EHI R R - KRG SRR ISZ
RAWSIRARS BRI DFRFE

ILERFRFR
EHEFREMRBEFER
I A

2002%F4A26H, € RKEEZE



Brook Rearrangement-Mediated Formation of Carbocycles

R;SiO,, OH 4 4
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Brook Rearrangement

+
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3 Q R H !
Nu
R u R u
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Brook rearrangement

reactions

Brook, A.G. J. Am. Chem. Soc. 79, 4373 (1957)




Reactions of Acylsilanes Bearing a Leaving Group with a Nucleophile
Reactions of Acylsilanes with a Nucleophile Bearing a Leaving

(0]
R ro=
SiR3 CH,-R'
X
"0 SiR, OSiR; OSIR;
R R' R R' R R'

X X H

(@)

R'\)L + CHR
SiRg |
X

T+ T+
X =N=N, PR;, SO,Ph, CN

Brook, A. G.; Limburg, W. W.; MacRae, D. M.; Fieldhouse, S. A. J. Am. Chem. Soc. 1967, 89, 704.
Reich, H. G.; Holtan, R. C.; Bolm, C. J. Am. Chem. Soc. 1990, 112, 5609-5617.
Nakajima, T.; Segi, M.; Sugimoto, F,; Hioki, R.; Yokota, S.; Miyashita, K. Tetrahedron 1993, 37, 8343.




Use of Ketone Enolate as a Nucleophile

0 SiR;9 OSiR'; O R';SiO o~

Introduction of a Carbanion-Stabilizing Heteroatom

o 0 SiRY OSIR,

M X A

X SiR'; X Nu X Nu

X = SPh, SiMe;, P(O)(OMe),




Reaction of o,3-Unsaturated Acylsilanes with Lithium Enolates

O —
)k Me,Si O O
Ph SiMe; M Me3SiQ OH HQ 0OSiMe,
Ph R = § = §
+ pH Q 'R pH’ Q 'R
OLi Me; SiO o) 59-90% 7-21%
_Me3
A Si.
R Ph R o~ f 0
R' R o
0 OLi
SiMe, Bu'
SiMe, Bu' R 'O
M Me
Me €
30-40% o R
R = Et, n-Pr, i-Pr, t-Bu 21-53%

Takeda, K.; Nakatani, J.; Nakamura, H.; Sako, K.; Yoshii, E.; Yamaguchi, K. Synlett 1993, 841-843.




(0)

J

Ph SiMe, -80 ° to
-30 °C
THF
./\/\
Li
0]

NP

HO  SiMe,

Ph
50%

1,2-addition product

-80 ° to

-30 °C
THF

OLi
Me

Me

Me;SiQ H

N

28%

Brook rearrangement
product

Me,Si OH O
Me SM

o Me 55%

1,2-addition product




Attempted Synthesis of Heteroatom-Substituted Carbonylsilanes

O 0 Si Rj OS|R3
)J\ e >< )‘\
X SiR; X Nu X~ Nu
X = anion-stabilizing heteroatom
O O O O

(MeO)ZP)J\SiR:, R'3Si)‘\SiR3

)

PR

PhS SiR,

PhSOz)‘\Si R,




Brook Rearrangement-Mediated [3 + 2] Annulation

SiR;

S

Two-Carbon Unit

RI

Three-Carbon Unit

"Q SiR, OSiR;

Brook
rearrangement —

allylic
rearrangement

Rl

OSiR;

RI
OH

OSiR,




Preparation of 3-(Phenylthio)- and B-(Trimethylsilyl)Acryloylsilanes

=T

EE = ethoxyethyl

SiMe,Bu!

'BuMe,Si OEE
\n/ PhS

SiMe,Bu'

Me;Si

tBuMeZSi\[(OEE

SiMe,Bu'

SPh

SiMe,Bu'

SiMe;

Reich, H. J.; Kelly, M. J.; Olson, R. E.; Holtan, R. C. Tetrahedron 1983, 39, 949-960.

Takeda, K.; Nakajima, A.; Takeda, M.; Yoshii, E. Org. Synth. 1999, 76, 199-213




[3 + 2] Annulation Using Reaction of
(B-Phenylthio)acryloyl)silanes and Lithium Enolates

0 OSiMe,Bu’
SiMe,Bu' )‘\ +
LiO R
= R
OH
Et 70%
Pr 74%
—O S|R3 i'Pr 55%

n-octyl 71%

5%
7%
19%
8%

Takeda, K.; Fujisawa, M.; Makino, T.; Yoshii, E.; Yamaguchi, K. J. Am. Chem. Soc. 1993, 115, 9351-9352.




[3 + 2] Annulation Using Reaction of
(B-Trimethylsilyl)acryloyl)silane and Lithium Enolates
SiMe,But SiMe,Bu'
SiMe,Bu* )LR =
+
LiO -
=R
Et 17% 43%
n-Pr 11% 57%
i-Pr 14% 63%
Et 48% (75) 16% (9)
n-Pr 55% (70) 22% (19)
i-Pr 51% (76) 21% (10)




Summary of the Reaction of B-Substituted-Acryloylsilanes
with Lithium Enolate of Methyl Ketones

SiMe,Bu' SiMe,Bu'
| SiMe, Bu'
=R "R
OH OH
EZ  55-74% 5-19%
SiMe,Bu'
H
JL SiMe, Bu' =z
LiO R
o) R
E 11-17% 43-63%
Z 48-55% 16-22%

HLSiMez Bu! (<]""'0H
| :




A Proposed Reaction Pathway for the [3 + 2] Annulation

'BuMe,SiQ 'BuMe,SiO,

SiMe,Bu' J,L
LiO R

vinylcyclopropane-
path a cyclopentene rearrangement
SiMe,Bu' SiMe,Bu' SiMe,Bu'
=z
R = R R
OH OH

SiMe,Bu!

S
path b | R | R




Does the phenylthio group stabilize the o-carbanion more strongly
than does the trimethylsilyl group ?

OSiMe,Bu'

OSiMe,Bu'

'‘BuMe,Si. OH
H\%;\ -\l);\ /ﬁﬁ
0 R 0 R 07

X

Does the oxyanion accelerated vinylcyclopropane rearrangement
occur at low temperatures below -30 °C?
t , OSiMe,Bu'
BUMezslo;’
|||||||||0_
R SR
OH




Comparison of the Rate of Base-Catalyzed Brook
Rearrangement of -Substituted o-Silyl Allyl Alcohol

'‘BuMe,Si, OH ‘BuMe,SiO ‘BuMe,SiO
H
| OBUt = OBut | OBUt
H
tBUMe2SiO
X product ti/2 (min)
SPh B 3.2
Ph B 5.5
SiMe, B+C(~2:1) 275

'BuMe,SiO
cl (2 A:C=22:1(25h) ¥
t
Br A:C=45:1(43h) Z QL

Kei Takeda, Haruka Ubayama, Ayako Sano, Eiichi Yoshii, Toru Koizumi Tetrahedron Lett.1998, 39, 5243-5246.




Vinylcyclopropane-Cyclopentene
Rearrangement : {
tBuMezsiOZ OSiMe,Bu
i ||O_
. R =
Me;Si Me,Si OH
Me;SiQ OSiMe;

Girard, C.; Amice, P.; Barnier, J. P. Conia, J. M. Tetrahedron Lett. 1974, 3329.

OCH,CH,CI
R R

Danheiser, R. L.; Davilla, C. M.; Auchus, R. J.; Kadonaga, J. T. J. Am. Chem. Soc. 103, 2443 (1981).




Synthesis of the Vinylcyclopropanolate Intermediates

'BuMe,SiO tBuMe,Si "Q CHs ‘BuMe,Si %_CH
3
R%o_ | CH3 |
e e e

TBS

Ac Ac
N+ (c0)5c|-:<O : (0
| Me

Me




Synthesis of the Vinylcyclopropanolate Intermediates

(o) i OoTBS
o 0 SiR,
. N
SiMe,But _ Li ,,S\\ X
| 0”0 | |
SO,Ph
E, o
(£ 23 (E) (73%)
(2) (85%)
OoTBS
TBSO TBSO,
IS 2 z,
| 1 QAc | nuMe
+ | Me OAc
OAc
-(E anti-(E
(c>0)SCr=(Me syn-(E) 31 H(E)

OTBS TBSO, TBSO,

H\ ('qlll OAc r'quuMe
| | Me | OAc

syn(2) 11 antH 2)




Oxyanion Accelerated Vinylcyclopropane Rearrangement

'BuMe,SiO BuMe28|O
N—OAC
| e |

entry cyclopropyl acetate
TBSQ
1 ".q
imMe
2 I OAc anti‘E
S
3 TB Q,"
1OAc
s | 1. syn-E
5 TBSQ,
‘Me anti-Z
6 OAc
- TBSQ,
m--OAc syn-Z
8 Me

conditions

-80 °C, 30 min
-80 ° to -30 °C
-80 °C, 30 min
-80 ° to -30 °C
-80 °C, 30 min
-80 ° to -30 °C
-80 °C, 30 min

-80 ° to -30 °C

63

0

54

59

76

52

76

SlMezBu SlMezBu

oull

I"’M

yield (%)
2 3 (E:2)
0 89 (1.1:1)
0 34 (only E)
0 81 (1.1:1)
0 31 (17:1)
6 10 (1.7:1)
9 14 (5.7:1)
6 20 (1.7:1)
8 16 (only E)

Kei Takeda, Keiki Sakurama, Eiichi Yoshii Tetrahedron Lett. 38 (18), 3257-3260 (1997).




A Proposed Reaction Pathway for the Vinylcyclopropane Rearrangement

TBS

“\“\O
\

0 —SiMe,Ph
|||||||Me O

Me,Si

anti-(E)

Si’ _ | Me
Me,Ph Me,Si

TBSO

TBSO

[1,3] sigmatropic
shift

P

Me;Si




TBSO
nti £
E-anti OLi E-syn
Me
Me,Si
Si
OTBS
OTBS SR OTBS
R3S R,;Si
H H
. H" 2 z "Me + H* = z ~OH
Lo Me Mes,Si  OH © 2 Me; Si Me
TBSO TBSO
Z-syn Z-anti
OLi Me
Me OLi
SiMe3 i
Si
OTBS OTBS
OTBS
H
SiR,
Me; Si™ = = OH Me,;Si™ = z Me
M OLi A Me A OH




y N ”
conditions
Me;Si %Hme Me;Si
7% 5470 =
toluene
-80 ° to -30 °C
30% 25% =
PhMe;SiQ
g mnQ 8% 31 % 530/0 .
0—SiMe,Ph
Me 3 \
SiMe; THF
PhMEZSiQ” -80 OC, 30 min
e 20% 35% 21%




A Proposed Reaction Pathway for the [3 + 2] Annulation

'BuMe,SiQ 'BuMe,SiO,

SiMe,Bu' J,L
LiO R

vinylcyclopropane-
path a cyclopentene rearrangement
SiMe,Bu' SiMe,Bu' SiMe,Bu'
=z
R = R R
OH OH

SiMe,Bu!

S
path b | R | R




Oxyanion-Accelerated Vinylcyclopropane Rearrangement (2)

'BuMe,SiO _‘BuMezsiO OSiMe,Bu' OSiMe,Bu
ﬁqrm .
o | Me | Me = ",
Fhs L | Phs” S Phs” o
yield (%)
entry cyclopropyl acetate conditions ’ =
eSO -80 °C, 30 min 84 2
| '"'Me  anti-E
-80 ° to -30 °C 85 3
ey’ , -80 °C, 30 min 87 1
| OAc anfi- : syn-E
4 ppeo  Me =1:11 -80 ° to -30 °C 87 2
5 9% -80 °C, 30 min 50 39
6 sPIAC -80 ° to -30 °C 48 39
7 % -80 °C, 30 min 48 35
| 1" syn-Z
8 ophie -80 ° to -30 °C 48 40




A Proposed Reaction Pathway for the [3 + 2] Annulation

'BuMe,SiQ 'BuMe,SiO,

SiMe,Bu' J,L
LiO R

vinylcyclopropane-
path a cyclopentene rearrangement
SiMe,Bu' SiMe,Bu' SiMe,Bu'
=z
R = R R
OH OH

SiMe,Bu!

S
path b | R | R




Low-Temperature Quenching of the [3 + 2] Annulation (1)

Bu'Me,S{ OH SiMe2Bu'
SiMe,Bu* SiMe,Bu z
SPh SPh PhS 0] e PhS 0] e
27 29 30

(E,Z)'27

+

LiOJJ\NIe

28

yield (%)

conditions 27 27 (E:Z) 29 30 31 32 27 27(E:Z) 29 30
-80 °C, 10 min
-80 ° to -70 °C
-80 ° to -60 °C
-80 ° to -50 °C
-80 ° to -30 °C

E 23(1:1.4) 14 12 33 - Z 73(1:19) - 3
E 20 (1:1.2) - 17 33 - Z 66(1:12) - 9
E 12 (1:1.2) - 24 48 1 Z 38(1:1.2) - 12
E > - - 63 1 Z 24(1:13) - 8
E - - - 68 2 Z - - -

31

21
40
42
73

32

B NN NN




Reaction of (£)-1,2-Adduct (SPh) with LDA

‘BuMe,Si. OH Bu'Me,Si OH
LDA
(1.05 eq) | SiMe,Bu!
THF
PhS 0 Me .80 °C SPh PhS 0 Me
E 10 min 8% (E:Z =1:1.3) 13%
OSiMe,Bu OSiMe,Bu*
. t
0 SlMezBu H
7
Phs” 0% “Me PhS 07 “Me = "Me
. PhS OH
' 52% 20%

(E:Z=1:12.8)




Low-Temperature Quenching of the [3 + 2] Annulation (2)

o)

fLSiMezBut

SiMe3
(E,2)-10a

'S

LiO Me
28

conditions

-80 °C, 10 min
-80°to -70 °C
-80 °to -60 °C
-80 ° to -50 °C
-80 ° to -30 °C
-80°to 0 °C

10a

o & &M

Bu'Me,Si OH

Q OH
fLSilVlezBut K\SiMezBu‘ |

SiMe; Me.Si Me,Si 0~ “Me
10a 33 (E,2)-34
OSiMe,Bu' OSiMe,Bu' OSiMe,Bu'
Hy,
MesSi™ 07 Me Me,Si B C me,s!  LMe
35 36 37
yield (%) yield (%)
33 (E)-34 35 (E:Z) 36 37 10a (Z)-10a (Z)-34 35 (E:Z) 36 37
11 31 30 (1:1.8) 6 - Z 65 12 2 (1:19) 6 -
9 18 35 [1:1.5) 9 - Z 61 14 3 (1:1.8) 7 -
6 8 3A7:DI12 - Z 56 - 7 (1.3:1) 12 -
4 - 35 3.5:1) 15 - Z 57 3 6 (2.0:1) 16 3
- - 34 (5.6:1) 17 - V4 32 - 7 (E) 42 5
- 34 (6.2:1) 19 - Z - - 20 (E) 60 o




Reaction of (£)-1,2-Adduct with LDA

ButMe,Si OH OH
LDA _ t
(1.05 eq) SiMe,Bu
Me3Si o) Me THF i

80 °C Me3Si
E 10 min E 5%
0 OSiMe,Bu!
H
SiMe,But =
MeSi MesSi (o) Me

56%

Bu'Me,Si OH

Me3Sif;\Me

9%

OSiMe,Bu

a8

Me3Si OH
5%




Reaction of (Z)-1,2-Adduct with LDA

B u'Me,Si

OH O

Me

SiMe3

Bu'Me,Si OH O

LDA
(1.05 eq) SiMe,Bu! Me
THF _ .
-80 °C S|M93 S|M93
10 min 63% 4%
OSiMe,Bu' 0SiMe,Bu' 0SiMe,Bu’

H f
ﬁ
Me;Si (o) Me z Me

MesSi  OH Me 3Si

4% 16% 1%

I,'
Me
OH




A Proposed Reaction Pathway for the [3 + 2] Annulation Using (B-(Phenylthio)acryloylsilanes

"0 SiR, OSiR,
ﬁ ﬁi /
R

OJJ\R
"0 SiR,

7
SiR, | B}
'R
OH

O|\I
-




A Proposed Reaction Pathway for the [3 + 2] Annulation Using (B-(Trimethylsilyl)acryloylsilanes

0 SiR, @ >Hs

e 8
o
Hk

OSiR;

~ 0 SiRg

O\Ill
L

Kei Takeda, Kenji Yamawaki, Noriaki Hatakeyama J. Org. Chem. 67, 1786-1794 (2002)




Application of the [3 + 2] Annulaton to the Synthesis of Biologically Important Molecules

(o] o (o]
““\COZMe S P y P
Me
=  CH2(CH2h4CHjs COOMe CO,Me
OH OH OH
Untenone A’ Chromomoric acid DIl methyl ester?
0] 0]
COOMe Y
PNF 7
= OAc CO,Me
OAc OAc OH
Clavulone IP? Clavulone IIi®
(Claviridenone c) (Claviridenone b)

1. Takeda, K.; Nakayama, I.; Yoshii, E. Synlett 1994, 178.
2. Takeda, K.; Fujisawa, M.; Makino, T.; Yoshii, E.; Yamaguchi, K. J. Am. Chem. Soc. 1993, 115, 9351-9352.
3. Takeda, K; Kitagawa, K.; Nakayama, I.; Yoshii, E. Synlett 1997, 255-256.




Total Synthesis of Clavulones (Claviridenones) Using the [3 + 2] Annulation

OSiMe,But

PhS

-98 ° to
-30 °C
SiMe,Bu' + 6 —
PhS

0
0
n-BusNF 1.LDA (2.1 eq) = COOMe
CH.CI, — 2 _____OAc
OH S CO,Me

OH
OAc
0
COOMe
Ac,0 (3eq) NF
DMAP (5 eq) ___ e
pyridine OAc

Clavuloneli
(Claviridenone c)




[3 + 4] Annulation Using Reaction of Acryloylsilanes
with the Lithium Enolate of Alkenyl Methyl Ketones

(o)
X
OLi
)IR

(0]
0
W,
R'3$I
X
(@) 0
intramolecular
Michael \
R';SiO R R';SiO \ R
X
o
R', SIONI anio nic oxy-Cope
— —
R';SiO R R;SiO




[3 + 4] Annulation Using (E)-(3-(Trimethylsilyl)acryloyl)silane

f OLi
J/LSiMezBut )\L
| C N

S
»
'l
t \
BUMGZSIO l’lllR-

-~

Me,;Si -
SiMe,
ketone enolate product yield ketone enolate product yield
oLi ° — -
\\\\\
| . 73% o N 73
n
(CH,),CH;  1BSO p (CH2),CH3 ‘
o 0 SiMe, oLl she,
CH; o j .
)\lk(d‘h TBSO :.,.,( 84% )\O TBSO/©”” 829
= CH /
~ CHg SiMeg 3 | -
OLi 0 oLl .
)\|L /©. 84% ,O 30%
(CHp)CHy 1250 /""" (CHz)aCHy o BSO
T 0 'SiMes SiMe;
H;C CH,4 CH,

SiMe3




[3 + 4] Annulation Using (Z)-(B-(Trimethylsilyl)acryloyl)silane

o OLi 0
f‘\SiMezBu‘ )\k -80 ° to -30 °C O
t . Y
Sille, | . THF BuMe,SiO R
SiMe;
yield yield
recovery of (recovery of
roduct ~(recove .
ketone enolate produc acylsilane) Kketone enolate  product acylsilane)
(0] (0]
OLi OLi
31% o 18%
| TBSO “I(CHy)CHy;  (56%) | TBSO o ’ (31%)
(CHy), CHs HsC CHj 3
SiMes SiMe;
OLi (0 (0]
OLi
| CH 11% O 0%
CH;  TBSO ( (59%) TBSO (77%)
.. CHj Br .
CHj3 SiMes SiMe;
0]
OLi
29%
| TBSO "'I(CH,)sCH;  (55%)

(CH;)4CH; .
SiM e3




[3 + 4] Annulation Using (B-(Alkyl)acryloyl)silanes

0
0 OLi
o SiR, £, o
/ ) 'BuMe,SiO iR
l‘*R R"'l ¢ B
g R
SiR3 = SiMe,Bu' (TBS), SiMe,Ph (DPS)
o (0] 0]
1 1 Me lie >
TBSO '""n-CsH;; DPSO ""\n-C:H,; DPSO v DPSO "
4 e
65-77% R
° 82% 54% 51%
R = Pr, n-Pr, +Bu, c-CgH
o)
TBSO "uOMe i DPSO '"iIOMe DPSO
R
44-70% 51%




Mechanistic Studies of the [3 + 4] Annulation

(o)
(0) OLi
SiMe,Bu* O
TBSO
nBU3 Sn Br H
(18%) H
(o]
TBSOi1111
TBSO Me
SiMe; E 5,6-cis SiMe;
4 5,6-trans
OLi OTBS OTBS
SiMe,Bu'
H CsHo
PhS CsHo PhS PhS (o) C:sH,

OH
(34%)




A Reaction Mechanism of the [3 + 4] Annulation Using the Reaction of Acryloylsilanes
with the Lithium Enolates of Alkenyl Methyl Ketones

(0
SiMe,But _
(o)
X
(E2)
+ o TBSO "R
OLi anionic oxy-Cope 3 X P
reamangement Xe
R Xz~ y—HR 0
. —_— AR XE
X = SiMe3, SnBu"3, alkyl RySk~ .o — /
0
TBSO "R
5,6-cCis S &

N m

5,6-trans

Takeda, K.; Takeda, M.; Nakajima, A.; Yoshii, E. J. Am. Chem. Soc. 1995, 117, 6400-6401.
Takeda, K.; Nakajima, A.; Takeda, M.; Okamoto, Y.; Sato, T.; Yoshii, E.; Koizumi, T. J. Am. Chem. Soc. 1998, 120, 4947-4959.
Takeda, K.; Nakajima, A.; Takeda, M.; Yoshii, E. Org. Synth. 1999, 76, 199-211.




Synthesis of the Tricyclic Skeleton of Cyathins
Using Brook Rearrangement-Mediated [3 + 4] Annulation

OH

CHO

Pri
Allocyathin B,

OLi

RMe, Si

_ Me,Si — e
Pr' - SiMes

Kei Takeda, Daisuke Nakane, Mika Takeda Org. Lett. 2, 1903-1905 (2000)




Formation of Eight-Membered Carbocycles by [3 + 4] Annulation (1)

X
R,SiO R, SiO
[3 + 4] Annulation
RI Y Rl
HO
R,SiO OLi

R, SiO

Rl
R' CH,CO,R




Formation of Eight-Membered Carbocycles by [3 + 4] Annulation (2)

o)
SiMe,But
H LiO
. R'3Si- -0 XX"R
A TBSO
oM THF H — <R
H
R conditions yield (%)
LDA or SiMe, : -80 °C, 30 min 66 TBSO
NaN(SiMe;), SiMe,Bu -80 °to 0 °C 65
o FPr -80 °C, 30 min 45

-Bu -80 °to 0 °C 84
C'CGHH -80°to 0 °C 45 R




o-Hydroxylation of Bicyclo[2.2.2]decenones

TBSO

TBSO TBSO
OM
/4
R
yield (%)

R base Vedejs i& Davis ;&
SiMe; LDA 52

SiMe; NaN(SiMe), 76
-Bu LDA 66

t-Bu NaN(SiMe;), 71




Tandem [3 + 4] Annulation /o-Hydroxylation

SiMe,Bu'

oM

TBSO TBSO
oM
/

L R i
R base yield (%)
SiMe, NaN(SiMe;), 48
SiMe,Ph NaN(SiMes3), 72
SiMe,Bu'  NaN(SiMejs), 58
iPr LDA 50
t-Bu LDA 62




Tandem [3 + 4] Annulation /o-Hydroxylation

TBSO

TBSO
R
R yield (%)
SiMe; 95
SiMe,Ph 96
SiMe,Bu* 95
i-Pr 97
t-Bu 93

COzMe

CHO

Kei Takeda, Yuji Sawada, Koichi Sumi Org. Lett. 4, 1031-1033 (2002)




[3 + 2] Annulation Using a Double Brook Rearrangement (1)

0
. Z OSiMe,But
. SiMe, Bu' O SiMe,Bu' ’
t . )
Bu Mez Si + o O
LiO R
OSiMe, Bu' OSiMe,Bu'
H
/
Bu'Me,SiO o) R R

But M92 SiO OH




[3 + 2]

Annulation Using a Double Brook Rearrangement (2)

0
\SiMezBut
o)
Bu'Me,Si N ‘BuMe,SiO 0
(0] SiMezBut
~ Pr
o)
Lio o RS O Pr ReS| OH
|

i

0SiMe,Bu' 0SiMe,Bu* Bu'Me,SiQ
H
/ |||||||OH
| ) Pr
Pr R;SiO o) Pr R3SiO

Bu'Me,SiO

OH




Reaction of Acryloylsilanes with KCN/18-crown-6 in the Presense of Mel

(o)

M%Si/\)J\SiMezBut

k4 CH OSiMe,Bu'
I—CH, ~Q SiR : et

/
" e3Si/\)<cN Me3Si)\/kCN

CHsl (5eq)

Kei Takeda, Yuji Ohnishi Tetrahedron Lett. 41, 4169-4172 (2000).




Reaction of Metalated S-Silyl-q,f-epoxides with Electrophiles

H (@)

/<(l)/k /<T/\
R;Si EWG R;Si — “EWG R;Si 7~ NEWG

H

R3SiO/Y\ EWG R3SiO/Y\ EWG
H H

El
OSiRs
R;SI07 N EWG _
R3S| CN
A




Preparation of S-Silyl-a,3-epoxyaldehyde Cyanohydrins

1. LDA, THF

2. tBUMe2SiCI Red-Al
K .t : o
3. p-TsOH tBuMe..Si Et,0,0°C

H,O, acetone (87%)
EE = 1-ethoxyethyl
ethoxyethy (88%)
0 .
mCPBA SO;-pyridine
'‘BuMe Si/\v\OH ™ 'BuMe,Si OH -
2 Na,HPO,, CH,Cl, DMSO, CH,ClI,
(89%) NE;
(82%)
OSiMe,Bu' OSiMe,Bu'
o) tBUMezsiCN ‘\\‘H ‘\\\CN
~LA - . ~‘
'BuMe,Si N0 znl,, CH,Cl, R;Si CN  RsSi H
A (less polar) B (more ploar)(X-ray)
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Reaction of Cyanohydrins of B-Silyl-o,3-epoxyaldehyde with LDA in the Presence of Alkylating Agents

OTBS
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TBS CN

RX

Mel
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CH,=CHCH,Br
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76
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diastereomer B

1 (yield, %)
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E/Z

22.0
28.0
31.0
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40.0




Reaction of Cyanohydrins of B-Silyl-a,-epoxyaldehyde with MN(SiMe,), in the Presence of Alkylating Agents

Bu'Me,Si

RX

Mel

Etl

i-Prl

PhCH,Br
CH,=CHCH,Br

0SiMe,But

CN

LHMDS
44 (23.0)
24 (16.0)
15 (14.0)
56 (30.0)
45 (31.0)

from A

KHMDS
84 (0.9)
76 (0.7)
42 (2.1)
83 (0.8)
80 (1.1)

Bu'Me,SiO
yield (%) (E/2)
NHMDS LHMDS
96 (40.0) 83 (31.0)
90 (42.0) 64 (28.0)
80 (62.0) 44 (37.0)
98 (65.0) 75 (82.0)
91 (39.0) 80 (89.0)

OSiMe,Bu*

N

H

from B

KHMDS
87 ( 9.7)
81 (16.0)
73 (83.0)
88 (13.0)
83 (14.0)

CN

NHMDS
98 ( §E)
89 (42.0)
89 (75.0)
99 (67.0)
92 (41.0)

Kei Takeda, Eiji Kawanishi, Michiko Sasaki, Yuji Takahashi, Kentaro Yamaguchi Org. Lett. in press.




E/Z Ratios of the Alk_ylation Products Depending on the Bases Used

OTBS
0 | WH
TBS CN P
Hs
s TBSO \53 CN
H
TBS “1CN
base diastereomer yield (%) E/Z SM
LDA A 82 2.5
(in Hexane/THF) B 84 22.0
LiN(SiMe;), A 44 23.0 40
(1.0M in THF) B 83 31.0
NaN(SiMe;), A 91 40.0
(1.0M in THF) B 92 47.0
KN(SiMe;), A 84 0.9
(0.5M in toluene) B 87 9.7




Increased Z-Selectivity in Less-Polar Solvents

TBS

TBS

OTB
O \‘\‘\\H
CN
TBSO™ "N
OTBS
0 H H
""" CN
solvent diastereomer yield (%) E/Z
hexane A 93 1.5
B 78 6.0
ether A 84 1.9
B 77 28.0
toluene A 86 1.0
B 83 24.0
THF A 85 28.0
B 84 52.0
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An Explanation for the Enhanced Z-Selectivity in Less-Polar Solvents
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Chelation-Assisted Syn-Elimination Mechanism for a Base-Promoted Ring Opening of Epoxides

\\\\\C N

R

e

N

YN S
NV

CN

R

syn elimination

5 min

HO

O . T
/\/\ \ o ®CLI\|l E1 CB like
S

30 min




Comparison of the Relative Rates of Ring Opening of the Diasetereomers

OTBS
(0] wH
TBS CN 0.5 e oTES OTBS 3
0.5eq
TBS cN * TBSO™ "X N
OTBS
(@) H
TBS “CN
1A:1B =1.00:1.04
yield (%) yield (%)
base HMPA 1 A:B 2 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




Plausible Mechanisms for the Base-Promoted Ring Opening of O-Silyl B-Silyl-a,3-epoxyaldehydes

syn-elimination

anti-elimination

NC—




An Explanation for Relatively Favorable Formation of (Z)-Derivatives from Diastereomer A
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