R

SiR;

Nu

—

R

OSiR;

A

~ Nu

Brook rearrangement




o)

R R
SiR, CH,-R'
X
"0 SiRj OSiR; jS

o)

~CH-R
R'\)J\ + |
SiR; X

+ 4+
X = NJN, PR3, 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.




1. Use of Ketone Enolate as a Nucleophile

(0
R J]\SlR”
R23sj OSiR20 R23Si0
* M J\/U\ >V<
OLi

A

2. Introduction of Carbanion-Stabilizing Heteroatom

0 R3Si0 O OSiR?*
JJ\ + B X ) )\
X i Nu Nu X"~ "Nu

SiR23 X

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




Me;Si 0 O
Ph SiMe; on o
+ %% °g> ¢ Me3SiQ :OH Hq pSiMe3
—> — 3 - 3
+
THF 7\ /\
OLi Me;SiO (0 Ph R ph’ ;; ‘R
/I\ A 59-90% 7-21%
R | Ph R |
(0
. -80°to TBSO
0 OLI _30 OC c’ . t
+ )\ —> wOH  + SiMe,Bu
SiMe,But R THF
M R Me
Me e
30-40% o) R
R = Et, n-Pr, i-Pr, +-Bu 51-53%

Takeda, K.; Nakatani, J.; Nakamura, H.; Sako, K.; Yoshii, E.; Yamaguchi, K. Synlett 1993, 8




Me

Me

-80°t0  HO SiMe,

/\/\ -30 °C

THF Ph
50%

1,2-addition product

-80 ° to Me;Si OH O
-30 °C
—_— Me
THF
41% Me

1,2-addition product

Me;SiO H

Ph
28%

Brook rearrangement
product

55%




O ~ O SiR; OSiR;
O e S
X SiR, X Nu X~ = "Nu
X = anion-stabilizing heteroatom
_ y,
o) o) o] )OI\
(MeO)ZP)]\SiR;; R,Si )]\sm'?, PhS)J\SiR?, PhSO, SiR;

1
o)




SiR; _ . /|)< /|)\
+
Brook

X

rearrangement X
X = carbanion-stabilizing group ﬂ
e N\
o .
| OS|R3
+ H
Z~~ “Nu
. _
. J X

1,3-dipole




0 OSiR;

iRy JL
‘ + . Tt >

LiO R
X R
internal X OH
l nucleophile-electrophile T

—_— —
x~ 07 >R x~ 07 R x~ 07 R




Preparation of b-(Phenylthio)- and b-(Trimethylsilyl)-Acryloylsilanes

OH OEE OEE tBuMe,Si._ _OEE
CH,=CHOE KOBU! ( 1. n-BuLi \n/
_— —_— _—
2 . 2
| p-TsOH | | ” 2. 'BuMe,SiCl ”

o) o)
2. PhSSPh
> SiMe,Bu! SiMe,But
3. CF;COOH +
tB Me,Si THF-H,0O
ulvliesol 2 PhS SP

EE
YO h
1. n-BulLi
2

| 0 0
2. Me3SiCl . .
3 .~ SiMe,Bu' SiMe,But
3. CF;COOH
THF-H,0

Me;Si SiMe,

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




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

o OSiMe,Bu! OSiMe,Bu!
-80 °t0 -30 °C
SiMe,Bu' | J\ > +
| _ THF
LIO R - R ,I’l R
PhS PhS A PhS
(E,2) OH OH
B "0 SiRs ' ] Et 70% 5%
Pr 74% 7%
—> i-Pr 55% 19%
PhS O n-octyl 71% 8%

Takeda, K.; Fujisawa, 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

O OSiMezBut OSiMGzBUt
. - o _ o H
| SIMezBUt . J'I\ 80 ° to -30 C» .\ =
LiO R THF =
. "R .
Me,Si (E.2 Me;Si OH Me,Si (0 R

Et 17% 43%
E npr 1% 57%
i i-Pr 14% 63%
Et 48% 16%
| MesSi Z  nPr |55% 229,

I-Pr 51% 21%




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

o OSiMe,But 0OSiMe,But
SiMe,gut 80 °10-80°C_ ﬁ ﬁ
PhS :
OH

55-74% 5- 19%

(o) OSIMEZBUt OS|Me2But

-80 ° to -30 °C
+ SiMe,Bu!
LiO R
Me,Si Me;Si = Me;Si
11-17% 43-63%
Z 48-55% 16-22%
0] TBSO

-80 ° to -30 C
SiMe,But

30-40%

Me




A Proposed Reaction Pathway for the [3 + 2] Annulation
Using b-Phenylthio- and b-Trimethylsilyl-Acryloylsilanes

O SiR,
SiMe,But  + JL —
LiO R
L X (0] R )
patha | X=SPh
OSiMe,Bu! OSiMe,But
-
R PhS
PhS OH

S

'BuMe,SiO 'BuMe,SiO
X = Me, SiMe, . X=Me ;
> | e , | n1OH
path b R R
X Me

. vinylcyclopropane-
X =SiMe; | cyclopentene rearrangement

OSiMe,But j)oznizBu
Measl‘ z H ME3S|

OS|M62BU

S




1. Does the phenylthio group stabilize the a-carbanion more
strongly does than the trimethyisilyl group?

OSiMezBu" OSiMezBut
H
H
~ > =
PhS™ 0~ R Me;Si 0~ "R

2. Does the oxyanion accelerated vinylcyclopropane rearrangement
occur at low temperatures below -30 °C?

H t

; B below -30 °C
1 |O ----------- b
| THF
R >R




0 "0 SiR, OSiR;
H
SiMe,Bu' |~ 2———— | Nu + 2" “Nu
X X (X~ )
HO SiR, OSiR,
H
Nu 2 “Nu
| ¥
X X H
1,2-addition product  Brook rearrangement product
j’l\ /Tj 80°1t0-30°C MesSi_ OH ©O Me;Si0 H ©O
Ph SiMe; OBu! THF Ph OBu! Ph OBut
32-41% 7-12%
+
H (o)
Ph X OBu!

18-36%




Reaction of b-Substituted-Acryloysilanes with
Lithium Enolate of -Butyl Acetate

0 0 SiR, 0 OSiR; O
o H
SiMe,But THF, -80°C oBu! = OBu!
Lo~ ~oBut  1h | ¥ .
X X X
X = SPh, SiMeg, Ph, Me l l
, HO SiR; O OSiR; O
yleld (o/o) ’ H
X 1,2-adduct rearranged products OBu! = oBu!
+
SiMe; 51-64 8-12
X X H
SPh ~33 50-68 1,2-adduct rearranged products

Me 90 0




Vinylcyclopropane-Cyclopentene Rearrangement

r

H t
tBUMe2SiQ OSIM92BU

below -30 °C

O
-

ME3Si Me3Si

Me3S|O OSiMe;

350 °C, 1h
95%

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

: CH,0CH,CHCI n- B“L' THF-HMPA
_—
_ | 25°C, 1h /
OCH,CH,Cl o)

R R OH

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




'BuMe,SiO

’JJ)<l— Me-Li (2 equw

'BuMe,SiO

OSiMe,But

Wanktye

Me;Si

cf. Murray, C. K.; Yang, D. C.; Wulff, W. D. J. Am. Chem. Soc. 1990, 112, 5660-5662.

MesSi
o)
SiMGzBut
Me;Si
+
Ph
Li /\//s\<
o) o)

-80 ° to

THF

7\
O SiMe,Bu!

)

(oo
| ME3Si

Me3Si

C)S"VlezBut

E (73%)

Z (85%)

cf. Reich, H. J.; Holtan, R. C.; Bolm, C. J. Am. Chem. Soc. 1990, 112, 5609-5617.




Preparation of 2-(2-(Trimethylsilyl)ethenyl)cyclopropyl Acetates

OSiMe,But OAc | 'BuMe,SiO 'BuMe,SiO

(CO)sCr —ﬂ/ ; g

Me nuQAce e
- +
Me OAc
. -40 ° to -20 °C . .
Me;Si CH,Cl, Me;Si Me;Si |
58% syn-& 131 anti-£
OSiMe,Bu! OAc

(CO)sCr _4\

Me nnje

) -40 ° to -20 °C : :
SiMe; CH.Cl, SiMe;

28%




'BuMe,SiO MeLi 'BuMe,SiO OSiMe,But tBuMe,Si0
OAc (2—2€q)> o_ H
I THF ! g + Z
e
Me;Si Me;Si ® . = " Me .
— - Me3S| OH Me:;SI
1
vield (%) )
entry cyclopropyl acetate conditions 2
1 “j;q -80 °C, 30 min 0 89
mMe
2 e | on anfE ghoto.30°C 63 34
3 s -80°C,30min 0 81
4 MeSi e g -80 ° to -30 °C 54 31
5 TE%0, -80°C, 30 min 59 10
|| l"""'e anti-Z
6 Siliog -80°t0-30°C 76 14
7 Tese, -80°C, 30 min 52 20
(<l---0Ac syn-Z
8 Me -80 ° t0 -30 °C 76 16

SiMes

Me

OTBS




slow

slow

fast

slow slow

fast

TBSO 0]
H
= Me
Me3Si
OTBS
[1,3] sigmatropic
L.
-~ "Me
Me3Si ()H
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SiMe,But  + J]\ — >
| Lo~ "R

X

A Proposed Reaction Pathway for the [3 + 2] Annulation
Using b-Phenylthio- and b-Trimethylsilyl-Acryloylsilanes

0 SiR,

patha | X =SPh
OSiMe,But OSiMe,But
-
=R PhS
PhS OH
(major)

OSiMe,But

X = Me, SlMe3

path b

IpSol

'BuMe,SiO 'BuMe,SiO
-PJ/<l - X=Me /(<l

. vinylcyclopropane-
X =SiMe;3 | ¢yclopentene rearrangement

OSiMe,But j)o;}nizBut
Messl“ z H Me3S|

OSlMezBu




Application of the [3 + 2] Annulaton to Synthesis of Natural Products

0]
a
COOMe
OH
Untenone A’ Chromomoric acid DIl methyl ester?
COOMe

AcO,,,

(o)
COOMe
T
OAc
OAc
OAc
Clavulone 113 Clavulone 1113

1. Takeda, K.; Nakayama, |.; 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.; Yoshii, E. 20th International Symposium on the Chemistry of Natural Products, 1996, 9, Chicago.




[3 + 4] Annulation Using Reaction of (b-(Trimethylsilyl)acryloyl)silanes
with the Lithium Enolate of Alkenyl Methyl Ketone

(o)
TBSO "R
SiMes . - c Xz
3 anionic oxy-Cope Xg
| rearrangement
" { l
(o)
Xz R
_ e
o) TBSO ""R
Xg 2
E —> 56-cis
Z —> 56-trans

Takeda, K.; Takeda, M.; Nakajima, A.; Yoshii, E. J. Am. Chem. Soc. 1995, 117, 6400-6401.




0 OLi
/HJ\SiMeZBut
+ '

CH,

o)
.80 ° t0 -30 °C
- J :
t rA—\  0)my, .’
Me,Si . THF BuMe,SiO , R
SiMe,
ketone enolate product yield ketone enolate product yield
0 .
oLi OLi o)
. Y e
| TBSO—\, /" (CHy),CH, 37 TBSO/© """ S 13%
(CH3),CH3 %
SiMe; SiMe,
OLi o) OLi o
CHs \ j
)m\/CH:s TBSO@"H,,( 840/0 TBSO/© ,,,,,, 820/0
CH
CH3 SiMe3 SiMe3
;;\ 0 oLi o)
| 84% O 9
(CH,)4CHs TBSO/@ (CH2)4CHs ° . TBSO 30%
éiMe3 -
OLi fo) SIM93
)j\ TBSO CHa 67%
H,C CHs3

SiME3




o)

Q OLi
kaiMezBut )1 -80 ° to0 -30 °C Q
+ —_—
Sille, | o THF 'BuMe,SiO "R
SiMe3
yield yield
ketone enolate product (recovery of ketone enolate product (recovery of
acylsilane) acylsilane)
OLi 0 OLi 0
| " 31% | CH, 18%
(CHa),CH 1250 "(CHa.CH  (56%) e cH,  TBSO cH, (31%)
SiMe;, SiMe;,
OLi 0 OLi 0
) CH; 11% )D ,O 0%
CH3 TBSO "( (590/0) Br TBSO (770/0)
CH3 SiMe3 SiMe3
OLi 0
| I (o)
(CH5)4CH3 TBSO (CH2).CH, (ggoﬁ)

SiMe3




Low-temperature Quenching of the [3 + 4] Annulation

(o)
SiMezBut 0
HO SiR; 0
Me3Si

-80 °C, 30 min + Me

+ > TBSO "
e

THF  Me,si Me Me
SiM93
OLi
E 47% 30%

Me Me 4 0% 0%

0]
+ SiMezBut
ME3Si
18%
67%




Trapping of a Cyclopropanolate Intermediate

(o) (o)
o™ o
o j TBSO
nBu3Sn '80 o to ||||OH LDA
+ -45°C THF H
_ — Br — 5 H
OLi THF BuzSn -30 °C (18%)
10 min
+
)D (24%) TBSO O
Br P
"BusSn
Br

(48%)




(CO)sCr

Me3Si

OAc

OTBS

Me

-40°to 10 °C

2h

E-cis

TBS

o)

Me3Si

TBSO

Me3$i

OAc

Me
OAc

Cr(CO)s

80 °C, 10 min
quant.

OAc
» TBSO ""Me
TBSO Me
Me;Si OAc
(8%)

Y




Me

\:/
TBSO' OAc
NN SiMe3
Z-trans 80 o’ 1h
[ OAc ] (12%) quant.
(CO)sCr +
| B ] OAc
Me
- - -40 °to -20 °C
+ - > m
2 h TBSO Me
oTBS Sille,
X - (9%)
| +
SiMe; _ _
TBSO Me

OAc

Y

Me;Si  Cr(CO)s




E-trans

(o)

TBSO
—> +
TBSO """Me 0]

-

SiMe, SiMes

-80 °C, 5 min 39% 35%
-80 °C, 60 min 69% 13%

-80 ° to -30 °C 82% 0%

Me




Z-trans

TBSO

TBSO

""Me

SiMe3
16%

X

SiMe3
7%

OTBS

Me3Si

Me




Summary

[3 + 2] Annulation
o OSiMe,But
t -80 ° to -30 °C
SiMe,Bu® —_— +
THF
| Lio R ™Np
PhS PhS OH
‘BuMe,SiQ | tBuMe,Si0 |
MelLi (2.2 eq) “,
OAc ————— > -
Ve <-30°C
Me,Si
’ | Me;Si i Me;Si
[3 + 4] Annulation
J)‘\sn\nezBut )\L -80 to -30 °C
TBSO
Me;Si
Me
TBSO! MelLi (2.2 eq)
THF
80°C TBSO

0SiMe,But

I,,’R

wt

SiMe,

""""Me

AY
[N

SiMe3
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