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Development of New Synthetic Reactions Using Epoxysilanes

OR"
OR"
P A§)<R
R'3Si L CN R3S|O AN * "CN
H
A
gl CN g, N RiSIOTN"eN|
CO,Et 2
0

o)

/<cl)/\)]\ 1
R'sSi " siR, N\R R'3SIO R
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Brook Rearrangement

0 B HO R
e x e
R R’
0 - 'O SiR' OSiR';
)J\ v Ny >< )\
R SiR'; R Nu R~ “Nu
Brook rearrangement

reactions

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




Brook Rearrangement-Mediated [3 + 2] Annulation

o)

ol

0 R'
Three-Carbon Unit Two-Carbon Unit

X = anion-stabilizing heteroatom

Brook
rearrangement -

OSiR;
X OH
OSiR;
allylic
rearrangement 72
O

Rl

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

. t
T SllAtA OSiMe,But
SiMe,But JI\ H .
Lio”~ "R :
=R
OH 0 R
Et 17% 43%
E  npr 1% 57%
i-Pr 14% 63%
Et 75% 9%
Z  pPr | 70% 19%
i-Pr 76% 10%

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




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

(0]
o SR RsSIO 10,
SiMe,But O, SR Y
| |||||O_
Me3Si
. R Si
)I\ Me;Si o) R  MesSi
LiO

R

. 0SiMe,But OSiR; OSiR;
vinylcyclopropane-
cyclopentene o
rearrangement | & ~d
= 'R X O R X o) R
Me3Si 6 H

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




Attempted Double Brook Rearrangement-Mediated [3 + 2] Annulation

(0

7 ~SiMe,Bu!
(0) 0 SlMe BU BUMezsiO o) tBuMeZSiO (0]

Bu'Me,Si .
7 Pr' 7 Pri
H
R3Si R3Si O_ R3Si OH

N

LiO Pri

OSiMe,Bu' osin ButMe23,0
iRz O

R3S| uoOH
SiMe,Bu' |
* R N

R3S|O OH R3SIO

OSiMe,Bu! 'BuMe,SiO

o 1 J)\)L nss-f

R3SI (0] Pr R3SIO

Kei Takeda, Yuji Ohnishi unpublished result.




Formation of y-Alkylated Enol Silyl Ether via Brook Rearrangement-Mediated Tandem Process

0
R3Si EWG R3Si /<*l/\‘ EWG R;Si ~~ “EWG
H
R3Si0/*\g\ EWG Rssio/\{\ EWG
H H
El
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O | H
R,SiI07 X EWG /QX
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Preparation of O-Silyl Cyanohydrins of frans-B-Silyl-o,B-epoxyaldehydes

1. LDA, THF

2. tBUMezsiCI
/\OEE

3. p-TsOH
H,0, acetone

EE = 1-ethoxyethyl (88%)

mCPBA

t . /\/\
BuMe,Si OH

Na,HPO,
CH,Cl,

(89%)

/<(13/\ 'BuMe,SiCN
tBuMe,Si N

O  1Bu,PBr-KCN
CH,Cl,

Red-AI®
: /\ Et,0, 0 °C
BUMezsl (87°/o)
SO;-pyridine
tBuMe,Si /<l/\ DMSO, NEt,
CH,CI,
(82%)
OSiMezBut
P
RoSi CN A (43%)
> +
OSiMezBUt
LA
RSi “cN B (44%)




Reaction of Cyanohydrins of B-Silyl-a,B-epoxyaldehyde with LDA in the Presence of Alkylating Agents

OTBS OTBS OTBS
O H R H
NN
TBS CN TBSO™ "N CN TBSO CN
H
diastereomer A diastereomer B

RX 1 (yield, %) E/Z 2 (yield, %) 1 (yield, %) E/Z 2
Mel 82 2.5 - 84 220 -
Etl 76 2.9 - 74 28.0 -
i-Prl 58 2.8 12 74 31.0 -
PhCH,Br 97 2.7 - 98 47.0 -

CH,=CHCH,Br 83 3.4 - 87 40.0 -




Reaction of Cyanohydrins of B-Silyl-o.,-epoxyaldehyde with MN(SiMe,), in the Presence of Alkylating Agent4

OSiMe,Bu! OSiMe,But
(0 R
Bu'Me,Si CN Bu'Me,Si0” " CN
H
yield (%) (E/2)
from A from B

RX LHMDS KHMDS NHMDS LHMDS KHMDS NHMDS
Mel 44 (23.0) 84(0.9) 96(40.0) 83(31.0) 87( 9.7) 98( E)
Etl 24 (16.0) 76(0.7) 90 (42.0) 64(28.0) 81(16.0) 89 (42.0)
i-Prl 15(14.0) 42(2.1) 80(62.0) 44(37.0) 73(83.0) 89 (75.0)
PhCH,Br 56 (30.0) 83(0.8) 98 (65.0) 75 (82.0) 88(13.0) 99 (67.0)
CH,=CHCH,Br 45(31.0) 80(1.1) 91(39.0) 80(89.0) 83(14.0) 92 (41.0)

Kei Takeda, Eiji Kawanishi, Michiko Sasaki, Yuji Takahashi, Kentaro Yamaguchi Org. Lett. 2002, 4, 1511-1514.




Methylation of Metalated O-Silyl Cyanohydrins of trans-B-Silyl-o,3-epoxyaldehydes

o 0TS o 0TS °TB§H3
TBS/<I)\CN TBS/<I){"CN TBSO/%CN
1B H
base diastereomer vyield (%) E/Z SM
LDA 1A 82 2.5
(in hexane/THF) 1B 84 22.0
LiN(SiMe3), 1A 44 23.0 40
(1.0M in THF) 1B 83 31.0
NaN(SiMes), 1A 91 40.0
(1.0M in THF) 1B 92 47.0
KN(SiMej3), 1A 84 0.9
(0.5M in toluene) 1B 87 9.7
OSiR; OSiR3 OSiR; OSiR;

/<CI)/QH /<?)§ /<(l)/§ /<cl))' "
R5Si CN RSi CN  Rs3Si C R5Si “CN

1B




Solvent Effect on E/Z Selectivity

solvent

hexane

ether

toluene

THF

R3Sio/\)<

OTBS

/<(ID/Q
TBS

OTBS

P
CN TBS H

SM vyield (%) E/Z
1A 93 1.5
1B 78 6.0
1A 84 1.9
1B 77 28.0
1A 86 1.0
1B 83 24.0
1A 85 28.0
1B 84 52.0
OSiR;
R
CN R;SiO

1B

base

LDA

KHMDS

OTBS
R
TBSO~ N CN
H
SM HMPA yield(%) E/Z SM (%)
1A (-) 82 2.5 -
1A (+) 61 28.0 26
1B (-) 84 22.0 -
1B (+) 85 E 8
1A (=) 84 0.9 -
1A (+) 92 15.0 -
1B (=) 87 9.7 -
1B (+) 84 E -
R3S|0 “““ LI R3S|0 OS|R3

K
X CN




Alkylation of O-Silyl Cyanohydrins of B-Siloxyacrolein

OTBS
OTﬁf TBSO OT?? //\\E/J<:CH3
TBSO™ N CN
TBSO/4§§//L<CN L§§//k:CN
H
2 SM
Base SM yield (%) E/Z yield (%)
LDA E 76 58.0 -
LHMDS E 46 E 47
NHMDS E 81 E 6
KHMDS E 75 E 8
LDA Z 41 0.01 18
LHMDS Z 0 - 87
NHMDS Z 30 0.02 59
KHMDS Z 76 0.01 8
OSiR3 OSiR3 R3Si0 """ Li R3Si0

OSIR;

R R
R;SiO CN  R,SiO CN CN

CN




A Proposed Reaction Pathway

OSiR;

R SiR;
/\)< —H
R,SiO CN .
R;SiO
RX
.-“/o 2 0 ke
: z . anti-elimination
Si Si
R3 R3 O
H
CN
R,SiO
M ...
/ syn-elimination
OSiR;
IM\
RUN  o_  .SiR,
RX H
R;SiO OSIR;

1A E/Z=25 1B E/Z=22.0




Base-Promoted Ring-Opening of Cyanohydrins of B-Silyl o,3-Epoxyaldehyde (1)

OTBS

OTBS
TBS CN OTBS CH,3

o H
TBSO™ "N CN
TBS CN

OTBS H

AR |
TBS H

yield (%) yield (%)
HMPA 1 A:B 2 EZ
(=) 40  1.00:0.70 35 6.6
(+) 67 1.00:0.76 26  25.0
anti-elimination syn-elimination
0. ~SiR; "M‘\
e H RN O SiRs

R;SiO CN




Base-Promoted Ring-Opening of Cyanohydrins of B-Silyl o,3-Epoxyaldehyde (2)

OTBS
TBS o OTBS TBS o OTBS CHj3
H \CN
kl/k kl/k TBSO” Xy~ “CN
CN H
H
base diastereomer yield (%) E/Z
LDA A 3 0.9
in hexane/THF 22 6.3
( ) B R3SiO
NaN(SiMej3), A 7 6.5
(1.0M in THF) B 87 5.0
KN(SiMej3), A 45 1.1
(0.5M in toluene) B 86 3.2 reactant-like transition state less reactant-like transition state
anti-elimination syn-elimination

M




A Proposed Reaction Pathway

OSiR;

R
AN
R3SIO CN

syn-elimination

M R3SiO

RoN 0

" RX
ReSIO  OSiRs

H

NC OSiR3 N cn

1A E/Z=25 1B

E/Z=22.0

R3SiO

NR,

anti-elimination

syn-elimination

(0] “Si R3




Substituent Effect of the Silyl Group on Rates of Ring Opening

OTBS OTBS OTBS
LUK ALK R
Bu'Me,Si H Bu'Me,Si0” XX CN  Bu'Me,Si H
OTBS OTBS OTBS
LN P <A
Bu'Ph,Si H Bu'Ph,Si0” XX CN  Bu'Ph,Si H
yield (%) yield (%)
base 2 4 4 (TBDPS)/2 (TBS) 1B 3B
LDA 21.5 6.7 0.31 18.1 39.8
LiNEt, 18.8 6.0 0.32 244 39.1
LTMP 221 14.8 0.67 194 29.8

TBS = Bu'Me,Si
LTMP = m 2
/N\ TBDPS = Bu'Ph,Si




Reactions of y-Silyl-B,y-epoxybutyronitirile with Bases in the Presence of Methyl Iodide

H

/<(l))\
‘BuMe,Si CN

base

LDA (THF-hexane)
LiN(SiMe3), (THF)
NaN(SiMes), (THF)
KN(SiMe3), (toluene)

2
33 (2.1)
74 (2.5)
26 (0.7)
18 (0.1)

H CH,
BuMe,SiO X CN
H H,C CH,
‘BuMe,SiO X CN
H H
tBuMezsiO)\)\CN
yield (%)
3 4 total
28(5.2) 1(2  62(2.8)
4 (E) 3(0.4) 81(2.5)
32(6.0) 9(0.2) 67(1.5)
35(0.5) 14(0.1) 67(0.3)




Reaction of Cyanohydrins of 6-Silyl-y,0-epoxy-o,B-unsaturated Aldehyde
with Base in the Presence of Methyl Iodide

OTBS OTBS
o) H CH;
BuMe5Si CN TBSO CN
H
base yield (%) E/Z
LDA (in hexane/THF) 87 9.8
LiN(SiMe3), (in THF) 91 16.5
NaN(SiMe3), (in THF) 97 16.5

KN(SiMes), (in toluene) 92 7.2




A Proposed Reaction Pathway

OSiR;
R
N
R;SiO CN
E-isomer
OSiR; = O
NN < CN
R;SiO CN i

R,SiO OSiR;

N -
CN

R,SIiO OSiR;

R
NN
CN
Z-isomer




Reactions of Enantiomerically Pure O-Silyl Cyanohydrins of B-Silyl-o.,[3-
Epoxyaldehyde with LDA in the Presense of Benzyl Bromide

OTBS

OTBS

Bn
TBSO™ "N CN

H

base

LDA, LiHMDS, NaHMDS, KHMDS
solvent

THF, Et,0, toluene, hexane
additive

TMEDA




A Proposed Reaction Pathway

OSiR;
R
N
R;SiO CN
E-isomer
OSiR; = O
NN < CN
R;SiO CN i

R,SiO OSiR;

N -
CN

R,SIiO OSiR;

R
NN
CN
Z-isomer




Reactions of Enantiomerically Pure O-Carbamoyl Cyanohydrins of B-Silyl-o,j3-
Epoxyaldehyde with LDA in the Presense of Alkylating Reagent

NR' NR'
NR', g 2
! (0 (0
0~ o Li_ O R
0 *
; : R3Sio/\?<CN Rssio/\{j<CN
R3Si : CN
H H
Chiral Homoenolate Equivalent
HH O

Hoppe, D. ; Hense, T. Angew. Chem. Int. Ed. Engl., 1997, 36, 2282-2316.




Preparation of Enantiomerically Pure O-Carbamoyl Cyanohydrins of 3-Silyl-o,3-Epoxyaldehydes

TBHP, MS4A
Ti(OPr'),, D-(-)-DIPT

Red-AI®
OH - XN
/\ Et,0,rt,2h TBS
TBS 92%
SO;-pyridine TMSCN, KCN
DMSO, Et;N 0] n
3 _ /<I/CHO Bu,PBr .
CH,Cl,,0°C,1h TBS CH,Cl,
93% 0°C—>rt,2h
NPr',
Cl o/go
- H
OH _ TBS CN
/<?)\ CICONPr'2 _ OH
TBS CN pyridine 36% NPr
90 °C, 8 h /& 2
cCi 0 o
: CN
TBS/\l)\H

OH
31%

85%

OTMS

(0)
TBS/<I)\CN |

DBU
CH,Cl,
0°C,1.5h
52%

DBU
CH,Cl,
0°C,1h
55%

Y

o)

- TBS/<I/\OH

OH CH,CI,, -20 °C, 3 days

93% ee

H,SiFy

Y

()
TBS

rt, 0.5h
89%

NPr,

0/&0

AY

CN

(S

NPr,

OAO

<K
TBS H




Reactions of Enantiomerically Pure O-Silyl Cyanohydrins of B-Silyl-o,]3-
Epoxyaldehyde with LDA in the Presense of Benzyl Bromide

NPr', NPr',

TBS CN TBS H

o

(E)-1
solvent SM TMEDA yield (%)
THF A (=) 30

B (=) 52
Et,O A (=) 6
B (=) 23
A (+) 8
B (+) 39
toluene A (=) 11
B (-) 26
A (+) 25
B (+) 49

(2)-1
yield (%) ee (%)
36 0

44 30.0

25 0
21 37.3
29 0
9 2.4

TBSO/\X<

NPr',

0/&0

NPr,

A

o

o)

Bn . H
CN TBSO/\X<CN
H H
(E)-2 (2)-2 total
yield (%) yield (%) yield (%)
2 7 75
7 - 59
1 11 62
35 - 58
3 18 54
26 - 65
2 11 46
33 - 59
2 9 65
10 - 68




Reactions of y-Silyl-B,y-epoxybutyronitirile with Bases in the Presence of Methyl Iodide

H  CH,

NS
‘BuMeZSiO}\)\CN

H

/<(l))\
tBUMQzSi CN

H H,C CHs,

tBUMGzSiO \ CN




Application of the Tandem Sequence to the Synthesis of Carbocycles (1)

(
0 _(/-’_L
L~ X

Bu'Me,Si
° ButMe,Sio” X CN

H

R3$iO/Y\CN H _
; R:SI07 NN CN R:SI07 N CN

( (
H H




Formation of Four- to Seven-Membered Carbocycles Using the Tandem Sequence

0
ButMeZSi/<l/\CN
ButMeZSiO/ N
ﬂ H
X X

n yield(%)

4 44

5 83

6 77

7

53

CN




Application of the Tandem Sequence to the Synthesis of Carbocycles (2)

o OR
ButMeZSi/<l/\CN NN
Br o)
R:SI07 N CN
H
)
_ Br OR
R3SiO/Y\CN
> o
H R:SI07 N CN
H
H X X
R;SI07 N CN R3SI07 N CN R;SI07 TN CN
CO,R CO,R CO,R




Formation of Five-Membered Carbocycles via the Tandem Sequence

0
Bu'Me,Si /<I/\CN Br AN CO-Et

COEL R3SI07 TN\ CN

Br
_ OEt

R3Sio/\{\cn
O_
1 R:SI07 CN
H

Et0,C

H
NC
H

Et0,C




Formation of Four-, Six- and Seven-Membered Carbocycles via the Tandem Sequence

o)
Bu‘MeZSi/<I/\CN 5 N
' BuMe,Sio” X CN
CO,Et

CO,Et

o
CO,Et
Bu‘Mezsi/<l/\CN Br/\/\/ i P Q CO,Et
Bu'Me,Si0” X CN 2

H

\ _ A)\
Bu'Me,SiO CN

Bu'Me,Si CN X BuMe,Sio” X CN
Br
CO,Et .
NN
Bu'Me,SiO CN




Reaction of Cyanohydrins of §-Silyl-y,0-epoxy-o.,B-unsaturated Aldehyde
with Base in the Presence of Methyl Iodide

OTBS OTBS

0 H
NN AN
tBuMe,Si /<l/\)<cm TBSO

CH3
CN




Attempted Double Brook Rearrangement-Mediated [3 + 2] Annulation

0
SiMe,Bu'
D O SiMe,But  BuMesSiO O 'BuMe,Si0 O
Bu'Me,Si H .
z Pri 7z pri
(o)
. _ H
JL R3Si (0 Pr' R3Si O_ R;Si OH
LiO Pr
OSile,Bu' Bu'Me,SiO,
0 OSiR; O %
R;Si — 1 OH
R ] Pr
R3SiO OH H R3SiO
o)
| SiMe,Bu!
(o)
R3Si

Kei Takeda, Yuji Ohnishi unpublished result.




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

(o)
SiMe,But _
| 3 o 0
X $
(E,Z) _ \ RssiOlllll
(o)
~ R A TBSO "R
_ R;Si R
OLi ; anionic oxy-Cope 'S
X rearrangement Xe
H
R ae />_R 0
_ _ X
X = SiMe,, SnBu";, alkyl RaST... - 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 +2] and [3 + 4] Annulations Using &-silyl-y,d-epoxy-o,S-unsaturated Acylsilanes

OSiR;

OSiR;




[3 +2] Annulations Using &-silyl-y,d-epoxy-a, S-unsaturated Acylsilanes

S|R3 JI\

R,Si

R3S| OS|R3




[3 + 4] Annulations Using 6-Silyl-y,5-epoxy-a,f-unsaturated Acylsilanes

Bu'Me,Si

OSiR;
ketone enolate product yield (%) ketone enolate product yield (%) (E/2)
OLi & OoLi o
_ 30% _ 25%
Bu'Me,SiO CsHy Bu'Me,SiO OCH,3
OSiMe,Bu' OSiMe,Bu'
OLi 2 oL 0
= 55% 55%
_ Bu'Me,SiO Pr Bu'Me,SiO
Pr'
OSiMe,But OSiMe,Bu'

o)
SiMe,But )
P R;SiO R
) __
R




Use of Epoxysilanes as Chiral Carbanion Generator

o o._ EWG EWG EWG
R;3Si EWG i ' i
3 I\*I>‘N’r j'\ RSSI\Q\*‘_\i RsSIO\/\*tiI\ R3SIO\/\*Q
OLi o o o
e 0. EWG _ EWG _ EWG
ReSi . EWG D RsSi | N RySIO A~ ReSIO_
_ _N * I I
o°t _N _N _N
o~ + o~ + o

(0 . .
R3Si\l>\/HA R'CHO R3SIO\/\/HA R3SIO\/\/\R.

HA = P(O)(OR),, PPh3X, SiR3, SO,Ar

Ph H

2,
Z

o N

RM]/SiRs But RMH R\,i/\/\/osm3

h
N_ Li s
0 E j LiO SiR, OH
N
|
M

e
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