 74 42.0:1
-Prl 80 62.0:1 74 75.0:1
PhCH,Br 85 28.0:1 98 52.0:1
CH,=CHCH,Br 90 39.0:1 87 41.0:1
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KHMDS ZRW/cima, LDA EAtkic, VAV TAEILDHEZRE, Y7ALT
ANX—BETPRRICKREBREWVNREHSNBD > Tch, E/ZLLICDWTIE 112a H5 DERY)

(39 1.1:1.0, 112b » 5 DAERHIFFT 27.0:1.0 &, REBZENEU T (Table 12).

Table 12
OSiMe,Bu!
O |.H
Bu'Me,Si CN OSiMe,But
112a RX(1.2 eq), KHMDS (1.1 eq) R
THF BUtMezsiO X CN
. t -80 °C, 5 min H
o OSll_IMezBu 113
Bu'Me,Si “CN
112b
from 112a from 112b
RX yield (%) EZ yield (%) EZ
Mel 84 1.0:1.1 87 9.7:1
Etl 76 1.0:1.4 81 16.0:1
i-Prl 422 2.1:1.0 73b 83.0:1
PhCH,Br 83 1.0:1.1 88 13.0:1
CH,=CHCH,Br 80 1.1:1.0 83 14.0:1

a27% ® 113 (R= H) KB5S n iz,
b11% ® 113 (R=H) KB5S ni:.
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LEDERMNS, A7IFIMERIGIF-80 °C EWSIEKET, BREICETISI &,
NaHMDS ZiEE & U THWS 2 &lc&Dh, Iukaqrvy 7Aook S@hrEsmnr il
IMEBIZRAWTS, PILFIEEIENETESNS Z EAHESHICE 1.

Ffe, YPRATLAY—MT EZWHERZEVWSZENS, TTV1Zx—h~ 114
BREDHBOFEFRZEALGW, BENGRIGEERDIFETDEVND I ENTRREIND.
DZENL, TERBANERT LT, ARIGORIGVEBDOBRBIIIFEICEETHD L
ZZ25N% (Scheme 42). 22T, AERIGICERT 2O OERNGIERZED L
ZEME L TRIGEBOFEMICOWTHRE TS Z &ic LTz
Scheme 42

OSiMe,But OSiMe,Bu! OSiMe,But
O LH 2 o O LH 2

Bu'Me,Si CN 7 BuMesSi Conm ~—~ BuMe,Si “'CN
112a 114 112b

(30) Takeda, K.; Kawanishi, E.; Sasaki, M.; Takahashi, Y.; Yamaguchi, K. Org. Lett .2002, 4,
1511-1514.
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T TRz 7 /B RYVEFEER 1128, b D7 ILFILMERIBOFERD S5, FTEX
FILZTILFIERIE UTREWROSH D Z LI TICRT (Table 13). XFILEED E/Z
tbkicEB 95 &, 8EE ULTNaHMDS ZFBWeHza, 112ah51E EZ=40.0:1, 112b
Nold EZ=47.0:1 THDH, EFERMELFV. LHMDS ZFEWcKH NaHMDS [F £ Tl
BRWA, EFERENEV. ZNICHEULT, LDATIE 112am5iF EZ=25:1 &, Z&
DERENEULS LR, YP7AFTLAV—HETOENKRE<LHNTWS, KHMDS TH

ZIEDERLENER U,

D, YPATLANY—FETOEREIKEL,

112a m»5F EZ=1:1.1,

ITRFDISVERNEFIAT % 7ILF )LD RIS

OSiMe,But
R

112b 5 EZ=9.7:1 THD, ¥

Table 13
OSiMe,Bu!
O |.H
Bu'Me,Si CN
112a CHjsl (1.2 eq), base (1.1 eq)
THE Bu'Me,Si0O” ¢y~ “CN
OSiMezBut '80 oC, 5 min H
o LH 113
Bu'Me,Si “CN
112b
base diastereomer  vyield (%) EZ SM
LDA 112a 82 2.5:1
(in hexane/THF) 112b 84 22.0:1
LHMDS 112a 44 23.0:1 40
(1.0 M in THF) 112b 83 31.0:1
NaHMDS 112a 91 40.0:1
(1.0 M in THF) 112b 92 47.0:1
KHMDS 112a 84 1:1.1
(0.5 M in toluene) 112b 87 9.7:1
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M EDEWE, NaHMDS, LHMDS (& 1.0 M @ THF @&z #ER U T=1=6, BEN THF
DHTHBDICKH LT, LDA ICIE n-BuLi H¥ED hexane Bg&EnNTWsdZ &, KHMDS
Zeld 0.6M D toluene BRZFEA L Z L ICKER T 2 AIREEDLH 2. RIGBERDIGE
TR TR OBEMERMIE, LDA Tl hexane/THF (ca. 0.1:1.0), KHMDS Tl&
toluene/THF (ca. 1.7:1.0) B> TW3%, 2T, BLADOBEPTCREKDORIGZEITERS
D, BED_EHEED geometry ICH T BFEEFAND &IC L.

B E LTIE, hexane, toluene, diethyl ether (Et,0)ZFW5Z& &L, ZILFILE
Al UTRIERY YL, BREULT, EBERMENEWV NaHMDS ZAHWTRE L, o2
U, NaHMDS B THF @R T 5718, =EMAEMERIE hexane (toluene or
Et,0)/THF (8.2:1.0) &7 %. #®D#ER, hexane, toluene, Et,O0#, WINICHEWVWTH
ZEDERENERU, 112bICDWTIE THF B TIE EZ=52.0:1 THZDICXHL T,
hexane A TIl& EZ=6.0:1, toluene BT EZ=24.0:1, Et,0TlF EZ=28.0:1 &
Bofe, INSDBAREDFEBEXIL, hexane Y 1.89, benzene H* 2.27, Et,0 ¥ 4.2, THF
MN758 THH, MELNEWEE, EFROERENERTZERICHD DM B3 F
fo, 112b &0 112a DAL ZHDOERKLEN LRI ZEENEVDT, Y7 AT LAY—

EITOEIIBEKRT DMEMRICHSD (Table 14).

(31) Riddick, J.; Bunger, W. B.; Sakano, T. K. Organic Solvenets: Physical Properties and
Methods of Purification, 4th ed. (Technique of Chemistry, Voll. II); Wiley-Interscienece: New York,
1986.
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Table 14

OSiMe,Bu!
O |.H
t .
BuMe,Si 112a CN BnBr (1.2 eq), NaHMDS (1.1 eq)
t H AN
OSiMeZBut -80 °C, 5 min Bu MGZSIO
O |H solvent H
BuMe,Si “CN 113
112b
solvent diastereomer  yield (%) EZ
hexane 112a 93 1.5:1
112b 78 6.0:1
toluene 112a 86 1.0:1
112b 83 24.0:1
Et,O 112a 84 1.9:1
112b 77 28.0:1
THF 112a 85 28.0:1
112b 84 52.0:1

OSiMe,But
R

CN

IBEZINZ - OREMBEMERL : hexane, toluene, Et,O:THF = 8.2:1

e, ZERMEOFEW 112a DWW, THF Z2< X BVWAEFP TRIGZITR A,

&O ZERUENLER T ZDOTRIBWNEEZ, TILFILEFIELTIVIEAFIL, BEE

L T LDA ZHUW, hexane/toluene (1:1) RFTRIGZITR >z, FDHEER, INEKEF 11%

IIET LD, EZ=1:100¢&, ZEOERBMENIELLS LR UK,

FrcARFICERBE N

ZORMEETI3 (R=H) ICDWTH EZ=1:140 TH > (Table 15).

Table 15
- t OSiMe,But OSiMe,But
o 5B oy, base (1.1 eq) Me 2 H
BuMe,Si CN .80 °C. 5 min BuMe,Si0™ ™ CN  Bu'Me,Si0” ™ CN
112a hexane/toluene H H
(1:1) 113 (R = Me) 113 (R=H)
113 (R = Me) 113 (R=H) SM
base CHjl (equiv.) yield (%) EZ yield (%) EZ yield (%)
LDA 1.2 11 1.0:10.0 35 1.0:14.0 3
10.0 27 1.0:10.0 21 1.0:17.0 4
KHMDS 10.0 24 1.1:1.0 43 1.1:5.3
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INSDFERLS, ERPID_EREDIAX KN —CIETBEDIBENKRELBTEZ R

T EMNESHICE >, hexane, toluene D & S EMRMERER T, ZFEIRMENER

ITBEEVWSHERIE, M-OEEZET(D-115DL5BFL—Ya vBEYPARuDT 1 &

RFZEC(D-115"DE5RBFL—avigEeeh>5%(D-115 1, BREBEFTSK

DEFMICERDEVWSZEICLD,

Scheme 43

BUtMezsi

BuMe,SiO

)

112

BBATAETH 2 (Scheme 43).

. - i t
OSiMe,Bu'  RX o OSiMe,Bu O~ OSiMeyBu
" —pbase, i D— — BulMe,SiIN CN T
CN -80 °C Bu M628| v CN 2 £
OSiMe,But OSIi:{MeZBut
BuMe,Si0” X" CN > BuMe,Si0” X~ CN
OSiMe,But (E)-115 (B)-113
Z™CN
H . .
Bu'Me,SiO  OSiMe,Bu! Bu'Me,SiO OShMezBut
N-eN N-SoN
(2-115 (2-113
R3SiO----M O—SiR
S OSiR | SSiR
v 8 A 3
CN CN
(2-115' (2-115"
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(D-115D &SI, ZBIC O-Y VI EDOBRRFNMEMULFL—Y 3 VBEREI N
TICHBESNTVEDN,? (D-115D &S ICTAREEN 7 ZAVICEML, AR E R
2FL—2 3 UEBEICDOWTORERIEDHREWS UL, &, Lammertsma 5(C& >
116 DESBINRTOEBBRENTILFIETHIARMDT 1 REZETILEYH THF
B, 50 'C EFCREICHFELBZ I EPMES NI ENSH > (D-115"D ZHFERIC
5L TWBAEEMEERATER W (Figure 3). 2T, InNSOFL— 3 ViEENT
IWFIMEDRIGEZICNTEL TWBENE SN ZRIET D &l L.

Figure 3

Si
O O M* = [Li(THF),]* (THFH, < 50 °C)
O M* =Bu,N* (mp 177-182 °C)

(32) (a) Enda, J.; Kuwajima, L. J. Am. Chem. Soc. 1985, 107, 5495-5501. (b) Kato, M,; Mori, A.;
Oshino, H.; Enda, J.; Kobayashi, K.; Kuwajima, 1. J. Am. Chem. Soc. 1984, 106, 1773-1778.
(33) HEAID 7 4 FALAYITE L TIZBLUT 2 2: (a) Brook, M. A. Silicon in Organic,
Organometallic, and Polymer Chemistry, John Wiley & Sons, Inc. 2000. chapter 4. (b) Kost, D.;
Kalikhman, I. Hypervalent Silicon Compounds, In The Chemistry of Organic Silicon Ccompounds,
Rappoport, Z.; Apeloig, Y., Eds., Wiley: Chichester, UK, 1998, Vol. 2, Chap. 23. (¢) Chuit, C.;
Corriu, R. J. P;; Reye, C.; Young, J. C. Chem. Rev. 1993, 93, 1371-1448.
(34) Deerenberg, S.; Schakel, M.; de Keijzer, A. H. J. F.; Kranenburg, M.; Lutz, M.; Spek, A. L.;
Lammertsma, K. Chem. Commun. 2002, 348-349.
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£9, D-NBDESBEBAAVZECFL—YarydBEELTWBENZRET S
e, EBAAYEDFL—2 a3V %ZBEIT S HMPA (40 HE)Z2ARML TRIGZTT> Ie.
ZTORR, FEAEDEBEICODVWTELL EERESELEL, EEBIAYZELFL—Y
SN ZEERICEAS LU TWSAREENEW T EDBESHICE > o (Table 16). 12 L,

HHIETBHETHSD, 112a % LHMDS TAIE U IBRICRD, FEAEEREDASNG

Mo,
Table 16
OSiMe,But
O [.H
BUtM92Si CN OSiMezBUt
112a CHgsl (1.2 eq), base (1.1 eq) Me
o : BulMe,SiO™ ™ CN
OSiMegBUt -80 C, 5 min M
o LH THF/HMPA
BuMe,Si “CN 113
112b
LDA LHMDS
HMPA yield (%) E:Z SM (%) yield (%) E:Z SM (%)
112a (-) 82 25:1 - 44  23.0:1 40
112a  (+) 61 28.01 26 87  19.0:1
112b () 84 2201 - 83  31.0:1
112b  (+) 85 E 8 81 E
NaHMDS KHMDS
HMPA vyield (%) E:Z SM (%) yield (%) E:Z SM (%)
112a (-) 88 55.0:1 - 84 1141
112a  (+) 84 E - 92  15.0:1
112b  (-) 92 4701 - 87 9.7
112b  (+) 91 E - 84 E

EEAAVZEDTFL—Ya v ZEERKICEAS UL TWS I ENRBEINDT, E—
DABEHER TRIGZTHRW, EBAAYOEBEWHIKIFITHECDODWTR TS Eilc U,
—f%lc, AYUDTL, 7hYUDL, DFIOLDIEICT ZAEDOHBEHEENEL KD,

FL—arnEih, ZBEOEREN ERT S EFREINS.
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EBRIC, B#%Z THF/toluene (1.0:0.7)IcHi— U TR ZITIHR>fc& 23, 112alcD
W&, LHMDS Tl& EEZ=1:2.5, NaHMDS Tl £Z2=1.4:1, KHMDS Tl EZ=T1:1.1,
THhH, KELEWEHSNGI T, LHML 112b IcDWTIE, LHMDS Tk EZ =
34.0:1, NaHMDS Tl& EZ= 16.0:1, KHMDS Tl& EZ=9.0:1 T%H D, FEREIFHED
ErRZzRUc. fcf2L, EANVNESWZ EICMAT, THF 3K (1.0 M)THS LHMDS,
NaHMDS ZAW%354, 112 @ THF-toluene ARICIEEZINZ 2 DICK L T, toluene
BR (0.5M)TH5 KHMDS ZAHWSHZEIE, 112 0 THF BRICEEZMZ 5D T, K
ISHABERDOAEEMIIKECER >TWVDS, EWSIEHERICANDIDENHD, &

FUBERBELH D EFEZR (Table 17).

Table 17
OSiMe,But
O |.H
BuMe,Si CN | t
i 112a CHgl (1.2 eq), base (1.1 eq) OSNAI\geZBu
° . t . AN
OSiMe,But -80 °C, 5 min Bu'Me,SiO CN
o | H THF/toluene i
Bu'Me,Si “CN (1.0:1.7) 113
112b
base diastereomer  yield (%) EZ SM
LHMDS 112a 19 125 p
112b 18 34.0:1 64
NaHMDS 112a 86 1.4
112b 97 16.0:1
KHMDS 112a 84 1.1
112b 90 9.0:1
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R, (D-T15"DESBABRMDTARZELFL—YaVhEELTVWENES L ZE
B2 &lcUr. Brook 51, a->YILAIE /=)L 117 & diethylamine & D&
IBICHIT 2T R EDBIREE Brook EIOREREEDFBERICOVWTRELTWVWS.® T4
BE, TARED 1 DOAFIVEZT 2 ZIILEICEMRT 5 &, BEAIOFRED 6 FR D,
SDODAFILENT zZIILEICHh DD L&, 240 FEL<L KBS (Table 18). ZD#ERIE, 7
TZIENEASNB I EICKD, Brook BxUD=BRFEE (B U IFBZREE) 119
ICEENDARMUDT A RDLEILEIND Z EICERT S EFAINTWS,

Table 18
R.Si gh Ph diethylamine ||Dh
1—0C— i0-C—
& chloroform, 27.5 °C R3SI0-C—H
OH Ph
117 118 _ !:’h
R3Si—C—Ph
Carbinol ko (I mole? s7) \O/
Ph3SiCPh,OH 6.10X 103 119
Ph,MeSiCPh,OH 0.98 X103
PhMe,SiCPh,OH 0.15 X103
Me3SiCPh,OH 0.25 X 10

DT ELS, ARMDTAREZESDFL—YaVEBENBESELTWEES, 112cH
WTIRFYRDODaAMDTARFLEICT I EZEAULEE 120 Z2HWLWNIX, (-
121"D L S5SBFL =Y g UEBENTELSN, ZBOERMEN LRI 2D TERLWNESE

Z 1z (Figure 4).

Figure 4
+
M
OSiMe,But O—SiPhR,
O JH «_<OSiRy
RoPhSi CN CN
120 (2-121"

(35) Brook A. G.; LeGrow G. E.; MacRae D. M. Can. J. Chem. 1967, 45, 239-253.
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FIT, IRFIYRDafid tbuthyldimethylsilyl % phenyldimethylsilyl E(c iz
EE 127 ZAKORIGICH U, ZHERENERT IR IT S LicUic. 127 i
TBSHKR 112 EAKDAETERT S ENTE, K, RIGHEBICOWTH 112 DERK

B U TKRKELREITAD - 72(Scheme 44) .

Scheme 44
1. n-BuLi
i TsOH
///\OEE 2. PhMe,SiCl —_ ~~ OEE p-TsO oS "~ OH
THF, - 80 °C to rt 2 122 H,0, acetone 2
64 reflux 123
95 %
Red-Al® mCPBA , Na,HPO, 0
- PhMe,Si” X~""OH PhMe,Si~ ~L"oH
Et,0, 0 °C to rt CH.Cl,, 0°Ctort
124 125
61 % (3 steps)
(0] TBSCN OSiM Bt
DMSO, Sos-py /@J\ n'BU4PBI’-KCN &?)\I exbu
CHoCl,, NEt; " NMeSi g H ™ ChCl it FIMeS CN
0°C 77 % 127a (less polar isomer) 48%

127b (more polar isomer) 48%

127a, b Z3 VL X FILOFEET, NaHMDS THUELfc& T3, T/ =LY UI)LT—
TIL 128 [FEREEINT, 128 MK AEEINT7ILTE RE 129 NERL, RERISE
IREnfc (Scheme 45), 129 NERM UL TUERS & E/ZEICDWT DFEGMHDIRNAIRE L 2 S
fes, 1BE, BEBRHOAE RINEEREICDWVWT, 128 MK EINRWEREZE

U TARTRRIICRD S T2,

Scheme 45
t OS'\i/IMeQBut t
OSiMe,Bu e (@] OSiMe,Bu
0 CHgl, NaHMDS PhMe,SI0” Ny <CN o Mo
PhMe,Si CN THF M H CN
127a, b -80 °C, 5 min 128 129

8% from 127a
60% from 127b
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% Z 7T, phenyldimethylsilyl EOMb D ic, LOhEEMAKPESTNIC W
tert-butyldiphenylsilyl (TBDPS)EZE8A UL 135 26T 52 &icLrc. 135 DERK
IEDWTH TBSHER 112 LEKRDAZETIToIch, ITMRFIHICIHEZELEL., Ihid
tert-butyldiphenylsilyl EDMFEBEED L 2D EEZ 513 (Scheme 46). 135a,b @

AXECE IF 135b D X #RiEEBERTIcE DWW TRE U,

Scheme 46
1. n-BulLi
_Oeg 2BuPhsicl = TOEE 5 Ts0H o = OoH
THE Bu'Ph,Si H.0 Bu'Ph,Si
130 20, acetone
64 -60 °C to rt 2800 ol 131
o)
Red-Al® Bu'Ph,Si” X" 0H MOPBA . NafPO: o tphosi” <o
Et,0, 0 °C to rt 7 e CHyClp, 0 °Cto rt =
Z 3 3 days 33
84% (2 steps) 72%
OSiMe,Bu!
O [.H
ButPh,Si CN
0 TBSCN oa
DMSO, SOg-py A?)L KCN/n-Bu,PBr
CH.Cl,, NEt;  BUPh,Si AT o OSiMeBu!
0°Ctort, 2.5 hr 134 o o
87% Bu'Ph,Si CN
135b

48%
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135 %, AVUAFILOEFET, BAROFETERTUELLECS, FRICRL, &
DEEICOVWTH EROERINELC EF U (Table 19). Lich'>T(Q-115"D &
SBARUDTAREZRLCFL—Ya VDN ET DI ERERTERBD >, E BDERK
B EFUERE LU TIE TBDPS EXhEEWedhicF L —2 3 VERDHE S i,

UK IBERBBIIERFEICLD ZBERDRHMICE o, EWSZEREZ SN S,

Table 19
OSiMe,Bu!
Q IH OSiMe,'B
ButPh,Si CN o
CHal, base
135a 8 BulPh,Si0” X CN
. i THF
o QSiMezBu g0 °C, 5 min )
’ 136
Bu'Ph,Si ‘CN
135b
base diastereomer  yield (%) EZ SM
LDA 135a 80 13.01 3
135b 88 E
LHMDS 135a 15 E 66
135b
NaHMDS 135a 70 79.0:1
135b 93 E
KHMDS 135a 89 2.2:1
135b 86 66.0:1
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RIZ, Y7 /ERUVERD O-2IIVED E/ZHICRIFTHEICDODVWTHIRETT S
EleUfe, Y7 /ERVYERD O-2VUIILENFL—2aVvZERT 2L 52BBEE LT
EZ5N5DIE, Brook BERIEDAILINZAVICTA RN LI 137D K S3HBET
»% (Scheme 47). ZDFL—Y g3 VERD, RENBERYIO E/ZHICKIFITHES
BHSMNCTBeoic, Y7 /e RUVEDD O-YIIILEICT I EZSEAUVCEEZR

WTRIbhZ{TS> 2 &lCUTe .

Scheme 47
. - : t
OSiMe,Bu' RX o-OSiMezBuU! C O~ OSiMeoBu
OJH ™ base <P eSO ON "
Bu'Me,Si CN 80°Cc BuMeSi” ~°5°CN 2 ;
112
+
M
. t -
_ OSiMezBu M----OSiMe,But BuMe,Si----O
t . = -— -~
Bu'Me,SiO CN BuMe,SI0” ¢ “CN H N CN
H ¥
137' 137"
OSiMe,But OSiMeBu'

—— BulMe,SI0”Xy” CN  ~ BuMe,Si0” Xy~ “CN
113

£9, Y7/ RYVEHD O-2))LE% phenyldimethylsilyl EICE X BB %5
U7c. 111 % trimethylsilyl cyanide, DWTAFH 7 ILAOT A B TUET S &iIc K
D7 /ERU> 138 Z 79% (less polar isomer:more polar isomer = 1.00 : 1.08)
DUETHE LUTc. 138 % imidazole 77 I, phenyldimethylsilyl chloride & RiSE &
fc& 23, TLC ETRIGHEITLUTWS Z & FHERTERLD, YU ATILETHERT S
&, NZLVAXKNITZT 4 —ICLBEHE, ITPATLAN—ODBNTARETH >,
diphenylmethylsilyl chloride & KIGEETH, ERYIEREKRICT Y AT IV ETHIELTZ.
% Z T tert-butyldiphenylsilyl chloride & RIfE®fc& 23, 139 Z 82% (less polar

isomer:more polar isomer = 1.00 : 0.82) OYETHED I EMNTET (Scheme 48).
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Scheme 48

O 1. MesSIiCN, KCN/n-Bu,PBr, 2 hr OH

0] ; 0]
2. H28|F6, 1hr
ButMezsiMH ButMeZSi/Q)\CN
111 CHxCly, rt 138
79%
less polar isomer : more polar isomer
=1.00:1.08
e OSiPh,But
'BuPh,SiCl, imidazole o)
DMF BUtMGQSI CN
0°Ctort, 2hr 139

82%
less polar isomer : more polar isomer
=1.00:0.82

139 ZERICI VX FIL, BEERIDSEcEI S, OTBSHHE 112 &L T, £/Z
LEICBAU TIEREBREWSASNEM oo (Table20). chZens, ¥ 7/ RYVER
DOV I)IIEDEWNWSERYDILELZICRHELRRWEWD ZEDBELNCR ST, R
LHMDS ZRWcima, INEMHEDETUD, Ihid TBDPS ENE 7O & VL DERE

ICUIAEZICE > TWBchHEEZIEND,

Table 20
. t H t
. ase (1.1e
Bu'Me,Si CN D\ BulMe,Si0” XX CN
THF

less polar isomer ; 139a -80°C, 5 min H

more polar isomer ; 139b 140
base diastereomer yield (%) EZ SM
LDA 139a 60 1.1:1 15
(in Hexane/THF) 139b 67 23.0:1 15
LHMDS 139a 2 E 81
(1.0M in THF) 139b 3 E 79
NaHMDS 139a 91 66.0:1
(1.0M in THF) 139b 90 E
KHMDS 139a 82 1:2.5
(0.5M in toluene) 139b 87 8.3:1
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INFTTORRHLS, (1) ZBEDERICIEERBI AV ZE@CFL—2a vy BELo>TVWS
Z&, 2QZDFL—YaVERICIKBEDOBENKEREEZ RTINS, WAFAYDE
ZZ/hESW, EVWSZENHALSMICKE ST,

(D-115D&SF L —2 3 VEESR, BEOBMEME BDIFE ZHRDOEREHE
75, EWSREMRZHMIATESDD, JFPATLAV—ETE/ZENERDEVWDEE
FEBATERWN. (-115 £(H)-115 DFEICEEZFENFEI N, JT7RATLANY—
BOEWILZRLLB>TUESHNSTHSD (Scheme 49). UM L, BROIAKEE ICHKTE
UT, ERoIcET-115 &E(B-115 BERL, RRIC T IILFILEEINEFEET Do

ZNOENERICHFEIET BRIICTILFIMESNTWDS, EEXNITEFHARETH 5.

Scheme 49
- i t
OSiMe,Bu'  RX OSiMe,Bu! (O OSiMe,Bu
O | _H b 0) . _ .
25€ ; > Bu'Me,Si ™} CN
Bu'Me,Si CN -80 °C Bu'Me,Si = "CN 2 :
112
OSiMe,But OS’i:{MeQBut
BuMe,Si0” X" CN ButMe,Si0” X" CN
OSiMe,Bu! (E)-115 (B)-113
BulMe,Si0” N CN | “
H _ t _ . t
R Bu'Me,SiO  OSiMesBu
. 3510M simg 2 A 2
CN CN
(£-115 (2-113

ZZ7T, (2-115 £(B-115 OMICFEEIFET 20D EHERT 27, 112 ZIEET
S5AEMIEBLRICIAVIXAFIVEMZALEZ S, AVIAFIVEFETEEZMNACEE
EHBRUTETFIRERFETLEHOD, E/ZHFIEFEEAEETMET, JFPATLAY—M
T E/ZDEIKAE UTHEEL. (Table 21). 2Dz &hs, (E/2-115BTD

BRI TEXAFILEDRIGE D HEWSD, IYFPATLAY—BTERYD E/Z LD
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ER>TWBSEWSHBEEIRRNENS. T, AR, J-1158°0L58FL—3Y

BED E/ZHICHEEZRIFULTWSABEEDRA SN S.

Table 21
o O\?'i_IMezBut
BuesSI T TON s (e Doty
a g Bu'Me,Si0” Xy~ “CN
o QSMe:Bu" - g0 °C, 5 min 11“3
Bu'Me,Si H
112b
LDA LHMDS
diastereomer order of addition yield (%) E:Z yield (%) EZ sm
112a (1) CHal, (2) base 82 2.5:1 44 23.0:1 40
112a (1) base, (2) CH3l 76 2.9:1 36 39.0:1 56
112b (1) CHgsl, (2) base 84 22,01 83 31.0:1
112b (1) base, (2) CHsl 69 38.0:1 68 54.0:1
NaHMDS KHMDS
diastereomer order of addition yield (%) EZ yield (%) E:Z
112a (1) CHal, (2) base 88 55.0:1 84 1:1.1
112a (1) base, (2) CHsl 86 38.0:1 78 1:3.3
112b (1) CHal, (2) base 92 47.0:1 87 9.71
112b (1) base, (2) CHgl 85  124.0:1 66  12.0:1

INTTEOSNIHERZHATEDIRDEBE UL TRD 2 ODAEENEZ SN D.
(1) REOIAREICRTFLT, BRSCEERT(D-1156 £(H-115 B4ERKL, Thoh
RERT 2R TIFIVES NS, BEIRIE 115 BMERT DL DRIOKRET (-
115 &(H)-115 DERILICEEZRITLTWS,
(2) ZILFIMEDRIBREIE 115 TR, BOFEE X BEFEL, I SHENICT
ILFILEDETTL TWS, X BIREIDIAEEZ RIRLU T2BESHD RTINS (H-113 1,

HESRADS (H-113DERHT 5. ZDEMLITEEDOBELRTEZRITL TWS,
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ZITRIC, (B-115 &£(D-115 ZRlRETRES Y, ERCOFRZERI D &IC
Ufc. BB N, BIEDAREEEFRAES NS, (H-115 £(D-1151F(H-113 &
(2-113 R = H)ZEHEL, Znznii7ON b2 &ickD, BESEIEN
TE3.

112b %= THF f, NaHMDS T4E L, Bt /70 k6952 & 7T, (B-113 (R=H)
Z18f. F£7=, 112a % Et,0/toluene i, KHMDS TLIBUL/=& 23, E.Z=1.022T

113 MME5NhfcdT, MPLC ToBEL, (2-113 (R=H) Z1#§7% (Scheme 50).

Scheme 50
t 1. NaHMDS, -80 °C, 5 min . t
o QSMeBU 5’ CH,COOH, -80 °C, 5 min OSiMe2Bu
Bu'Me,Si H Bu'Me,Si0” X" "CN
112b THF (5113 (R=H)
85 %
t 1. KHMDS, -20 °C, 9 min OSiMe.But
o PSMeBY 5 CH,COOH, -40 °C, 5 min SCe
t ; t X
Bu'Me,Si CN Et,Oftoluene = 1.00 Bu'Me,SiO CN
112a H
113 (R=H)

67% (E:Z=1:2.2)
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£9, (BO-113(R=H)&TVEXFILDO THF BRIC-80 °C MEEZMZ 2 & WS &M
TITofehY, WINDBBEZRAWTHXAFILEEIEERE-113 (R=Me)IcEWTIFEA L
R LRBERSI NG o fc. e, REEALTBRNCAFILMESNTWSFAIEE S H B DT,
IBETSRENIBLICRICTI VX FILZEMA LD, ARICIFEAEERKEMIEIE I S5BH

> 7z (Table 22).

Table 22
H t
OSiMe,But  CHal (1.2 eq) QSiMe2Bu
. H base (1.1 eq) BUMe.SI0~ X oN
ButMe,SiO CN THF uMe,Si
-80 °C, 5 min H
(BE)-113 (R=H) 113 (R = Me)
113(R=Me) (E)-113(R=H)
Base solvent order of addition yield (%) E:Z yield (%)
LDA THF/hexane (1) CHsl, (2) base 90 E
(1) base, (2) CHsl 76 58.0:1
LHMDS THF (1) CHgl, (2) base 41 E 47
(1) base, (2) CHsl 46 E 47
NaHMDS THF (1) CHgl, (2) base 93 E
(1) base, (2) CHsl 81 E 6
KHMDS  THF/toluene (1) CH3l, (2) base 92 137.0:1
(1.0:1.7) (1) base, (2) CHsl 75 E 8

(2-113 R = H)IEDOWTHRAFG T TRIGZTo e, BELBIEEAEL I S5HH
ofc. i, BARIEFFBELED, KHMDS ZRBWEUNMINELNEZEL KETL, LHMDS
TRELRIDHETE T, BEENICKED > 2. RIGHETT Uz LDA, NaHMDS, KHMDS
IZDWTIE, BEELSPERIDSELRICIVEAFILEMZS EVWSEHETHERIDZT

S>7eh, B biEE C 5ah - (Table 23).
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Table 23

CHjl (1.2 eq) OSiMeBu'
'BuMe,SiO i t base (1.1 e
2 OSiMezBu U169 | puime,si0” ¢ “CN
X THF
CN - 80 °C, 5 min
(2-113(R=H) 113 (R = Me)
113(R=Me) (E)-113(R=H)
Base solvent order of addition yield (%) E:Z yield (%)

LDA THF/hexane (1) CH3l, (2) base 31 1:25.0 39
(1) base, (2) CHsl 41 1:100.0 18
LHMDS THF (1) CHgl, (2) base - - 87

(1) base, (2) CHsl

NaHMDS THF (1) CHgl, (2) base 26 1:20.0 57
(1) base, (2) CHal 30 1:50.0 57

KHMDS  THF/toluene (1) CH3l, (2) base 87 1:50.0 4
(1.0:1.7) (1) base, (2) CHal 76  1:100.0 8

INSOFERNS, 1156 B—EFEHEINDE ERF, ZHEDIC, RIGFRGETEELT
B2 EFIBWEWVWDS ZENHSHICIE S (Scheme 51). D&l ZYILTF =AY

THBICHEID DS, FZAVUNERBERETT, Y7/ R YD afzicBELLLTW

B2 EHETRBELTVWS,
Scheme 51
OSquMezBut OSiMe,But OSg}l\/lezBut
— . NN
Bu'Me,Si0” X" "CN BuMe,Si0” X" CN Bu'Me,SiO CN
(E)-113 (R = H) (E)-115 (E)-113 (R = Me)
. : ¢ i0-me- Me,Si OSiMe,But
Bu'Me,SiO OsllquzBu R3SiO----M OSiR, Bu Me28|0\ iMe,Bu
NSoN NN CN
(2-113 (R = H) (2-115 (2-113 (R = Me)
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RIEDOTEEM EBRATERD o 72D, (D-115DLSBFL— 3 V&L ZRERKIC
BE5UTWAHAEEEIFEESNDOT, EE5DBEBTEITLTWRICLTS, IYT7RT
LAY —ETD E/ZLDEWEBENRZHRAFER, BOFL—2 3 VBENTFET S
EEZBND. ZFIT, ROLSKRRFZIL T, Ihbs, HBENRRION /T
MRFYROFEBRRIGICK > TEBR UICBRY A VN T A RRFEFEEZDL<B 2 &ick
h, PEEELT, ARUOYUT—ME (H-141 £(- 141 BFERSh, Z0DE,
ZMIC CA-SiTEE DY/ 7 VILERNE 5, EVWSHDTHS.

2T —=K(B)-141 &, 112a @ syn BiiEd U< IE, 112b @ anti lElic & DS
N, (2-141 &, 112a D anti REES LI, 112b D syn gtz @ TSNS, =
D, HEMIC C4-Si DYINT/ 7V ILERINE Z 2 oHiclE, C4-SifEaEZEREDn
BENFATICH RRENH B e, C3-CABEDEEL, (H-141 FAVTA A=Y 3y
(B)-141a,b %z, (-141 F3> 74 X—=3>(H-141la, bzt s Z£UT, (B)-141a
E(D-141a 5F(-113 A, (B)-141b &£ (-141b NSIX(E)- 113 I4ERKT 5.
(B)-141a,b, (-141a,bD>5, (AH-141alCDOVWTDH, FEEAAVEDFL—2 3
VHERETHB. HL, TOFL—a YD ZHERICHDD > TVWBDERS, (2-141
MNEDAMN(E)-141 5 KD ZEDEMENEL BB IET THS. 22T, IYFP7ATL
AN—112b LT 112a o DAD ZEDERENEGVW &S, ZOEEIIE
LWwedhid, ITMFEY ROBRIEBREINZ7ONY YIS NS RE-BRESINEA
MICERBLLIY 7AX—2 303, Whhkd anti BEETETTLTWSIET TH S

(Scheme 52).
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Scheme 52

RsSIO  OSiR,
Rl
(o SiR3 X Li
. CN o i
H )mH( (2113 RN, O S
NC--OSiR; T H/FE)‘
H N | | R;Si0” “CN
112a  NR", " SiR, SiR; 112a
AN
H..L O H.. L —O syn-elimination
\ anti-elimination H / M H & 4
o N
NG OSIR3 R38i0 C

rotation around (9-141a 0

~ 0 rotation around
RSSi/,‘ 4 C3-C4 bond + C3-C4 bond RSSi’u 4
H—3"H H-3H

> OSiR; H 0 > CN

+
\\O H \ .
NC > P — RsSIO
(2141 oo A (141
Si~

‘ syn-elimination (2-141 pRs (B)-141bRs anti-elimination
| | (0, S
Li. , ~H
.0 SiRg | H -
H‘ RI
)%( . /\)< H,—\_
NC™ “OSiR, RsSIO CN 112b  NR,

PIRBRICLBZTIRFYRORARZRZ 7 VLTI A—IANDEECRE?IF, 3
IWZINIA—ILDERICEEL THREIDIHENH D, ZOHRBICOVWTHRETSINTWS,
BIZ X, EEXKFRTINILZ U trans-4-tert-butylepoxycyclonexane 142 % lithium
diethylamide TEMbI €2 &, BWMIEEREZRL, 143 ZFERME L TEXR,
o, 2O, BEREIRNKDOND. 2D &, Vi C-OfEEE syn DAIEICH B
KRRFHIEEICK > TERENICSISHEIND EVWS ZEZRLTVWED, TDEEE,
145 DL 57, TRFY ROBROFEHBEFRNNIY FULICKRMUL LABREBREZ

BAL, BENICHERIZERET D ET, SBHTIEETH S (Scheme 53).

(36) I X 2 =K ¥ > FOREMALICOWTIZLL T % 2| : Crandall, J. K. ; Apparu, N. Org.
React. 1983, 29, 345-443.
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Scheme 53

OH :
-9 : ~OH H
e SO0 | e
t-CyHg “D t-C4Hg T4t D
142 143 144

Et

97 : 3 145

Fre, Bob, Fleming 5lck>TLDA L&D, By-ITRFZMUJL 146 OREEFI=
NYUIL(E)-148 NDEMELHRE S/ Fleming 51&, (B)-148 OHMEKT 5 & W
SHER%E, FHROBOARERBEREDZ DDAV IAX—Ya VOLREWEICEDIWTEHR
BHLTW3, Ihbs, ZBHKERTS2IAY 74 X— 3> 147a 7T, IRFIRED
NUIIEOBEICIZIAERENEC D), EENERTD AV T A X—2 3> 147b BNEF]

ERD, (B-148 Z4EKT 5 E WS HDTHS(Scheme 54).

Scheme 54
R. R
/N\ .
H L
O
P> _cn DA | W@gﬂg ______ - oA
146 oN CN
147a (2-148
lr
R. R
N.
H L
@]
C@ HO__ X CN
H
N H
147b (E)-148

83%

512, syn BEEDAIRERAIEBIC IO N YN EET S 149 TRRIGHS -78°C, 5 7

=3
THEITLU, 151 BME5NBDICXT U, syn BN AIRERE A 160 TIX 30 n2EY

(37) Fleming, F. F. ; Wang, Q. Z,; Steward, O. W. J. Org. Chem. 2001, 66, 2171-2174.
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ZEVWSERBINRFIZNYIIDOEMELD syn BEEZR TWBS 2 EZXHFLTWS
(Scheme 55).

Scheme 55

\' _R
OEjH\\\CN LDA ,Li-N\/
. > O H ]
-78 °C, 5 min /. é  CN
HO CN
149 \©/
>

Oc H 151

" i A
-78 °C, 30 min -

150

112ab ORABRKRIGH anti IREETHET L TWSDH, syn lRBETETL TWS DD EHF
EF D, IYPATLAN—FTOBREGERZE ARSI &ICUTc. syn I THETL
TW3IEE, 112ahS5OBBRETIF4MO IOV ERCAICHZ2ONZ N UIILE (A
value = 0.2)THZDICH L, 112b H S DBBRETIFIIEREDOAKE L OTBS &
(OTMS &E®D A value = 0.74)TH 3. LIeN>T, 112a DAH 112b & D 6 KIGHEH

BWEEZSNS. < anti lMEEDIHBSIE 112b 07D, REEIPEVWEEZISND

(Figure b).
Figure 5
syn Bt anti fita#
Li, Li. _ (O SiRj CO SiR3
YN i , SiR —~H ~H
RN, O Sffe oy QS He A H
H. ahY NC <1 OSiRy RsSi0-c4-CN
H )%( C C
RsSIO” “CN NC™ “OSiR, H N\ Ha
112a 112b 112a  NR'; 112b  "\g,
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ZZ7T, 112a:112b = 1.0:1.0 DEEYIC 05 HEDIA VX FILDOEFET, 05X
£ DA ZMZ, -80CThMERIGESEcE T3, 35%DXFILIEAET13 (R=Me)& &
HIC, 112 N 40% DR TEINR =, ZDLEiE 112a:112b =1.00:.0.70 Dt TH > fe.
ZOFERIZ112b DANRBENENEWVWS ZEZRLTED, anti lEEHNE I >TWD
ZENTRERES NI, E5IC, HMPA (4.0 H8) ZMATEBEDF L -2 a vy =HEL,
NEREBINEZ £ 5 ENTERVWRETRERORIGZITo>ch, EBIRLEZ 112 DL
i 112a:112b = 1.00:0.76 THH, HMPA Z AN WEE &L TRELBRE(LIEH
Snighofc. CORBREFFL—aVEEZ LS syn BB CIEFRBATE RV, e, &
HE ULTNaHMDS ZAHWTRRICRIGZT > fch’, B L2 112 DLl 112a:112b =
1.00:0.79, HMPAZMAZTH 112a:112b = 1.00:0.78 TH D, LDA DIFE & IFIFMA
ROERMFON. LD ->T, Y7/ERUVEEAX 1128, b D70~ E—T R

FYROHEBDBEREIFE, hFEFTCOIRFYROEBEEICLZEHLICOVWTORE S FE

BD, anti REETETIT D EWND DEESMCR >z (Table 24).
Table 24
. iMe-B t
o OSiMezBu' o §SiMeBu
Y t .
Bu'Me,Si CN Bu'Me.Si H
112a, b
base (0.5 eq) +
i t OSiMe,Bu!
0 O?bl\/’hegBu THF Mo 2
) 3 -80 °C, 5 min ¢ )
Bu'Me,Si H BuMe,Si0” X CN
112b H
112a:112b = 1.00:1.04 13
112 113

base HMPA yield (%) ab yield (%) EZ
LDA (-) 40 1.00:0.70 35 6.6:1
(+) 67 1.00:0.76 26 25.0:1
NaHMDS -) 52 1.00:0.79 40 41.0:1
(+) 39 1.00:0.78 45 108.0:1
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51, anti (B CETLUTWBIFE, 112D cis-TRFY REEETH S 152 2[F
BORIGICHUEES, B7ONMEDORRICY 7 /ERY VD ETREELZ LI ITDOH

4D T7AKYHS

ZlﬂlE

== WY UIIERICRD Y, SHICIYTATLANY—FEDRIGEDE

WHKRELL BB EFRIENS. 22T, 152 28U, AkKORIGZTS>Z&ICUT

(Figure 6).
Figure 6
syn Bt anti B &
Li i o) o)
Lol H Mo H C |R3 C LSir,
R 2N‘H 5 S|R3 RUZN*H . SIRS
o uhh Ny NC f’ OS|R3 RySiO C CN
RsSI0” “CN NC”™ “OSiR; H T\ H” ™
152a 152b 152a  NR", 152b  "\R,

ZO/NFILTILI—)LFEERK 66 = Et,0 B+, 4.2 BED DIBAL TLIEY % & 84%
DINRT(Z2)-67 BMF 5N, The EFEERICTRF AL, ZILO—ILOBEI{EICELD 154
ICEE, E5ICTBSCN &RIibE®5Z&T 155 % 83% (155a:155b = 1.00:0.36) D
INRTR/DZENTE . 155a, b DEMEE(E 155b D X iRiEEBEENTIC L > TR

E U7z (Scheme 56).

Scheme 56
1. FBu,AlH  Bu'Me,Si Bu'MeSi
OH 2. H,S0,(aq) “~ mCPBA
BuMe,Si E,0 OH 'Na,HPO,, CH,Cl, OH
-67 rt, 3 hr 153
o6 (?40/0 88 %
BuMe,Si o O\?Ii-lMeZBUt
CN
SOy pyridine 2 Me2S1 5 @ n.gy,PBY - KON 1%
DMSO, NEt, H  CH,Cl,, 11, 4.5 hr +
CHQC|2, O °C 154 ButMe SI OSMe B ¢
%o I u
84 % 251 o QSife
H
155b

22%
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trans 2K 112 0BG EIEERD, 155a, 155b DA ICENH B D (F,
Felkin-Anh €E7ILICE D, ROELSICEHRATES. WEBI BV T _RA AV ETVYFRY
727 —DBERICHDEED, IEMNICHESFWTBSEZBBMEEL UL TEIZIRFIR
D C-CHEETHDERELEZEA, 154a 15 155a B4EKT 5. £, EBEEED
REWERFEFZEIDIRFIRD C-O BEL TV FRUTZFH—WEZ &3 ERE
95& 154b 5 155b &K T 5. D, 154b Tld, 44D TBSEE7ZILTER
OEICIIHERENEC B, BEYNIC 154a DAV T A X =3V LT=Z MY ILA
AVHKREBIDENENEFZUCHER, 155a OAEBNEBELLEBDEEZISND

(Scheme 57).

Scheme 57
oQ o)
H(g@ TBSCN . SH% BS
_ _ - 3ol
TBST M HYGN BusPBr - KCN 0o CN
H,, A .H 154a 155a
RSSi'L\(H_
154 O
(')". TBS o
/ H,, OTBS
L - o TBSCN R3Si*uy\
cN-F v n-Bu4PBr - KCN NG~ H
154b 155b

155ab zAWTZILFILERIGZITolc&EZ b, FEEBD, Y7ATLAVY—OKR
ICEDENZE UK KEL Koz, I NaHMDS ZRW/HES 155a [ D W TIFYNEDN
7%, FERHEINAY 82%TH S DITX L T 155b TIFUNE 87%THofc. TDMDIEET
£ 155b OANMPENEL, TOZENSD anti BEENE I > TWB I ENER TSN

fc (Table 25).
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Table 25

Bu'Me,Si OSiMe,But
uMeSi “\||_|e2u

CN CH4l (1.2 eq) osl\illl\gezaut
155a base (1.1 eq)
> BuMe,Si0” ™ CN
ButMe.,Si i t THF
UM o OSeBY g0 C, 5 min
H 113 (R = Me)
155b
base diastereomer vyield (%) E/Z SM
LDA 155a 3 1:1.1 90
(in Hexane/THF) 155b 22 6.3:1 33
NaN(SiMe3), 155a 7 6.5:1 82
(1.0M in THF) 155b 87 5.0:1 5
KN(SiMes) 155a 45 1.1:1 45
(0.5M in toluene) 155b 86 3.2:1 7

—fRIC, TRFIRDEBEICLDARIEFL—avIckD syn REETHETT 2 & RE
INTWVBDICHL, TIRFYIFY 112 DHEIFEYE anti lREETHETIT 200, Bk
NN, 2hnik, BR70O8 {EDERFET, O-SifEEN—HEREIN TWS i, "8
RBBRIRREZ LD ENTELRWZHTIFRWNEEZ ., £2 T, EFH, LAEMICE
2BV BREEETS 112b & 135b OB THREREATS>2&icLiz. BL, Bt
7AiM/ IRFY ROBERNELRICET 2728 T, O-Si HFEIFEHRINTVWERS,
112b & 135b D HWEICRIGKEICEFECTWEEZSND. LML, BR7OM 1L
/ITIRFY ROFER/O-SifEEDHHENMRENICETL TWDAES, RICENERSIFT
THD. IBPE, O-SiIHEEEROEIDPIEINEFHNLRERICEEIND RS, 7
“ILENEENSD TBDPS EZFOEBEOAN, IIHNLBERICEEIND RS, £DIL
HEED/NSRTBS EZFHOEEDOANRIGENE L B2B1FTTHS. 112b, 135b D

1.0:1.0 DEEMIC 0.7 HEDIVEXAFILOFEET, 0.7 HED LDAZMZ, -80 'CT
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SARRIGSBIcE 25, XFILEED, (B-113:(F)-136 = 3.1:1 DLLERTERL, KR
KRISDERZ 112b (& 18%, 135b (& 40%DYNETER L. 2D eh5, 112b D
AN 135b KD EETOKMEAEN, EWSZEMBESMCKR T, ZOFBRIFLITD
KOICFRATE . BEREOBBIRREICEWT O-SIEEaNERENTE D, ILAENICE
ATWBWTBSEDIEFSH, TBDPSELD, COFBENTEPIWVWEHICHRTON L
YR,

ULH L, TBDPS EbhEmWics, BEMNEDKEDILFREEFICZ > TWSAREKES
$HB. £IT, BEOHIEIEHIZRLSE, ARORIGZITWV, BRI S ElcUi. LDA
K D/NESWEE E U T lithium diethylamide (LINEt,)), @ WIEE & U T lithium
2,2,6,6-tetramethylpiperidide(LTMP) Z FW TR It Z 1T o fc & 2 %, LINEt, Tl&
(B)-113:(6-136 = 3.2:1 THDH, LDAZRAWIHZEELHBRU GEWIAS AN - .
LTMP ZRAWIHEIFEICRICEDELEED, (£-113:(F-136 = 1.5:1 THo1
(Table 26). LTMP ZRBWcHBICEN B 2BAIFASHTIEFGWD, D &HIEE
DOEELBRDICHE > TRBVEDENMERT 2 EWSERIFESNT, TRFIRDafi
DI VIIEMEEN R T RO AEEEZT L B> TV E WS HEREIEEES N, Eo
THRZ7OME/ITREFY ROBREARICER-7 1 REGH—HEBRINTED, <O
EERT A REDEBBRENIIENIC/NS WEERLPTWVWEWD T ENTREE NI,

INSDIENS, TIRFIIIVDBRBREICLBFARICEVNT, 70N VLDRRIC,

WERIC O-SiEENTEHRESND T, anti B TETIDEWS ZENREEI NI,
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Table 26

OSiMe,But
O [.CN

Bu'Me,Si H
112b

OSiMe,But
O [.CN

Bu'Ph,Si
135b

OS|Me2But Oscizl\lA_IezBUt
CHasl (0.7 eq) 3
base (0.7 eq) ButMe28|/<l/L Bu'Me,SiO e
(E)-113
THF 2 A
-80°C, 5 min OSite B OSMe;Bu'
3
|3utF>r123|/<|/L BulPh,Si0” X" "CN
135b (E)-136
yield (%) yield (%)
base (E)-113 (E)-136 (E)-113/(E)-136 112b 135b
LDA 22 7 3.1 18 40
LiNEt, 19 6 3.2 24 39
LTMP 22 15 15 19 30
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SBIUET  fEE

rfic I 7/ERYVZBIZINRFIIZ > 112ab Z 7 IILFILEBEIOEFET,
BETMETZZLICELD, T/—ILYYIILI—FTILFEER 113 hE5NnNdZEZ2BE5
MC U, Scheme b8 LAY & S>BRIMEBZRE U, 37005, anti filfic &2 TR
FYRORERE OSi BEDEHRMHENICE IS &iICKD, Y UT—hphfEE
(ED-141ab e En, HENICZILFILEENS, BLLRET7ZIILFZ=A>Y115%
RAEL, ZILFILMEEINZEVWSEDTHS,
Scheme 58

. R 1 'R .
'\S||_1R3 3SiO Osﬁ-?’ HICO »\S||_|R3

(o
Hr- /\%( MCN ) Ny
NC--OsiR; (2113 ReSI0-({-CN
[ H

H* N\ V4
112a  NR', / T \ - RaNH - 112b
-Si SiRg

SiRs RsSIO  OSiRg e J
H... O-. — H:.. @)

M — ™ -~ H

AN - . N N
OSiR, (2-115 RSIO c 0

-/ i
RSSIM - > + + <~ H H
H—H , >—CN
OSiR, H 0 OSiRg H o HsSIO

NC (B)-141
@14 o ! U P Q/—[\’
C OSiR3/ H —‘RSSiO/\)\CN R3SiO CN / H
Si- Si-

(2141 13 \ (E)'Ts / (B)-141673
OSiRy
Rl
R:SI0” X" CN
(B)-113

(38) Sasaki, M.; Kawanishi, E.; Nakai, Y.; Matsumoto, T.; Yamaguchi, K.; Takeda, K.
J. Org. Chem. 2003, 68, 9330-9339.
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FTF  [2,3]-Wittig SR ZFIAT 2 TRF Y RS HILNZA YADAREFEE RIGDBIF

Paxan Hb

B—E B

plil

BE—BICTRUCRIMEBICEDWT, AFEERIREFY RZAVCIRFI RHSD
AEGEERIDICDOWTEZS. 112b ZflicE > TEZ 2L, YU T —MPRERK(E-141a,
bd>5, O—%~Y—(H-141alcEWVWT, KEFH & DKRIGH C-SifEHICXT L T syn @
IEENSHBIDE(D-156 BERK L, anti DEEENSE T B &, ent-(D)-156 M- T 5.
O—%<Y—(6)-141b ICEWTIE, anti DEECENSE TS & (F)-156 H4ERL, syn OFC
BN IDE, ent-(B)-156 4RI % (Scheme 59). Dz eSS, TRFVRD
REDNZEIM(TB LRI T /EDafIIicisBEESNDcdHIcid, ROFHEIBE LR
5. (1) REFAEDORIEH anti B U < (& syn BRWITETI S &, (2) KEFHERIED
RIGH, VT —hHEENSHENICETISZE, BULKIE, DILNZAVZRET
558, AIVNZAYVDORELD HKREFRIEDRIGHENT &,

Scheme 59
(O S|R3
R38|O /y CN
& -Sj OS|R3
112b  NR', . HH,,.* o) N (2156
CN El
R SIO
‘ ® Qo Ho H
0 (B)-141a > F{\rssio\*ﬁxosm3
R{Si{ ) £y ent-(2-156
H— H
> CN
i El
R3SiO (E)141 b, _osi,
: H
LT\H 0 RsSIO” © "CN
L . El R3S|O~8—[/\H . (E)-156
p\ o H OSiR,
(E-141b ° RsSi0—*/-CN ~H
El ent-(E)-156
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HMEEICEWT, KRIC, REREENEH SN, FILFIVEE E DREDRET SN
1o FILFIMEAIE LT, RIEXVIILZRAW, BADRE, BE RNFIZRET L,

Bonfc 113 IR TZEIHETH >z (Scheme 60).

Scheme 60
PhCh,Br (1.2 eq) OSiMe,But
e OSlMezBu b882€ (1.1 eq) Bn 2
t BulMe,Si0O” ™ CN
Bu'Me,Si * H additive, solvent 2 G
112b -80°C, 5 min 113
0% ee

COFRRELT, RIEDBEICEWT, Z7=AY 115 2RHLTED, KEFAHNK

69 BEICTEILTWVNDS, EWSAEEENSH S (Scheme 61).

Scheme 61
O. SiR
( ~H°
H"' *
RsSI0--CN
H‘/—\ _S|R3
112b "
NR — %OSIRS <—>R3SIO CN OS|R3
CN R3SIO
R3SIO
(E)-141a (2-115 ent-(2)-115
O
_/
RSS'/,‘ _
H—C H
S CN
R38|O (E)-141
R S.OH - S'Rs OSiR;
3ol H
N —_— -
C s{- RS0 c Rﬁ.Oﬁ&
Rs
(E)-141b (E)-115 ent-(E)-115

(39) RH #f, NIV§HE KRFERT—5
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CDRERNELIINE, 7ZAYDTEIEOEREZETSESHD, 724> 1156 &
KREFAHE ORIGEEZINRS NIE, FEEENEIDAEENHD. £2T, FEHEK
BTHIEORIGZIMNET 5 EZBNE LT, P2AY ERBBFHE DRIGH D FRRIE
TH3 157 DLSBFRZHFEL, ZORINZIEETTT S &Il UTc (Scheme 62).
Scheme 62

El El |
Bu'Me,Si Bu'Me,SiO N Bu'Me,SiO -

%

157

77



SBEN [2,3]-Wittig B Z FIAT 2 ANFHEERIC DR

£, 1121CKF2 OVYIEZ OF7VIEICEBRUCEE 1568 %% X /. 1568 %
BETOET S LICLD, —EOBEZRTERLIET =AY 169 CHE&WT,
[2,3]-Wittig Exfi D i, 160 &7h, ZNJIILED afiE BAICAEFEINGLETN
HOEEMNH D, ZDE, ZNVILEEREL, afiicAFROLZE-EEY 161 B

BonsdEEZ 513 (Scheme 63).

Scheme 63
/\u R
“o )
base a (, A\
\ t XNy
Bu'Me, S| * /C:LR PuMeS0 CN R Bu'Me,SiO™ Ny EQ
H
158 o 159 160
— Bu‘MegsioW\
H R
161

Julia 5%, ¥7/ERY> 162 % LDA TUIBT B &, 70k >1E,/[2,3]-Wittig #x

/27 /BEORRBENE D 163 NERT B &EZHEL TWLWS (Scheme 64).4

Scheme 64
R' _ o
/\)\ k) 0 S

o R

1 _LDA | 4 — R — R")g(\
R'”CN THf CN R R R

162 -78 °C 163

R = H, CH3, (CH3)20=CH'(CH2)2'
=H, CH3

(40) [2,3]-Wittig rearrangement 12 B9 2 #8312 D W TIEBUT % £28: (a) Nakai, T.; Mikami, K.
Chem. Rev. 1986, 86, 885-902. (b) Marshall, J. A. In Comprehensive Organic Synthesis; Trost, B.
M., Fleming, 1., Eds.; Pergamon: Oxford, 1991; Vol. 3, pp 975-1014. (c¢) Mikami, K.; Nakai, T.
Synthesis 1991, 594-604. (d) Nakai, T. Mikami, K. Org. React. 1994, 46, 105-209. (d) Nakai, T.;
Tomooka, K. Pure Appl. Chem. 1997, 696, 595-600.

(41) Cazes, B.; Julia, S. Tetrahedron 1979, 35, 2655-2650.
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Fle, CORIGIEIZEREEMINVEVERO—EFTH> THEITIBIFE, RIGELTW
ZEBRESTNTWS (Table 27).

Table 27

R)\CN THF: HMPT R

&

(4 :1) ( R

-78 °C
R time (min)  vyield (%)
CHs 90 63
n'C3H7 30 43
i-CgH;, 30 50
nCsHy 30 53
i-C4Hg 120 58

o, TFYFARIRNRR[2,3]-Wittig BEALICDWTIE, AFEE? UEERFIH
Y R/BEECORHEDEEFRULLBANEIIRES N TWS, £EL, Z0Fs, YA
YREDHEMKEICKD, EBEMNMNGDEREIND EVWSHEERNG S, £, l70 K 1t
[2,3]-Wittig BTAIICEDFT, AFVAY ROGFETEITLTWSES, FFILAILINZ
AVDRTEEVWDS KD ITATLAX Y Yy VIREBIREZERLU TRIDDEITLUTWS

AIREMENY =LY (Scheme 65).

(42) (a) Marshall, J. A.; Lebreton, J. J. Am. Chem. Soc. 1988 110, 2925-2931. (b) Marshall, J. A.;
Lebreton, J. J. Org. Chem. 1988, 53, 4108-4112.
(43) (a) Kang, J.; Cho, W. O.; Cho, H. G.; Oh, H. J. Bull. Korean Chem. Soc. 1994, 15, 732-739.
(b) Manabe, S. J. Chem. Soc., Chem. Commun. 1997, 737-738. (c) Manabe, S. Chem. Pharm. Bull.
1998, 46, 335-336. (d) Kawasaki T.; Kimachi, T. Synlett 1998, 1429-1431. (e) Tomooka, K.;
Komine N.; Nakai, T. Tetrahedron Lett. 1998, 39, 5513-5516. (f) Kawasaki, T.; Kimachi, T.
Tetrahedron 1999, 55, 6847-6862. (g) Gibson, S. E.; Ham, P.; Jefferson, G. R. J. Chem. Soc., Chem.
Commun. 1998, 123-124. (h) Tomooka, K.; Komine N.; Nakai, T. Chirality 2000, 12, 505-509. (i)
Barrett I. M.; Breeden, S. W. Tetrahedron: Asymmetry 2004, 15, 3015-3017.
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Scheme 65

o(\"r RLi/L* OK>/ /ji /\/E
- ¢ G
R “LLi L---Li0” G HO™ "G
G R-H
L* = (-)-sparteine etc.

SEEFEUCERBICE T IAFRERAFIRFY ROSAREFZEESI NI A Y
DHTHD, ZDLS5BAVET MEDLAE[2,3]-Wittig BN OIKERF I NETIC
B0V, ULieht> T, RRIDHEINT L, FRAEF[2,3]-Wittig SRS OREFEICE EX
59, REZVILAINZAVICNT 2 BERNAR ST SN ARMENSG 2.

x9, JEIRZAVWIRREEZ®RE IS 2&EL, IRFIFZILTER 111 %
H,0/CH,Cl, &8, n-Bu,PBr ##E T, KCN, B{t7 UL TUEBTZZ&ickD, 164
#1357 (Scheme 66).

Scheme 66

O
KCN , CH,=CH,Br, nBu,PBr (cat.
ButMeZSiMH L «PBr (cat) <L |
111 H>O/CH,Cl, Bu'Me,Si CN
rt, 2 hr 164

59%
164 @ THF A%&Ic-80 °C IcHEWT LDA =iz, 30 B LIcE T3, EMSERE
EYhBEsnizo&T, BMOD 166 [FELah -, Fo T, EEELT, NaHMDS
AW, HMPA/THF B TRIbEBc& 3, BRDT b 166 I, ERBIDHIL/INZA

>V 165 NMIMULTbEY 167 H 23% (46%) 4£/% LTz (Scheme 67).
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Scheme 67

/ﬁ NHMDS | m
BUtMGQSI/Q)\ /\)\ ButMezsiO X CN

HMPA/T HF BuMe,SiO CN
H OSiMeBut

-80°C,3m
/\)J\/\ o/~
——  BuMe,SI0TX HO %~cN

166 BuMe,Si0” X X

167
23% (46%)

D ENS, RIGHICIKHBEEREFRSIMEZFOREEL, CORBICHEILZWT
EDEESMNER ST, 2T, EBFERSIEEZHLGAWVWEE 168, EFIKI|IEEE LT,

RARZIILEZFHOEE 169, 7z DI EZHKODEE 173, ZGA L (Scheme 68).

Scheme 68
0 NaH, CH,=CHCH,Br A?iw
BulMe,Si~ " 0H - Bu'Me,Si H
68 rt, 45 min 168
81%
1. LIP(O)(OE),, -80 °C 15 min
o 2. CH,=CHCH,Br, -80 ° to -30 °C 1 hr 5 0 F
o) 3. HMPA, -50 °C to rt, 2 hr
ButMeQSi/Q)LH THE ButMezsi/Q)'"P(O)(OEt)z
111 169
66%
MnO i PhMgB oH
o nO, gBr
BuMe,Si~ > “OH Ch.Cl ButMezsiMH B T ButMezsiMPh
67 reflux, 2 hr 170  0°C, 20 min 171
OH  NaH, CH,=CHCH,B ©
mCPBA Pt aH, CH,=CHCHBr P
CH,Cl, TBS Ph DMF | TBS Ph
f, 172 rt, 30 min 173
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168 O THF/HMPA (10%)/ARIC n-BuLiZilz fc& 22, TIRFY RO afi TlE%<.
UMK TO N EEN, ECLPZAVNIRFY RZRELULRILE 174 14
U, 169 8LV 173 ZAWIHRIX, RT7O N MEIETEY, REEIRICKD 5
1z (Scheme 69).

Scheme 69

o)

09 | o
1. nBuLi (1 eq), -80 °to 0 °C, 1 hr e}
ButMeZSi/Q)\H 2. nBuLi (2 eq), -80 ° to -45 °C, 20 min ButMeZSi/Q)\H |
168 THF/HMPA (10%)

0]
/<(|)2\ HO |
= Bu'Me,Si 0

— SiMe,Bu!
/
174
58%
o/ﬁ n-BuLi HO
P / PR
Bu'Me,Si P(O)(OEt), _Elgf/{j)'\gﬁjé ButMe,Si P(O)(OEt),
169
o/ﬁ n-BulLi HO
o7 | PN
AN
Bu'Me,Si <A Ph edFMNPA,  BuMesSi Ph
173

169 KLV 173 ZAHWVWEES TR ZOMNMEAETLARWVWDIE, 7ONYOBEED
BWZ & &, MIHREBENRRTHDEEZSNIEDT, TRFIYRE O-FZYIILEDREICZ

EEAZEAUVLCEB 175 26U TRILZ®RETIT S 2 &IC LTz (Scheme 70).
Scheme 70

base W :) i /m
ButMeQSiWEWG BuMe,Si CEWG INF

Bu'Me,SiO A EWG
175

U IR Vo
TTTBUMe,SI0T NN EwG | BulMesioT NN EWG
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£9, ZITER 111 & (triphenylphosphoranylidene)acetaldehyde & @ Wittig
RIGICEED ZERFEZBEAULLRIC, RAKRVERIIFILZRIGSE T 177 ICEWE,
BROEBEEZBVWTZVIIMbZTESE LD, ZILTER 176 HAEIRENZDHT,

BRID 178 B snah >k (Scheme 71).

Scheme 71
HP(O)(OEt),
A?)(i PhyCHCHO 4?/\)\.1 DBU M
Bu'Me,Si H CHCN  Bu'Me,Si H CH,Cl, BuMe,Si P(O)(OEt),
reflux rt
111 80% 176 177

o/ﬁ
base, CHy=CHCH,Br W l
BuMe,Si P(O)(OEY),

178

EWG &LTZ7xzZILZET S 180 (&, 176 I phenyllithium ZME /2%, 21t

PIIWEKRIEFNIUDTLTTZIIET D EICEIDEDZEMNTE 2 (Scheme 72).

Scheme 72
0O  PhyCHCHO o 9 PhLi o OH
Bu'Me,Si H CH5CN Bu'Me,Si H THF, -80 °C Bu'Me,Si
111 reflux 176 4% (2steps) 179

NaH, CHy,=CHCH,Br M/w
DME. 1t Bu'Me,Si N"ph
91% 180

18517 180 ® THF/HMPA JA7%(2-80 °C T NaHMDS %2/%, ZRETHRRLIE
23, BRET Y Y FLIREY S R/ Wittig EERIEEEK 181 % 43%DIET
BTN TE. E5IERE LT n-Buli AL, -40°C 15-30 C KBV TRISE

15 &, 86NXTINENM EL T (Table 28).
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Table 28

M B

Bu'Me,Si TTHE  BuMe,sio” Ny "ph
H 181

base conditions yield (%) E:Z  sm (%)

NaHMDS (2 eq) HMPA, -80°Ctort,2hr 43 E
n-BuLi (1.2 eq) -65 °to-50 °C, 10 min 59 10.0:1 29
n-BuLi (1.2 eq) -40 °to-30 °C, 10 min 86 5.0:1

BRDORIGHLEHED HEITT S ENHES MR D, HEEFEAZAVWTRIGZT
SBE, TIRFIYRETZILEDEE L TWBIRRREFEDENEBICE D ZEED
VP7RATLAN—MET, £HT IR TR ODERBDIIREEZE T 5 EDRIEDERD

5FBENBEDT, YF7ATLAN—Z0#MT 2BENHS. LHL, TJzZILEZRKD
HE 180a,b [CEAU T DBEDARRIRETH o fcledh, KO E/WA Y FILEZHEOEE
183, 7 7FIEZHDEE 185,187 ZEHM UNMAIRENE SN ZERIN I D &lc L
(Scheme 73). ZD#ER, 7IL7E R 111 (C 2-Napthyllithium Z 4 &7/)L3—)L

186 BN LVANKT ST 4« —THBPIETH D EDbh o T,
J/
NaH o 9
183
L|
NaH
111 KK/\)’ CHQ—CHCHZBI’ &V\)’

Scheme 73

Li

R3S|

L|
NaH

CH,p=CHCH,Br
RSS' T RS




F1c, 187 %= Et,O0 B, =BT, nBuLi TAIBELzET 3, 67T%DIETHHD
(k188 N8 5N/ (Scheme 74). &5IT, ZOBBEBEHRORFINXIF, (£-188IcD
W&, Chiralpak IA® (hexane:MeOH:EtOH = 100:1:0.5)%Z, (2-188 [CDWTIJ,
Chiralcel OD-H® (hexane!PrOH) ZFWTHORRIRETH B Z EMNBES MK > 2128,

187 DX ERAEZERT S &ITUTe.

Scheme 74
/ﬁ n -BulLi \HO \
ButMeZS|WNap Et,O T EL,0  BuMeSiOT N Nap
187 rt, 7 min H 188

67% (E:Z=1.0:1.2)
7 ')JL7)IL3—)L 67 % Sharpless D TiRF MERIGICH L, 92% DAFINETIIN
FITNA-INEELE FEIEEROBE EREMKIC, Parich B{b, Wittig RIG,
2-naphthylithium OfIIIZE T, 186 IcE W=, 186 DY P RTFLAN—ZDBEL =

% Fn2zhz, FYIlkgscEickb, 187a £& U 187b 257z (Scheme 75).

Scheme 75
TBHP, Ti(OPr-), SOwpy. E o
L-(+)DIPT .0 3Py, EtsN o)
t R — N
BuMe Si” 7 "OH ™51 q), BUMe,Si” " OH DMSO, CH,Giz ButMeQSi/\:)J\H
67 -20 °C 68 °C 69
92% (920/066) 83°/o

Li
Phs=CHCHO C 0 o 91

0]
/‘\'/\)]\ G
CH.CN  BuMe,Si~ ™ H THF BUMe,SI~ N
3 -80 ° to -60 °C, 20 min

reflux 176 90% 186

89%

DMF, rt

PN T o om
Bu'Me,Si - CH,=CHCH,Br, NaH W
Bu'Me,Si Nap

186a 790/,0 187a
wm CH,=CHCH_Br, NaH 0 Oﬂ
Bu'Me,Si~ p=CHOHBr NaH A
Bu'Me,Si Nap
DMF, rt
186b 85% 187b

Nap = 2-Naphthyl
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187a £ £V 187b DEMEE(E 186b %= p-7OERNYY 1 ILEL, 189b [cEW:

%, XREREBERTICKDRE L (Scheme 76).

Scheme 76
O
O
Wm p-bromobenzoylchloride 0
BUtMezsi - " e} H
EtsN, DMAP W
CHoCly, 1t Bu'Me,Si Nap Br
186b 90% 189b

189b

x99, 187a® THF A®KIC-80 CICHEWT nBuLiZzinzx, 5oMRISESEE I3,
A5%DREELE &I, BRDERMAK 188 MM 46%DINEK, EZ = 5.3:1 TEsNnfle. LM
U, AEIEEZ(E)-188, (9-188 &£HIT 0% ee TH > Tc (Scheme 77). KRIHTIZ,
IRFIYRDESEDARFEEICKE > TERLIEAILNZAY 190 A3 1T 2H1IC, D
FARILGTH B[2,3]-Wittig I=iIlc K DRI 2 EZHME L TWED, TOBERHMS,
-80 CICHEWT, [2,3]-Wittig ERUNB Z ZBICHILNNZA VD ZEIMENE I >TLE
SEVWSZENREEN., 22T, RIEEZ LR8N, [2,3]-Wittig &fz& AL
NZAYDZEIOEMEEEZZIED I ENTEZOTRBLNEER, RIGEE

ZRIEID I iU
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Scheme 77

n-BulLi
0 O::ﬂ (2.0eq) o
Hees! P 80°t0-75°C g
187a 5 min

46% (E:Z=5.3:1)
(E)-188 : 0% ee
(2)-188 : 0% ee

O/W
S | M:45%
ButMeQSiOW Ph recoverd SM:45%
H
190

FAfkOKRIGZ, -35°C, 25°CICEWTITR-fc&El 3, ZhEh, 88%, 80%&, i
ROWINETEAANE SN, AFNRICEL TIE, -35 °C TIE(£)-188, (£-188
EBHIC0%ee THoIH, 25°C TIK(E)-188 AL TIE 7% ee TRZEFEEHENE SN
Tz (entry 2,3). RIGEEZEL T2 ET, DIHWBISAFEENERI N, THF
BIETIE, MU EDOARFIERIESBWEE R, tHOBREEZRSE TSI &IcULiz. Et,O
BREPTRIEZ{TR>cE 23, -80°C TIREEBRRERBLENICEL>IcHDD (entry 4),
-35°C TlF 45% DIETEHMANF SN, (SE)-188h'81% ee, (R2-188 H' 74% ee
EVWSHEWAFIETARAFGENB I o1 (entry 5). &5(C25 ClcEVWTRIGEITHE
S &, {BRUNEIG 72%IC, FEUNZKIF(S,E)-188 [cBAL TIE 84%ee, (R-188 IcBL
TIE80% ee FTHLEUL (entry 6). INSDERIS, BENTFNEICKELEE
ZRIFTE, RINEEZELSTDERFNRENRA LI DL, NHASHICKE . £
T, ACI—TIROBET, #HRMN 101 CTHD, LORINEEZESTEIENT
=% 1, 4-dioxane Z A E U TR T2 &icLie. £9, 26°CICREVWTRIDZ T I
&3, 85%DUEET, (5,6)-188H196% ee & WS HEWAEINETE SN (entry 7).
RICKIVEEZ 50 °C lc U TRINEE 23> feh’, (LRI, FEFEWNKICHIL > i

HENBA STz (entry 8)(Table 29). LMY DHENEBEDREIC DV TIERETTENS,
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Table 29

HO, \
n-Buli Bu'Me,SiO NN Nap
o/m (2.0 eq) (S,E)188
.0 HI|| ——————— +
NG PR i Bu'Me,Si
ButMeQSinap 5 min u'Me,SiO HO ;\—\\
187a XN"Na
(R,2)-188
entry solvent temperature vyield (%) recovered Ez ©& (%)
E Z
SM (%)
1 THF -80°to-75°C 46 45 531 0 O
2 THF -35°t0-30°C 88 - 241 0 O
3 THF 25°t030°C 80 - 121 7 O
4 Et,O -80°t0-75°C 0 94 - - -
5 Et,O -35°t0-30°C 45 35 195 81 74
6 Et,O 25°1t0 30 °C 72 - 1:6.8 84 80
7 1,4-dioxane 25°1t030°C 85 - 126 96 74
8 1,4-dioxane 50°to60°C 82 - 126 91 82

APARIDOREFUNE (90% ee)z b & ICHT.
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Ric, IYPATLAXY—187b IcBEAL T, E*kIC THF, Et,0, 1,4-dioxane 1T Kk
ZRRET U Tc(Table 30). {bZINE, AFWNEICNT DBEMRIEI 7 XTLATY—187a
ZRAWCRERAKROERZRUE. £ELU, BoNnkEMEE EXR, ZHFEBICITR
TLANY—187a S/ oNCEAEDIF Y FAN—TH >,

Table 30

HO : \
nBuLi  TBSO Nap

(R,E)-188
D

TBSWNap 5 min TBSO HO.
1

870 PN
Nap

(S,2-188
entry solvent temperature vyield (%) €°overed g - ee (%)
SM (%)

1 THF -80°to-75°C 54 36 E

2 THF -35 °t0 -30 °C 91 - E

3 THF 25°1t0 30 °C 90 - 1541 5 O
4 EHO  -80°t0-75°C o 8 - - -

5 Et,O -35°t0-30 °C 51 41 12.0:1 90 36
6 EL0  25°030°C 71 - 261 9158

7 1,4-dioxane 25°to 30 °C 92 - 8.1:1 97 45

8 1,4-dioxane 50 °to 60 °C 81 - 5.3:1 96 49

APARDARFNE (91%ee)zH &ICHEHE.

Table 31 I, Et,0&#, 1,4-dioxane B, 25°C TRIDZITHE > cRDERZ R
¥ RADITZALTAR—H5R/5ND EFE ZEDARFRLEEWC I F Y FAY—
DOERICHD, 187TahroBS5ND ERE 187Tb h'oBES5NS ER, 187a i 5E5N
572K E18Tb hhoBoNd ZRhbEFNENIT TV FAN—DERICH >z, EARITDN
TIE 187b H 5 DEHERD 1FE S DAFINENE <, ZEWICDWTIF 187a H5 DRHEED
EODARFWNERLNFWN. £, 187ah Sl ZENERBEAETHZDICHL, 187b h5

& EFEDERIRETH 3.

(44) Sasaki, M.; Higashi, M.; Masu, H.; Yamaguchi, K.; Takeda, K. Org. Lett. 20085, in press.
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Table 31

n-BulLi /\/\Hg(—\\TBSO HO, RN
/\/\/Lﬁ (20€d)  1eso NN Ngp * NSNS

Nap
Nap 5 01530 °C (S.E)-188 (R2-188
187a 5 min
n-BulLi TBSO
° (2 09 W w—\
TBS/\/\/<Na 25°1030°C B0 Nap * 7N ngp
p 030°
187b 5 min (R.E)-188 (5.2)-188
diastereomer  solvent yield (%)  E:Z tge (O/Z°)
187a Et,O 72 1:6.8 84 80
187a 1,4-dioxane 85 1:2.6 96 74
187b Et,O 71 2.6:1 91 58
187b 1,4-dioxane 92 8.1:1 97 45

BB DIBIEEIC D WTIRRDE SBRIGEBICEDWTHBET S EHTES.
187a D 7O K vibid, ITRFVRD C-O fEEE syn ODEREMNSEID, YUT—hk
FEE(-191 BEKRT D, 2D, C-SIiEEDORAEE T JIVEAIHBENICE Z 5o
ICIFVIMIEND C-SIfEE L2 DD 2E/EAED T BFNINRTETICWRIBRENH ZH, £
NZ/CIT2@ODAY TAAX—=23 D55, (-191a hSidE 24D, (9-191b H
S5 EARDPERT S, (D-191a £(-191b TREFT7FILEE T VIILEZECFEICK
LT, C-Si HEDEENETH B, MENICFTFIFILED aficB# LT =AY
190 L HDEEEBEZRDIET THZ. IHb5E, ZHheé ERDRFFRLMITFVYFAT—D
BERICR2ETTHSD. e, BONKERYDHENEESR & U[2,3]-Wittig EALlE7 =

VIERUTIUIEREZH S EVWS ZEZERICAND E, ULV UT—K 191 O
Brook BxfihY, IREFMCEWTCIUAREZ BB > THETLTWSAREEHETRBINS

(Scheme 78).
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Scheme 78

VTP RATLANY—187b HAKDOKIGKEETETL TWBIEE, 187a L DEWIVY
T—RPAE 191 MEARTHDEWS T ETHD. ->7T, DARNICHKEEDBNEE

i ER, ZHEEDHIC18TanSDEDDIF Y FAN—ERDIFITHS (Scheme 79).
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Scheme 79

M'o
N
ng H‘\ljb aﬁ\\

187b
lbase
0 H o—"—
RS'/ o= W Nap
= H B0
l |
_SI
JgﬁNap
(E)-191a 191b

Sl—

H, .0
H_fzz———éif_zr'Nap Rssma——(*__Aéy_;ZEy

OSiR3
ent-(2)-190 ent (E)-190

R3S|O~8_Z_R

(R,E)-188

CORIBICEWTRBHFEINEARF, EERT, BVWAFNEXRTEHEAAIESND &L
SZ¢é, AUI—TIROBETHDICHEMDDST, THFRTEZEIAHRULMMESN
BWDIKRUT, EL,O, 1,4-dioxane A TIEFHEEFHEENE SN, FFiC 1,4-dioxane T
RFREENICARFEREENE S, EWSEVWREEKEFETH S, INXTORFAIL/INZA
VOREERICBWTRK, Iz Z5H-80 CREEVRERET TITODENH S
EWSONEHETHoTc. ZNiE, EER TR AFHILNZA Y OFmH D TREKHE TH
BHEEZLONTWHS5THS. LHL, SEIDERNS, EYIRBEZERT ST,

REAIVIKZA VD, [2,3]-Wittig EfLICK > THiES N S 2BEDFMZ R DR EMNED
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HdIENRENe. e, 14-IAFHURICEVWTEVWARFINERTHRAUFIELOND
DiF, 1,4-IAFHFUN boat BEEZIETHILNZAVICERML, FEIZMRT
WBTHTIERWHNEEZTWS (Scheme 80). 1,4-dioxane IZEEmMN 12 °C TH D1
®, INXTHILNZAVERRIGOBREE UL THWSNS Z E o eh, ZUIILY
FOLDEMZIMZDDICHmRDH TEIMTH D AIEENTRES NI,

Scheme 80

187

HO
A
— R@iOM

H
188

g/
A
0]
O . O ! 7}
.0 WH || n-BuLi Li- -
Bu'Me,Si Nap RsSIOT X < Ph
H' 192
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BE EXEEDRE

[2,3]-Wittig E=AIEHEARTH B (F)-188 &£(2)-188 =EA DiERMEDLEMICESE, X
RIGRBERITICKDRELL D E LD, INTREIICKI>cfc®, 188 =77 )L
—ILE 193 ICEE, FIRBTER U EIBEDRESH R 193 EDF ZJ)L HPLC IC& T
ZRFREOLRICE > T, BUBEZRELLSEEZL.

187a h 54T % 188 (Z M ERER) &, 187b NSLERT % 188 (EHHE
BiEE) =Fh2h, TBAF, D\WT NaBH, TAET 3 &T, 7ZILO—)LiK 193 (C&E
=, *3)LHPLC (Chiralcel OD-H", hexane:!PrOH = 80:1) Tt LSRR, 187ah5
T2 193 &, 187b 5E8NMN S 193 [FA—DIENEEZE I 5 2 EMHASHICK

> fc (Scheme 81).

Scheme 81
1. TBAF, THF
N N
187a TBSO™" N Nap 2 NaBH,, EtOH-THF HO *“Nap
188 (E/Z=1:4.1) -80 °to0 -15 °C o 470
(E: 74% ee, Z: 72% ee) 193 (67%, 47% ee)
1. TBAF, THF
HQ -80 °C, 15 min HO
187b TBSOWN_\\ HO/\/\)*(N_\\
aP 2. NaBH,, EtOH-THF ap
188 (E/Z=5.3:1) -80°to -15 °C
(E: 86% ee, Z: 45% ee) 193 (70%, 64% ee)
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B BENHS MG 193 DABETOERIE, UTOLSICiThok. £9,
1,3-propanediol = TBS 1k, 77)L3—J)L® Parich B&{t, Wittig RIGICfHT &l kDB
51377 R 195% & naphthyllithium &EDRIGICE > TP ILI—ILiK 196 Z &R
U7, 196 % Shapless D TRF bz FA U EERPOAZDENEICEIDREITZ &
T, (5)-196 (>99% ee) =Bk, 7VILET DI ET(S-197 ICHEW., RWT,
(9)-197 DEENIEIC KB [2,3]-Wittig Bzl U ILEI NE, BRND(S-193 H L

<IF(R)-193 AME 515 (Scheme 82).

Scheme 82
o)
NaH, TBSCI DMSO, SOz-py
HO™ ™" 0H TBSO™ >""OH : TBSO/\)J\H
THF EtzN, CH,Cl, 194
0°Ctort rt
79% 75%
o) - OH
PhsP=CHCHO WJ\ 2-naphthyllithium TBSoWN
CHACN TBSO H OTHF ] ap
reflux 195 -80 to°-60 C 196
740/0 80 /O
Ti(OiPr)4 (0.3 eq) BrCH,CH=CH
(+)-DIPT (0.3 eq) OH,  "Naf, DMF - o,
TBHP (0.7 eq) PP « et
TBSO Nap 0°C TBSO Nap
CHZCIZ, '20 OC (S)_196 830/0 (S)'1 97

41%, >99% ee

CZCTHEERZDIX[2,3]-Wittig ERIIcH T ZIEKEFETH D, KRS I(E, ExtiEs
DEA 5 HVi3 a-(allyloxy)stannane Z 18 E TUIE U, Wittig SEsiIEZ DIIAEEZBHESMICT
32 ET, BRRENTZILFILEDIFSE, 2,3-Wittig BHIETERIAREGE # > GET

52 EERELTWS (Scheme 83) .4

(45)Wang. J.; Hsung, R. P.; Ghosh, S. K. Org. Lett. 2004, 6, 1939-1942. Huang, Y.; Iwama, T.;

Rawal, V. H. J. Am. Chem. Soc. 2002, 124, 5950-5951.

(46) Tomooka, K.; Igarashi, T. Watanabe, M.; Nakai, T. Tetrahedron Lett. 1992, 33, 5795-5798.
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Scheme 83

S”Bus -78 °C THF

O/ﬁ n- BULI O/W |—h |
t inversion Et)u

62% ee 62% ee

INICX U, BRI YU ILEDZED[2,3]-Wittig Exfic& T DILFEZICET D
HBEGNFZZVL. INnE, PYILAINRZAY BREFRALFARENMEWVRETIE, BFIC
EIMHUTUERSEEZISNTREZLICERTZEEZSNS. LML, AR
(S)-198 % 1,4-dioxane 1, BEETUNIET DL, 71% ee TEAE 199 55N E T &
ZRWELTWS® 22T, 199 ZHlRBETARL, ZOMNBEZRET S LIk
D, BEARIFEH TV ILEDIHZED[2,3]-Wittig BRI DI IR ELFEESMNCT B &I LTz,
(R)-¥ > T ILEH S 3TIRZETAEM L fc 200" % Parich B&{b, D WT Wittig RIS IC S
FEICED, 6%TIEHBZN, (5-199 2EEHULTIc. ThEEMAE 199 OFZ)L HPLC
TORKHEZLERT DI ET, BAUKEE RETHLIENDD >, 2D ENE, &
URENT VILETH>TH, [2,3]-Wittig EALIFIIAEREZF> TEITIT DI ENHS
MCiE > 7= (Scheme 84).

Scheme 84

oﬁ n-BulLi ( 3eq HO A\
SN
/\)\Ph

30-34 °C Ph

1,4-dioxane
(3)'198 70%, 71% ee (R)-199

OH 1. pivalaldehyde

- 1. SO4-py, DMSO,EtN
HO\H/'\Ph p-TsOH/H,S0, \Hi(—\\ 2. Ph(eprZPPh3 ’ /\Hg(—\\
o 2. LDA, CHy=CHCH,Br HO Ph i Ph X" ph
(R)-mandelic acid > "4 200 (5)-199

(47) Hof, R. P.; Kellogg, R. M. J. Chem. Soc., Perkin Trans. 1, 1996, 2051-2060.
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(5)-197 %Z 1,4-dioxane % [2,3]-Wittig ExfiiCfT &, (R)-201 H'FE5N1 5 Z EHEA
ShICiR o fefe s, RERIC(S)-197 Z nBuli TAIEL, TBAF TUELfc& 23, (R)-193

H>99% ee DAFINETHE Sz (Scheme 85).

Scheme 85
0 1. n-BuLi (3 eq), dioxane
LH| 25°t030°C, 10 min HO, S\
TBSO/\MNa /\/\)\ \
P 2 TBAF (3 eq) HO X" Nap
(5)-197 THF-EtOH, 0 °C to rt, 4 hr (R)-193
77% (2 steps)
>99% ee

(R-193 D+ ZILHPLC ICK T 2 RFIFE LB T S & T, 187an 54T % 193
&, 187Tb MoEMT S 193 B bic RFETHB I EMHBALIE. €>T, 187ah5
HT5(-188 &, 187b "SXRKT 5(F)-188 & RIETHHD, 187a hoEKT S

(6)-188 &, 187b hS4T 5()-188 1 SHETHD I ENHSHICKR ST,

1. TBAF, THF
HO -80 °C, 15 min HO, )\
187 »’Wﬂ /\/\)\ \
a TBSO Nap 2 NaBH,, EtOH-THF HO Nap
188 (E/Z=1:4.1) -80 °t0 -15 °C of 470
(E: 74% ee, Z: 72% ee) (R)-193 (67%, 47% ee)
o 1. TBAF, THF o
-80 °C, 15 min S
187b M PN \
TBS?sa E2=581) Nap > NagH,, EtOH-THF HO Nap
=5.3: -80 °t0 -15 °C
(E: 86% ee, Z: 45% ee) (R)-193 (70%, 64% ee)
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=]

i

JH
g
=

auji

BRI ICAERTRERAEEEIRF YIS 187aH LV 187b A ERBIcHE W T n-Buli
THUIBT % &, TiRF RDOREER/Brook 8fi7,/[2,3]-Wittg iz &0 —EDBEZZ
2&lc&D, ZILO—IL 188 H"BRKI7% ee THLHND I EZBESMICL, HUDHE
BRDO—DTH-oTe, TIRFIYRMSAHILNZAVADARFEERIGDORREICKII U, £
o, AENENBRICEUVLSKKET S IERE, BEIEREVWEENHEHSNCE DT, K~
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General Procedures.

IR spectra were recorded on Horiba FT-710 spectrometer. Optical rotations were recorded on a
Jasco DIP-1000 digital polarimeter. 'TH NMR spectra were taken on JEOL Delta-500 (500 MHz)
spectrometer in CDClj3 with reference to CHClj (0 7.26) or in C¢Dg with reference to C¢Hg (8 7.20).
I3C NMR spectra were measured with JEOL Delta-500 (125 MHz) spectrometer in CDCl, with
reference to the CHCls triplet (& 77.2) or in C¢Dg with reference to CgHg triplet (& 128.0).
Resonance patterns were described as s = singlet, d = doublet, t = triplet, q = quartet, sep = septet, m
= multiplet, and br = broad. The assignment of 'H and "C NMR spectra is based on H-H
decoupling and HMQC experiments. Low- and high-resolution mass spectra (EI-MS) were obtained
with a JEOL JMS-SX102 spectrometers. Liquid chromatography under medium pressures (MPLC)
was carried out with a TOSO CCPS-8020 system by using prepacked columns (22 mm x 300 mm,
10 w silica gel) (Kusano Kagakukikai Co.). For routine chromatography, the following adsorbents
were used: Kanto Kagaku silica gel 60N for column chromatography; Merck precoated silica gel 60
F-254 plates for analytical thin-layer chromatography. All moisture sensitive reactions were
performed under a positive pressure of nitrogen. Anhydrous MgSQO4 was used for drying all organic
solvent extracts in workup, and the removal of the solvents was performed with a rotary evaporator.

Dry solvents and reagents were obtained by using standard procedures.
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3-(tert-butyldimethylsilyl)-2,3-propene-1-ol (67)

3 1
2
8BS XX 0H

To a cooled (-80 °C) solution of 3-(1-ethoxyethoxy)-1-propyne 64 (25.0 g, 195 mmol) in THF (200
mL) was added dropwise a solution of LDA prepared from diisopropylamine (31.5 mL, 224 mmol)
and n-BuLi (2.66 M in hexane, 80.7 mL, 215 mmol)in THF (150 mL) over 50 min. The solution
was stirred at the same temperature for 30 min before addition of #-butyldimethylsilyl chloride (32.3
g, 215 mmol) in THF (80 mL). After being stirred at the same temperature for 10 min, the reaction
mixture was allowed to warm to 20 °C. The mixture was diluted with saturated aqueous NaHCO,
solution (200 mL), and then extracted with Et,O (150 mL x 3). The combined organic phases were
washed with saturated brine (200 mL), dried, and concentrated to give curde silylated compound
(49.6 g). The product was used in the following step without further purification.

To a solution of the above compound in acetone-H,O (70:30, 250 mL) was added p-toluenesulfonic
acid monohydrate (5.6 g, 29.3 mmol). After being refluxed for 70 min, the reaction mixture was
diluted with saturated aqueous NaHCO; solution (200 mL) and extracted with Et,0O (100 mL x 3).
The combined organic phases were washed with saturated brine, dried, and concentrated to give
crude 3-(tert-butyldimethylsilyl)-2-propyn-1-ol 66 (32.8 g). The product was used in the following
step without further purification.

To a cooled (ice-water) solution of Red-Al® (65% in toluene, 82.3 g, 268 mmol) in Et,0 (115 mL)
was added dropwise a solution of the above compound (30.0 g) in Et,0 (115 mL) over 70 min.
After stirring at the same temperature for 15 min, the cooling bath was removed, and stirring was

continued for 90 min. After addition of 3% aqueous H,SO, solution (200 ml), the mixture was
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filtered through a pad of Celite. The filtrate was separated, and the aqueous phase was extracted
with Et,O (150 mL x 3). Combined organic phases were successively washed with water (100 mL)
and saturated brine (100 mL), dried, and concentrated. The residual oil was distilled under reduced
pressure to give the title compound (24.0 g, 78%), bp 62 °C/0.15 mmHg, a colorless clear oil. R, =
0.28 (hexane:AcOEt = 5:1). IR (film) 3318 cm™. "H NMR § 0.03 (6H, s, SiMe,), 0.87 (9H, s, ¢-Bu),
1.71 (1H, br s, OH), 4.18 (1H, dd, J = 4.4, 1.7 Hz, H-1), 5.90 (1H, dt, J = 18.8, 1.7 Hz, H-2), 6.19
(1H, dt, J = 18.8, 4.4 Hz, H-2). "C NMR & -6.00 (SiMe,), 16.6 (CMe;), 26.6 (CMe;), 65.8 (C-1),
126.8 (C-3), 146.4 (C-2). HRMS calcd for C,H,,0S1 172.1283, found 172.1322.

(2R*,3R*)-3-(tert-Butyldimethylsilyl)-2,3-epoxypropanol (68)

@)

TBS/3<I/1\OH

2

To a cooled (ice-water) solution of 3-(fert-butyldimethylsilyl)-2-propene-1-ol (24.0 g, 139 mmol)
and Na,HPO,-H,O (59.8 g, 167 mmol) in CH,Cl, (278 mL) was added mCPBA (77% purity, 38.0 g,
167 mmol). After the cooling bath was removed, the reaction mixture was stirred at room
temperature for 12 h. The mixture was diluted with saturated aqueous NaHCO; solution (250 mL),
separated, and the aqueous phase was extracted with CH,Cl, (150 mL x 3). Combined organic
phases were washed with saturated brine (150 mL), dried, and concentrated. The residual oil was
subjected to column chromatography (silica gel 350 g, elution with hexane:AcOEt = 3:1) to give the
title compound (23.3 g, 89%), a colorless clear oil. R, = 0.35 (hexane:AcOEt = 2:1). IR (neat) 3425,
1283 cm™. "H NMR 8-0.04 and 0.02 (each 3H, s, SiMe,), 0.96 (9H, s, +-Bu), 1.73 (1H, dd, 7.1, 5.9
Hz, OH), 2.34 (1H, d, J = 3.7 Hz, H-3), 3.02 (1H, ddd, J = 4.6, 3.7, 2.4 Hz, H-2), 3.60 (1H, ddd, J =
12.5, 7.1, 4.6 Hz, H-1), 3.99 (1H, ddd, J = 12.5, 5.9, 2.4 Hz, H-1). "C NMR & -8.34 (SiMe,), 16.6
(CMe,), 26.5 (CMe;), 46.3 (C-3), 55.5 (C-2), 63.3 (C-1). Anal. Calcd for C,H,,0,Si: C, 57.40; H,

10.70. found: C, 57.19; H, 10.74.
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3-(tert-butyldimethylsilyl)-2, 3 -epoxypropyl p-tolyl sulfone (75)

0
tBuMezsi/a<le1802p-Tol

To a solution of 70 (5.0 g, 16.8 mmol) in DMF (59 mL) was added p-TolSO,Na (3.4 g, 19.3 mmol).
After stirring at room temperature overnight, the mixture was diluted with hexane-CH,Cl, (1:1, 150
mL) and washed with water (50 mL x 3), dried, and concentrated. The residual white solid was
recrystallized from CH,Cl,-hexane to give 75 (3.2 g, 58%), colorless plates. mp 76 °C, R, = 0.46
(hexane:Et,O = 1:1). IR (KBr) 2928, 2856 cm”.'H NMR (CDCI,) & -0.06 and 0.05 (each 3H, s,
SiMe,Bu), 0.93 (9H, s, t-Bu), 2.07 (1H, d, J = 3.2 Hz, H-3), 2.45 (3H, s, PhCH,), 3.13 (1H, ddd, J =
6.4, 5.0, 3.2 Hz, H-2), 3.25 (1H, dd, J = 14.4, 5.0 Hz, H-1), 3.39 (1H, dd, J = 14.4, 6.4 Hz, H-1),
7.37 (2H, d, J = 8.2 Hz, Ph), 7.81(2H, d, J = 8.2 Hz, Ph). "C NMR (CDCl,) § -8.3 and 8.1 (SiMe,),
16.7 (CMe,), 21.8 (CH,), 26.6 (SiCMe;), 49.0 (C-3), 49.2 (C-2), 61.4 (C-1), 128.2, 130.1, 136.8,
and 145.2 (Ph). HRMS calcd for C,(H,O,SSi, 326.1372 found 326.1375. Anal Calcd for
C,¢H,O,SSi C, 58.85; H, 8.03. found C, 58.81; H, 8.14. The residual oil was subjected to column

chromatography (silica gel 120 g, elution with hexane:Et,O = 3:1) to afford a second crop of 75 (1.2

g, 22%).
(E, Z)-77
Ph
g
BuMe,Si0” 33571 ~S0,p-Tol
H

To a cooled (-80 °C) solution of 75 (150 mg, 0.459 mmol) and BnBr (63 uL, 0.505 mmol) in THF
(3.7 mL) was added a solution of NHMDS (1.0 M in THF, 0.505 mL, 0.505 mmol). The reaction
mixture was allowed to warm to -60 °C over 20 min before addition of 10% aqueous NH,CI
solution (10 mL). The phases were separated, and the aqueous phase was extracted with Et20 (10

mL x 3). Combined organic phases were successively washed with water (10 mL) and saturated
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brine (10 mL), dried, concentrated. The residual oil was subjected to column chromatography
(silica gel, 6 g, elution with hexane:Et,O = 5:1) to give 77 (178.5 mg, 93%) as an inseparable E/Z
mixture, a colorless oil. R, = 0.35 (hexane:Et,0 = 2:1). IR (KBr) 3057, 3030, 2953, 2932, 2981,
2857 cm’', '"H NMR (CgDg) E isomer: 6 -0.15 and -0.14 (each 3H, s, SiMe,Bu), 0.77 (9H, s, -Bu),
1.92 (3H, s, Me), 2.81 (1H, dd, J = 13.3, 11.4 Hz, H-1"), 3.63 (1H, ddd, J = 11.4, 10.1, 3.0 Hz, H-1),
3.78 (1H, dd, J = 13.3, 3.0 Hz, H-1"), 4.97 (1H, dd, J = 11.9, 10.1 Hz, H-2), 5.85 (1H, d, J = 11.9
Hz, H-3), 6.82-7.09 (7H, m, Ph), 7.85 (2H, d, J = 8.2 Hz, Ph). Z isomer; 6 -0.37 (6H, s, SiMe,Bu),
0.63 (9H, s, -Bu), 1.96 (3H, s, Me), 3.03 (1H, dd, J = 13.5, 11.2 Hz, H-1"), 3.94 (1H, dd, J = 13.5,
3.0 Hz,H-1"),4.39 (1H, dd, J = 10.4, 5.4 Hz, H-2), 4.58 (1H, ddd, J =11.2, 10.4, 3.0 Hz, H-1), 5.85
(1H, d, J = 5.4 Hz, H-3), 6.82-7.09 (7H, m, Ph), 7.96 (2H, d, J = 8.2 Hz, Ph). C NMR E isomer: §

-5.5 and -5.5 (SiMe,Bu),18.2 (CMe;), 21.1 (CH,), 25.5 (CMe;), 35.0 (H-17), 67.8 (C-2), 104.0 (C-3).
Z isomer: 0 -6.0 and -5.9 (SiMe,Bu), 17.9 (CMe,), 21.1 (CH,;), 25.3 (CMe;), 33.9 (H-1"), 62.8 (C-2),
102.8 (C-3). 126.5, 126.7, 128.3, 128.4, 128.6, 129.2, 129.5, 129.6, 128.6, 129.7, 135.9, 136.9,

137.8, 138.1, 143.4, 143.8, 144.2, 147.6 (C-4 and Ph). MS 416 (M").

78a
1 3
4\/\/Ph
0] 5 7

To a cooled (-80 °C) solution of 77 (178 mg, 0.427 mmol) in THF (4.3 mL) was added a solution of
TBAF (1.0 M in THF, 0.470 mL, 0.470 mmol) in THF (1.0 mL). The reaction mixture was allowed
to warm to -70 °C over 20 min before addition of water (10 mL). The phases were separated, and
the aqueous phase was extracted with EzO (10 mL x 3). Combined organic phases were
successively washed with 2% aqueous HCIl (10 mL), saturated aqueous NaHCO; solution (10 mL),

water (10 mL) and saturated brine (10 mL), dried, concentrated. The residual oil was subjected to
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column chromatography (silica gel, 6 g, elution with hexane:Et,0 = 5:1) to give 78a (53.9 mg,
86%).

General procedure for the conversion of 75 to 78: Reaction of 75 with BnBr

To a cooled solution of (-80 °C) solution of 75 (100 mg, 0.306 mmol) and BnBr (38uL, 0.306
mmol) in THF (2.3 mL) was added a solution of NHMDS (1.0 M in THF, 0.306 mL, 0.306 mmol)
and the reaction mixture was allowed to warm to -60 °C over 30 min. Then the mixture was
recooled to —85 °C before successive addition of EtOH (54 uL, 0.918 mmol) in THF (0.4 mL) and
TBAF (0.98 M in THF, 0.328 mL, 0.321 mmol) in THF (0.43 mL), and allowed to warm to -70 °C
over 15 min. The mixture was diluted with water (10 mL), and the phases were separated. The
aqueous phase was extracted with Et2O (10 mL x 3). Combined organic phases were successively
washed with 2% aqueous HCI (10 mL), saturated aqueous NaHCO; solution (10 mL), and saturated
brine (10 mL), dried, concentrated. The residual oil was subjected to column chromatography
(silica gel, 4 g, elution with hexane:Et,0O = 5:1) to give 78a (38.0 mg, 85%).

78¢

a colorless oil. R, = 0.28 (hexane:Et,0 = 10:1). IR (firm) 2926, 2278, 1691 cm™. 'H NMR (C¢Ds)
00.92 3H, t, J = 7.3 Hz, C-11), 1.93 (2H, td, J = 6.6, 6.6 Hz, H-7), 1.20-1.34 (6H, m, H-8, H-9,
and H-10), 1.93 (2H, td, J = 6.8, 6.8 Hz, H-4) 2.50 (2H, dd, J = 6.5, 6.5 Hz, H-4), 5.15 (1H, td, J =
15.4, 6.5 Hz, H-5), 5.31 (1H, td, J = 15.4, 6.6 Hz, H-6), 5.98 (1H, dd, J = 15.8, 7.8 Hz, H-2), 6.12
(1H, td, J = 15.8, 6.5 Hz, H-3), 9.36 (1H, J = 7.8 Hz, CHO). "C NMR (Cg¢Dg) 6 14.2 (C-11), 22.8,
29.2, 31.7 (C-8, C-9, and C-10), 32.7 (C-7), 354 (C-4), 124.9 (C-5), 133.4 (C-2), 133.9 (C-6),

155.1 (C-3), 192.4 (C-1). HRMS calcd for C,,H,,0, 166.1358 found 166.1358.
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1 3 5
NS CORE
o 2 4 6 /

a colarless oil. R, = 0.18 (hexane:Et,0 = 2:1). IR (firm) 2982, 2938, 1732, 1691 cm”, 'H NMR
(Ce¢Dg) 8 1.01 (3H, t, J =7.1 Hz, CH3) 1.40 (2H, tt, J = 7.3, 7.3 Hz, H-5), 1.71 (2H, td, J =7.3, 7.3
Hz, H-4), 1.92 (2H, t, J = 7.3 Hz, H-6), 3.97 (2H, q, J = 7.1 Hz, OCH,CH,), 5.87 (1H, dd, J = 16.5.
7.3 Hz, C-2), 5.95 (1H, td, J = 16.5. 7.3 Hz, C-3), 9.30 (1H, J = 7.3 Hz, CHO), "C NMR (C¢Dy)
0 14.2 (Me), 23.0 (C-5), 31.6 (C-4), 33.2 (C-6), 60.1 (OCH,CH,), 133.6 (C-2), 155.5 (C-3),
172.2 (C-1), 192.5 (C-7). HRMS calcd for C,H,,0,, 170.0943 found 170.0937.

General procedure for conversion of 75 to 79: Reaction of 75 with trimethylacetaldehyde

To a cooled (-80 °C) solution of 75 (200 mg, 0.613 mmol) in THF (4.0 mL) was added a solution of
NHMDS (1.0 M in THF, 0.644 mL, 0.644 mmol) and stirred at the same temperature for 10 min.
Trimethylacetaldehyde (98%, 70 uL, 0.644 mmol) in THF (0.8 mL) was added and the reaction
mixture was allowed to warm to -60 °C over 20 min. The mixture was recooled to —80 °C before
addition of TBAF (1.0 M in THF, 0.674 mL, 0.764 mmol) and EtOH (107 uL, 1.84 mmol) in THF
(1.0 mL). After being stirred at the same temprature for 10 min, 10% aqueous NH,CI solution (10
mL) was added. The phases were separated, and the aqueous phase was extracted with Et20 (10 mL
x 3). Combined organic phases were successively washed with 1% aqueous HCI (10 mL), water (10
mL), and saturated brine (10 mL), dried, and concentrated. The residual oil was subjected to column

chromatography (silica gel, 6 g, elution with hexane:Et,O = 1:1) to give 79¢ (69.6 mg, 80%).
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79b

3

1
~4 _CH(CHj3),
’
7Y

OH

a colarless oil. R, = 0.22 (hexane:Et,0 = 1:1). IR (firm) 3436, 2965, 1687 cm”. '"H NMR (C¢Ds)
0 0.77 and 0.78 (each 3H, d, J = 6.9 Hz, CH(CH3),), 0.78 (3H, d, J = 6.9 Hz, CH3), 1.52 (1H, td, J
=6.9, 6.9 Hz, H-1"), 1.97 (1H, br s, OH), 3.68 (1H, br s, H-4), 6.21-6.29 (2H, m, H-2 and H-3),
9.33 (1H, dd, J = 6.2, 0.9 Hz, CHO). "C NMR (CgDg) 8 17.2 (CH3), 18.4 (CH3), 33.7 (C-1°), 75.5

(C-4), 131.8 (C-2), 157.7 (C-3), 192.9 (C-1). HRMS calcd for C;H,,0,, 128.0837
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tert-Butyl-[3-(diphenyl-phosphinoyl)-propenyl]-dimethylsilane (94)

0
Bu'Me,Si 3 >3 PPh,
2

To a cooled (-40 °C) solution of diphenylphosphine (1.9 mL, 10.9 mmol) in THF (40 mL) was
added a solution of nBuLi (2.3 M in hexane, 4.7 mL, 10.9 mmol), allowed to warm to -25 °C over
20 min and added a solution of 3-(tert-butyldimethylsilyl)-propenyl bromide 93 (2.5 g, 10.6 mmol)
in THF (6 mL). The reaction mixture was allowed to warm to 0 °C over 30 min before addition of
H,0, (5% in water, 45 mL). The phases were separated, and the aqueous phase was extracted with
Et2O (30 mL) and CHCIs (30 mL). Combined organic phases were successively washed with 10%
aqueous sodium sulfite (40 mL), 10% aqueous K>CO; solution (40 mL), saturated brine (10 mL)
and saturated brine (40 mL), dried, concentrated. The residual white solid was recrystallized from
AcOEt-hexane to give 94 (2.94 g, 78%), colorless plates. R,=0.32 (hexane:AcOEt = 1:1). IR (KBr)
1184, 835, 720 cm™. '"H NMR (CDsCl) 8 0.10 (6H, s, SiMey), 0.70 (9H, s, -Bu), 3.23 (2H, m, H-1),
5.70 (1H, dd, J = 18.4, 4.0 Hz, H-3), 6.01 (1H, dddd, J = 18.0, 4.8, 4.8, 4.8 Hz, H-2), 7.43-7.52 (6H,
m, Ph), 7.72-7.75 (4H, m, Ph). "C NMR (CDsCl) 8 -5.83 (SiMe;), 16.8 (CMe;), 26.7 (SiCMe;),
40.1 (C-1), 128.9, 129.1, 131.5, 131.6 and 133.5 (Ph), 132.2, 136.1 (C-1, C-2). Anal Calcd for

C,,H,,0PSi C, 70.75; H, 8.20 found C, 70.88; H, 7.96.

tert-Butyl-[3-(diphenyl-phosphinoylmethyl)-oxiranyl]-dimethylsilane (95)

O O

‘1
ButMeZSi/3<é/1\PPh2

To a cooled (ice-water) solution of 94 (2.3 g, 6.45 mmol) in CH,Cl, (21 mL) was added mCPBA

(77% purity, 2.89 g, 12.9 mmol). After the cooling bath was removed, the reaction mixture was
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stirred at room temperature for 12 h. The mixture was diluted with saturated aqueous NaHCO,
solution (30 mL), separated, and the aqueous phase was extracted with CH,Cl, (30 mL x 2).
Combined organic phases were washed with saturated brine (30 mL), dried, and concentrated. The
residual oil was subjected to column chromatography (silica gel 80 g, elution with hexane:AcOEt =
2:3) to give the title compound (2.05 g, 85%), a colorless clear oil. R, =0.26 (hexane:AcOEt = 1:1).
IR (neat) 2949, 1185, 697 cm™. '"H NMR §8-0.22 and 0.12 (each 3H, s, SiMe,), 0.86 (9H, s, -Bu),
2.13 (1H, d, J = 3.2 Hz, H-3), 2.37 (1H, ddd, J = 13.2, 13.2, 6,8 Hz, H-1), 2.92 (1H, ddd, J 13.2,
13.2, 6,8 Hz, H-1), 3.01 (1H, m, H-2), 7.46-7.55 (6H, m, Ph), 7.74-7.79 (4H, m, Ph). "C NMR §
-8.26 and -8.36 (SiMe,), 16.7 (CMe;), 26.6 (CMe;), 36.0 (C-1), 50.0 and 51.1 (C-2, C-3), 128.9,
128.9, 129.0, 130.9, 130.9, 131.0, 131.0, 132.1 (Ph). Anal. Calcd for C, H,,0,PSi: C, 67.71; H, 7.85.
found: C, 67.66; H, 7.60.

tert-butyl(3-cyclohexylideneprop-1-enyl)dimethylsilane (98)

To a cooled (-80 °C) solution of 95 (100 mg, 0.268 mmol) in THF (2.3 mL) was added a solution of
nBuLi (2.3 M in hexane, 128 uL, 10.9 mmol), stirred at the same temperature for 10 min and added
a solution of cyclohexanone (31 uL, 0.295 mmol). The reaction mixture was allowed to warm to
-50 °C, recooled to —80 °C, added a solution of NHMDS (0.87 M in THF, 924 uL, 0.804 mmol) and
allowed to warm to -10 °C over 1 h. Then reaction mixture was diluted with 10% aqueous NH,Cl
solution (10 mL), and the phases were separated. The aqueous phase was extracted with CH2Cl2 (10
mL x 2). Combined organic phases were successively washed with water (10 mL), and saturated
brine (10 mL), dried, concentrated. The residual oil was subjected to column chromatography
(silica gel, 8 g, elution with hexane:AcOEt = 1:1) to give 98 (52.1 mg, 77%). For separation of E/Z

isomers, MPLC was used.

111



(E)-98

1!

a colorless oil, R, = 0.42 (hexane:CH,Cl, = 5:1). IR (neat) 2929, 1168, 835 cm’. '"H NMR 8-0.15

(6H, s, SiMe,), 0.92 (9H, s, +-Bu), 1.44-1.56 (6H, m, (CH,);), 2.04-2.10 (2H, m, (CH,),), 2.15-2.20
(2H, m, (CH,),), 5.62 (1H, d, J = 11.2 Hz, H-3), 5.92 (1H, dd, J = 11.6, 11.2 Hz, H-2), 6.49 (1H, d,
J=11.6 Hz, H-1). °C NMR & -4.43 (SiMe,), 18.5 (CMe,), 25.8 (CMe), 27.1, 27.8, 28.7, 29.3, 37.4
((CH,),), 110.1, 117.4, 138.8, 143.4 (C-1, C-2, C-3, C-1"), HRMS calcd for C,,H,,08i (M* — #-Bu),
195.1205 found 195.1230.

(Z2)-98

TBSO

a colorless oil, R, = 0.45 (hexane:CH,Cl, = 5:1). IR (neat) 2895, 1254, 837 cm”. '"H NMR §-0.15
(6H, s, SiMe,), 0.94 (9H, s, t-Bu), 1.44-1.60 (6H, m, (CH,)), 2.12-2.18 (2H, m, (CH,),), 2.18-2.24
(2H, m, (CH,);), 5.14 (1H, dd, J = 10.8, 6.0 Hz, H-2), 6.15 (1H, d, / = 10.8 Hz, H-3), 6.16 (1H, d, J
= 6.0 Hz, H-1). "C NMR § -4.43 (SiMe,), 18.4 (CMe,), 25.9 (CMe,), 27.1, 27.9, 28.8, 29.3, 37.6
((CH,)s), 106.7, 114.4, 138.9, 140.2 (C-1, C-2, C-3, C-1"), HRMS calcd for C,;H,,0Si (M* — #-Bu),

195.1205 found 195.1177.
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Trifluoro-methanesulfonate[3-(fert-Butyldimethylsilyl)-oxiranylmethyl]-triphenyl-
phosphonium (101)

+
ButMeQSi/3‘<12/1\PPh3

To a cooled (ice-water) solution of pyridine (1.8 mL, 22.3 mmol) in CH,Cl, (100 mL) was added
dropwise Tf,0 (3.75 mL, 22.3 mmoL) over 5 min. The solution was stirred at the same temperature
for 10 min before addition of a solution of 68 (4.0 g, 21.24 mmol) in CH,Cl, (20 mL). After the
cooling bath was removed, the reaction mixture was stirred at room temperature for 30 min The
mixture was diluted with water (100 mL), and then extracted with CH,Cl, (50 mL x 2). The
combined organic phases were washed with saturated brine (50 mL), dried, and concentrated to
give curde compound (6.37 g). The product was used in the following step without further
purification.

To a solution of the above compound in Et,O (40 mL) was added PPh; (5.23 g, 19.9 mmoL) and
stirred for 2.5 hr. The reaction mixture was filtrated and the white solid was washed with Et,O to
give the title compound (9.93g, 80%). The white solid was recrystallized from CH,Cl,-Et,O

a color less plate, IR (KBr) 1278, 1257, 1154 cm™. '"H NMR 8-0.16 and -0.14 (each 3H, s, SiMe,),
0.88 (9H, s, t-Bu), 2.48 (1H, d, J = 3.2 Hz, H-3), 2.89 (1H, m, H-1), 2.92 (1H, m, H-1), 4.22 (1H,
ddd, J = 14.8. 14.0, 3.2 Hz, H-2), 7.68-7.82 (15H, m, Ph). "C NMR § -8.6 and -8.3 (SiMe,), 16.7
(CMe,), 26.5 (CMe;), 28.8 (C-1), 49.0 and 52.8 (C-2 or C-3), 118.3 (CF;), 130.5, 130.6, 133.9,
134.0, 135.3 (Ph). ). Anal. Calcd for C,4H;,F,0,PSSi: C, 57.72; H, 5.88; S, 5.50 found: C, 57.73; H,

5.99; S, 5.50.
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General Procedure for Reaction of 101 with n-BulLi and aldehyde : Reaction of 101 with
benzaldehyde at 15 ° to 20 °C

To a solution of 101 (150 mg, 0.257 mmol) in THF (4 mL) was added a solution of n-BuLi (2.15 M
in hexane, 131 uL, 0.283 mmol) at 17 °C, stirred at 15 ° to 20 °C for 3 min and added a solution of
benzaldehyde (31 uL, 0.308 mmol) in THF (1.14 mL). The mixture was stirred at 15 ° to 20 °C for
3 min before addition of 10% aqueous NH,CI solution (5 mL). The phases were separated, and the
aqueous phase was extracted with E2O (5 mL x 3). Combined organic phases were successively
washed with water (5 mL) and saturated brine (5 mL), dried, concentrated. The residual oil was
subjected to column chromatography (silica gel, 8 g, elution with hexane:CH,Cl, = 2:1) to give 102

(50.3 mg, 75%) as an inseparable E/Z mixture. For separation of E/Z isomers, MPLC was used.
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BT F—EICEHT2EROE

(2R",3R")-3-(tert-butyldimethylsilyl-2,3-epoxypropanal (111)

@)

0
TBS/3<2Q1J\ H

To a cooled (ice-water) solution of 3-(fert-butyldimethylsilyl)-2,3-epoxypropanol 68 (7.38 g, 39.18
mmol), DMSO (55.9 mL, 0.79 mol), and NEt, (44.2 mL, 10.32 mol) in CH,Cl, (96 mL) was added
SO;-pyridine (98%, 14.6 g, 90.1 mmol). After stirring at the same temperature for 1 hr, the mixture
was diluted with hexane-Et,O (1:1, 100 mL). Phases were separated, and the aqueous phase was
extracted with Et,0O-hexane (1:1, 100 mL x 3). Combined organic phases were successively washed
with water (100 mL) and 1M hydrochloric acid (100 mL), dried, and concentrated. The residual oil
was subjected to column chromatography (silica gel 200 g, elution with hexane:AcOEt = 3:1) to
give 111 (6.0 g, 82%), a pale yellow oil. Ry= 0.35 (hexane:Et:0 = 5:1). IR (film) 1730, 1252
cm't, TH NMR 80.00 and 0.04 (each 3H, s, SiMe»), 0.97 (9H, s, tBu), 2.56 (1H, d, J = 3.4
Hz, H-3), 3.15 (1H, dd, J = 6.6, 3.4 Hz, H-2), 8.82 (1H, d, J = 6.6 Hz, CHO). 13C NMR &
-8.2 and -8.1 (SiMez), 17.0 (CMey), 26.6 (CMes), 46.6 (C-3), 56.2 (C-2), 199.2 (CHO).
HRMS calced for CsHoO2Si (M+ - C4Ho) 129.0372, found 129.0343.

(2R",35",4S" and 2R",3R",4R")-2-(tert-butyldimethylsiloxy)-4-(tert-butyldimethylsilyl)-3,4-

epoxybutanenitriles (112 a,b)

B
OOHS

TBS™ 4 "2 CN
3 1

Method A ; To a solution of 111 (16.1 g, 86.4 mmol) in CH,Cl, (173 mL) was added Znl, (4.15 g,
13.0 mmol) and TBSCN (97%, 13.8 g, 95.0 mmol). After stirring at room temperature for 12 h, the

mixture was concentrated. The residue was purified by repeated column chromatography (elution
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with hexane:Et,0 = 15:1) to give 112a (12.0 g, 42%) and 112b (6.4 g, 23%). Method B ; To a
solution of 111 (214 mg, 1.15 mmol) in CH,Cl, (2.3 mL) was added KCN (15 mg, 0.23 mmol),
n-Bu,PBr (78 mg, 0.23 mmol), and TBSCN (97%, 201 mg, 1.38 mmol). After stirring at room
temperature for 40 min, the mixture was diluted with saturated aqueous NaHCO; solution (10 mL),
separated, and the aqueous phase was extracted with CH,Cl, (10 mL x 3). Combined organic phases
were washed with saturated brine (10 mL), dried, and concentrated. The residual oil was subjected
to column chromatography (silica gel 45 g, elution with hexane: Et,0 = 20:1) to give 112a (162 mg,
43%) and 112b (166 mg, 44%). 112a: plates (hexane), mp 32.4-35.8 °C, R, = 0.33 (hexane:Et,0 =
20:1). IR (KBr) 1253 cm™.'"H NMR 6 -0.04 and 0.05 (each 3H, s, SiMe,Bu), 0.17and 0.19 (each
3H, s, SiMe,Bu), 0.93(9H, s, -Bu), 0.97(9H, s, +-Bu), 2.31 (1H, d, J = 3.4 Hz, H-4), 3.11 (1H, dd, J
=5.9, 3.4 Hz, H-3), 4.23 (1H, d, J = 5.9 Hz, H-2). "C NMR 6 -8.6 and -7.9 (SiMe,), -5.1 and -5.0
(OSiMe,), 16.7 (CMe,), 18.3 (OSiCMe;), 25.7 (CMe;), 26.6(OSiCMe;), 47.1 (C-4), 56.7 (C-3), 66.2
(C-2), 117.2 (CN). MS (APCI-LC/MS) 345 (M+NH,). Anal Calcd for C,(H;;NO,Si, C, 58.66; H,
10.15; N, 4.28. found C, 58.37; H, 10.13; N, 4.37. 112b: plates (hexane), mp 38.3-40.5 °C. R, =
0.28 (hexane:Et,0 = 20:1). IR (KBr) 1257 cm™. 'H NMR 6 -0.03 and 0.03 (each 3H, s, SiMe,Bu),
0.14 and 0.19 (each 3H, s, SiMe,Bu), 0.91 (9H, s, t-Bu), 0.97 (9H, s, +-Bu), 2.37 (1H, d, J = 3.2 Hz,
H-4), 3.09 (1H, dd, J = 4.4, 3.2 Hz, H-3), 4.39 (1H, d, J = 4.4 Hz, H-2). "C NMR § -8.4 and 8.1
(SiMe,), -5.1 and -5.1 (OSiMe,), 16.8 (CMe;), 18.3 (OSiCMe,), 25.6 (CMe;), 26.6 (OSiCMe;), 48.0
(C-4), 559 (C-3), 64.1 (C-2), 117.7 (CN). MS (APCI-LC/MS) 345 (M+NH,). Anal Calcd for
C,,H3;NO,Si1, C, 58.66; H, 10.15; N, 4.28. found C, 58.35; H, 10.29; N, 4.28.

General Procedure for alkylation of 112: Reaction of 112b with Mel and NHMDS

This procedure is representative for the alkylation. To a cooled (-80 °C) solution of 112b (100 mg,
0.305 mmol) and Mel (23 uL, 0.369 mmol) in THF (0.7 mL) was added a solution of NHMDS

(1.02 M in THF, 0.330 mL, 0.337 mmol). After stirring at the same temperature for 5 min, the
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mixture was diluted with saturated aqueous NH,CI solution (10 mL), and extracted with Et,O (10
mL x 3). Combined organic phases were washed with sturated brine (10 mL), dried, concentrated.
The residual oil was subjected to column chromatography (silica gel 10 g, elution with hexane:
Et,0 =20:1) to give 113 (R = Me) (102 mg, 98%). For separation of E/Z isomers, MPLC was used.

(E)-113 (R = Me):

OTBS

/\)<CH3
TBSO™ 4 5 2 CN

1

For separation of E/Z isomers, MPLC (elution with hexane:Et,0 = 60:1) was used. a colorless clear
oil. R, = 0.36 (hexane: Et,0 = 30:1). IR (film) 1662, 1472, 1258, 1195, 1114 cm™. "H NMR & 0.16
and 0.21 (each 3H, s, SiMe,), 0.17 (6H, s, SiMe,), 0.88 (9H, s, +-Bu), 0.92 (9H, s, t-Bu), 1.64 (3H, s,
CH,), 5.07 (1H, d, J = 12.0 Hz, H-3), 6.79 (1H, d, J = 12.0 Hz, H-4). "C NMR § -5.1, -5.0, -3.4,
and -2.9 (SiMe,), 18.1 and 18.4 (CMe,), 25.7 and 25.7 (CMe;), 31.9 (CH,), 67.7 (C-2), 113.4 (C-3),

121.3 (CN), 144.0 (C-4). HRMS calcd for C,;H;,NO,Si,,(M" - CH,), 326.1972, found 326.1929.

(Z)-113 (R = Me):

TBSO OTBS
“ CHs,
4 2 CN
3 1

For separation of E/Z isomers, MPLC (elution with hexane:CH,Cl, = 6:1) was used. a colorless
clear oil, R; = 0.36 (hexane:Et,0 = 30:1). IR (film) 658, 1472, 1258, 1146, 1124, 1092 cm’. 'H
NMR § 0.18 and 0.22 (each 3H, s, SiMe,), 0.19 (6H, s, SiMe,), 0.88 (9H, s, t-Bu), 0.96 (9H, s, #-Bu),
1.72 (3H, s, CH,), 4.51 (1H, d, J = 6.4 Hz, H-3), 6.21 (1H, d, J = 6.1 Hz, H-4). "C NMR § -5.3,
-5.2, -3.4, and -3.2 (SiMe,), 18.1 and 18.3 (CMe;), 25.7 (CMe;), 30.6 (CH;), 66.0 (C-2), 111.8
(C-3), 121.9 (CN), 140.8 (C-4). HRMS calcd for C,H;,NO,Si,,(M* - CH;), 326.1972, found

326.1929.
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(E)-113 (R = Et):

OTBS

/\kCZHS
TBSO . 2 CN

4
1

a colorless clear oil, R, = 0.37 (hexane:Et,0O = 30:1). IR (film) 1661, 1472, 1257, 1208, 1118, 1090
cm’. '"HNMR 6 0.14 and 0.22 (each 3H, s, SiMe,), 0.18 (6H, s, SiMe,), 0.88 (9H, s, t-Bu), 0.93 (9H,
s, +-Bu), 1.03 (3H, t, J = 7.3 Hz, CH,), 1.76 and 1.85 (each 1H, dq, J = 14.6, and 7.3 Hz, CH,CH,),
4.99 (1H, d, J = 12.0 Hz, H-3), 6.79 (1H, d, J = 12.0 Hz, H-4). C NMR § -5.1, -3.7, and —2.8
(SiMe,), 8.6 (CH;), 18.2 and 18.4 (CMe;), 25.7 (CMe;), 37.5 (CH,), 72.1 (C-2), 112.3 (C-3), 120.3
(CN), 144.4 (C-4). HRMS calcd for C,H;,NO,Si,, (M" - CH,CHy,), 326.1972, found 326.1929.

(Z)-113 (R = Et):

TBSO OTBS
CoHs
4\ 2 CN
3 1

For separation of E/Z isomers, MPLC (elution with hexane:CH,Cl, = 7:1) was used. a colorless
clear oil, R, = 0.37 (hexane:Et,0 = 30:1). IR (film) 1657, 1472, 1257, 1134, 1098 cm™. 'H NMR §
0.17 (6H, s, SiMe,), 0.19 and 0.24 (each 3H, s, SiMe,), 0.89 (9H, s, t-Bu), 0.96 (9H, s, #-Bu), 1.03
(3H, t, J =7.3 Hz, CH,), 1.86-1.95 (2H, m, CH,), 4.38 (1H, d, J = 6.1 Hz, H-3), 6.24 (1H, d, J = 6.1
Hz, H-4). "C NMR § -5.3, -5.2, -3.8, and -3.1 (SiMe,), 8.4 (CH,), 18.3 and 18.3 (CMe,), 25.7 and
25.7 (CMe;), 36.3 (CH,), 69.7 (C-2), 110.1 (C-3), 121.1 (CN), 140.8 (C-4). HRMS calcd for

C,H,,NO,Si,, (M* - CH,CHS,), 326.1972, found 326.1929.

(E)-113 (R =i-Pr):

TBSO 1

CH(CHa)s
TBSOMCN

4 2
3 1

For separation of E/Z isomers, MPLC (elution with hexane:Et,0 = 80:1) was used. a colorless oil,

R, = 0.40 (hexane:Et,0 = 30:1). IR (film) 1661, 1471, 1258, 1210, 1079 cm". '"H NMR & 0.13 and
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0.22 (each 3H, s, SiMe,), 0.18 (6H, s, SiMe,), 0.89 and 0.93 (each 9H, s, -Bu), 0.97 and 1.06 (each
3H, d, J = 6.6 Hz, CH;), 1.89 (1H, sep, J = 6.6 Hz, H-1°), 4.96 (1H, d, J = 12.0 Hz, H-3), 6.77 (1H,
d, J = 12.0 Hz, H-4). "C NMR § -5.0, -5.0, -3.8, and —2.7 (SiMe,Bu), 17.1 and 17.4 (CH,), 18.4
(CMe,), 25.7 (CMe;), 40.2 (C-17), 75.8 (C-2), 111.0 (C-3), 119.8 (CN), 144.7 (C-4). HRMS calcd
for C,;H;,NO,Si,, (M* - CH(CH,),), 326.1972, found 326.1929.

(Z)-113 (R =i-Pr):

TBSO OTBS
CH(CHs)»
3 1

For separation of E/Z isomers, MPLC (elution with hexane:CH,Cl, = 10:1) was used. a colorless oil,
R, =0.40 (hexane:Et,0 = 30:1). IR (film) 1658, 1471, 1257, 1112, 1080 cm™. 'H NMR § 0.16, 0.17,
0.19 and 0.25 (each 3H, s, SiMe,), 0.89 and 0.96 (each 9H, s, +-Bu), 1.02 (6H, d, J = 6.8 Hz, (CH,),),
2.06 (1H, sep, J = 6.8 Hz, H-1"), 4.30 (1H, d, J = 6.4 Hz, H-3), 6.27 (1H, d, J = 6.4 Hz, H-4). "°C
NMR & -5.3 and —5.2 and —4.0 and -3.1 (SiMe,), 16.6 and 17.3 (CH;), 18.3 and 18.4 (CMe), 25.7
and 25.8 (CMe;), 39.7 (C-1°), 72.9 (C-2), 109.2 (C-3), 120.5 (CN), 140.7 (C-4). HRMS calcd for
C,¢H;,NO,Si,, (M" - CH(CH,),), 326.1972, found 326.1929.

(E)-113 (R = CH,CH=CH,):

B .
SO 4+ 2.
2l
TBSO 2 X2 CN
1

2
3

For separation of E/Z isomers, MPLC (elution with hexane:CH,Cl, = 10:1). was used a colorless oil,
R;=0.41 (hexane:Et,0 = 30:1). IR (film) 1662, 1471, 1257, 1203, 1089 cm’'. '"H NMR § 0.14 and
0.22 (each 3H, s, SiMe,), 0.18 (6H, s, SiMe,), 0.88 and 0.92 (each 9H, s, -Bu), 2.49 and 2.57 (each
1H, dd, J = 13.9, 7.3 Hz, H-1"), 5.02 (1H, d, J = 12.0 Hz, H-3), 5.20 (1H, dd, J = 17.6, 1.2 Hz,
H-3%), 5.22 (1H, dd, J = 9.2, 1.2 Hz, H-3’), 5.82 (1H, dddd, J = 17.6, 9.2, 7.3, 7.3 Hz, H-2’), 6.79

(1H, d, J = 12.0 Hz, H-4). ®C NMR § -5.1 and -5.0 and -3.6 and 2.8 (SiMe,), 18.3 and 18.4
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(CMes), 25.7 and 25.7 (CMes,), 48.7 (C-1°), 71.2 (C-2), 111.9 (C-3), 120.1 (CN), 120.4 (C-3),
131.2 (C-2’), 144.6 (C-4). HRMS calcd for C,H;,NO,Si,, (M* - CH,CH=CH,), 326.1972, found
326.1929.

(Z)-113 (R = CH,CH=CH,):

™8SO OTBS /,
XN 2

2
475 2 CN

For separation of E/Z isomers, MPLC (elution with hexane:CH,Cl, = 8:1) was used. a colorless oil,
R, = 0.41 (hexane:Et,0 = 30:1). IR (film) 1657, 1471,1257, 1114, 1091 cm™. '"H NMR & 0.20 and
0.24 (each 3H, s, SiMe,), 0.18 (6H, s, SiMe,), 0.88 and 0.96 (each 9H, s, +-Bu), 2.65 (2H, d, J =7.1
Hz, H-1°), 4.42 (1H, d, J = 6.4 Hz, H-3), 5.17 (1H, d, J = 17.2 Hz, H-3’), 5.18 (1H, d, J/ = 10.4 Hz,
H-3"), 5.86 (1H, ddt, J = 17.2, 10.4, 7.1 Hz, H-2"), 6.25 (1H, d, J = 6.4 Hz, H-4). "C NMR 6 -5.3,
-5.2, -3.8, and -3.2 (SiMe,), 18.3 and 18.3 (CMe,), 25.7 and 25.7 (CMe;), 47.3 (C-1"), 68.8 (C-2),
109.9 (C-3), 119.7 (C-3’), 120.8 (CN), 131.9 (C-2’), 141.0 (C-4). HRMS calcd for C,;H;,NO,Si,,
(M* - CH,CH=CH,), 326.1972, found 326.1929.

(E)-113 (R = CH,Ph,):

TBSO |,
. Ph
TBSO 4,2 CN

1

For separation of E/Z isomers, MPLC (elution with hexane:Et,0 = 40:1) was used. a colorless oil,
R, = 0.38 (hexane:Et,0 = 30:1). IR (film) 1661, 1472, 1258, 1184, 1086 cm™. 'H NMR & 0.07 and
0.10 (each 3H, s, SiMe,), 0.16 (6H, s, SiMe,), 0.86 and 0.91 (each 9H, s, -Bu), 3.04 and 3.08 (each
1H, d, J=13.4 Hz, H-1"), 5.04 (1H, d, /= 12.0 Hz, H-3), 6.74 (1H, d, J = 12.0 Hz, H-4), 7.27-7.31
(5H, m, Ph). ®C NMR 3§ -5.1, -5.0, -3.9, and —2.9 (SiMe,), 18.3 and 18.4 (CMe,), 25.7 and 25.8
(CMe;), 50.6 (H-17), 71.9 (C-2), 112.0 (C-3), 120.1 (CN), 127.5, 128.1, 130.0 and 134.4 (Ph), 144.5

(C-4). HRMS calcd for C,H,,NO,Si,, (M* - CH,CH=CH,), 326.1972, found 326.1929.
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(Z)-113 (R = CH,Ph,):

TBSO OTBS
—Ph

™ 1

432?N

For separation of E/Z isomers, MPLC (elution with hexane:CH,Cl, = 10:1) was used. a colorless oil,
R;=0.38 (hexane:Et,0 = 30:1). IR (film). '"H NMR & 0.02, 0.09, 0.16, and 0.19 (each 3H, s, SiMe,),
0.86 and 0.99 (each 9H, s, -Bu), 3.09 and 3.21 (each 1H, d, /= 13.4 Hz, H-1"), 4.38 (1H, d, J = 6.1
Hz, H-3), 6.23 (1H, d, J = 6.1 Hz, H-4), 7.23-7.27 (5H, m, Ph). "C NMR §-5.3, -5.1, 4.1, and -3.3
(SiMe,), 18.2 and 18.3 (CMe;), 25.7 and 25.8 (CMe;), 48.3 (H-1"), 69.5 (C-2), 110.6 (C-3), 120.6
(CN), 127.2, 127.9, 131.4 and 135.1 (Ph), 140.7 (C-4). HRMS calcd for C,;H;,NO,Si,, (M" -
CH,CH=CH,), 326.1972, found 326.1929.

(2R",3R")-3-(tert-butyldiphenylsilyl-2,3-epoxypropanal (134)

o)

<P
TBDPS™ 3 5 1 H

To a cooled (-80 °C) solution of 3-(1-ethoxyethoxy)-1-propyne 64 (4.5 g, 35.1 mmol) in THF (62
mL) was added n-BuLi (2.30 M in hexane, 16.0 mL, 36.9 mmol) over 10 min. The solution was
stirred at the same temperature for 15 min before addition of #-butyldiphenylsilyl chloride (9.6 mL,
36.9 mmol). After being stirred at the same temperature for 1 hr, the cooling bath was removed and
stirring was continued for 12 hr. The mixture was diluted with saturated aqueous NaHCO; solution
(100 mL), and then extracted with Et,0 (50 mL x 3). The combined organic phases were washed
with saturated brine (100 mL), dried, and concentrated to give curde silylated compound 130 (14.66
g). The product was used in the following step without further purification.

To a solution of the above compound in acetone-H,O (70:30, 100 mL) was added p-toluenesulfonic
acid monohydrate (1.01 g, 5.3 mmol). After being refluxed for 3 hr, the reaction mixture was

diluted with saturated aqueous NaHCO; solution (50 mL) and extracted with Et,O (50 mL x 3). The
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combined organic phases were washed with saturated brine, dried, and concentrated to give crude
3-(z-butyldiphenylsilyl)-2-propyn-1-ol 131 (11.89 g). The product was used in the following step
without further purification.

To a cooled (ice-water) solution of Red-Al® (65% in toluene, 16.4 g, 52.6 mmol) in Et,0 (40 mL)
was added dropwise a solution of the above compound in Et,0 (20 mL) over 15 min. After stirring
at the same temperature for 10 min, the cooling bath was removed, and stirring was continued for 1
hr. After addition of 3% aqueous H,SO, solution (100 ml), the mixture was filtered through a pad of
Celite. The filtrate was separated, and the lower phase was extracted with Et,0O (50 mL x 3).
Combined organic phases were successively washed with water (100 mL) and saturated brine (100
mL), dried, and concentrated to give curde 3-(fert-butyldiphenylsilyl)-2,3-propene-1-ol 132 (12.34
g). The product was used in the following step without further purification.

To a cooled (ice-water) solution the above compound and Na,HPO,-H,O (15.1 g, 42.1 mmol) in
CH,Cl, (70 mL) was added mCPBA (77% purity, 9.6 g, 42.1 mmol). After the cooling bath was
removed, the reaction mixture was stirred at room temperature for 3 days. The mixture was diluted
with saturated aqueous NaHCO, solution (100 mL), separated, and the aqueous phase was extracted
with CH,Cl, (70 mL x 3). Combined organic phases were washed with saturated brine (100 mL),
dried, and concentrated. The residual oil was subjected to column chromatography (silica gel 350 g,
elution with hexane:AcOE = 3:1) to give (fert-Butyldiphenylsilyl)-2,3-epoxypropanol 133 (6.03 g,
55%), plates (hexane), mp 74.0-75.0 °C,R, = 0.31 (hexane:AcOEt = 2:1). IR (film) 3305 cm™. 'H
NMR &8 1.19(9H, s, t-Bu), 1.86 (1H,br, CH,OH), 2.90 (2H, m, H-2, H-3), 3.68 (1H, dd, /=119, 3.4
Hz, H-1), 3.99 (1H, dd, J = 11.9, 2.3Hz, H-1), 7.33-7.46 (6H, m, Ph), 7.59-7.63 (4H, m, Ph). °C
NMR 6 18.8 (CMe,), 28.0 (CMe,), 45.2 (C-3), 55.8 (C-2), 62.9 (C-1), 127.9, 128.1, 129.8, 128.9,
132.1, 132.4, 136.1, 136.2 (Ph).

To a cooled (ice-water) solution of 3-(fert-butyldiphenylsilyl)-2,3-epoxypropanol (1.31 g, 4.19
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mmol), DMSO (6.0 mL, 83.8 mmol), and NEt, (4.67 mL, 33.5 mmol) in CH,Cl, (10 mL) was added
SO;-pyridine (98%, 1.64 g, 10.1 mmol). After stirring at the same temperature for 1 hr, the cooling
bath was removed and stirring was continued for 1.5 hr. The mixture was diluted with hexane-Et,O
(1:1, 20 mL). Phases were separated, and the lower phase was extracted with Et,0O-hexane (1:1, 20
mL x 3). Combined organic phases were successively washed with 1M hydrochloric acid (30 mL)
and saturated brine (30 mL), dried, and concentrated. The residual oil was subjected to column
chromatography (silica gel 50 g, elution with hexane:AcOEt = 7:1) to give the title compound (1.13
g, 87%), a pale yellow oil. R, = 0.34 (hexane:AcOEt = 6:1). IR (film) 1728 cm™.'"H NMR 8 1.21
(9H, s, +-Bu), 3.03 (1H, dd, J = 6.4, 3.4 Hz, H-2), 3.08 (1H, d, J = 3.4 Hz, H-3), 7.34-7.47 (6H, m,
Ph), 7.56-7.58 (4H, m, Ph). 8.95 (1H, d, J = 6.4 Hz, CHO). "C NMR & 18.9 (CMe,), 27.9 (CMe,),
45.8 (C-3), 56.5 (C-2), 128.1, 128.3, 130.3, 130.4, 131.0, 131.2, 136.0, 136.2 (Ph).198.8 (CHO).
HRMS calcd for C;sH,;0,Si, (M" - C,H,), 253.0685 found 255.0680.

(2R*,35",4S" and 2R",3R",4R")-2-(tert-butyldimethylsiloxy)-4-(tert-butyldiphenylsilyl)-3,4-

epoxy-butanenitriles (135a,b)

OTBS
O |H

TBDPS™ 4 5 2 CN
1

To a cooled (ice-water) solution of 3-(fert-butyldiphenylsilyl-2,3-epoxypropanal (2.00 g, 6.44
mmol) in CH,Cl, (12.8 mL) was added KCN (20 mg, 0.31 mmol), n-Bu,PBr (55 mg, 0.16 mmol),
and TBSCN (97%, 954 mg, 6.56 mmol). After stirring at the same temperature for 10 min, the
cooling bath was removed and stirring was continued for 2 hr. The mixture was diluted with hexane,
filtrated through a plug of Al,O; and concentrated. The residue was purified by column
chromatography (silica gel 70 g, elution with hexane:Et,0O = 15:1) to give 135 (2.50 g, 86%,
135a:135b = 1.00:1.24). For separation of diastereomers, MPLC (elution with hexane:ether = 25:1)

was used. The relative stereochemistry in 135a and 135b was determined on the basis of X-ray
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analysis of 135b. 135a: plates (hexane), mp 70.0-71.0 °C, Rf = 0.38 (hexane:Et,O = 10:1). IR (KBr)
1250, 1117, 852, 841 cm-'. 1H NMR § 0.13 and 0.18 (each 3H, s, SiMe,Bu), 0.91(9H, s, +-Bu), 1.20
(9H, s, -Bu), 2.90 (1H, d, J = 3.2 Hz, H-4), 2.96 (1H, dd, J = 5.3, 3.2 Hz, H-3), 4.44 (1H, d, J = 5.3
Hz, H-2), 7.33-7.46 (6H, m, Ph), 7.57-7.59 (2H, m, Ph), 7.63-7.65 (2H, m, Ph). °C NMR §-5.1 and
=5.0 (SiMe,), 18.3 (CMe;), 18.7 (OSiCMe,), 25.7 (CMe;), 28.0 (OSiCMe;), 46.1 (C-4), 56.3 (C-3),
66.7 (C-2), 117.2 (CN), 128.0, 128.2, 130.0, 130.2, 131.6, 131.7, 136.2, 136.2(Ph). MS
(APCI-LC/MS) 451 (M"). Anal Calcd for C,H,NO,Si, C, 69.13; H, 8.26; N, 3.10. found C, 68.78;
H,8.45; N, 3.29. 135b: plates (hexane), mp 76.5-77.0 °C. R, = 0.36 (hexane:Et,0 = 10:1). IR (KBr)
1268, 1259, 1114, 1096, 851, 841 cm™. '"H NMR & 0.15 and 0.18 (each 3H, s, SiMe,Bu), 0.92(9H, s,
-Bu), 1.20 (9H, s, t-Bu), 2.92 (1H, d, J = 3.2 Hz, H-4), 2.99 (1H, dd, J = 4.1, 3.2 Hz, H-3), 4.47
(1H, d, J = 4.1 Hz, H-2), 7.33-7.47 (6H, m, Ph), 7.56-7.58 (2H, m, Ph), 7.62-7.64 (2H, m, Ph). °C
NMR 8 -5.1 (SiMe,), 18.3 (CMe,), 18.8 (OSiCMe,), 25.7 (CMe;), 28.0 (OSiCMe;), 46.6 (C-4), 56.0
(C-3), 64.6 (C-2), 117.7 (CN), 128.0, 128.2, 130.1, 130.2, 131.6, 131.7, 136.1, 136.2(Ph). HRMS
caled for C,sH4,NO,Si,, 451.2363 found 451.2371.

General Procedure for methylation of 135: Reaction of 135b with NHMDS

To a cooled (-80 °C) solution of 135b (83 mg, 0.184 mmol) and Mel (6.0M in THF, 37 uL, 0.221
mmol) in THF (0.49 mL) was added a solution of NHMDS (0.95 M in THF, 0.21 mL, 0.202 mmol).
After stirring at the same temperature for 5 min, the mixture was diluted with saturated aqueous
NH,CI solution (10 mL), and extracted with Et,0 (5 mL x 3). Combined organic phases were
washed with saturated brine (10 mL), dried, concentrated. The residual oil was subjected to column

chromatography (silica gel 10 g, elution with hexane: Et,O = 30:1) to give (E)-136 (79.3 mg, 93%).
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(E)-136:

OTBS

TBDPSO 5 2 CN
1

4

a colorless clear oil. R, = 0.30 (hexane: Et,0 = 30:1). IR (film) 1662, 1469, 1113 cm™. '"H NMR
0 0.08 and 0.12 (each 3H, s, SiMe,), 0.80 (9H, s, -Bu), 1.09 (9H, s, t-Bu), 1.56 (3H, s, CH,), 5.18
(1H, d, J=11.9 Hz, H-3), 6.78 (1H, d, J = 11.9 Hz, H-4), 7.38-7.47 (6H, m, Ph), 7.65-7.67 (4H, m,
Ph). C NMR & -3.5 and -3.1 (SiMe,), 18.1(SiMe,CMe,), 19.4 (SiPh,CMe,), 25.6 and 26.7 (CMe.),
31.7 (CH,), 67.5 (C-2), 114.1 (C-3), 121.2 (CN), 128.1, 128.2, 130.4, 132.2, 135.6, 135.6, (Ph),
144.2 (C-4). HRMS caled for Co;H, NO,Si, 408.1815 (M’ - C,H,), found 408.1778.

(2R",3S",4S" and 2R’ ,3R",4R")-2-(fert-butyldiphenylsiloxy)-4-(tert-butyldimethylsilyl)-3,4-

epoxybutanenitriles (139a,b)

TBDP
0 O S

TBS 4 2 CN
3 1

To a cooled (ice-water) solution of 111 (3.20 g, 17.2 mmol) in CH,Cl, (51 mL) was added KCN
(110 mg, 1.7 mmol), n-Bu,PBr (577 mg, 1.7 mmol), and TMSCN (95%, 2.65 mL, 18.9 mmol).
After stirring at the same temperature for 10 min, the cooling bath was removed and stirring was
continued for 2.5 hr. Then H,SiF, (33% in H,O, 7.7 mL) was added and stirring was continued for 1
hr. The reaction mixture was diluted with H,O (50 mL), and then extracted with Et,O (50 mL x 3).
The combined organic phases were washed with saturated brine (30 mL), dried, and concentrated.
The residual oil was subjected to column chromatography (silica gel 150 g, elution with
hexane:Et,0 = 2:1) to give 138 (3.18 g, 79%, less polar isomer:more polar isomser = 1.08:1.00), a
pail yellow oil.

To a cooled (ice-water) solution of 138 (2.00 g, 8.57 mmol) and imidazole (1.16 g 17.1 mmol) in

DMF (20 mL) was added t-butyldiphenyllsilyl chloride (3.4 mL, 12.9 mmol) in DMF (8.5 mL).
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After stirring at the same temperature for 15 min, the cooling bath was removed and stirring was
continued for 2 hr. . The reaction mixture was diluted with H,O (100 mL), and then extracted with
Et,0 (50 mL x 3). The combined organic phases were washed with saturated brine (50 mL), dried,
and concentrated. The residual oil was subjected to column chromatography (silica gel 300 g,
elution with hexane:Et,0 = 30:1) to give 139a (1.74 g, 45%) and 139b (1.43 g, 37%). 139a: a
colorless clear oil, R, = 42 (hexane:Et,O = 10:1). IR (film) 1252, 1114, 823 cm'.'HNMR 6 -0.04
and 0.04 (each 3H, s, SiMe,Bu), 0.97(9H, s, t-Bu), 1.12 (9H, s, -Bu), 2.29 (1H, d, J = 3.4 Hz, H-4),
3.14 (1H, dd, J = 5.7, 3.4 Hz, H-3), 4.26 (1H, d, J = 5.7 Hz, H-2), 7.40-7.50 (6H, m, Ph), 7.68-7.72
(4H, m, Ph). "C NMR 6 -8.5 and -7.9 (SiMe,), 16.7 (CMe;,), 19.4 (OSiCMe;), 26.6 (CMe;),
26.8(0SiCMe;), 47.1 (C-4), 56.3 (C-3), 66.6 (C-2), 116.8 (CN), 128.2, 130.6, 130.7, 131.4, 131.6,
135.9, 136.1(Ph). HRMS calcd for C,,H,;NO,Si, 394.1659 (M" - C,H,), found 394.1699. 139b: a
colorless clear oil, R,= 0.37 (hexane:Et,0 = 10:1). IR (film) 1254, 1111,826 and 786 cm™'. 'H NMR
0 -0.06 and 0.02 (each 3H, s, SiMe,Bu), 0.93(9H, s, -Bu), 1.11 (9H, s, -Bu), 2.20 (1H, d, J = 3.4
Hz, H-4), 3.06 (1H, dd, J = 4.4, 3.4 Hz, H-3), 4.31 (1H, d, J = 4.4 Hz, H-2), 7.40-7.50 (6H, m, Ph),
7.67-7.72 (4H, m, Ph).. "C NMR 6 -8.4 and 8.0 (SiMe,), 16.8 (CMe;), 19.5 (OSiCMe,), 26.6
(CMe;), 26.8(0SiCMe;), 48.1 (C-4), 55.7 (C-3), 64.8 (C-2), 117.3 (CN), 128.2, 130.7, 130.8, 131.4,
131.7, 136.0, 136.1(Ph). HRMS calcd for C,,H,sNO,Si, 394.1659 (M" - C,H,), found 394.1620.
General Procedure for methylation of 80: Reaction of 139b with NHMDS

This procedure is representative for the alkylation. To a cooled (-80 °C) solution of 139b (92 mg,
0.204 mmol) and Mel (6.0M in THF, 41 uL, 0.243 mmol) in THF (0.58 mL) was added a solution
of NHMDS (0.95 M in THF, 0.26 mL, 0.243 mmol). After stirring at the same temperature for 5
min, the mixture was diluted with saturated aqueous NH,Cl solution (10 mL), and extracted with
Et,0 (5 mL x 3). Combined organic phases were washed with sturated brine (10 mL), dried,

concentrated. The residual oil was subjected to column chromatography (silica gel 10 g, elution
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with hexane: Et,0 = 30:1) to give (E)-140 (R = Me) (93.0 mg, 90%).

(E)-140 :

OTBDPS

S CHs;

TBSO™ 4 5 2 CN
1

a colorless clear oil. R, = 0.29 (hexane: Et,0 = 30:1). IR (film) 1660, 1469, 1259, 1197, 1111 cm™.
'HNMR 6 0.03 (6H, s, SiMe,), 0.85 (9H, s, t-Bu), 1.04 (9H, s, -Bu), 1.61 (3H, s, CH;), 4.92 (1H, d,
J=11.9 Hz, H-3), 6.55 (1H, d, J = 11.9 Hz, H-4), 7.37-7.45 (6H, m, Ph), 7.71-7.75 (4H, m, Ph). °C
NMR 6 -5.2 and -5.2 (SiMe,), 18.3(SiMe,CMe;), 19.5 (SiPh,CMe;), 25.6 and 27.0 (CMe;), 31.5
(CHjy), 689 (C-2), 112.8 (C-3), 120.8 (CN), 127.8, 127.8, 130.1, 133.5, 133.8, 136.1,

136.3(Ph),144.7 (C-4). HRMS calcd for C,,H,,NO,Si, 408.1815 (M* - C,H,), found 408.1826.

(E)-113 (R =H):

OTBS
H

TBSO 4\3 2 CN
1

To a cooled (-80 °C) solution of 112b (460 mg, 1.40 mmol) in THF (3.98 mL) was added a solution
of NHMDS (0.95 M in THF, 1.62 mL, 1.54 mmol) The solution was stirred at the same temperature
for 5 min before addition of CH;COOH (1.0M in THF, 1.68 mL, 1.68 mmol). After being stirred at
the same temperature for 5 min, the reaction mixture was diluted with saturated aqueous NH,CI
solution (10 mL), and extracted with Et,0O (5 mL x 3). Combined organic phases were washed with
saturated brine (10 mL), dried, concentrated. The residual oil was subjected to column
chromatography (silica gel 20 g, elution with hexane: Et,0 = 20:1) to give (E)-35 (391.3 mg, 85%),
a colorless clear oil. R, = 0.25 (hexane:Et,O = 30:1). IR (film) 1662, 1469, 1258, 1200, 1072 cm™.
'"H NMR 6§ 0.14 and 0.16 (each 3H, s, SiMe,Bu), 0.16 (6H, s, SiMe,Bu), 0.90 and 0.91 (each 9H, s,
-Bu), 4.86 (1H, d, J = 7.8 Hz, H-2), 5.14 (1H, dd, J = 7.8, 11.9Hz, H-3), 6.63 (1H, d, J = 11.9 Hz,

H-4). "C NMR § -5.2, -5.2 and —4.8 (OSiMe,), 18.2 and 18.3 (OSiCMe;), 25.6 and 25.6 (OSiCMe;),
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60.2 (C-2), 107.6 (C-3), 119.2 (CN). 146.2 (C-4). HRMS calcd for C,;H,;NO,Si,, 327.2050 found

327.2035.
(Z)-113 (R=H):

TBSO OTBS
H

4\2CN
3 1

To a cooled (-20 °C) solution of 112a (703 mg, 2.14 mmol) in Et,O (2.79 mL) was added a solution
of KHMDS (0.44 M in toluene, 5.34 mL, 2.35 mmol) The solution was stirred at the same
temperature for 9 min before addition of CH;COOH (1.0M in Et,O, 2.57 mL, 2.57 mmol). After
being stirred at -40 °C for 5 min, the reaction mixture was diluted with saturated aqueous NH,CI
solution (10 mL), and extracted with Et,O (5 mL x 3). Combined organic phases were washed with
saturated brine (10 mL), dried, concentrated. The residual oil was subjected to column
chromatography (silica gel 70 g, elution with hexane: Et,O = 30:1) to give 113 (468 mg, 67%, E/Z
= 0.46). Separation of E/Z isomers, MPLC (elution with hexane:ether = 40:1) was used. a
colorless clear oil R, =0.25 (hexane:Et,0 = 30:1). IR (film) 1654, 1472, 1257, 1237, 1084 cm'.'H
NMR § 0.13, 0.16, 0.16 and 0.18 (each 3H, s, SiMe,Bu), 0.90 and 0.93 (each 9H, s, -Bu), 4.75 (1H,
dd, J = 5.7, 8.9 Hz, H-3), 5.48 (1H, d, J = 8.9 Hz, H-2), 6.35 (1H, d, J = 5.7 Hz, H-4). "C NMR
0-5.3, -5.2, -5.0 and —4.8 (OSiMe,), 18.3 and 18.3 (OSiCMe,), 25.7 and 25.7 (OSiCMe;), 55.6
(C-3), 106.6 (C-2), 119.9 (CN), 142.9 (C-4). HRMS calcd for C,;H;;NO,Si,, 327.2050 found

327.2035.
Isomerization of (E,Z)-113 (R = H)

To a cooled (-80 °C) solution of (E)-113 (R = H) (50 mg, 0.153 mmol) and Mel (6.0M in THF, 31
uL, 0.184 mmol) in THF (0.404 mL) was added a solution of NHMDS (0.95 M in THF, 0.117 mL,
0.168 mmol). After stirring at the same temperature for 5 min, the mixture was diluted with

saturated aqueous NH,CI solution (10 mL), and extracted with Et,O (5 mL x 3). Combined organic
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phases were washed with saturated brine (10 mL), dried, and concentrated. The residual oil was
subjected to column chromatography (silica gel 5 g, elution with hexane: Et,0 = 40:1) to give
(E)-113 (R = Me) (48.4 mg, 93%).

Competitive Methylation Reaction of 112a and 112b with LDA/Mel.

To a cooled (-80 °C) solution of 112a and 112b (112a:112b = 1.00:1.04, 121 mg, 0.369 mmol) and
Mel (11.5 uL, 0.184 mmol) in THF (1.17 mL) was added a solution of LDA (0.30 mL, 0.184
mmol) prepared from diisopropylamine (269 uL, 1.92 mmol) and n-BuLi (2.05 M in hexane, 898
uL,1.84 mmol) in THF (1.84 uL). After stirring at the same temperature for 5 min, the mixture was
diluted with saturated aqueous NH,CI solution (10 mL), and extracted with Et,0O (10 mL x 3).
Combined organic phases were washed with saturated brine (10 mL), dried, and concentrated. The
residual oil was subjected to column chromatography (silica gel 12 g, elution with hexane: Et,0 =
30:1) to give 113 (R = Me) (44.6 mg, 35%) and 112 (48.4 mg, 40%, 112a:112b = 1.00:0.70).

(2R",3S")-3-tert-butyldimethylsilyl-2,3-epoxypropanal (154)

TBS O
)

3
21H

To a cooled (ice-water) solution of DIBAL (0.93M in hexane, 45.6 ml, 42.4 mmol), which was
concentrated in vacuo, in Et,O (3 mL) was added dropwise a solution of
3-(tert-butyldimethylsilyl)-2-propyn-1-ol 66 (1.72 g, 10.2 mmol). in Et,0 (4 mL) over 10 min. The
reaction mixture was stirred at same temperature for 10 min and then at reflux for 3 hr. The mixture
was cooled to —80 °C, MeOH/Et,0(1:10, 50 mL)was added. The mixture was allowed to warm to
0 °C, H,O (100 mL) and 10% H,SO, was added until the evolution of H, ceased completely. The
mixture was separated, and the aqueous phase was extracted with Et,0 (100 mL x 3). Combined
organic phases were washed with saturated brine (100 mL), dried, and concentrated. The residual

oil was subjected to column chromatography (silica gel 40 g, elution with hexane:Et,O = 2:1) to
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give (Z)-3-(tert-butyldimethylsilyl)-2,3-propene-1-ol (1.47 g, 84%), a colorless clear oil. 'H NMR 6
0.10 (6H, s, SiMe,), 0.88 (9H, s, -Bu), 4.19 (1H, dd, J = 6.5, 1.4 Hz, H-1), 5.70 (1H, dt, J = 14.4,
1.4 Hz, H-3), 6.52 (1H, dt, J = 14.4, 6.5 Hz, H-2). "C NMR 8 —4.0 (SiMe,), 16.9 (CMe,), 26.5
(CMe,), 63.5 (C-1), 129.7 (C-3), 147.6 (C-2).

To a cooled (ice-water) solution of the above compound (1.47 g, 8.53 mmol) and Na,HPO,-12H,0O
(3.93 g, 10.2 mmol) in CH,Cl, (17 mL) was added mCPBA (77% purity, 2.32 g, 10.2 mmol). After
the cooling bath was removed, the reaction mixture was stirred at room temperature for 3 h. The
mixture was diluted with saturated aqueous NaHCO; solution (100 mL), separated, and the aqueous
phase was extracted with CH,Cl, (50 mL x 3). Combined organic phases were washed with
saturated brine (100 mL), dried, and concentrated. The residual oil was subjected to column
chromatography (silica gel 150 g, elution with hexane:AcOEt = 3:1) to give 153 (1.42 g, 88%), a
color less oil. R;=0.27 (hexane:AcOEt = 2:1). IR (film) 3429, 1254 cm”."HNMR § -0.01 and 0.07
(each 3H, s, SiMe,), 0.95 (9H, s, -Bu), 2.41 (1H, d, J = 5.3 Hz, H-3), 3.36 (1H, ddd, J = 7.8, 5.3,
2.7 Hz, H-2), 3.48 (1H, dd, J = 12.1, 7.8 Hz, H-1), 3.86 (1H, dd, J = 12.1, 2.7Hz, H-1). "C NMR §
-6.1, 5.9 (SiMe,), 16.9 (CMe,), 26.5 (CMe,), 48.0 (C-3), 57.8 (C-2), 64.0 (C-1).

To a cooled (ice-water) solution of 3-(tert-butyldimethylsilyl)-2,3-epoxypropanol 153 (1.37 g, 7.27
mmol), DMSO (10.3 mL, 145 mmol), and NEt, (8.1 mL, 58.2 mol) in CH,Cl, (18 mL) was added
SO;-pyridine (98%, 2.83 g, 17.4 mmol). After 90 min, the cooling bath was removed, and the
reaction mixture was stirred at room temperature for 2 hr. the mixture was diluted with hexane-Et,O
(1:1, 70 mL). The organic phase was successively washed with 1M hydrochloric acid (100 mL) and
saturated aqueous NaHCO,; solution (100 mL), dried, and concentrated. The residual oil was
subjected to column chromatography (silica gel 70 g, elution with hexane: AcOEt = 10:1) to give
the title compound (1.14 g, 84%), a color less oil. R, = 0.41 (hexane:AcOEt = 6:1). IR (film) 1727,

1256 cm™.'"H NMR 8 0.03 and 0.14 (each 3H, s, SiMe,), 0.98 (9H, s, +-Bu), 2.66 (1H, d, J = 6.0 Hz,
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H-3), 3.48 (1H, dd, J = 6.4, 6.0 Hz, H-2), 9.21 (1H, d, J = 6.4 Hz, CHO). *C NMR 8 -5.9 and 5.8
(SiMe,), 17.0 (CMe,), 26.5 (CMey), 50.2 (C-3), 58.6 (C-2), 200.2 (CHO). HRMS calcd for
C,H,,0,Si (M" - H) 185.0998, found 185.0980.

(2R*,35"4R" and 2R’",3R" 4S")-2-(tert-butyldimethylsiloxy)-4-(tert-butyldimethylsilyl)-3,4-

epoxybutanenitriles (155a,b)

TBS OTBS
(0] H
4 2 CN

3 1

To a solution of 3-fert-butyldimethylsilyl-2,3-epoxypropanal (885 mg, 4.75 mmol) in CH,Cl, (11.4
mL) was added KCN (62 mg, 0.95 mmol), n-Bu,PBr (322 mg, 0.95 mmol), and TBSCN (97%, 830
mg, 5.70 mmol). After stirring at room temperature for 2 h, the mixture was diluted with saturated
aqueous NaHCO; solution (20 mL), separated, and the aqueous phase was extracted with CH,Cl,
(10 mL x 3). Combined organic phases were washed with saturated brine (20 mL), dried, and
concentrated. The residual oil was subjected to column chromatography (silica gel 200 g, elution
with hexane: Et,0O = 20:1) to give 155a (945 mg, 61%) and 155b (344 mg, 22%). The relative
stereochemistry in 155a and 155b was determined on the basis of X-ray analysis of 155b. 155a:
plates (hexane), mp 34.0 °C. R, = 0.50 (hexane:Et,0 = 10:1). IR (KBr) 1257 cm™. 'H NMR & 0.09
and 0.14 (each 3H, s, SiMe,Bu), 0.17 (6H, s, SiMe,Bu), 0.94 (9H, s, t-Bu), 1.00 (9H, s, #-Bu), 2.48
(1H, d, J = 5.3 Hz, H-4), 3.48 (1H, dd, J = 7.8, 5.3 Hz, H-3), 4.02 (1H, d, J = 7.8 Hz, H-2). “°C
NMR & -6.2 and —6.0 (SiMe,), -5.0 and —4.8 (OSiMe,), 17.0 (CMe,), 18.3 (OSiCMe,), 25.7 (CMe;),
26.6(0SiCMe;), 47.8 (C-4), 59.4 (C-3), 64.8 (C-2), 117.6 (CN). HRMS calcd for C,,H,,NO,Si,,
(M*-C,H,), 270.1346, found 270.1361. 155b: colorless clear oil, R, = 0.42 (hexane:Et,0 = 10:1). IR
(firm) 1256 cm™. "H NMR 8 0.08 and 0.09 (each 3H, s, SiMe,Bu), 0.20and 0.28 (each 3H, s,
SiMe,Bu), 0.92 (9H, s, t-Bu), 0.98 (9H, s, -Bu), 2.48 (1H, d, J = 4.6 Hz, H-4), 3.40 (1H, dd, J = 7.8,

4.6 Hz, H-3), 4.11 (1H, d, J = 7.8 Hz, H-2). "C NMR § -6.4 and —6.3 (SiMe,), -4.5 and —4.2
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(0SiMe,), 17.0 (CMe3), 18.2 (OSiCMe;), 25.7 (CMe,), 26.5(0SiCMe;), 50.6 (C-4), 57.8 (C-3), 63.1
(C-2), 118.4 (CN). Anal Calcd for C,;H,;NO,Si, C, 58.66; H, 10.15; N, 4.28. found C, 58.30; H,

10.40; N, 4.17.
Competitive Methylation Reaction of 112b and 135b with base/Mel

To a cooled (-80 °C) solution of 112b and 135b (112b:135b = 1.00:1.00, 79.8 mg, 0.205 mmol) and
Mel (9.0 uL, 0.144 mmol) in THF (1.75 mL) was added a solution of LDA (0.5M, 288uL, prepared
from diisopropylamine (147 uL, 1.05 mmol) and n-BuLi (2.30 M in hexane, 435 uL, 1.00 mmol) in
THF (1.42 mL). After stirring at the same temperature for 5 min, the mixture was diluted with
saturated aqueous NH,Cl solution (10 mL), and extracted with Et,O (10 mL x 3). Combined organic
phases were washed with saturated brine (10 mL), dried, and concentrated. The residual oil was
subjected to column chromatography (silica gel 12 g, elution with hexane: Et,0 = 25:1) to give a

mixture (70.3 mg) of (E)-113(22%), (E)-136(7%), 112b(18%) and 135b (40%).
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(4S8, 55)-5-(tert-Butyldimethylsilyl)-4,5-epoxy-(E)-2-pentenal (176)

TBSS;S 1 H

2

A solution of (2S,35)-3-(tert-butyldimethylsilyl)oxirane-2,3-epoxypropanal*® (90% ee, 500 mg,
2.68 mmol) and (triphenylphosphoranylidene)acetaldehyde (855 mg, 2.81 mmol) in CH;CN (10
mL) was refluxed for 20 min before concentration. The residue was filtered and washed with Et,O
and the filtrate was concentrated. The residual oil was subjected to column chromatography (silica
gel, 30 g; elution with hexane:CH,Cl, = 1:1) to give 176 (508.3 mg, 89 %). a colorless oil, R,= 0.35
(hexane:AcOEt = 6:1). IR (film) 1693, 1469, 1254, 1095 cm™. 'H NMR § -0.02 and 0.04 (each 3H,
s, SiMe,), 0.96 (9H, s, +-Bu), 2.34 (1H, d, J = 3.4 Hz, H-5), 3.37 (1H, dd, J = 6.6, 3.4 Hz, H-4), 6.40
(1H, dd, J = 15.6, 7.1 Hz, H-2), 6.47 (1H, dd, J = 15.6, 6.6 Hz, H-3), 9.55 (1H, d, J = 7.1 Hz, H-1).
"C NMR § -8.3 and -8.1 (SiMe,), 16.9 (CMe,), 26.6 (CMe;), 53.0 (C-5), 53.6 (C-4), 133.6 (C-3),

155.6 (C-2), 192.7 (CHO). HRMS calcd for C,;H,,0,Si (M* - H) 211.1154, found 211.1135. [a]*,

=-45.1 (c 1.00, CHCL,).

(E)-3-(1R,1°S,2’S and 18, 1’S,2’S)-2’-(tert-Butyldimethylsilyl)oxiranyl)-1-(naphthalen-2-yl)
prop-2-en-1-ol (186a and 186b)

OH

TBS 2 13 571 Nap

a cooled (-80 °C) solution of 2-bromonaphthalene (2.00 g, 9.61 mmol) in THF (40 mL) was added
dropwise a solution of -BuLi (1.6 M in pentane, 12.0 mL, 19.2 mmol) over 10 min. The solution

was stirred at the same temperature for 10 min before addition of 176 (1.70 g, 8.01 mmol) in THF

(48) Le Bideau, F.; Gilloir, F.; Nilsson, Y.; Aubert, C.; Malacria, M. Tetrahedron 1996, 52, 7487—

7510.
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(5 mL). After warming to -60 °C, the mixture was diluted with 10% aqueous NH,Cl solution (50
mL), and extracted with Et,0 (30 mL x 2). Combined organic phases were successively washed
with water (30 mL) and saturated brine (30 mL), dried, and concentrated. The residual oil was
subjected to column chromatography (silica gel 120 g, elution with hexane:AcOEt = 4:1) to give
186 (2.46 g, 90%) as a diasteromeric mixture, which was separated by repeated column
chromatography (elution with CH,Cl,: Et,0 = 50:1).

186a: a pale yellow oil, 91% ee, R, = 0.40 (CH,Cl,: Et,0 = 20:1). IR (film) 3400, 2952, 2929, 2856
cm' 'H NMR (C,Dy) 8 -0.09 and 0.01 (each 3H, s, SiMe,Bu), 0.95 (9H, s, t-Bu), 2.21 (1H, d, J =
3.2 Hz, H-2’), 3.20 (1H, dd, J = 8.0, 3.4 Hz, H-1’), 5.09-5.11 (1H, brs, H-1), 5.61 (1H, ddd, J =
15.6, 8.0, 1.4 Hz, H-3) 6.04 (1H, dd, J = 15.6, 5.7Hz, H-2), 7.28-7.33 (2H, m, naphthyl), 7.44 (1H,
dd, J = 8.5, 1.6 Hz, naphthyl) , 7.65-7.72 (3H, m, naphthyl) 7.75 (1H, s, naphthyl). BC NMR (C,Dy)
0 -8.3 and -8.2 (SiMe,), 16.8 (CMe,), 26.6 (SiMe,Bu), 51.2 (C-2’), 55.0 (C-1°), 74.3 (C-1), 131.0
(C-2), 136.8 (C-3). 124.9, 125.3, 126.1, 126.3, 127.8, 128.0, 131.0, 133.5, 133.8, 140.8 (phenyl).
HRMS calcd for C,,H,;0,Si, 340.1859 found 340.1855. [a]”, = -18.8 (c 0.985, CHCI;). 186b: a
pale yellow oil, 91% ee, R, = 0.33 (CH,Cl,: Et,0 = 20:1). IR (film) 3398, 2952, 2929, 2856 cm™ 'H
NMR (C¢Dy) & -0.11and 0.00 (each 3H, s, SiMe,Bu), 0.94 (9H, s, +-Bu), 1.67(1H, d, J = 3.7 Hz,
OH), 2.21 (1H, d, J = 3.2 Hz, H-2’), 3.21 (1H, dd, J = 8.0, 3.2 Hz, H-1"), 5.11-5.13 (1H, brs, H-1),
5.65 (1H, ddd, J = 15.6, 8.0, 1.6 Hz, H-3) 6.05 (1H, dd, J = 15.6, 5.7Hz, H-2), 7.27-7.33 (2H, m,
naphthyl), 7.43 (1H, dd, J = 8.5, 1.8 Hz, naphthyl) , 7.64-7.70 (3H, m, naphthyl) 7.75 (1H, s,
naphthyl). "C NMR (C,D,) 8 -8.3 and -8.2 (SiMe,), 16.8 (CMe,), 26.6 (SiMe,Bu), 51.2 (C-2°), 55.1
(C-1°), 74.3 (C-1), 130.9 (C-2), 136.8 (C-3). 125.0, 125.4, 126.1, 126.3, 127.8, 128.6, 133.5, 133.9,
140.7 (naphthyl). HRMS calcd for C,H,;0,Si, 340.1859 found 340.1865. [a]*’, = -26.1 (¢ 2.12,

CHCL,).
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General procedure for allylation of 186: Reaction of 186b

To a cooled (ice-water) solution of 186b (1.97 g, 5.79 mmol) and allylbromide (614 uL, 6.95
mmol) in DMF (40 mL) was added NaH (60% oil suspension, 278 mg, 6.95 mmol). After the
cooling bath was removed, the reaction mixture was stirred at room temperature for 1 h. The
mixture was diluted with saturated aqueous NH,CI solution (20 mL), and extracted with Et,0O (20
mL x 3). Combined organic phases were successively washed with water (20 mL) and saturated
brine (20 mL), dried, and concentrated. The residual oil was subjected to column chromatography
(silica gel 150 g, elution with hexane: Et,0 = 10:1) to give 187b (1.88 g, 85%).

((15,25)-2-((R,E)-3’-(Allyloxy)-3’-(naphthalen-2-yl)prop-1’-enyl)oxiran-2-yl)(tert-butyl)dimeth

ylsi-lane (187a)

TBS

a pale yellow oil, 91% ee, R; = 0.48 (hexane:Et,0 = 5:1), IR (film) 2952, 2928, 2856 cm’ 'H
NMR (CDCl,;) 6 -0.05 and 0.00 (each 3H, s, SiMe,Bu), 0.96 (9H, s, -Bu), 2.24 (1H, d, J = 3.4 Hz,
H-1), 3.19 (1H, dd, J =7.8, 3.4 Hz, H-2), 4.00 (2H, ddd, J =5.5, 1.8, 1.4 Hz, OCH,CH=CH,), 5.02
(1H, d, J = 6.4 Hz, H-3’), 5.19 (1H, dd, J = 10.3, 1.4 Hz, OCH,CH=CH,), 5.29 (1H, dd, J = 17.2,
1.8 Hz, OCH,CH=CH,), 5.51 (1H, dd, J = 15.6, 7.8 Hz, H-1"), 5.92-6.00 (1H, m, OCH,CH=CH,),
6.11 (1H, dd, J = 15.6, 6.4 Hz, H-2’), 7.46-7.50 (3H, d, m, naphthyl), 7.78 (1H, s, naphthyl) ,
7.82-7.85 (3H, m, naphthyl). "C NMR (CDCl;) § -8.1 (SiMe,), 16.9 (CMe;), 26.7 (SiMe,Bu), 51.8
(C-1), 55.1 (C-2), 69.6 (OCH,CH=CH,), 81.2 (H-3’), 117.2 (OCH,CH=CH,), 131.9 (C-1’), 134.9
(OCH,CH=CH,), 135.2 (C-2’), 125.0, 126.0, 126.2, 126.3, 127.9, 128.1, 128.6, 133.3, 133.5, 138.3

(naphthyl). HRMS calcd for C,,H,,0,Si, 380.2172 found 380.2171. [a]’, = -6.3 (c 1.00, CHCL,).
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((15,25)-2-((S,E)-3’-(Allyloxy)-3’-(naphthalen-2-yl)prop-1’-enyl)oxiran-2-yl)(tert-butyl)dimeth

ylsi-lane (187b)

0]

TBS/\2/v<NaP

a pale yellow oil, 91% ee, R; = 0.48 (hexane:Et,0 = 5:1), IR (film) 2952, 2929, 2856 cm™'H
NMR (CDCl,;) 6 -0.06 and 0.01 (each 3H, s, SiMe,Bu), 0.94 (9H, s, -Bu), 2.22 (1H, d, J = 3.4 Hz,
H-1), 3.19 (1H, dd, J = 8.0, 3.4 Hz, H-2), 3.98-4.05 (2H, m, OCH,CH=CH,), 5.02 (1H, d, J = 6.4
Hz, H-3’), 5.20 (1H, ddt, /= 11.5, 1.6, 1.6 Hz, OCH,CH=CH,), 5.30 (1H, ddt, J/ = 19.0, 1.6, 1.6 Hz,
OCH,CH=CH,), 5.46 (1H, ddd, J = 15.4, 8.0, 1.1 Hz, H-1"), 5.92-5.99 (1H, m, OCH,CH=CH,),
6.13 (1H, dd, J = 15.4, 6.4 Hz, H-2), 7.46-7.51 (3H, m, naphthyl), 7.79 (1H, s, J = 8.2 Hz,
naphthyl) , 7.82-7.85 (3H, m, naphthyl). "C NMR (CDCl,) & -8.2 and -8.1 (SiMe,), 16.9 (CMe,),
26.7 (SiMe,Bu), 51.8 (C-1), 55.1 (C-2), 69.5 (OCH,CH=CH,), 81.1 (H-3’), 117.2 (OCH,CH=CH,),
132.1 (C-1’), 134.9 (OCH,CH=CH,), 135.3 (C-2), 125.1, 126.1, 126.3, 127.9, 128.1, 128.6, 133.3,
133.5, 138.3 (naphthyl). HRMS caled for C,,H;,0,Si, 380.2172 found 380.2175. [a]**, = -38.7 (c
1.00, CHCL,).

Conversion of 186 into its p-bromobenzoate 189b

@)

0]
TBS5'32 Br

4 1 "Nap

To a solution of p-bromobenzoyl chloride (110 mg, 0.504 mmol), NEt; (293 uL, 2.10 mmol),
DMAP (25 mg, 0.21 mmol) in CH,Cl, (3 mL) was added dropwise a solution of 186b (143 mg,
0.42 mmol). After stirring at the same temperature for 20 min, the mixture was diluted with 10%
aqueous NH,CI solution (10 mL), and extracted with Et,O (10 mL x 2). Combined organic phases

were washed with saturated brine (10 mL), dried, and concentrated. The residual oil was subjected
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to column chromatography (silica gel 25 g, elution with hexane: Et,O = 10:1) to give
p-bromobenzoate derivative (198 mg, 90%). colorless plates (CH,Cl,:hexane), mp 100.0-100.5 °C,
R;=0.48 (hexane : Ether =35 :1). IR (film) 2952, 2923, 2852 cm’. '"H NMR (CDCl,) § -0.04 and
0.01 (each 3H, s, SiMe,Bu), 0.95 (9H, s, t-Bu), 2.23 (1H, d, J = 3.4 Hz, H-5), 3.23 (1H, dd, J = 7.8,
3.4 Hz, H-4), 5.59 (1H, ddd, J = 15.6, 7.8, 0.9 Hz, H-3) 6.28 (1H, dd, J = 15.6, 5.5Hz, H-2), 6.70
(1H, d, J = 5.5 Hz, H-1), 7.48-7.58 (3H, m, naphthyl), 7.59 (2H, d, J = 8.5 Hz, phenyl), 7.82-7.94
(4H, m, naphthyl), 7.96 (2H, d, J = 8.5 Hz, phenyl). "C NMR (CDCl,) 6 -8.2 and -8.1 (SiMe,), 16.4
(CMe,), 26.7 (SiMe,Bu), 52.0 (C-5), 54.9 (C-4), 76.9 (C-1), 125.0, 126.6, 126.6, 126.7, 127.9,
128.3, 128.5, 128.8, 129.3, 133.4, 133.5, 136.1 (naphthyl and phenyl), 131.5, 132.0 (phenyl), 132.2
(C-2), 132.8 (C-3), 164.9 (C=0). HRMS calcd for C,sH;,0;BrSi, 522.1226 found 522.1230. Anal
Calcd for C,xH;0,BrSi C, 64.24; H, 5.97. found C, 64.11; H, 6.11. X-ray data : C,4H;,0,BrSi;
formula weight, 523.53; crystal system, monoclinic; space group, 2C/c;unit cell dimensions, a =
30.718(3) A, a = 90°, b =6.6546(6)A, B = 105.942(2) , ¢ = 26.833(3) A, y = 90° ;volume,
5274.0(9)A% Z = 8; R = 0.0669.

General Procedure for Reaction of 187 with n-BuLi: Reaction of 187b in dioxane at 25 ° to
30 °C

To a solution of 187b (45.0 mg, 0.118 mmol) in THF (2.26 mL) was added a solution of n-BuLi
(2.43 M in hexane, 97 uL, 0.236 mmol) at 25 °C. The mixture was stirred at 25 ° to 30 °C for 5 min
before addition of a few drops of saturated aqueous NH,CI solution, diluted with Et,0O (15 mL),
dried, and concentrated. The residual oil was subjected to column chromatography (silica gel 10 g,
elution with hexane: Et,O = 10:1) to give 188 (41.6 mg, 92%, E:Z = 8.1:1). (E)-188: 88% ee
(Chiralpak IA, hexane:MeOH:EtOH = 100:1:0.5, flow rate 1.0 mL/min, detection at 254 nm, t, =
7.0 min (minor) and 8.2 min (major)). (£)-188: 41% ee (Chiralcel OD-H, hexane:i-PrOH = 80:1,

flow rate 1.0 mL/min, detection at 254 nm, t, = 11.4 min (minor) and 12.6 min (major)).
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(E)-188

o\
TBSO A \21 Nap

543

a colorless oil, R, = 0.41 (hexane:Ether = 3:1). IR (film) 3553, 3463, 2954, 2931 cm’. '"H NMR
(CDCl,) 0 -0.14 (6H, s, SiMe,Bu), 0.91 (9H, s, +-Bu), 2.29 (1H, s, OH), 2.76 (1H, dd, J = 13.7, 7.3
Hz, CH,CH=CH,), 2.86 (1H, dd, J = 13.7, 7.1 Hz, CH,CH=CH,), 5.13-5.21 (2H, m, CH,CH=CH,),
5.65-5.73 (1H, m, CH,CH=CH,), 5.74 (1H, dd, J = 11.9, 11.0 Hz, H-4), 5.88 (1H, d, J =15.4 Hz,
H-2), 6.14 (1H, dd, J =15.4, 11.0 Hz, H-3), 6.54 (1H, d, J = 11.9 Hz, H-5), 7.45-7.50 (2H, m,
naphthyl), 7.54 (1H, dd, J = 8.7, 1.8 Hz, naphthyl), 7.81-7.86 (3H, m, naphthyl), 7.95 (1H, d, J =
1.1 Hz, naphthyl). "C NMR (CDCl)) §-5.1 (SiMe,), 18.4 (CMe,), 25.8 (SiMe,Bu), 47.4
(CH,CH=CH,), 76.9 (C-1), 112.8 (C-4), 119.9 (OCH,CH=CH,), 124.2, 124.6 (Naphthyl), 125.9,
126.2, 126.3 (Naphthyl, C-3), 127.7, 128.0, 128.4 (Naphthyl), 132.6 (Naphthyl), 133.4, 133.5,
133.6 (Naphthyl, C-2, CH,CH=CH,), 143.4 (Naphthyl), 145.8 (C-5). HRMS calcd for C,,H,,0Si

(M" - H,0) 362.2066, found 362.2059.

(2)-188

TBSO HO

N\
NP

5432

a colorless oil, £ : Z=0.13 : 1, R, = 0.41 (hexane:Ether = 3:1). IR (film) 3556, 3455, 2954, 2931
cm”. '"HNMR (CDCL,) 8 -0.12 (6H, s, SiMe,Bu), 0.87 (9H, s, +-Bu), 2.30 (1H, s, OH), 2.79 (1H, dd,
J =13.4,7.6 Hz, CH,CH=CH,), 2.88 (1H, dd, J = 13.4, 7.1 Hz, CH,CH=CH,), 5.13-5.21 (3H, m,
CH,CH=CH,, C-4), 5.67-5.75 (1H, m, CH,CH=CH,), 6.00 (1H, d, J =15.6 Hz, H-2), 6.21 (1H, d, J
= 5.7 Hz, H-5), 6.66 (1H, dd, J =15.6, 10.8 Hz, H-3), 7.43-7.7.48 (2H, m, naphthyl), 7.55 (1H, dd, J
= 8.7, 1.6 Hz, naphthyl), 7.80-7.86 (3H, m, naphthyl), 7.95 (1H, s, naphthyl). "C NMR (CDCl,)

8 -5.2 and -5.1 (SiMe,), 18.4 (CMe;), 25.7 (SiMe,Bu), 47.1 (CH,CH=CH,), 76.9 (C-1), 110.2 (C-4),
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119.8 (OCH,CH=CH,), 122.6 (C-3), 124.2, 124.5, 126.1, 127.6, 127.9, 128.4, 132.5, 133.4
(Naphthyl), 133.6 (CH,CH=CH,), 134.8 (C-2), 141.1 (C-5), 143.2 (Naphthyl). HRMS calcd for
C,,H;,081 (M - H,0) 362.2066, found 362.2062.

Conversion of 188 to 193

HO
/\/\)4_\\
HO s 3 1 Nap

4 2

a cooled (-80 °C) solution of TBAF (1.46 M in THF, 310 uL, 0.452 mmol) and EtOH (101 uL, 1.74
mmol) in THF (8 mL) was added dropwise a solution of 188 (132.3 mg, 0.348 mmol) (E:Z = 5.3:1,
(E)-188: 86% ee (Chiralpak IA, hexane:MeOH:EtOH = 100:1:0.5, flow rate 1.0 mL/min, detection
at 254 nm, t, = 7.34 min (minor) and 8.55 min (major)), (£)-188: 45% ee (Chiralcel OD-H,
hexane:i-PrOH = 80:1, flow rate 1.0 mL/min, detection at 254 nm, t, = 11.44 min (minor) and 12.62
min (major)) in THF (2 mL) over 4 min. The solution was stirred at the same temperature for 10
min before addition of EtOH (6 mL) and NaBH, (excess). After warming to -15 °C, the mixture was
diluted with saturated NH,Cl solution (20 mL), and extracted with AcOEt (15 mL x 2). Combined
organic phases were washed with saturated brine (20 mL), dried, and concentrated. The residual oil
was subjected to column chromatography (silica gel 15 g, elution with hexane:AcOEt = 1:1) to give
193 (65.0 mg, 70%, 64% ee (Chiralcel OD-H, hexane:i-PrOH = 7:1, flow rate 1.0 mL/min,
detection at 254 nm, t, = 10.83 min (major) and 15.54 min (minor))). a color less oil, R, = 0.31
(hexane:AcOEt = 1:1). IR (film) 3392, 3369, 2929, 2874 cm™. '"H NMR (CDCl,) 2.02 (1H, brs, OH),
2.31 (2H, dt, J = 6.2, 6.2 Hz, H-4), 2.73 (1H, dd, J = 14.0, 7.8 Hz, CH,CH=CH,), 2.79 (1H, brs,
OH), 2.84 (1H, dd, J = 14.0, 6.9 Hz, CH,CH=CH,), 3.62 (2H, td, J = 6.2, 2.5 Hz, H-5), 5.13 (1H, d,
J = 11.0 Hz, CH,CH=CH,), 5.16 (1H, d, J = 17.2 Hz, CH,CH=CH,), 5.64-5.72 (2H, m,
CH,CH=CH,, H-3), 6.00 (1H, d, J = 15.6 Hz, H-2), 7.44-7.53 (3H, m, naphthyl), 7.80-7.85 (3H, m,

naphthyl) 7.94 (1H, s, J = 8.2 Hz, naphthyl). °*C NMR (CDCl,) 35.8 (C-4), 47.1 (CH,CH=CH,),
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61.9 (C-5),76.9 (C-1), 119.8 (CH,CH=CH,), 126.2 (C-3), 133.5 (CH,CH=CH,), 138.9 (C-2) 124.1,
124.3, 126.0, 127.6, 128.0, 128.4, 132.5, 133.3, 143.1 (naphthyl). HRMS calcd for C,;H,;O (M" -
H,0) 250.1358, found 250.1362.

The reaction of 188 (E:Z = 1:4.1, (E)-188: 74% ee chiral HPLC (Chiralpak IA,
hexane:MeOH:EtOH = 100:1:0.5, flow rate 1.0 mL/min, detection at 254 nm, t, = 7.37 min (major)
and 8.63 min (minor)), (£)-188: 72% ee (Chiralcel OD-H, hexane:i-PrOH = 80:1, flow rate 1.0
mL/min, detection at 254 nm, t. = 11.55 min (major) and 12.77 min (minor)) gave 193 (67%,
47%ee, (Chiralcel OD-H, hexane:i-PrOH = 7:1, flow rate 1.0 mL/min, detection at 254 nm, t, =
11.37 min (major) and 15.89 min (minor))).

(E)-5-(tert-butyldimethylsilyloxy)-1-(naphthalen-2-yl)pent-2-en-1-ol (196)

OH

TBSO/\/\Z)1\ Nap

543

a cooled (-80 °C) solution of 2-bromonaphthalene (3.83 g, 18.5 mmol) in THF (95 mL) was added
dropwise a solution of #-BuLi (1.45 M in pentane, 25.5 mL) over 15 min. The solution was stirred at
the same temperature for 15 min before addition of 1954° (3.6 g, 16.8 mmol) in THF (8 mL). After
warming to -60 °C, the mixture was diluted with 10% aqueous NH,Cl solution (100 mL), and
extracted with Et,0O (50 mL x 2). Combined organic phases were washed with saturated brine (100
mL), dried and concentrated. The residual oil was subjected to column chromatography (silica gel
200 g, elution with hexane:AcOEt = 5:1) to give 196 (4.60 g, 80% (Chiralpak IA, hexane:EtOH =
200:1, flow rate 1.0 mL/min, detection at 254 nm, t, = 22.89 min and 24.95 min)). a colarless oil, R,

= 0.43 (hexane:AcOEt = 3:1). IR (film) 3390, 2953, 2930, 2857 cm™.'H '"H NMR (CDCl,) 8 -0.04

(49) Wang. J.; Hsung, R. P.; Ghosh, S. K. Org. Lett. 2004, 6, 1939-1942. Huang, Y.; Iwama, T.;

Rawal, V. H. J. Am. Chem. Soc. 2002, 124, 5950-5951.
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and 0.04 (each 3H, s, SiMe,Bu), 0.87 (9H, s, -Bu), 2.06 (1H, brs, -OH), 2.28-2,32 (2H, m, H-4),
3.65 (1H, t, J = 9.4 Hz, H-5), 5.33 (1H, brs, H-1), 5.80-5.82 (2H, m, H-2, H-3), 7.46-7.48 (3H, m,
naphthyl), 7.81-7.83 (4H, m, naphthyl). "C NMR (CDCl;) §-5.1 (SiMe,), 18.4 (CMe;), 26.1
(SiMe,Bu), 36.0 (C-4), 62.9 (C-5), 76.9 (C-1), 129.5 and 134.3 (C-2 and C-3), 124.7, 124.8, 126.0,
126.3, 127.9, 128.2, 128.4, 133.2, 133.6, 140.8 (phenyl). HRMS calcd for C,,H,,0,Si (M)
342.2015, found 342.2018.
(S,E)-5-(tert-butyldimethylsilyloxy)-1-(naphthalen-2-yl)pent-2-en-1-ol ((S)-196)

To a cooled (-20 °C) solution of 196 (500 g, 1.46 mmol), L-(+)-DIPT (103 mg, 0.44 mmol) and 4A
MS (100 mg) in CH,Cl, (7 mL) was subsequently added Ti(O'Pr), (132 uL, 0.44 mmol) and TBHP
(5.0-6.0M solution in decane, 204 uL). After stirring at the same temperature for 3 hr, the mixture
was transferred to ice-cooled mixture of FeSO, 7H,0 (0.83 g), tartaric acid (0.25 g), water (10 mL)
and ether (10 mL), and the mixture was stirred at 0 °C for 1 hr. The mixture was washed with
saturated brine (10 mL) and the aqueous layer was separated and extracted with ether (10mL x 2).
The combined organic layers were dried and concentrated. The residual oil was subjected to column
chromatography (silica gel 100 g, elution with hexane:AcOEt = 6:1 to 3:1) to give (5)-196 (206 mg,
41%, >99% ee (Chiralpak IA, hexane:EtOH = 200:1, flow rate 1.0 mL/min, detection at 254 nm, t,

=24.30 min)). [a]”’, = +33.9 (c 0.99, CHCL,).

(S,E)-(5-(allyloxy)-5-(naphthalen-2-yl)pent-3-enyloxy)(zert-butyl)dimethylsilane ((S)-197)

\QH‘
TBso/\/\/<N
1 5 3 45 ap

To a cooled (ice-water) solution of (§5)-196 (> 99% ee, 187 mg, 0.546 mmol) and allylbromide (57
uL, 0.655 mmol) in DMF (7 mL) was added NaH (60% oil suspension, 44 mg, 1.09 mmol). After
stirring at the same temperature for 1 h, the mixture was diluted with saturated 10% NH,CI solution

(10 mL), and extracted with Et,O (10 mL x 2). Combined organic phases were successively washed
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with water (10 mL) and saturated brine (10 mL), dried, and concentrated. The residual oil was
subjected to column chromatography (silica gel 20 g, elution with hexane:AcOEt = 30:1) to give
(5)-197 (173 mg, 83%). [a]’', = +16.7 (¢ 1.02, CHCL,), R;=0.43 (hexane:AcOEt = 3:1). a colorless
oil, IR (film) 2953, 2930, 2890, 2857 cm" 'H 'H NMR (CDCl,) & -0.02 and 0.02 (each 3H, s,
SiMe,Bu), 0.86 (9H, s, t-Bu), 2.27-2.31 (2H, m, H-2), 3.65 (2H, t, J/ = 6.6 Hz, H-1), 3.98 (1H, dddd,
J =128, 5.5, 14, 1.4 Hz, OCH,CH=CH,), 4.03 (1H, dddd, J = 12.8, 5.5, 1.4, 1.4 Hz,
OCH,CH=CH,), 4.94 (1H, d, J = 5.3 Hz, H-5), 5.19 (1H, ddt, J = 10.5, 1.4, 1.4 Hz, OCH,CH=CH,),
5.30 (1H, ddt, J =17.4, 1.4, 1.4 Hz, OCH,CH=CH,), 5.72-5.75 (2H, m, H-3 and H-4), 5.97 (1H, ddt,
J =174, 105 Hz, 5.5 Hz, OCH,CH=CH,), 7.44-7.49 (3H, m, naphthyl), 7.78-7.83 (4H, m,
naphthyl). C NMR (CDCl,) § -5.1 (SiMe,), 18.4 (CMe,), 26.1 (SiMe,Bu), 36.1 (C-2), 62.9 (C-1),
69.3 (OCH,CH=CH,), 82.1 (C-5), 117.0 (OCH,CH=CH,), 130.2, 132.8 (C-3 and C-4), 135.2
(OCH,CH=CH,), 125.2, 125.8, 126.0, 126.2, 127.9, 128.1, 128.4, 133.2, 133.6, 139.3 (naphthyl).
HRMS calcd for C,,H;,0,Si (M*) 382.2328, found 342.2335.

Preparation of (S)-199

HO
4 \
Ph 1\2 3 Ph

To a cooled (ice-water) solution of 20020 (100 mg, 0.568 mmol), DMSO (809 uL, 11.4 mmol), and
NEt,; (632 uL, 4.54 mmol) in CH,Cl, (1.4 mL) was added SO,-pyridine (98%, 216 mg, 1.36 mmol).
After stirring at the same temperature for 2 hr, the mixture was diluted with ice-cooled 1M
hydrochloric acid (10 mL) and Et,O (10 mL). Phases were separated, and the organic phase was
washed with water (10 mL x 2), dried, filtered through a pad of silica gel and concentrated. The

product was used in the following step without further purification.

(50) Hof, R. P.; Kellogg, R. M. J. Chem. Soc., Perkin Trans. 1, 1996, 2051-2060.
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To a cooled (ice-water) suspension of benzyltriphenylphosphonium chloride (317 mg, 1.68 mmol)
in THF (15 mL) was added n-BuLi (2.50 M in hexane, 560 uL, 1.40 mmol). After the cooling bath
was removed, the reaction mixture was stirred at room temperature for 1.5 h. The reaction mixture
was recooled to -20 °C, and the above compound in THF (4 mL) was added. After warming to
room temperature. The mixture was stirred for 3 hr before dilution with saturated aqueous NH,CI
solution (10 mL). The mixture was extracted with Et,0 (10 mL x 2). Combined organic phases
were successively washed with water (10 mL) and saturated brine (10 mL), dried, and concentrated.
The residual oil was subjected to column chromatography (silica gel 20 g, elution with hexane:
Et,0 = 5:1) to give (5)-199 (8.1 mg, 6%, 88% ee (Chiralpak OD, hexane:i-PrOH = 9:1, flow rate
1.0 mL/min, detection at 254 nm, t. = 7.94 min (minor) and 9.27 min (major))). R, = 0.30 (hexane:
Et,0 = 3:1). IR (film) 2553, 3448, 3060, 3026 cm™ "H NMR (CDCl;) & 2.29 (1H, s, OH), 2.75 (1H,
dd, J=14.0, 7.3 Hz, CH,CH=CH,), 2.79 (1H, dd, J = 14.0, 7.3 Hz, CH,CH=CH,), 5.13-5.19 (2H, m,
CH,CH=CH,), 6.49 (1H, d, J = 16.0 Hz, H-2), 6.62 (1H, d, J = 15.8 Hz, H-1), 7.16-7.49 (10H, m,
phenyl). "C NMR (CDCl;) 47.3 (CH,CH=CH,), 75.9 (C-1), 120.2 (OCH,CH=CH,), 125.7, 126.7,
127.2, 127.7, 128.5, 128.7, 135.5, 145.5 (Ph), 128.6 (C-1), 137.0 (C-2), 135.1 (OCH,CH=CH,),
HRMS calcd for CisHi30 (M - H,0) 232.1252, found 232.1254.

Preparation of (R)-193 by [2,3]-Wittig rearrangement of (S)-197

To a solution of (5)-197 (>99% ee, 127 mg, 0.332 mmol) in dioxane (6.6 mL) was added a solution
of n-BuLi (2.15 M in hexane, 309 uL, 0.664 mmol) at a room temperature. After stirring for 5 min
at room temperature, a solution of n-BuLi (2.15 M in hexane, 155 uL, 0.332 mmol) was added to
complete the reaction. The mixture was stirred at room temperature for another 5 min before
addition of a few drops of saturated aqueous NH,Cl solution, and diluted with Et,O (10 mL), dried,
and concentrated.

To a cooled (ice-water) solution of the above compound and EtOH (30 uL) in THF (10 mL) was
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added TBAF (1.0 M in THF, 996 uL, 0.996 mmol). After the cooling bath was removed, the
reaction mixture was stirred at room temperature for 4 hr. The mixture was diluted with water (10
mL), and extracted with Et,0 (10 mL x 3). Combined organic phases were washed with saturated
brine (10 mL), dried, and concentrated. The residual oil was subjected to column chromatography
(silica gel 10 g, elution with hexane: AcOEt = 2:3) to give (R)-193 (68.2 mg, 77%, >99 %ee
(Chiralcel OD-H, hexane:i-PrOH = 7:1, flow rate 1.0 mL/min, detection at 254 nm, t, = 11.38 min)).

[a]’, = -4.54 (c 2.215, CHCL,).
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