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Total Synthesis of Natural Products

CH, CH,
NS
CHs
OH
~
CH,

J. Am. Chem. Soc. 1983, 105, 563-568

Synlett 1995, 249-250 (1995)

COOMe

OH

)

CHO

OH

J. Org. Chem. 1985, 50, 4673-4681; J. Org. Chem. 1986, 51, 4735-4737; J. Chem. Soc. Chem. Commun. 1986, 1197-
1198; J. Org. Chem. 1987, 52, 4135-4137; J. Org. Chem. 1988, 53, 1092-1095; Tetrahedron Lett. 1988 29, 6951-6954; J.
Chem. Soc., Chem. Commun. 1989, 221-223; J. Org. Chem.. 1988, 53, 1092-1095; J. Org. Chem. 1990, 55, 3431-3432.

Tetrahedron Lett. 1989 30, 2233-2236; Tetrahedron Lett. 1991 32, 4091-4094.




Formation of Eight-Membered Rings by [3 + 4] and [6 + 2] Annulation

CO,CH,
O OLi
R3SiO
SiR;
Rl
R' CHO
Li o) R3SiO O
‘ N Y one step>
R3Si
X 0




Brook Rearrangement

Q R H '
B
' R u R u
_ iR', SiR',
/ﬁ\s + Nu BiN R/LN reactions
R iR'; R u o u

Brook rearrangement

Brook, A.G. J. Am. Chem. Soc. 79, 43773 (1957)




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

o)
R —_
j)l\sm3 CH, R'
X
"0 SiR; OSiR; OSIR;
R R' ' '
X X H
o)
R'\)L "CHR
SiR3 I

+ +
X = N=N, 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.




Use of Ketone Enolate as a Nucleophile

0
RJI\SiR'3 _

"0 SiR;0 OSiR'; 0 R3Si0 o)

A,

Introduction of a Carbanion-Stabilizing Heteroatom

0 0 SiRY OSiR';

"Nu X )_\

X~ TSiR' X~ T Nu X~ Nu

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




Reaction of o,3-Unsaturated Acylsilanes with Lithium Enolates

O _
Me;Si 0 O
Ph SiMe3
Ph
+
OLi Me;SiO o]
)\R Ph —
o] OLi
SiMe,But )\R
Me

R = Et, n-Pr, i-Pr, t-Bu

M93S|q pH HQ pS|Me3
Ph ; R Ph ; R
59-90% 7-21%
Me
o Si~3
(@) (@)
R 0
SiMe,But
Me
(@) R
21-53%

Takeda, K.; Nakatani, J.; Nakamura, H.; Sako, K.; Yoshii, E.; Yamaguchi, K. Synlett 1993, 841-843.
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)J\ HO SiMe; Me3sSiO H

Ph SiMe;
Ph Ph
50% 28%
Li N 1,2-addition product Brook rearrangement
product
O
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Me;Si OH O
Me SM
OLi
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Attempted Synthesis of Heteroatom-Substituted Carbonylsilanes

O O SiR, OSiR,
o e PY
X SiR, X Nu X~ TNu

X = anion-stabilizing heteroatom
0 0 o) 0
)J\SiR;,, R'3Si)J\SiR3 PhS)J\SiR:., PhSOz)J\SiR:.,

(Meo)zﬂ
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Brook Rearrangement-Mediated [3 + 2] Annulation

o

0 R'

Three-Carbon Unit Two-Carbon Unit

X = anion-stabilizing heteroatom

O SiR; OSiR;
Brook
rearrangement —

OSIiR;
Rl
X OH
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allylic
rearrangement _—
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Preparation of 3-(Phenylthio)- and B-(Trimethylsilyl)Acryloylsilanes

OEE

\FOH \[OEE ]

EE = ethoxyethyl (0]

SiMe,Bu!

'BuMe,Si OEE

\H/ PhS
[ )

I 0
SiMe,Bu!

Me3Si

tBuMe,Si OEE

T

SiMe,Bu!

SPh

SiMe,But

SiMe3

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

0o OSiMe,But OSiMe,Bu!
Si MezB ut J‘\ +
LiO R .
N “R
OH OH
Et 70% 5%
Pr 74% 7%
0 SiR, i-Pr 55% 19%
n-octyl 71% 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

B

LiO R

Et
n-Pr
i~Pr

Et
n-Pr
i~Pr

. t
OSlMezBU OSiMegBut
H
/

R

OH (o) R
17% 43%
11% 57%
14% 63%
75% 9%
70% 19%

76% 10%




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

LiO

L

R

0 OSiMe,But OSiMe,But
H\sn\nezsut
R "R
OH OH
E.Z 55-74% 5-19%
0 OSiMe,Bu’ OSiMe,Bu!
]
H\sn\nezsut -
i R
OH 0~ "R
E 11-17% 43-63%
Z  70-76% 9-19%

0 TBSO,

’)I\SiMezBut | +:OH
| | Rl

30-40%




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

0 0 OSilMe,But "BuMeZSiO,‘ tBuMeZSiO,,'
SiMe,Bu' J]\ SLE L nnQ - X = e mnQH
LiO R R R
x> 07 "R Ve
X = SPh X = SiMe;
0SiMe,Bu' 0SiMe,But ‘BuMe;,SiO, 0SiMe,But
mnR
. (0 vinylcyclopropane-
R PhS Si cyclopentene TR
PhS OH Me; rearrangement MesSi E_)H

OSiMe,Bu' OSiMe,Bu'
NS ~
X 0 R X 0 R

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




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

SiR'3

OLi

(0)
07¢\\\R
R'3SiT " \—=
X

o} (o
intramolecular ‘\
Michael \

R'3SIO \ /‘

anionic
oxy-Cope
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[3 + 4] Annulation Using (E)-(B-(Trimethylsilyl)acryloyl)silane

0 OLi (0]
; t _
Me;Si | R"; BuMe,SiO ) R
”SiMe3
ketone enolate product yield ketone enolate product yield
s 0 OLi o
}\ll\ C' 73% )\D /@,m 73%
(CHp),CH, TBSO /""(CHz)eCHs TBSO '.
OLi O SiMe; OLi o SiMes
T D -
ﬁ\(cﬂg, TBSO e 84% %\O TBSO,O,," 82%
% . CH 3
CH . 3 _
oLi o SiMes ot o SiMes
)’\"\ . 84% }D ,O 30%
(CHp)4CH, 1850 /" (CH2)4CHs Br TBSO
OLi o SiMes SiMe;
}]\ CHs3 67%
TB
HzC” “CHj3 =0 CHa

SiMe;




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

0 OLi 0
fLSiMezBut %\I\ -80 ° to -30 °C
t H [T
SiMe, l o THF BuMe,SiO R
SiMe3
yield yield
(recovery of (recovery of
ketone enolate product acylsilane) ketone enolate  product acylsilane)
OLi Y OLi
31% CH 18%
| TBSO '11(CH,),CH; (56%) TBSO 3 (31%)
(CH2),CH, SiMes H3C S|Me3
OLi 0] OLi
I cn, 1% O 0%
CH; TBSO md (59%) TBSO (77%)
CH,3 SlMec3:H3 o SiMe;
OLi °
29%
| TBSO "1(CH,),CH; (55%)
(CH2)4CH3

SiM93




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

0
o) OLi
P SiR, i
! ; 'BuMe,SiO g
*R R-”’ 7 "',B
SiR3 = SiMe,But (TBS), SiMe,Ph (DPS)
0 o)
n : Me
TBSO "n-CsHy1 DPSO "p-CsHyy DPSO . DPSO
A e
65-77% R
° 82% 54%

R = i-Pr, n-Pr, -Bu, ¢c-CgH14

DPSO ‘'"OMe DPSO

TBSO '"mopme  DPSO




Mechanistic Studies of the [3 + 4] Annulation

(o) OLi i
SiMe,But O
"Bu,Sn TBSO
"BusSn Br H
(18%) H
M _ _ _
-/ © o O
TBSO un OAc TBSO m
N A Me
SiMe3 | SiM63 _
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S
PhS C5H9 PhS OH C5H9
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A Reaction Mechanism of the [3 + 4] Annulation Using the Reaction of Acryloylsilanes
with the Lithium Enolates of Alkenyl Methyl Ketones

o)
SiMe,But _
| 9 o 0
X N
(E,Z) _ \ RssiOIIIII |
(o)
~ R A TBSO "R
_ R;Si R
OLi ; anionic oxy-Cope VX,
rearrangement Xe
H
R 8z />_R 0
. - X
X = SiMe,, SnBu™;, alkyl ReST... - F
\ O
(o)
TBSO "R
E 5,6-cis X== Xz
Z 5,6-trans E

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.




[3 + 4] Annulation Using 3-Haloacryloylsilanes

o)
o (@)
SiMe,But
X R
TBSO R —---- - 0
OLi ;i R R
Rl
0 /4
TBSO
Rl
N
TB
SO .
R

Rl

Takeda, K.; Ohtani, Y. Org. Lett. 1999, 1, 677-679.




[3 + 4] Annulation Using 3-Bromoacryloylsilanes

(0)
SiMe,But .
Br R 1nin \\\\ )n'4
oL TBSO ....\.7)n-4 )
H
)n-4 B .
yield (o/o)
A B

R conditions n=5 n=6 n=5 n=6

a CH, -80°to 0 °C 68 27 0 45

b n-Bu -80°to 0 °C 49 27 0 14

¢ n-hexyl -80°to0°C 41 35 0 17

d t-Bu -80°to 0 °C 51 58 7 14

e c-C;H; -80°to0°C 56 39 0 32




A Plausible Reaction Pathway for the [3 + 4] Annulation of
B-Haloacryloylsilanes with Acetylcyclopentenone Enolates

TBSO

Me

TBSO TBSO

Me

Me




Brook Rearrangement-Mediated Formation of Eight-Membered Carbocycles

R;SiO 0 RgSI04,, ] L@




Formation of Four- to Seven-Membered Carbocycles
by Tandem Brook Rearrangement-Intramolecular Aldol Reaction
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Formation of Eight-Membered Carbocycles by [6 + 2] Annulation

'BuMe,Si m
OO R

Li

Me3Si

'Bu Me,SiO O
MesSi R
R yield (%)
CHj3 45
n-Pr 42
c-hex 42

n-C7H15 45
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Formation of Four-Membered Carbocycles by 9Silyl- y-butyrolactone

'BuMe,Si —<_>—0Me

O O

Li

'BuMe,Si

Me3Si

BUtMGQSiO I,"

Me3Si

RLi

BuMe,Si

Me3Si
R Yield (%)
CHj; 38
n-Bu 23
Ph 0




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

'BuMe,Si Li 0

Me3Si Me3Si R

—  'BuMe,SiO (o

o0 R yield (%)
SiMe3 8
| | _— CH, 8
Me;Si R Me3sf R
B CH,
tBUMGgSi CH3 tBUMGzSi
tBUMEzSi
o R” ~o” O
0]

B Me3Si
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Formation of Eight-Membered Carbocycles by [3 + 4] Annulation

R3SiO R3SIiO

HO OLi

R3SiO
R3SiO

Rl
R' CH>CO5R




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

SiMe,Bu!

OM THF

LDA or
NaN(SiMe3)>

o)

Ry O

SiMej;
SiMe,Bu'
i-Pr

-Bu
c-CgH41

conditions
-80 °C, 30 min
-80°t0 0 °C
-80 °C, 30 min
-80°to 0 °C
-80°to 0 °C

LiO

TBSO

yield (%)
66 TBSO
65
45
84
45 R




o-Hydroxylation of Bicyclo[2.2.2]decenones

TBSO

TBSO TBSO
oM
/
R
yleld (%)

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

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

-Bu NaN(SiMe3)2 71




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

SiMe,Bu!

OM THF

LDA or
NaN(SiMe3)>

o)

Ry O

SiMej;
SiMe,Bu'
i-Pr

-Bu
c-CgH41

conditions
-80 °C, 30 min
-80°t0 0 °C
-80 °C, 30 min
-80°to 0 °C
-80°to 0 °C

LiO

TBSO

yield (%)
66 TBSO
65
45
84
45 R




Tandem [3 + 4] Annulation /o.-Hydroxylation

o)
SiMezBut
- TBSO TBSO
oM
/
oM
R

R base yield (%)
SiMe:.; NaN(SiMe3)2 48

i SiMe,Ph  NaN(SiMej), 72
SiMEzBUt NaN(SiMe3)2 58
i-Pr LDA 50

t-Bu LDA 62




Oxidative Cleavage of o-Hydroxyketones

COzMe
TBSO
TBSO
R

R CHO
R yield (%)
SiMe3 95
SiMe,sPh 96
SiMe,But 95
i-Pr 97
-Bu 93

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




Formation of Eight-Membered Heterocycles by [3 + 4] Annulation

C02Me

R3SiO R3SiO

N

R' CHO R’

X=0,NR, S




Preparation of 6-Oxa-2-cycloheptenone

O

(@)
HO —_—
/" S

OI)J\/ O@
N

71 % (2 steps) 85 %




Formation of Eight-Membered Heterocycles by [3 + 4] Annulation (I)

(@) ONa 5
ButMeZSiO
SiMe,Bu! = \ O
o)
R
o)

R yield (%)

SiMe3 74

\ PhMe,Si 69

O t-BuMe,Si 69




Formation of Eight-Membered Heterocycles by [3 + 4] Annulation (II)

SiMe,Bu'

ONa
Bu'Me,SiO

R yield (%)
\ i-Pr 65
-Bu 57




o-Hydroxylation of 2-Oxabicyclo[2.2.2]decene Derivatives

TBSO 0
)
R
TBSO 0
O
OH
R

TBSO

R

SiMe;
SiMe,Ph
SiMe,Bu'
i-Pr

-Bu

o) o
A\ PhOs "\

yield (%)
66
86
76
66
86

NO,

2

H




Oxidative Cleavage of o-Hydroxyketones

TBSO

SiMe3
SiMe,sPh
SiMe,Bu'
i-Pr

-Bu

COzMe

o)

TBSO

yield (%)
93
99
100
100
97

CHO
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