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00000000000000000000000 [3+2]00000000 ([3+2]
0000000 0)000O0O0DO0OO0O0O0O0PO00O0O0OGOO0O00O
(B-(trimethylsilyl)acryloy)silane 10 C,000000000000000000000 2
0000030000 BrookJ0?0000000000000000 B-000000
00000000000000000D0 40000000000000000-0000

00000000000000O00S50000000000000 (Scheme1)O

Scheme 1
o)
SiMe,BU!
| S | o
Me,Si” 1 O SiR3 R3SiQ. OSiMe,Bu
- ° - o ) 2 _
. 80 TtEFso C g ﬂ"o i
. . :— R
JL Mes3Si (2/ R Me;Si MesSi o
LiO , R 3 4 c

1) () Takeda. K.; Fujisawa. M.; Makino. T.; Yoshii. E.; Yamaguchi. K. J. Am. Chem. Soc. 1993, 115,
9351-9352. (b) Takeda, K.; Yamawaki, K.; Hatakeyama, N.; J. Org. Chem. 2002, 67, 1786-1794. (c)
Takeda, K.; Ohtani, Y.; Ando, E.; Fujimoto, K.; Yoshii, E.; Koizumi, T. Chem. Lett. 1998, 1157-1158.
(d) Takeda, K.; Nakayama, |.; Yoshii, E. Synlett, 1994, 178-178. (e) Takeda, K.; Kitagawa, K.;
Nakyama, |.; Y oshii, E. Synlett 1997, 255-25.

2)BrookDO O ODOUOOODDOOOODOO: (a) Brook, M. A. Slicon in Organic, Organometallic, and
Polymer Chemistry, John Wiley & Sons, Inc. 2000. (b) Brook, A. G.; Bassindde, A. R. In
Rearrangements in Ground and Excited Sates; de Mayo, P., Ed.; Academic Press: New Y ork, 1980;
pp 149-221. (c) Brook, A.G. Acc. Chem. Res. 1974,7, 77-84. Brook DO OO O OO0OO0DOOOoOOOO
00000000000 000: (d Moser, W. H. Tetrahedron 2001, 57, 2065-2084. Also, see: (€)
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.
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0000000000000000000000 800000000000000000
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Scheme 6
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Scheme 7
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5 0000000000000000000O0O0O000: (a Crandal, J. K.; Apparu, M. Org. React.
1983, 29, 345-443. (b) Satoh, T. Chem. Rev. 1996,96, 3303-3325. 3 0 0 000000000000
O0000000000000000000:(00000000) (c) Fleming, F. F.; Wang, Q.; Steward,
O. W. J. Org. Chem. 2001, 66, 2171-2174. (O O 0O O 0O O O) (d) Brooks, P. B.; Marson, C. M.
Tetrahedron 1998, 54, 9613-9622. (D OO 0O OO O 0O) (e) Mohr, P.; Résdein, 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.

6) a) Cuadrado, P.; Gonzd ez-Nogai, A. M. Tetrahedron Lett. 2000, 41, 1111-1114. (b) Cuadrado, P.;
Gonzdlez-Nogai, A. M. Tetrahedron Lett. 1997, 38, 8117-8120.
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Scheme9
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7) Hertenstein, U.; Hunig, S.; Oller, M. Chem. Ber., 1980, 113, 3783-3802.
8) Takeda, K.; Ohnishi, Y. Tetrahedron Lett. 2000, 41, 4169-4172.
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0 0 0O 0O 2-(tert-butyldimethysiloxy)-4 -(tert-butyldimethysilyl)-3,4-epoxybutanenitrile
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O0000000000000 470000000000000000 4600000

0000000000000 0000 (Scheme 13)0 propargyl alcohol D0 OO0 OO O

000 410 0O lithium diisopropylamide (LDA) O O O tert-butyl(dimethyl)silyl chloride

(TBSCl) 0 0 O OO 3-(1-ethoxyethoxy)-1-propyne 42 0 0 0000000000000

0 0 0000 0 Sodium bis(methoxyethoxy)aluminiumhydride (Red-AlI) D 0 0O 0 O O O

000000000000 0tans-00000000 440 78% (3steps) D00 O OO

0000000440 mchloroperbenzoicacid(mCPBA) D0 000000000 OOO

04500000Paich00 0 0000000DOO0O0OODOOO460000000
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Tetrahedron Lett. 1992, 33, 4179-4182

Urabe, H.; Matsuka, T.; Sato F.
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0 O O O 2-(tert-butyldimethysiloxy)-4 -(tert-butyldimethysilyl)-3,4-epoxybutanenitrile
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47a,b0 0000000000000 OOO0O00O0DDOOOO0OODOOS20000
0000000000000 0D000000S3oOD00oooooooo oooood
000 50000000000Broock00000O0D0OODOOOOOSS0000000

O000000o0o0o00oOoooog (Schemel7)o

Scheme 17
OTBS RX OTBS RX OTBS
s e " K
TBS CN Base TBS - CN TBS CN
47 48 53
- OTBS
o OTBS — OTBS
RX R—0 R
TBS Z CN TBS/%CN TBSO™ ™ CN
H H H
54 o2
49
A
RX |
R OTBS OTBS OTBS
RX - -
TBSO Z CN | e TBSO Z CN TBSO™ CN
H H H
55 50 51

TBS = SiMe,Bu!

000047ab0000000 (L2eg) 0 THFOOD-8000 LDA (Lle) 0000 O
00 50000000000000005200000000005600000000
00000000000 000000 (Schemel8)d 5600000000000000
0000000000000000000000000000000000000000

11



ODO0DEDODODOOL.07,679ppm (J=12.0Hz)0Z0000000 451, 6.21 ppm (J
=64Hz) 00000000000000O0560000000000000000000
D00O00O0O00EZOO*MNMROOOOOOOODOOOOEDD ZOOOOOOOO
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Scheme 18

OSi|l§|/IezBut OSiMe,BU! OSiMe BU'

BuMe,Si CN Bu'MeSi H BuMe,Si0” ™ CN

-80 °C, 5 min
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Tablel

OSjih/IezBut o O‘ineZBut ™ OSilg/IezBut
Bu'Me,Si CcN  BuMe;Si H RX, THF Bu'Me,Sio” "X CN
47a 47b -80 ,5 min 5o H
RX diastereomer yield(%) E/Z
Mel 47 a 82 2.5
Etl 47 a 76 2.9
i-Prl 47 a 58* 2.8
PhCH»Br 47 a 86 2.7
CH,=CHCH,Br 47 a 83 3.4
Mel 47 b 84 22.0
Etl 47 b 74 28.0
i-Prl 47b 74 31.0
PhCH,Br 47 b 98 47.0
CHp=CHCHzBr 47 b 87 40.0

*1200 52(R=H)00000.

O00D0O0O0ODEBEZOODDODDODODODODODDODODODODOOOOOOOOODO Ilithium
hexamethyldisilazide (LHMDS) O sodium hexamethyldisilazide (NHMDS) O potassium

hexamethyldisilazide (KHMDS) 0O 000000000000

10)00000000000000000000000oo0o00ooOoOn: Stork, G.; Boeckman, R. K., Jr.
J. Am. Chem. Soc. 1973, 95, 2016-2017.
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LHMDSO O OD0DO0O0OD047a00000000000000000D00O0ODOOODOO0O
0000000 047b0O0 47a0000000000000D0DOOO0O0OODODOOOO
000000000000 0D0 83% 00000000 6% 00000000000
44%00000000000000000000000BZO00DODOO 47a00000
23.00470 00000 S53.00000LDADDOOOOODOOO EODODODOOOOOO
O00000o0ooooo0ooooo0ooLDAOOOO 47b00 000000000

000 (Table2)O

Table 2
OS‘i|_I\|/IezBut o O‘ii(léleezBut LHMDS OSilg/IezBut
Bu'Me,Si CN  BuMeSi H RX, THF Bu'Me,Sio” ™ CN
47a 47b -80 ,5 min q
52
RX diastereomer yield (%) E/Z SM(%)
Mel 47 a 44 23.0 40
Etl 47 a 24 16.0 70
i-Prl 47 a 15 14.0 61
PhCH,Br 47 a 56 30.0 26
CH,=CHCH,Br 47 a 45 31.0 42
Mel 47 b 83 31.0 -
Etl 47 b 64 28.0 18
i-Prl 47 b 44 37.0 35
PhCH,Br 47 b 75 82.0 -
CHo=CHCH>,Br 47 b 80 89.0 23

SM; 00 (47aor 4/)

14



NHMDSO OO OOO0OO0O0000000000000000D000000ooooog

O00000oooooo BEZO000O0O 47000000000000000000000

0000000000 0Do000 BZOOOOOODOOOOOOOOO (Table3)O

Table 3

Bu'Me,Si

OSiMe,BU!

o Os‘i,'f"'GZB“t CN NHMDS
cN BuMe;Si H RX, THF Bu'Me,Sio” ™
-80 ,5 min H
47a 47b 52
RX diastereomer yield(%0) E/Z
Mel 47 a 91 40.0
Etl 47 a 90 42.0
i-Prl 47 a 80 62.0
PhCH,Br 47 a 85 28.0
CH,=CHCH,Br 47 a 90 39.0
Mel 47b 92 47.0
Etl 47 b 89 42.0
i-Prl 47 b 89 75.0
PhCH,Br 47b 84 52.0
CHo=CHCH,Br 47 b 92 41.0

15
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KHMDSOOOLDAOOOODOOODODODODODODODODODODDODOoOooDoooog

000000000 0oooooZOO0OO0ODOOO47a00000 110 47b0O0O0O0O0

0270000000000000000000000O0000DO0O0O (Table4)O

Table 4

Bu'Me,Si

H
52

o OS\i|_I\|/IezBut o ?figﬂNezBUt KHMDS
Nen BuMe,S H RX,THF  Bu'Me,Si0”
-80 ,5 min

47a 47b

RX diastereomer yield(%) E/Z
Mel 47 a 84 0.9
Etl 47 a 76 0.7
i-Prl 47 a 42* 2.1
PhCH,Br 47 a 83 0.9
CH,=CHCH,Br 47 a 80 1.1
Mel 47 b 87 9.7
Etl 47 b 81 16.0
i-Prl 47 b 3% 83.0
PhCH,Br 47 b 88 13.0
CHy=CHCHyBr 47 b 83 14.0

OSiMe,BU!
R

CN

* 27%0 52(R=H)OODO0O.
»11%] 52(R=H)00000.

O000000D0Do0oooooooo-8000000nooooDoooooooooog

0000000000000 0000000 NHMDSODODOODOODODOoOoooooo

0000000 O0ooO0oDOO0oDOO0obOObD0 EOO0O0OO0DOODOODODODODODOO

gobobbgoooooobbogoooobobbouoooobobbouooooo

guodooobbboogooobbboooobobbuooooobbbuooa

goobobobogoooobbbugogoobbbooooobbbuooooon
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0 O O O 2-(tert-butyldimethysiloxy)-4 -(tert-butyldimethysilyl)-3,4-epoxybutanenitrile

47ab000000000O0O0

00000000 BZODODODOOOOOODO

O000O00000ooooooon 47apb0 00000000000 D0OOOO0OO

O000000ooooo0ouoooooouooooo (TahleS)ooooooO BE/ZOO

O000000o0ooO0 NHMDSOOOOOOO47a000 BE/Z=40.0047b 000

Ez=4700 EOOC0OOCOOO0OO0ODOOOOOOOOOOOOOOOOOOLHMDSO

ONHMDSOODODODOOD E0DOODOOODOOODOODOO LDAOODOOODA47a00

0 E/Z=2500Z000000000000000000000000000D0000

O0OKHMDSOO 47b000 ZOOOODDOOOOOO47a 000 E/Z=0.9,47b 00

0 EZ=9700000000000000000D0O000O000O0DOO O

Table5
i t 0OSiMe-But CHzl (1.2 eq)
O?'_I\'/IezBu ““ICNeZ u base (1.1 eq)
BulMe,Si Ncn BuMesSi H THF Bu'MepSio”
-80 °C,5 min
47a 47b 56
base diastereomer yield (%) E/z SM
LDA 47a 82 25
(in Hexane/THF) 47b 84 22.0
LiN(SiMej3), 47a 44 23.0 40
(1.0M in THF) 47b 83 31.0
NaN(SiMes), 47a 91 40.0
(1.0M in THF) 47b 92 47.0
KN(SiMe3)» 47a 84 0.9
(0.5M in toluene) 47b 87 9.7

18
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0000000000 NHMDS LHMDSO 10MO THFOOOODOODOOODOO
THFOOOOODOODOODOOLDA OO n-BuLiDOOO hexaneO OO OOOOOOO
KHMDSO OO O O5MO toluened 0D 0000000000000 O0OO0OOOOO0O
O00O0DO0DO0DO0OO0DO0OO0ODO0ODO0OLDA OO hexane/THF (ca. 0.1 : 1.0), KHMDS O O
tolueneTHF (ca. 1.7:1.0) 0 0000000000000 0O0O00ODOOOOOOOOOO
gooooboboboodoodgeometry D 0000000000 oooooooonon
hexane, toluene, diethyl ether (Et,O) D00 0OD00O0O0OO0OO0OOOOOOOOOOOODOO
00000000 EOODODOONAMDSOCOOOO0ODOODOOOOONHMDSO THF
O000000OD0OD0ODODODODODODODDDO hexane (Et,Oor toluene)/ THF(8.2:1.0) D O 0O O
00 000hexane, toluene, ELOOD DO O O0O0ODOODO ZOOODODOOOODOO47a0
O000 BZOO THFO OO 52000000000 hexaned OO 1.500 tolueneD O
0 100EL,O0DODO 1900000000000 00O000O0O hexaneO 1.890 benzene
0 2270E,00 420 THFO 7.58 000000000000 Z0000000000
Ooooooooooo.™ 00047b00 47a000 Z0000000O0O0O0O0O0OO

O0000DoDoo0oooDooooooooooon (Table6)O

11) Riddick, J.; Bunger, W. B.; Sakano, T. K. Organic Solvents: Physical Properties and Methods of
Purification, 4th ed.(Technique of Chemistry, VVol. I1); Wiley-Interscience: New Y ork, 1986.
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Table 6

i t OSiMe,But BnBr (1.2 eq) OSiMe,But
o §SMeBu O [.CN°  NHMDS (1.1eq) B
Bu'Me,Si Ncn BuMe;S H solvent Bu'Me,Sio” CN
-80°C, 5min G
47a 47b 52 (R =Bn)
solvent* diastereomer yield (%) E/Z
hexane 47a 93 15
47b 78 6.0
toluene 47a 86 1.0
47b 83 24.0
ether 47a 84 1.9
47b 77 28.0
THF 47a 85 28.0
47b 84 52.0

*000000000000C0000008 hexane, tolueng, Et,O: THF =82:1

O00ZO0bOOobOOobOO4/7ab00000MHFOOOOOODODODODODODODOOO
o0 Z00o0OOoboobobOoboooooobooooobooboboboboooooog
OO0 LDAOOODOhexaneOtoluene(1: )0 0000000000000 0O0OODO 11%0
O0000000OBZ=0100Z0000000000000000000000000

00000570 E/ZO00O 0.070000 (Table7)d
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Table 7

. i t
OSiMe,But CHgl OSiMe,Bu! OSIMGZBU
/<C|)/QH base CH3z t . X
Bu'Me,Si CN  hexaneftoluene Bu'MezSi0” N CN BuMe3SiO CN
1:1) H H
47a -80 °C, 5 min 56 57
56 57 SM
Base electrophile yield (%) E/Z yield (%) E/Z yield (%).
LDA CHal (1.2eq) 11 0.1 35 0.07
CHsl (10.0eq) 27 0.1 21 0.06 3
KHMDS  CHgl (10.0eq) 24 1.1 43 0.19
28 0.30 54

CH5COOH (1. 2eq)

D0000000000000000 geometry 0000000000000 O00OO
0000000000 Ohexane toluene 00000000000 Z000000000
000000510 (251"00000000000000000 (51000000

000000000000OO0OOOOOOOOOOOO0 (Shemel9)O

Scheme 19
OSiMe,But  RX OSiMe,Bu' (o OSiMe,But
0] H base
Bu'Me,Si CN  -gocc  BuMesSi ) CeN Bu'Me,Si” > “CN
5 min H
47 48 49
OSiR3 OSiRRs
_ R3SiO CN R3SIiO CN
S OSiR3 (E)-51 (E)-52
R3SIO” 7 YCN ——
H . : ) )
5 ReSIO OSRg RsSIO  OSIR;
X-cN XScn
@2)-51 (2)-52
_ Lt
R38iO----Li O_S|IR3
x OSR3 N OSiR,
CN CN
(2)51' 2)-51"
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@-51oo0o0oooo o0l 0dDOO0UOU0D0DD0DDOO0UONDDoODoOOOOoooOd
000000000®0(@-51"00000000000000000000000000
O0b000000DO0ooO0ooooOo0obOobOOob0b0obOobO0Lammetsmal 00000
580000000000000000D00D0D0O0DO0O0ODOO0ODOOODOOO0O THFOO
500 0000000000000000000000%0@-51"0000000000
O0000oooooog (Scheme20)0 000000000 O0OO0ODOOOOODOOOO
gobobbooooooobouooooobbuoooa

Scheme 20

M* = [Li(THF),]" (THF <50 °C)
M* = BuN™ ( 177-182 °C)

O000000000000000000000 HMPA(4A00O0)0 00000000
00@S1rooo0000o00000000000ooooooooooooooooooa
OO000O000O0o0ob0O0O0bO0O0O0 EODODO0ODOUODOODOODDOODOODODOO
0Z00000000000000000000000000 (Table®) DO OO o0OO

OOoooO0dbO47ab LUMDSOOOOOOODOOODOOODOOODOODOODOOOOO

12) (a) Enda, J.; Kuwagjima, I. J. Am. Chem. Soc. 1985, 107, 5495-5501.(b) Kato, M.; Mori, A.; Oshino,
H.; Enda, J.; Kobayashi, K.; Kuwagjima, I. J. Am. Chem. Soc. 1984, 106, 1773-1778.

13) Deerenberg, S.; Schakel, M.; de Keijzer, A. H. J. F.; Kranenburg, M.; Lutz, M.; Spek, A. L.
Lammertsma, K. Chem. Commun. 2002, 348-249.
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Table 8

OSiMe.But OSiMe,But CHsl (1.2 eq) : t
H 2 +CN base (1.1 eq) OS(I;%?BU
Bu'Me,Si cN  BuMesSi H THFHMPA  BuMejsio” " CN
47a 47b -80°C, 5min 56
LDA LHMDS
diastereomer  HMPA yield%) E/Z SM (%) yield(%) E/Z SM (%)
47a () 82 2.5 - 44 23.0 40
47a () 61 28.0 26 87 19.0 -
47b () 84 220 - 83 31.0 -
47b () 85 E 8 81 E -
NHMDS KHMDS
diastereomer HMPA yield%) E/Z SM (%) vyield@%) E/Z SM (%)
47a () 88 55.0 - 84 09 -
47a () 84 E - 92 150 -
47b () 92 470 - 87 9.7 -
47b () 91 E - 84 E -

0000000000 00OO000 ZoooooooooOobobobooooooog

goobbobogoooobobbuoggooobbbuooooobbbuooooon

goobbobogoooobobbuoggooobbbuooooobbbuooooon

000000000 bO0DbO0bOZ0O0bOO0ODODODOODODOODODOODOODOOD THE

Otoluene(1.0:1.7) 0000000000000 OO47a0 0000 0LHMDSO O E/Z

=040NHMDS OO0 EZ=140KHMDS OO EZ=090 0000000000000

O00047b00000O0OLHMDSOO E/Z=34.00 NHMDSO O E/Z=16.00 KHMDS

OO0 EBEZ=90000000000000000000000DO00O0DOODOOOOO0O

LHMDS,NHMDSO THFO O (1.OMO OO0 0470 THRtolueneO OO O OO QOO
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O00O0OOtoluene0 0000 KHMDSODOOO470 THFOODOODOOODODOOOO
goobobobogoooobbbugogoobbbooooobbbuooooon

O00ooooooooon (Table9)O

Table9
OSiMe,Bu OSiMezBu'  CHsl (1.2 eq) OSiMeBU'
o |.H O | .cN base (1.1 eq) CH3
Bu'Me,Si CN Bu'Me,Si H  THF/toluene (1.0: 1.7) BuMe,'Si0” X CN
-80°C 5 min H
47a 47b 56
base diastereomer yield (%) E/Z sm
LiIN(SiMe3)» 47a 19 0.4 67
47b 18 34.0 63
NaN(SiMe3)2 47a 86 1.4
47b 97 16.0
KN(SiMe3)2 47a 84 0.9
47b 90 9.0

00 (O51"02l0000scheme9) 0000 00000OD0OOOOODOOOOOO
00000000000 O0000D000O00ODBrook OO O a-slylcarbinol 59 O
diethylamine0 0 00 000000000 O0OO0O BrookOOOOOOOODOOOOOO
000000 Mo0000000000000000000000000000000d
0000 600000030000 0000DO0O0DO0O0OOO0OO200 0000000
0O (TablelO) DO OODDODOODODDODODOODOOODODOOOOOBrookOOOOOOO

0061000000000 00000000000000D00D000DOD0o0OoDOoOn

14) Brook, A. G.; LeGrow, G. E.; MacRae, D. M. Can. J. Chem. 1967, 45, 239-253.
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Table 10
Ph

Ph

R38i—CIZ—Ph diethylamine ASiO— ot - Ph
OH chloroform, 27.5 °C 3 i R38|\—/C—Ph
59 60 o
61

Carbinol ko (I mole™? s'l)

Ph3SiCPh,OH 6.10 x 103

Ph,MeSiCPh,OH 0.98x 103

PhMe,SiCPh,OH 0.15x 103

Me;SiCPh,0OH 0.25 x 10 4

00000003 0000000000e 000000000000 0ODOO0ODOOO
0620 00000@)-63"000000000000DOOO0O0OODOZO0O0ODOOOOO

O0O0oooDooooooon (Scheme21)O

Scheme 21
R Li *
. - 1
OS|MezBUt O_SI\/Ph
/<C‘))<H \\/iTR i t
PhR,Si CN N OSiMezBu
CN

62 (2)-63"

000000000 0a OO0 TBSOO phenyldimethylsilylD 000000 69000
0000000ZOOOODO0OOO0OO0OO00O0000000000690 TBSO 470000
0D000000000000000000000000 TBSO 470000000000

00000000 (Scheme22) O
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Scheme 22

1.n-BuLi
i =~ “OEE -TSOH /OH
/OEE 2. PhMe,SiCl e Si/ p Z
2 H,O, acetone PNMe2Si

" THF, - 80-C to 1t 64 eflux 65
95 %
NaAl(OCH,CH,0OCHy), mCPBA, Na,HPO, o
; PhMe,Si” " “OH PhMessi” Lo
Et,O,0°Ctort CH,Cl,, 0 °Cto rt
66 67
61 % (3 steps)

DMSO, SO o B TFI'BBSC I\:«:N ﬁiMeZBUt

, 3-py /<l/\ n- U4 r-

i X PhMe,Si

CH,Cly, NEt; T NMezSi o CH,Cl, 1t 2! CN

0°C 68

69a (less polar isomer) 48%
69b (more polar isomer) 48%

7%
69000000000 0O0O0ONHAMDSO D0 O0DODOODOODOODDODOOOOOOOO
71000000071 00000000000000700000000000000
(Scheme23)0 70000000000 EZOOODDOODOOOOOOOOOODOOOOOO
g0oo00o0ooO0ooOooboOoooboobOo7ld0o0o0obobOoobooOOooOooDOoooog

gobooboboogd

Scheme 23
i t O  OSiMe,But [ {
o OSiMesBu CHal, NHMDS Z) OSiMesBuU
_ CHj N CHs;
PhMe,Si CN THE H CN PhMe,SiO CN
69a, b -80 °C, 5 min 70 71

8% from 69a
60% from 69b
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0000 phenyldimethylsilyl 0 0000000000000 O0O00O0O0OO0
tert-butyldiphenylsilyl (TBDPS) O OO ODOD 77000000000007700000
000 TBSO 4700000000000 00D0DO0DOO0ODODOODOODOOODN
tert-butyldiphenylsilyl OO 0000000000 O0O000O00O0 (Scheme24)d 77ab 00 O

0007700 XOOOOODODOOOooOooooooo

Scheme 24
1. n-BuLi
2. ButPh,SiCl " OEE " oH
7z OEE 2 / p-TsOH /
" THF Bu'Ph,Si ButPh,Si
41 60°Ctort 72 H,0, acetone
78% reflux 73

0
NaN(OCHQCHzoCHg)z e mMCPBA, NayHPO,
BuPh,Si” X" “OH ButPhZSi/<l/\OH
Et,0, 0°C tort CH.Cly, 0 °Cto rt

74 3 days ™
84% (2 steps) 2%
OSiMe,Bu'
O ‘\“H
Bu'Ph,Si CN
i 0,
DMSO, SOs-py o TBSCN 77a (less polar isomer) 38%
KCN/n-BuysPBr
CH,Cl,, NEt;  BuPhpSi L
2Clp, NEf CH.Cl,, rt OSiMe,But
0°Ctort 25hr 76 o}
87% ‘ H
Bu'Ph,Si “CN
2

77b (more polar isomer) 48%

//00000000000DO0DOO00bO0bOO0DO0oDOO0oOO0DoOoOoDbOOobOoDbOoDOon
O00000000ooDoo00U0 EODOOOOOODOOOOOO (Tablel)oOOOOO
(©-63'000000D0D0ODO00000000D0ODDODDO0OD0DODODODOOODODoOoOOOg
OOTBDPSOODO0DODO0DODODOODOODOOOOOOOOOOOODOOOOOoDDODO

000 Z0OO00O0O0obOOobobobooooooooog

27



Table11

OSiMe,Bu! OSiMe,Bul OSié/IHezBut
wH o) H CHgsl, base t ' 3
Bu'Ph,Si CN Bu'Ph,Si “CN THE BUPh,SIO™ ™% CN
-80 °C, 5 min H
77 ’
a 77b 78

base diastereomer  yield (%) E/lZ sm

LDA 77a 80 13.0 3

(in Hexane/THF) 77b 88 E

LiN(SiMe3) > 77a 15 E 66

(1.0Min THF) 77b

NaN(SiMe3), 77a 70 79.0

(1.0Min THF) 77b 93 E

KN(SiMe3z)» 77a 89 2.2

(0.5Min toluene) 77b 86 66.0

0000000000000 OO00U00 BZOODOODODOOOODODOOOOO
000000D0D0o0oDooooo o000 ooooDoooDoDoDoDoDOoooDoood
O000000D0D0OBrookOODODOOOUOODOODOOODOOOSBOODODOODOO
00 (Scheme25)0 000000000000 0ODOODOOOODO EZOOODOOODOOO
00000000 0ooooDoooooo o000 0oooDooo0oDooooood

gooobogooooo o
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Scheme 25

' RX i O OSR
o OSIHMeZBut base O)OS|R3 | ( ) 3
BuMe,Si CN _580mi% BuMe,Si —CN Bu'Me,Si CN
B Li* B
OSiR3 Li----OSiR3 R3Si- 0
Rgsio/%\CN R3Si0)\§2\CN R3Sio/\%\CN
H H N
- >0 50" 50° ]
OSiR3 OSiR3
_ R
R3SIO” X CN RgSIO” CN
H H
51 52

O00o0oo0oooooooo ooooon phenyldmethylslylD OOOoOdOQO 780
O00o0ooooooooooo 460 phenyldimethylsilyl cyanideCD OO 00O O 78 0
O 000 0O Odtrimethylsilyl cyanide O n-BuLi O O O phenyldimethylsilyl chloride O O
OO000 dimethylslylcyanideO D D00 O0O0O000000O00D0O0O0OO0OOOOOOO0O

000000 (Scheme26)0

Scheme 26
1. n-Buli, 0 °C, 15 min
2. PhMesSiCl, reflux, over night
Me;SiCN PhMe,SICN
toluene
o OSiMe,Ph
/<l/\ PhMe>SiCN, KCN/n-BuyPBr
Bu'Me,Si ~o BuMe,Si CN
46 78

000 4600000000 790000000000000000000O00O0OO0O

O000oooooooon 790 460 trimethylsilyl cyanideD OO OO0 00000000
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00000000000 79% (lesspolar isomer : more polar isomer =1.00:1.08) 0 0 O O
0000000000 0790 imdazoled OO O phenyldimethylsilyl chloride0 O 0 O O
dooooTLCOooooooooooooDOoooDoooDOoooDooooooDooon
gbodooouotdotdoioobooodooooonoouoooonoooouodgo
diphenylmethylsilyl chloride0 OO D000 0000000000 O0OODOOOOOOOOO
0 O O tert-butyldiphenylsilyl chlorideD 000000000800 82% (lesspolar isomer :

morepolarisomer=1.00:082) 000000000000 (Scheme?27)0

Scheme 27
/<?/\ 1. Me3SiCN, KCN/n-BugsPBr, 2 hr o OH
_ 2. HySiFs, 1 hr <P
Bu'Me,Si ~o Bu'Me,Si CN
CHCly, 1t 79

46

79%
less polar isomer : more polar isomer

=1.00:1.08
OSiPh,But
tBuPh,SiCl, imidazole
t .
DME Bu'Me,Si CN
0°Ctort, 2hr 80

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

800000000 DO000DD0DOO00O0DO0ODO4700000BZOOOODOOOO
O000000oooO (Tablel2DOODODODODODDDOODOOODOOOOODOOOO
0000000000000 oo0oo0oooo0oooooooogd LHMDSO OO
000000000 0000000000 TBDPSO000DOO0ODOO0ODOOOOOOOO

gobobbbogogd d
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Table 12

¢ t ¢ t
o OSiPh,Bu bCH3I (1.2 eq) OSICPEFBU
_ ase (1.1eq) 3
Bu'Me,Si CN > Bu'MeySi0” X CN
THF H
less polar isomer ; 80a -80°C,5 min
more polar isomer ; 80b 81
base diastereomer yield (%) E/Z sm
LDA 80a 60 1.1 15
(in Hexane/THF) 80b 67 23.0 15
LiN(SiMeg)» 80a 1.6 E 81
(1.0Min THF) 80b 2.7 E 79
NaN(SiMes)» 80a 91 66.0
(1.0Min THF) 80b 90 E
KN(SiMe3), 80a 82 0.4
(0.5Min toluene) 80b 87 8.3

0000000000 (@Z000D00000000000D00OO0000DOOOO000
O0000@oODOD0O0000000000oo000o0ooo00oooDooDo0o00oo0o

goggobbbobbooooooobobobbodooooooboon

31



ggoobooboodgooan

000000000000 LDAD KHMDSOOOOODO ZOOOOOOOOOOO
OD0000000000000C00 hexane tolueneD 0000000000000 O000O
0000000000000 000000000000000000 EZ0O0OOO0OO0
O (DAODDOOODOOO047a000 E/Z=25047b 000 E/Z=22.0)(Table5) 0000
0000000000000 BZ0000000000000000000000000
00000000000000000

Table5
. ¢ OSiMe-But CH3! (1.2 eq) OSiMe,BU!
o Qe CN~ base (11 eq) CH
BuMe..Si Ncn BuMe,Si H THE ButMe,Sio” CN
2 - 80 °C, 5 min N
47a 47b 56
base diastereomer yield (%) E/Z SM
LDA 47a 82 25
(in Hexane/THF) 47b 84 22.0
LiN(SiMe3), 47a 44 23.0 40
(1.0M in THF) 47b 83 31.0
NaN(SiMej3), 47a 91 40.0
(1.0M in THF) 47b 92 47.0
KN(SiMe3), 47a 84 0.9
(0.5M in toluene) 47b 87 9.7

0000000000000D0 BZO00O0O0OOOO0OOO0OO0O0O00 82000000

O000000000000O0ODOOOOOOOOOOOOOOO0 (Scheme?28)0
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Scheme 28

OSIiR i OSiR OSiR3
R3S R3S C R3Si H

CN R3Si CN SN
47a 82 47b

0000000000000 0000000000000053,54,550000000

0000000000000 00000000000 methyl trifluoromethanesulfonate

(CH,OTHhOODODODOODOO0OO00O000 (Schemel7)O

Scheme 17
OTBS RX OTBS RX OTBS
/<Ol)<H /<O[)\ 777777777777 - /<Ol)<R
TBS CN Base TBS -CN TBS CN
47 48 53
- OTBS
o OTBS — OTBS
RX R=O R
TBS ZCN B8S” N “CN TBSO™ Y~ "CN
H H H
54 52
49
A
RX |
R OTBS OTBS OTBS
RX > -
TBSO Z N - TBSO Z “CN TBSO™ " "CN
H H H
55 50 51

47a0 CH,OTfO THFOO OO -80°CO NHMDSO O OOGOQOOOOOOoOOoOO
000000 S5200000 560000000000000000000000000O

oooo-98°COpoooouoooooooooooooon (Tablel3)O
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Table 13

OSiMeBu' OSiMeBut OsiMe,Bu
WH O | _H CH;OTf, NHMDS CH;
Bu'Me,Si CN ButMe,Si “'CN THE BuMe,Si0” X CN
47a 47h 5min H
56
OSiMe,Bu
H
BuMe,Si0” ™ CN
H
57
56 57 sm
diastereomer tempareture(°C) yield (%) E/Z yield (%) yield (%)
47a -80 53 77.0 14 1.0
47a .98 47 59.0 0.8 26
47b -08 58 44.0 12 19

oo uooooouoo
gbodooooobduotdooouooooobnotuotdoooooobooonouoodgo
goooooooododoooooooooogno

gotdotdoootooooooooouououodododooooooood
godoodoouoooooboobooboobooboooooooooooood
000000000 trans4-tert-butylepoxycyclohexane 83 O lithium diethylamide O O
00000000 O0o0oOo0o0ooDooooé8400nooooodooooooooooon
O000000oooooooooon CcO0UnosynODO0O0DO0DODODOOOOOOO
0000000000 o0oooo0ooooDo0oOoDoDOo0ooDooooOo8eOooOoOon
gbooodooobooduotdodooooonodotdoooooonooonouogo

00000000000000000000 (Scheme29)0 ™

15 000000000000000000000000 : Crandal, J. K. ; Apparu, N. Org. React. 1983,
29, 345-443.
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Scheme 29

OH
0 : OH
E . » H
., t-C,H D o
tC4Hg D t-C4Hg 479 D ;
83 84

85 Et

97 : 3 86

O00000FemngOOOO0O LDADODODOOBy-00000000 87000000

00 (E-9000000000000.° FemngOOO(E)}-90000000000000

gobobobbuodoooogobbbbbodooooobbobboooooooboon

OooooobooZoOoOoOooOOoooOOooooooOoo 88U0booOoboooboboOoooDOO

O00o0ooO00ooOoOO00oOo0OoEOODOODOOODOOODOOOD8ODUOOODDOO

(£-900000000000000 (Scheme30)0

Scheme 30
R,
N<
H L
0
?}\/CN LDA 7% ”””” > HO\/\
H CN CN
87
83 (2)-90
‘r
R /
N
H .U
0
, HO\/\/CN
H
NC H
(E)-90
89 83%

16) Fleming, F. F.; Wang, Q. Z,; Steward, O. W. J. Org. Chem. 2001, 66, 2171-2174.
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O000syn0000000000D0O0O0DOO0OO0ODOOO9I00000-780050000
O0000000Osyn0000D0D0O0O0OD0DO 9300 300000000000 000O0O
0000000000 syn000O0O00O0O0O0O0OO0OOO (Scheme31)0O

Scheme 31

o H N
«CN LDA LI—N,

R EE— O

78 °C, 5 min H
: CN
HO CN
91 92 \©/
—

95
DA 0 CN _
-78 °“C 30 min -

94

00090 LDAODODDOOOO (B-970 00000000 LHMDSOODOOOOOO
000000000000 000000000000000EZ=1:100000 970

O0000o0ooo0ooooooooooog (Scheme32)0

Scheme 32
Pr_ .
LDA 3 . _CN
Pri -
N 78 °C, 5 mi " CN
o - ,5min L|\\H OH
H (E)-97

96 = -

LHMDS — N
. SUNES G SN ON
-78 °°C, 5min _

) @) OH OH CN

% (B)-97 (2)-97
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0000000000 47ap0000000-000000000000DOOOO0OO
000000000 synOODODO0ODOO0ODOO0O0OO47a0 000000000 98a
000000000 0oooooooooooon (Avaue=02)0000000047b
O00O0oooo9%shoOoooooooon OrTBSO (OTMSO O A vaue =0.74) O O
0000000098 abd %00 000000000 047a00 000000000
godoobobobboooooooubbb—=-0ooobobbbbuouoooooon
synh0dooooooooo cCoOooD atiD 00000 O00o0o0O0O0oOoOoogn ant
O0000000Doo0ooooo 47b00047a000000000000000

OO (Scheme 33)0C

Scheme 33
syn- anti-
Li, L
RsSi, , Q9 NR2 Rrgsi, , QO NRj
.. H . Y
H z H Z
H jﬂL H
NC OSiR; | R3SIO CN
98a (more stable) 98b (less stable) NR
from 47a from 47b 2
99a (less stable) 99b (more stable)
from 47a from 47b

O00047a47b=101000000 0500000000000000O0500
LDAOOOO0O-8000 00000000000 O03%%0000005600000470
40%0 000000000000 47a47b =1.00.0.700 00000000000 47b
O0000oDoo0oooooo0ooooodatiD000O0ooooooooooood
O0OOOHMPA(4000)0000D00D0000O0DODOOOO0O0O98abOOO0OOO0
o0o0b00oo0o0obO0oooO0obOoo0ooO0obOOobOoOO0obOOobOoODOoDOOobOoOoD 47000

47a47b=1000.76 0O OOHMPAD O DO OODOOOODOOOOOODOOOOOODOO
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goooobooobbbgogooot syngoggooooobogoooooon
NHMDSOOODODODODDODODOOOODOODOOOOODO 47000 47a47b = 1.00:0.790
HMPAOOOOO 47a247b=1.00.0.780 00 0LDAOD D0 ODOOOOOOODOOOO
O0000o0oo0ooooooooo47apddo0oo000—0000000D0O0O0O
000000000000 0Do0000oooo0ooDooodo0Do0atiDoOd

O000ooooooooooog (Tablel14)o

Table 14
OSiMe,Bu!
o | _H
Bu'Me,Si CN
OSiMe,Bu' OSiMe,Bu' CHjl (0.5eq)
47a,b
/<?/L\\"H .\ /<(|))(H base (05 eq)
BuMe,Si CN  BuMe,Si “CN THF *
47a 47b -80 °C, 5 min OSiMe,Bu'
CHs
Bu'Me,Si0” "X CN
47a:47b =1.00:1.04 ¥
47 56 56
base HMPA  vyield (%) ab yield (%) E/Z
LDA ) 40 1.00:0.70 35 6.6
(+) 67 1.00:0.76 26 25.0
NHMDS ¢) 52 1.00:0.79 40 41.0
(+) 39 1.00:0.78 45 108.0

00000000000 0470 cisO0D0OO0OOO0 10000000000 DOOOO0O0
goboobbbogoooobobbuoggooobbbuooooobbbuooooon
goobobbbogooooobbuogoooobbbuooooobbbuooooon

10000 000000000000D0000 (Scheme 34)0
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"NR',

101a (less stable) 101b (more stable) 99a (less stable) 99b (more stable)
from 100a from 100b from 47a from 47b

0000000000000 420 42000 DIBALODOOODO 84% 000000
000000000 10200000000 EODOODOODOOODOOODOOOOO
00000000 1040000000 TBSCNOODDODDODDODOD 1000 83%
(100a:100b =1.00:036) D0 0 0 00O0DOO0OO0O0O0OO100a,b 00 0000 100b 0O X O

O000opDoooooooo (Scheme35)0

Scheme 35
1. i-Bu,AIH Bu'Me,Si BuMe,Si o
mCPBA
" ToH 2 H:S04da) e~ K‘AOH
Bu'Me,Si ELO OH  Na,HPO,, CH,Cl,
42 102 , 3 hr 103
84% 88 %
Bu'Me,Si o OSiMe,Bu'
''''' H
CN
¢ . TBSCN _
SOg-pyridine Bu'Me,S| o n-Bu,PBr - KCN 100a (less polar isomer) 61%
~ +
DMSO, NEt, O CHClp, rt, 45 hr
CH,Cl,, 0°C
272 104 Bu'Me,Si o OSiMe,But
0,
84 % N
H

100b (more polar isomer) 22%
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trans0 00 47000000000 100a/100b 000000000OFdKkin-AnhO00O
goboobogoooobobbogoooobbbuooooobbboooooon
O000D0o00oo0ooooo TBSOO00O00O0DOoO0OooDOooooooo c-cooonod
O0000000104a00 100a0 0000000 O0O0O0OO0OOOODOOODOOOOO
Oo0o0oooo couoooooU0U0o0ooooooooooooong 104b 00
100b 000 00D0D0O00OD010MbO0ODO400 TBSOOOODODOOOOOODOOOO
000000000 10da0 0000000000000 000DO0ODOOODOOOOO

O00000O0o0ol100a0000O0OOOoOOOoOOoOooOOg (Scheme36)0

Scheme 36
09 Q
Hiv. / TBSCN H.., OTBS
TBS o n-BuPBr-KCN 3>
H
H., P WH 104a 100a
RgSi/%(H
104 ©
oH" TBS o
Ho,,. OTBS
I . o TBSCN RS
CN H n—BU4PBI‘ - KCN NC H
H
104b 100b

100ab0 0 0000000000000 O0ODODOOOODOOOOOODOOOOOODOO
O0000000000000000 NHMDSOODO 100a00000O000O 7%000
000 82% 0000000 100b0O0O00O 87% 0000000000000 100b 0

0000000000000 antiD000O00O000O0O00ooooOn (Tablel5)O
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Table 15

t - . OSiMe,BUt
BuMeySi OsiMeBu' BuiMe,Si  OSiMe,Bu'  CH3l (1.2 eq) CH32
(0] H (@) base (1.1 eq) )
3 -H > Bu'Me,Si0T CN
CN CN THF ¥
100a 100b - 80 °C, 5 min 56
base diastereomer yield (%) E/Z sm
LDA 100a 3 0.9 90
(in Hexane/THF) 100b 22 6.3 33
NaN(SiMe3z)2 100a 7 6.5 82
(1.0M in THF) 100b 87 5.0 5
KN(SiMe3)2 100a 45 1.1 45
(0.5M in toluene) 100b 86 3.2 7

LDAO 0D 000ODOO0O0O0O0O000o0o0oOO 10b0000oooooooooag

LDAODODODOOO0OO0OO0O0OO0O0O0D0D0 pKka=35.70 THFO)DO OO OO O reactant-like

oC200000000000000000D0D00DDO0DO0ODO0ODOODOOOOO

000000000000 000000ONHMDSO KHMDSO O OoDOooooooOd
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Scheme 39
OTBS ®
OTBS CH3 o PT&R
O [..CN P /<l/k
BUMeS H Bu'Me,Sio” X CN  Bu'Me,Si H
2 CH3l (0.7 eq) (E)-56 47b
47b LDA (0.7 eq) 21 506 18 1%
o OTBS
-80 °C, 5 min OTBS
BuPh,Si H BulPh,Si0o” X CN  ButPh,Si H
77b (E)-78 77b
0o 6.7% 39.7%

1.0:1.0 1.00:0.31
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Scheme 40
OoTBS oTBS
OTBS CH
0 [.CN /\)< 3 Kl/k
BUMeS H BuiMe,Si0” "X Bu'Me,Si
uviezol CHgl (0.7 eq) (E)-56
47b Base (0.7 eq)
o OTBS
-80 °C, 5 min
OTBS * o OTBS
0 [.CN /\)< 3 o [.CN
Butphzsi/<l/kH BUlPh,SI07 X ButPhZSi/<l/kH
77b (B)-78 77b
1.0:1.0
yield (%) yield (%)
base (E)-56 (E)-78 (E)-56:(E)-78 47b 77b
LINEt, 188 6.0 1.00:0.32 244  39.1
LDA 215 6.7 1.00:0.31 181 3938

LTMP 221 14.8 1.00:0.67 19.4 29.8
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Table 16

. i tCHgl (1.2 eq) OSiMeBU'
OSiMe,Buf 0 ??@”,528“ base (1.1 eq) CHs
Bu'Me;Si NcN Bu'MeSi H THF BUMe;SI0”™ ™3 CN
-80°C, 5 min H
47a 47b
56
LDA LHMDS
diastereomer  order of addition yield (%) E/Z yield (%) E/Z sm
47a (1) CHasl, (2) base 82 25 44 23.0 40
47a (1) base, (2) CHsl 76 2.9 36 39.0 56
47b (1) CHasl, (2) base 84 22.0 83 31.0 -
47b (1) base, (2) CH3l 69 38.0 68 54.0 -
NHMDS KHMDS
diastereomer  order of addition yield %) E/Z yield (%) E/Z
47a (1) CHgl, (2) base 88 55.0 84 0.9
47a (1) base, (2) CHsl 86 38.0 78 0.3
47b (1) CHa3l, (2) base 92 47.0 87 9.7
47b (1) base, (2) CH3l 85 124.0 66 12.0
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Scheme 51

OSiMe,BUt
O H
Bu'Me,Si “'CN
47b base OSiR3 OSiR;  OSiRj
R3SIO CN . X N
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Scheme 52
OSiMe,But 1 NHMDS, -80 °C, 5 min OSiMeBu'
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Scheme 53

, t 1. KHMDS, -20 °C, 9 min SiMe,BUt
/ﬁ/ﬁﬂ\,"eﬁ” 2. CHsCOOH(1.0M in ether), -40 °C, 5 min /\}H
: ButMe, Si N
BulMe,Si CN UMe,SIO c

ether/toluene = 1.00 H

47a 57
67% (E/Z =0.46)
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(E}-57,(2-5700000000000000000000 (E-5700000000
THFODODO-80°CO0O0000O00000O00O00O0D0O0O0OO0O0OONOODOOOO0O00On
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Table 17
OSiMesBut
OSiMe,But CH3l (1.2eq) At
H base (1.1 eq) t _ 3
" Bu'Me,Si0” ™ CN
Bu'Me,SiO CN THF
-80°C,5min H
(E)-57 56
56 (E)-57
Base solvent order of addition yield %) E/Z yield (%)
LDA THF/hexane (1) CHgsl, (2) base 90 E -
(1) base, (2) CHsl 76 58.0 -
LiN(SiMe3)» THF (1) CHasl, (2) base 41 E 47
(1) base, (2) CHzl 46 E 47
NaN(SiMe3),  THF (1) CHasl, (2) base 93 E -
(1) base, (2) CHsl 81 E 6
KN(SiMejz), THF/toluene (1) CH3l, (2) base 92 137.0 -
(1.0:1.7) (1) base, (2) CHgl 75 E 8

@-5400000000000000000DODOOO00D0ODOODOODODOOOOO0
000000000000 0D0Do0o0oKAMDSO O Do O0ooooooooooood
LHMDSOODOOOODOODO0O00D000D000D000000000000 LDA,NHMDS,
KHMDSOOOOOOOOOOOOOOOOODoOO00ODDO00OD0o0oODoooooooooo
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Table 18

OSiMe,Bu!
: ¢ A
H Bu'Me,SiO CN
X CN THF
-80°C, 5min
(2)-57
56 (2)-57
Base solvent order of addition yield (%) E/Z yield (%)
LDA THF/hexane (1) CHsl, (2) base 31 0.04 39
(1) base, (2) CH4l 41 0.01 18
LiIN(SiMe3)2 THF (1) CHgsl, (2) base - - 87
(1) base, (2) CH4l
NaN(SiMe3)2  THF (1) CHasl, (2) base 26 0.05 57
(1) base, (2) CH4l 30 0.02 57
KN(SiMe3), THFtoluene (1) CH3l, (2) base 87 0.02
(1.0:1.7) (1) base, (2) CH4l 76 0.01

O00000000S1000000000 EODOZ0DO00DOO0DODODODODOO
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O0000ooooooooE-5r,51"000nooo0ooonoog Zoooood
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Scheme 53
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General Procedures.
IR spectra were recorded on a Horiba FT-710 spectrometer. *H NMR spectra were taken on JEOL

alpha-400 (400 MHz) and ECP-500 (500 MHz) spectrometer in CDCI, unless otherwise indicated
with reference to CHCI, (6 7.26). *C NMR spectra were measured with JEOL apha-400 (100
MHz) and ECP-500 (125 MHz) spectrometer in CDCI, unless otherwise indicated with reference to
the CDCl, triplet (6 77.2). Resonance patterns were described as s = singlet, d = doublet, t = triplet,
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-M S) were obtained
with a JEOL JMS-SX102 spectrometer. Elemental analysis was obtained from the Instrument
Center for Chemical Analysis, Hiroshima University. Liquid chromatography under medium
pressures (MPLC) was carried out with a JASCO PU-980 pump system by using prepacked
columns (22 mm x 300 mm, 10 w slica gel or 34 mm x 420 mm, 5 u slica gel) (Kusano
Kagakukikai Co.). For routine chromatography, the following adsorbents were used: Fuji-Davison
silica gel BW-200 (150-325 mesh) for column chromatography; Merck precoated silica gel 60 F-
254 plates for anaytical thin-layer chromatography. All moisture sensitive reactions were
performed under a positive pressure of nitrogen. Anhydrous MgSO, 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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(E)-3-(tert-butyldimethylsilyl)-2-propene-1-ol (44)

To a cooled (-80 °C) solution of 3-(1-ethoxyethoxy)-1-propyne (25.0 g, 195
3 1

185" X2"0H | 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 t-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 agueous NaHCO, solution (200 mL) and extracted with Et,O (100 mL x 3).
The combined organic phases were washed with saturated brine, dried, and concentrated to give
crude 3-(tert-butyldimethylsilyl)-2-propyne-1-ol (32.8 g). The product was used in the following
step without further purification.
To acooled (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,O (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
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 sturated 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 8 0.03 (6H, s, SiMe,), 0.87 (9H, s, t-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
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(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). HRM S calcd for C,H,,0Si 172.1283, found 172.1322.
(2R*,3R*)-3-(tert-Butyldimethylsilyl)-2,3-epoxypropanol (45)

To acooled (ice-water) solution of 3-(tert-butyldimethylsilyl)-2-propene-1-ol
0

TBS/3<‘2/1\OH (24.0 g, 139 mmoal) 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 agueous 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 & -0.04 and 0.02
(each 3H, s, SiMe,), 0.96 (9H, s, t-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 =125, 5.9, 2.4 Hz, H-1). °C NMR § -8.34 (SMe,), 16.6 (CMe,), 26.5 (CMe;), 46.3 (C-3),
55.5 (C-2), 63.3 (C-1). Anal. Calcd for CgH,,0,Si: C, 57.40; H, 10.70. found: C, 57.19; H, 10.74.
(2R",3R")-3-(tert-butyldimethylsilyl-2,3-epoxypr opanal (46)

o To a cooled (iceewater) solution of 3-(tert-butyldimethylsilyl)-2,3-

IBS MH epoxypropanol (23.3 g, 124 mmol), DM SO (177 mL, 2.49 mol), and NEt, (139
2

mL, 1.00 mol) in CH,CI, (180 mL) was added SO,-pyridine (98%, 50.3 g, 310

mmol). After stirring at the same temperature for 75 min, the mixture was diluted with hexane-Et,O
(1:1, 100 mL). Phases were separated, and the agueous phase was extracted with Et,O-hexane (1:1,
100 mL x 3). Combined organic phases were successively washed with water (150 mL) and 1M
hydrochloric acid (600 mL), dried, and concentrated. The residual oil was subjected to column
chromatography (silica gel 250 g, elution with hexane:Et,0 = 1:1) to give 7 (17.9 g, 77%), a pae
yellow oil. R = 0.35 (hexane:Et,0 = 5:1). IR (film) 1730, 1252 cm™.*"H NMR & 0.00 and 0.04
(each 3H, s, SiMe,), 0.97 (9H, s, t-Bu), 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). *C NMR & -8.2 and -8.1 (SiMe,), 17.0 (CMe,), 26.6 (CMe,),
46.6 (C-3), 56.2 (C-2), 199.2 (CHO). HRMS calcd for C,H,0,Si (M* - C,Hy) 129.0372, found



129.0343.
(2R354S and 2R’,3R’4R’)-2-(tert-butyldimethylsiloxy)-4-(tert-butyldimethylsilyl)-3,4-

epoxybutanenitriles (47 a,b)

Method A ; To a solution of 46 (16.1 g, 86.4 mmol) in CH,Cl, (173 mL) was
o OTES

TBS 4 2 CN
3 1

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 with hexane:Et,O = 15:1) to give
47a (12.0 g, 42%) and 47b (6.4 g, 23%). Method B ; To a solution of 46 (214 mg, 1.15 mmol) in
CH,CI, (2.3 mL) was added KCN (15 mg, 0.23 mmal), 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 47a (162 mg, 43%) and 47b (166 mg, 44%). 47a: plates
(hexane), mp 32.4-35.8 °C, R, = 0.33 (hexane:Et,O = 20:1). IR (KBr) 1253 cm™.'H NMR & -0.04
and 0.05 (each 3H, s, SiMe,Bu), 0.17and 0.19 (each 3H, s, SiMe,Bu), 0.93(9H, s, t-Bu), 0.97(9H, s,
t-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). ®CNMR & -8.6 and -7.9 (SiMe,), -5.1 and -5.0 (OSiMe,), 16.7 (CMe,), 18.3 (OSICMe,), 25.7
(CMe,), 26.6(0SICMe,), 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. 8b: plates (hexane), mp 38.3-40.5 °C. R, = 0.28 (hexane:Et,O = 20:1). IR (KBr) 1257 cm™. 'H
NMR 9 -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, t-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 6 -8.4 and -8.1 (SiMe)), -5.1 and -5.1 (OSiMe,), 16.8 (CMe,), 18.3
(OSiICMe;,), 25.6 (CMe;), 26.6 (OSICMe,), 48.0 (C-4), 55.9 (C-3), 64.1 (C-2), 117.7 (CN). MS
(APCI-LC/MS) 345 (M+NH,). Anal Calcd for C,¢HsNO,Si, C, 58.66; H, 10.15; N, 4.28. found C,
58.35; H, 10.29; N, 4.28.

General Procedurefor alkylation of 47: Reaction of 47a with Mel and NHMDS

This procedure is representative for the alkylation. To a cooled (-80 °C) solution of 47b (100 mg,
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0.305 mmol) and Mel (23 uL, 0.369 mmol) in THF (0.7 mL) was added a solution of NHMDS
(2.02 M in THF, 0.330 mL, 0.337 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,O (10
mL x 3). Combined organic phases were washed with sturated brine (10 mL), dried, concentrated.
The residua oil was subjected to column chromatography (silica gel 10 g, elution with hexane:
Et,0 = 20:1) to give 52 (R = Me) (102 mg, 98%). For separation of E/Z isomers, MPL C was used.
(E)-52 (R = Me):

OTBS acolorless clear oil. R, = 0.36 (hexane: Et,0O = 30:1). IR (film) 1662, 1472,

CHs | 1258, 1195, 1114 cm™. *H NMR § 0.16 and 0.21 (each 3H, s, SiMe,), 0.17
reso oy | 1208 195, 1414 om 16 and 021 (each 3, 5 SiMe),
1

(6H, s, SiMe,), 0.88 (9H, s, t-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 CHa,NO,Si,, (M* - CHy), 326.1972, found 326.1929.

(2)-52 (R = Me):

a colorless clear ail, R = 0.36 (hexane:Et,O = 30:1). IR (film) 658, 1472,
TBSO OTBS

533 1258, 1146, 1124, 1092 cm™. *H NMR § 0.18 and 0.22 (each 3H, s, SiMe,)),
4 2
3 1

0.19 (6H, s, SiMe,), 0.88 (9H, s, t-Bu), 0.96 (9H, s, t-Bu), 1.72 (3H, S, CHy),
451 (1H, d, J = 6.4 Hz, H-3), 6.21 (1H, d, J = 6.1 Hz, H-4). ®*C NMR 8 -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,Ha,NO,Si, (M* - CHy), 326.1972, found 326.1929.

(E)-52 (R = Et):

acolorless clear oil, R = 0.37 (hexane:Et,O = 30:1). IR (film) 1661, 1472,

OTBS

MCsz 1257, 1208, 1118, 1090 cm™. *H NMR & 0.14 and 0.22 (each 3H, s, SiMe,),

TBSO™4 "2 CN
1

0.18 (6H, s, SiMe,), 0.88 (9H, s, t-Bu), 0.93 (9H, s, t-Bu), 1.03 (3H, t, J =

7.3 Hz, CH,), 1.76 and 1.85 (each 1H, dg, 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 8 -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 CiHa,NO,Si,, (M* - CH,CH,), 326.1972, found 326.1929.
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(2)-52 (R = Et):

acolorless clear oil, R = 0.37 (hexane:Et,O = 30:1). IR (film) 1657, 1472,

TBSO oTBS
|v<02H5 1257, 1134, 1098 cm™. *H NMR & 0.17 (6H, s, SiMe,), 0.19 and 0.24 (each

4 . 2 CN
! 3H, s, SiMe,), 0.89 (9H, s, t-Bu), 0.96 (9H, s, t-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,gHz,NO,Si,, (M* -
CH,CH,), 326.1972, found 326.1929.

(E)-52 (R =i-Pr):

TBSO a colorless oil, R = 0.40 (hexane:Et,0O = 30:1). IR (film) 1661, 1471,
"

A CH(CHa)2| 1258, 1210, 1079 cm™. *H NMR 8 0.13 and 0.2 (each 3H, s, SiMe,),
TBSO™ 4 3 2 CN
1

0.18 (6H, s, SiMe,), 0.89 and 0.93 (each 9H, s, t-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-1), 75.8 (C-2), 111.0 (C-3), 119.8 (CN), 144.7 (C-4). HRMS
calcd for CiHa,NO,Si,, (M* - CH(CHS),), 326.1972, found 326.1929.

(2)-52 (R = i-Pr):

OTES acolorlessail, R, = 0.40 (hexane:Et,O = 30:1). IR (film) 1658, 1471, 1257,
TBSO

« _JCH(CH3)2 | 1112, 1080 em™ *H NMR § 0.16, 0.17, 0.19 and 0.25 (each 3H, s, SiMe,),
3 1 0.89 and 0.96 (each 9H, s, t-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 (SMe,), 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,sH:,NO,Si,, (M* - CH(CH,),), 326.1972, found 326.1929.

(E)-52 (R = CH,CH=CH,):

acolorlessail, R = 0.41 (hexane:Et,O = 30:1). IR (film) 1662, 1471, 1257,

2' -1 1 .
TBSO 4\ SCN 1203, 1089 cm™. "H NMR & 0.14 and 0.22 (each 3H, s, SMe,), 0.18 (6H,
' s, SiMe,), 0.88 and 0.92 (each 9H, s, t-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
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(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 (CMey), 25.7 and
25.7 (CMe,), 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). HRMSS calcd for CiHa,NO,Si,, (M* - CH,CH=CH,), 326.1972, found 326.1929.

(2)-52 (R = CH,CH=CH,):

acolorlessail, R = 0.41 (hexane:Et,O = 30:1). IR (film) 1657, 1471,1257,
TBSO OTBS‘
' Lp27% | 1114,1091 o™ *H NMR 5 0.20 and 0.24 (each 3H, s, SiMe,), 0.18 (6H,
2
S s, SiMe,), 0.88 and 0.96 (each 9H, s, t-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 § -5.3, -5.2, 3.8,
and -3.2 (SiMe,), 18.3 and 18.3 (CMey), 25.7 and 25.7 (CMey), 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,gH,NO,Si, (M* -
CH,CH=CH,), 326.1972, found 326.1929.

(E)-52 (R = CH,Ph,):

acolorless ail, R = 0.38 (hexane:Et,O = 30:1). IR (film) 1661, 1472, 1258,
TBSO T
“ Ph | 1184, 1086 cm™. *H NMR & 0.07 and 0.10 (each 3H, s, SiMe,), 0.16 (6H, s,
TBSO 4 2 CN
S 1t SiMe,), 0.86 and 0.91 (each 9H, s, t-Buj), 3.04 and 3.08 (each 1H, d, J =

13.4 Hz, H-1'), 5.04 (1H, d, J = 12.0 Hz, H-3), 6.74 (1H, d, J = 12.0 Hz, H-4), 7.27-7.31 (5H, m,
Ph). *C NMR § -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-1'), 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 caled for C,gHy,NO,Si, (M* - CH,CH=CH,), 326.1972, found 326.1929.

(2)-13 (R = CH,Ph,):

acolorless ail, R, = 0.38 (hexane:Et,O = 30:1). IR (film). '"H NMR3 0.02,

TBSO OTBS
'« _L7Ph | 009, 0.6, and 0.19 (each 3H, s, SiMe,), 0.86 and 0.99 (9H, s, t-Bu), 3.09

4 2 CN
31 and 3.21 (each 1H, d, J = 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 NMRS -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, 1314 and 135.1 (Ph), 140.7 (C-4). HRMS cacd for C,H,NO,Si, (M* -
CH,CH=CH,), 326.1972, found 326.1929.
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(2R* ,3R*)-3-(tert-Butyldiphenylsilyl)-2,3-epoxypropanol (75)
To a cooled (-60 °C) solution of n-BuLi (2.30 M in hexane, 5.3 mL, 12.3

/3<(|)/\ mmol) in THF (3.4 mL) was added dropwise a solution of 3-(1-
TBDPS 1 OH

ethoxyethoxy)-1-propyne (1.50 g, 11.7 mmol) in THF (5 mL) over 15 min.

The solution was allowed to warm to —30 °C over 30 min before addition of t-butyldiphenylsilyl
chloride (3.4 g, 12.9 mmol) in THF (5 mL). After being stirred at the same temperature for 25 min,
the cooling bath was removed and stirring was continued for 20 hr. The mixture was diluted with
saturated aqueous NaHCO, solution (100 mL), and then extracted with Et,O (50 mL x 3). The
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:Et,O =
10:1) to give 72 (3.33 g, 78%). The product was used in the following step without further
purification.

To a solution of the above compound in acetone-H,O (70:30, 20 mL) was added p-toluenesulfonic
acid monohydrate (257 mg, 1.35 mmol). After being refluxed for 90 min, the reaction mixture was
diluted with saturated agueous NaHCO, solution (50 mL) and extracted with Et,O (30 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 (73) (2.57 g). The product was used in the following step
without further purification.

To acooled (ice-water) solution of Red-Al® (65% in toluene, 4.19 g, 13.47 mmol) in Et,O (10 mL)
was added dropwise a solution of the above compound (2.57 g) in Et,O (6 mL) over 15 min. After
stirring at the same temperature for 10 min, the cooling bath was removed, and tirring was
continued for 1 hr. After addition of 3% agqueous H,SO, solution (10 ml), the mixture was filtered
through a pad of Celite. The filtrate was separated, and the lower phase was extracted with Et,O (30
mL x 3). Combined organic phases were successively washed with water (50 mL) and sturated brine
(50 mL), dried, and concentrated. The residual oil was subjected to column chromatography (silica
gel 100 g, elution with hexane:Et,O = 2:1) to give 74 (2.25 g, 84%), a colorless clear oil. R = 42
(hexane:AcOEt = 2:1)..*H NMR 8 1.09 (9H, s, t-Bu), 4.27 (1H, dd, J = 4.1, 1.8 Hz, H-1), 6.20 (1H,
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dt, J =18.8, 1.8Hz, H-3), 6.36 (1H, dt, J = 18.8, 1.8 Hz, H-2), 7.33-7.59 (6H, m, Ph), 7.60 (4H, d,
1.4 HZ)*C NMR & 18.3 (CMe,), 27.9 (CMe,), 65.7 (C-1), 122.5 (C-3), 127.8, 129.4, 134.7, 136.4
(Ph), 150.5 (C-2).

To a cooled (ice-water) solution of 3-(tert-butyldipphenylsilyl)-2-propene-1-ol (2.00 g, 6.75 mmol)
and Na,HPO,-H,0 (3.63 g, 12.2 mmol) in CH,CI, (13.5 mL) was added mCPBA (77% purity, 2.30
g, 12.2 mmol). After the cooling bath was removed, the reaction mixture was stirred a room
temperature for 3 days. The mixture was diluted with saturated aqueous NaHCO,; solution (30 mL),
separated, and the aqueous phase was extracted with CH,CI, (30 mL x 3). Combined organic phases
were washed with saturated brine (30 mL), dried, and concentrated. The residual oil was subjected
to column chromatography (silica gel 200 g, elution with hexane:Et,O = 2:1) to give the title
compound (1.52 g, 72%), a colorless clear oil. R = 0.31 (hexane:AcOEt = 2:1). IR (film) 3305 cm™.
'H NMR 8 1.19(9H, s, t-Bu), 1.86(1H, CH,OH), 2.90 (2H, m, J = 5.3 Hz, H-2, H-3), 3.68 (1H, dd, J
=11.9, 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 §18.8 (CMe,), 28.0 (CMe,), 45.2 (C-3), 55.8 (C-2), 62.9 (C-1), 127.9, 128.0, 129.8,
128.9, 132.1, 132.4, 136.1, 136.2 (Ph). HRMS calcd for C.H,:0,Si, (M* - C,H,), 255.0841 found
255.0755.

(2R",3R")-3-(tert-butyldiphenylsilyl-2,3-epoxypropanal (76)

o To a cooled (ice-water) solution of 3-(tert-butyldimethylsilyl)-2,3-

(@]
3lg, 4.1 1), DMSO (6.0 mL, 83. | NE
TBDPSMH epoxypropanol (1.31 g, 4.19 mmol), DMSO (6.0 mL, 83.8 mmol), and NEt,

(4.67 mL, 33.5 mmal) in CH,Cl, (10.3 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,O-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 76 (1.13 g, 87%), apae
yellow oil. R, = 0.34 (hexane: AcOEt = 6:1). IR (film) 1728 cm™ 'H NMR 1.21 (9H, s, t-Bu), 3.03
(1H, dd, J = 6.4, 3.4 Hz, H-2), 3.08 (1H, d, J = 3.4 Hz, H-3), 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,
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136.0, 136.2 (Ph).198.8 (CHO).
(2R 354S and 2R’3R 4R’)-2-(tert-butyldimethylsiloxy)-4-(tert-butyldiphenylsilyl)-3,4-

epoxybutanenitriles (77a,b)

OTBS To acooled (ice-water) solution of 76 (2.00 g, 6.44 mmol) in CH,CI, (12.8

o)
MH mL) was added KCN (20 mg, 0.31 mmol), n-Bu,PBr (55 mg, 0.16 mmol),
TBDPS™ 4 Y 2 CN

! 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 and n-Bu,PBr was removed by filtration through a plug of Al,O,.
The residue was purified by column chromatography (silica gel 70 g, elution with hexane:Et,O =
15:1) to give 77a,b (2.50 g, 86%, 77a:77b = 1.00:1.24). For separation of diastereomers, MPLC
was used. 77a: plates (hexane), mp 70.0-71.0 °C, R, = 0.38 (hexane:Et,O = 10:1). IR (KBr) 1250,
1117, 852, 841 cm™. & 0.13 and 0.18 (each 3H, s, SiMe,Bu), 0.91(9H, s, t-Bu), 1.20 (9H, s, t-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
(SMe,), 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 Caled for C,;H,,NO,Si, C,69.13; H, 8.26; N, 3.10. found C, 68.78; H,8.45; N, 3.29.
77b: plates (hexane), mp 76.5-77.0 °C. R, = 0.36 (hexane:Et,O = 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, t-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 & -5.1
(SMe), 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 calcd for
C,Hs/NO,Si,, 451.2363 found 451.2371.

General Procedure for methylation of 77: Reaction of 77b with NHMDS

This procedure is representative for the alkylation. To a cooled (-80 °C) solution of 77b (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 agqueous NH,Cl solution (10 mL), and extracted with
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Et,O (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
with hexane: Et,O = 30:1) to give (E)-78 (R = Me) (79.3 mg, 93%).

(E)-78:

otes | @ colorless clear oil. R = 0.30 (hexane: Et,0 = 30:1). IR (film) 1662,

A\)<CH3 1469, 1113 cm™. *H NMR & 0.08 and 0.12 (each 3H, s, SiMe,), 0.80 (9H,
TBDPSO™ 4 3 2 CN

1 | s t-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 8 -3.5
and -3.1 (SMe), 18.1(SiMe,CMe;,), 19.4 (SPh,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
calcd for C,5Hy,NO,Si, 408.1815 (M* - C,H,), found 408.1778.

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

epoxybutanenitriles (80a,b)

OTBDPS To a cooled (ice-water) solution of 46 (3.20 g, 17.2 mmol) in CH,CI, (51
TBS44<?)2<SN mL) was added KCN (110 mg, 1.7 mmol), n-Bu,PBr (577 mg, 1.7 mmol),
1 and TMSCN (95%, 2.65 mL, 18.9 mmol). After dirring a 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,0, 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 residua oil was
subjected to column chromatography (silica gel 150 g, elution with hexane:Et,O = 2:1) to give 79
(3.18 g, 79%, less polar isomer:more polar isomser = 1.08:1.00), a pail yellow ail.

To a cooled (ice-water) solution of 79 (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).
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,O (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,O = 30:1) to give 80a (1.74 g, 45%) and 80b (1.43 g, 37%). 80a: a colorless
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clear ail, R = 42 (hexane:Et,O = 10:1). IR (film) 1252, 1114, 823 cm™. 'H NMR & -0.04 and 0.04
(each 3H, s, SiMe,BU), 0.97(9H, s, t-Bu), 1.12 (9H, s, t-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 & -85 and —-7.9 (SMe,), 16.7 (CMe,), 19.4 (OSiICMe,), 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,gNO,Si, 394.1659 (M* - C,H,), found 394.1699. 80b: a
colorless clear ail, R = 0.37 (hexane:Et,O = 10:1). IR (film) 1254, 1111,826 and 786 cm™.'"H NMR
d -0.06 and 0.02 (each 3H, s, SiMe,Bu), 0.93(9H, s, t-Bu), 1.11 (9H, s, t-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 & -8.4 and -8.0 (SMe,), 16.8 (CMe,), 19.5 (OSiICMe,), 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,gNO,Si, 394.1659 (M* - C,H,), found 394.1620.
General Procedure for methylation of 80: Reaction of 80b with NHMDS

This procedure is representative for the alkylation. To a cooled (-80 °C) solution of 77b (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 agqueous NH,Cl solution (10 mL), and extracted with
Et,O (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
with hexane: Et,O = 30:1) to give (E)-81 (R = Me) (93.0 mg, 90%).

(E)-81:

otepps | @ colorless clear oil. R = 0.29 (hexane: Et,0 = 30:1). IR (film) 1660,

/\)< CHs | 1469, 1259, 1197, 1111 cm™ *H NMR § 0.03 (6H, s, SiMe,), 0.85 (9H, s,
TBSO™ 4 ! 2 CN
1

t-Bu), 1.04 (9H, s, t-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 § -5.2
and -5.2 (SMe)), 18.3(SiMe,CMe;,), 19.5 (SPh,CMe;), 25.6 and 27.0 (CMe;,), 31.5 (CH,), 68.9 (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,3HyNO,Si, 408.1815 (M* - C,H,), found 408.1826.
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(2R*,35%)-3-(tert-Butyldimethylsilyl)-2,3-epoxypropanol (103)

To a cooled (ice-water) solution of DIBAL (0.93M in hexane, 45.6 ml, 42.4

TBS
0]

3210H

mmol), which was concentrated in vacuo, in Et,O (3 mL) was added dropwise

a solution of 3-(tert-butyldimethylsilyl)-2-propyn-1-ol (1.72 g, 10.2 mmol). in

Et,O (4 mL) over 10 min. The reaction mixture was stirred at same temperature for 10 min and then
a reflux for 3 hr. The mixture was cooled to —-80 °C, MeOH/ether(1:10, 50 mL)was added. The
mixture was allowed to warm to 0 °C, H,0(100 mL) and 10% H,SO, was added until the evolution
of H, ceased ceased completely. The mixture was separated, and the agueous phase was extracted
with Et,O (100 mL x 3). Combined organic phases were washed with sturated brine (100 mL), dried,
and concentrated. The residual oil was subjected to column chromatography (silicagel 40 g, elution
with hexane:AcOEt = 2:1) to give (2)-3-(tert-butyldimethylsilyl)-2,3-propene-1-ol (102) (1.47 g,
84%), a colorless clear oil. *H NMR & 0.10 (6H, s, SiMe,), 0.88 (9H, s, t-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 §
—4.0 (SMe,), 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,-H,O
(3.93 g, 10.2 mmoal) 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 4 h. The
mixture was diluted with saturated aqueous NaHCO, solution (100 mL), separated, and the agueous
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 the title compound
(1.42 g, 88%), acolor less dil. R = 0.27 (hexane:AcOEt = 2:1). IR (film) 3429, 1254 cm™. 'H NMR
d -0.01 and 0.07 (each 3H, s, SiMe,), 0.95 (9H, s, t-Bu), 2.41 (1H, d, J = 5.3 Hz, H-3), 3.56 (1H,
ddd, J=7.8, 5.3, 2.7 Hz, H-2), 3.48 (1H, dd, J = 12.1, 7.8 Hz, H-1), 3.99 (1H, dd, J = 12.1, 2.7Hz,
H-1). ®CNMR 8 -6.1, 5.9 (SMe,), 16.9 (CMe,), 26.5 (CMe,), 48.0 (C-3), 57.8 (C-2), 64.0 (C-1).



(2R',3S)-3-(tert-butyldimethylsilyl-2,3-epoxypr opanal (104)

S o To a cooled (ice-water) solution of 3-(tert-butyldimethylsilyl)-2,3-
Q epoxypropanol (1.37 g, 7.27 mmol), DMSO (10.3 mL, 145 mmol), and NEt,

3 H
5 1

(8.1 mL, 58.2 mal) in CH,CI, (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 30 min. the mixture was diluted with hexane-Et,O (1:1, 70 mL). Phases were
separated, and the lower phase was extracted with Et,O-hexane (1:1, 70 mL x 3). Combined organic
phases were successively washed with 1M hydrochloric acid (100 mL) and saturated agueous
NaHCO, solution (100 mL), dried, and concentrated. The residua oil was subjected to column
chromatography (silicagel 70 g, elution with hexane: AcOEt = 10:1) to give 104 (1.14 g, 84%), , a
color lessail. R = 0.41 (hexane:AcOEt = 6:1). IR (film) 1727, 1256 cm™.'H NMR & 0.03 and 0.14
(each 3H, s, SiMe)), 0.98 (9H, s, t-Bu), 2.66 (1H, d, J = 6.0 Hz, 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 § -5.9 and -5.8 (SiMe,), 17.0 (CMe,), 26.5 (CMe,),
50.2 (C-3), 58.6 (C-2), 200.2 (CHO). HRMS cacd for C,H;0,Si (M* - H) 185.0998, found
185.0980.

(2R,3S4R°  and 2R,3R ,4S)-2-(tert-butyldimethylsiloxy)-4-(tert-butyldimethylsilyl)-3,4-

epoxybutanenitriles (100a,b)

1BS To a solution of 104 (885 mg, 4.75 mmol) in CH,CI, (11.4 mL) was added
OTBS
h Q gN KCN (62 mg, 0.95 mmol), n-Bu,PBr (322 mg, 0.95 mmol), and TBSCN (97%,
2
M 830 mg, 5.70 mmol). After stirring at room temperature for 2 h, the mixture

was diluted with saturated agueous NaHCO, solution (20 mL), separated, and the aqueous phase
was extracted with CH,CI, (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,0 = 20:1) to give 100a (945 mg, 61%) and 100b (344 mg, 22%).
47a: colorless clear ail, R = 0.50 (hexane:Et,O = 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, t-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
d -6.2 and —6.0 (SMe)), -5.0 and 4.8 (OSiMe,), 17.0 (CMe;,), 18.3 (OSICMe,), 25.7 (CMe,),
26.6(0SiICMe,), 47.8 (C-4), 59.3 (C-3), 64.8 (C-2), 117.6 (CN). HRMS calcd for C,,H,,NO,Si,, (M*
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- C(CHy),), 270.1346, found 270.1293. 104b: plates (hexane), mp 34.0 °C. R, = 0.42 (hexaneEt,O =
10:1). IR (firm) 1256 cm™.*"H NMR & 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, t-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
(OSiMg,), 17.0 (CMe,), 18.2 (OSICMe,), 25.7 (CMe;), 26.5(0SiCMe;,), 50.6 (C-4), 57.8 (C-3), 63.1
(C-2), 118.4 (CN). HRMS calcd for C,,H,,NO,Si,, (M* - C(CH,),), 270.1346, found 270.1402.
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(E)-57:

OTBS To a cooled (-80 °C) solution of 47b (460 mg, 1.40 mmol) in THF (3.98

H . .
mL) was added a solution of NHMDS (0.95 M in THF, 1.62 mL, 1.54
TBSO/4\3 2 CN ) (
1

mmol) The solution was stirred at the same temperature for 5 min before
addition of CH,COOH (1.0M in Et,O, 2.57 mL, 2.57 mmol). After being stirred at the same
temperature for 5 min, the reaction mixture was diluted with saturated aqueous NH,Cl solution (10
mL), and extracted with Et,O (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 20 g, elution with hexane: Et,0 = 20:1) to give (E)-57 (391.3 mg, 85%), a colarless clear qil. R,
=0.25 (hexane:Et,0 = 30:1). IR (film) 1662, 1469, 1258, 1200, 1072 cm™. *H NMR & 0.14, 0.16,
(each 3H, s, SiMe,Bu), 0.16, (6H, s, SiMe,Bu), 0.90 and 0.91 (each 9H, s, t-Bu), 4.86 (1H, dd, J =
7.8, 1.0 Hz, H-2), 5.14 (1H, dd, J = 7.8, 11.9Hz, H-3), 6.63 (1H, dd, J = 11.9, 1.0 Hz, H-4). *C
NMR 6 -5.2, -5.2 and —4.8 (OSiMg,), 18.2 and 18.3 (OSICMe,), 25.6 and 25.6 (OSICMe;), 60.2
(C-2), 107.6 (C-3), 119.2 (CN) , 146.2 (C-4). HRMS cacd for C,;H;;NO,Si,-, 327.2050 found
327.2035.

(2)-57:
TBSO  OTBS To a cooled (-20 °C) solution of 47a (703 mg, 2.14 mmoal) in Et,O (2.79
\\/QE'N mL) was added a solution of KHMDS (0.44 M in toluene, 5.34 mL, 2.35
4 2
3 1 mmol) The solution was stirred at the same temperature for 9 min before

addition of CH,COOH (1.0M in Et,0, 2.57 mL, 2.57 mmol). After being stirred at -40 °C for 5 min,
the reaction mixture was diluted with saturated aqueous NH,Cl solution (10 mL), and extracted with
Et,O (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 70 g, elution
with hexane: Et,0 = 30:1) to give 57 (468 mg, 67%, E/Z = 0.46). Separation of E/Z isomers, MPLC
was used. a colarless clear oil R =0.25 (hexane:Et,O = 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,
t-Bu), 4.75 (1H, dd, J = 5.6, 8.8 Hz, H-3), 5.48 (1H, dd, J = 8.8, 1.0 Hz, H-2), 6.35 (1H, dd, J = 5.6,
1.0 Hz, H-4). ®*C NMR & -5.3, -5.2, -5.0 and —4.8 (OSiMe,), 18.3 and 18.3 (OSiCMe;,), 25.7 and
25.7 (OSICMeg;), 55.6 (C-3), 106.6 (C-2), 119.9 (CN) , 142.9 (C-4). HRM S calcd for C,iH;;NO,-Si,
327.2050 found 327.2035.
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