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OTIPS
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Si
t-Bu

t-Bu

OTIPS

1. A (1.2 eq), AgCO2CF3 (1 mol%)
    C6D6 (0.15 M), 10 min*, 80%
2. PhCHO (1.2 eq) ;
    60 ºC, 3 h, 63% (2 steps)

1-1 1-2

Si O

HO

H
OTIPS
Ph

t-Bu t-Bu
O

3. m-CPBA (2.4 eq)
    CH2Cl2 (0.025 M), 48 h*, 57%

racemic

Si Ot-Bu

t-Bu

H

Ph

HOTIPS

H

H

O SiH

H

TIPSOPh
H t-Bu

t-Bu
H

H H

Si O

t-Bu

H
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HOTIPS

H

H
t-Bu

Si O

t-Bu

H

H

PhOTIPS

H

H
t-Bu

O SiH

H

TIPSOPh
H

H
t-Bu t-Bu

7 membered-ring trans alkene

O
Si

H

OTIPS

H

Pht-Bu

t-Bu

H

Discussion 1:
silylene transfer

Step 1

Si
t-Bu

t-Bu

Si Ot-Bu

t-Bu

H

H

PhOTIPS

H

H

Ph

O

H

Si O

t-Bu

Ha

H

PhOTIPS

H

Hb
t-Bu

nOe

nOe

δ 6.03 (ddd, J = 17.4, 13.0, 4.6 Hz, Ha)
   5.54 (dd, J = 17.3, 9.4 Hz, Hb)

TS-1-5-a

TS-1-5-b

TS-1-5-c

1-5-a

1-5-b

1-5-c

Discussion 2:
ring expansion

Si O

HO

H
OTIPS
Ph

t-Bu t-Bu

O

Reaction mechanism:

A

1-6

1-2

1-5-a

60 ºC

Si
O

t-Bu

t-Bu

H

H Ph

H

H

OTIPS

Step 2

Step 3

Si O

t-Bu

H

H

PhOTIPS

H

H
t-Bu Si

O
t-Bu
t-Bu

H

H Ph
H

H

OTIPS

1-5-a1-5-a

O SiH

H

TIPSO H
Ph t-Bu

t-Bu
H

H H

O SiH

H

TIPSO H
Ph

H

t-Bu
t-Bu

TS-1-5-d 1-5-d

obtained

not obtained

not obtained

not obtained

Margaret, A. G.; Michel, P.; Joshua, T.; Woerpel, K. A. J. Am. Chem. Soc. 2012, 134, 12482-12484.

J = 17.4 Hz

C-Si σ
C=C π*
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C=C π

C-Si σ*



Discussion 1: silylene transfer
1.1. Mechanistic study

Ph
Sit-Bu

t-Bu
Si

t-Bu

t-Bu

A
(PPh3)2AgOTf (5 mol%)

・Metal-silylenoid intermediate

Si
t-Bu

t-Bu
A

(PPh3)2AgOTf

CD2Cl2, –40 ºC

AgILnSit-Bu
t-Bu

OTf

+ (PPh3)2AgOTf

29Si δ: –56 ppm 29Si δ: 97 ppm 29Si δ: –49 ppm

no reaction

1-8

cyclohexene

1-10
Metal-silylenoid

1-7

1-9

1-8 1-8

LnAgIOTf

Si
t-Bu

t-Bu
A

Si
t-Bu

t-Bu OTf
AgILn

1-8

AgILnSit-Bu
t-Bu

OTf
1-10Ph

1-7

1-12

Si
AgILn

TfO
t-Bu
t-Bu

Sit-
Bu

t-Bu

1-9

・catalytic cycle

Tom, G. D.; Woerpel, K. A. J. Am. Chem. Soc. 2004, 126, 9993-10002.
1.2. Reaction mechanism of this problem

Si
t-Bu

t-Bu
A

AgOCOCF3 AgISit-Bu
t-Bu

OCOCF3
1-13

+ cyclohexene

OTIPS

1-1

AgISit-Bu
t-Bu

F3COCO

OTIPS

TS-1-3-a

sterically more
hindered by OTIPS

OTIPS

TS-1-3-b

Si
AgI

F3COCO
t-Bu

t-Bu

δ+

Si
t-Bu t-Bu

OCOCF3
AgI

δ+

OTIPS

OTIPS

Si
AgI

F3COCO
t-Bu

t-Bu

Si
t-Bu t-Bu

OCOCF3
AgI

OTIPS
Si

t-Bu
t-Bu

more stable partial positive 
charge on allylic position

J = 260, 225 Hz 
(107Ag-29Si, 109Ag-29Si coupling)

low field shift of 29Si shift silylenoid is electrophilic.

(1.5 eq)

CD2Cl2, 10 ºC, 86%

Ph

(detected on 29Si NMR)

Ph

Ph

cyclohexene

Ph
1-7 Sit-Bu

t-Bu

1-9
Ph

1-11

1-3-a

1-3-b

1-3 2

–50 ºC

－AgOCOCF3

Si

H

H

A is less stable than 1-9 
due to the steric 
hindrance between t-Bu 
group and H.

other possible mechanism

AgILnSit-Bu
t-Bu

OTf
1-10

AgILnSi
t-Bu

t-Bu

Ph
1-7

— OTf

— AgI
Sit-Bu

t-Bu

1-9

Ph

OTIPS
Si

AgIO

t-Bu
t-Bu

F3C O



Discussion 2: Ring expansion
2.1. Other results of similar compound

Si
O

t-Bu
t-Bu

Me

oxone
NaHCO3

acetone
H2O, rt

Si
O

t-Bu
t-Bu

Me
O

SiO2 Si
O

t-Bu
t-Bu

OH OH
Me

O Si O

Me

t-Bu t-Bu

1-14 1-15 1-16
63% from 1-14

1-17
24% from 1-14

+
Si

O
t-Bu

t-Bu

Me
O HH

1-15’
1-15:1-15’ = 3:1

O
Si

H

Me

H

Ht-Bu

t-Bu

H
O

Si
H

Me

H

Ht-Bu

t-Bu

H

SiO

t-Bu

t-Bu H
Me

H H

H H

SiO

t-Bu

t-Bu H
Me

H

–134.7 kcal/mol*–136.0 kcal/mol*

epoxidation proceeds from the opposite side of di-t-Bu groups.

Si
O

t-Bu
t-Bu

Me
O

1-15
H

Si
O

t-Bu
t-Bu

Me
O H

1-15’
major product minor product

i) Stereoselectivity of epoxidation

H H

epoxidation epoxidation

* DFT calculation on PM3 level

+

1-14 1-14’

1-14 1-14’

H H

cation is stabilized by 
β-slicon effect

ii) Reaction mechanism of ring expansion

Si O

t-Bu

t-Bu

H

H

H

Me
H

O H

C-Si σ

C-O σ*

Si O

H
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Me
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HO

C-Si σ
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OH OH
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Si
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1-15
H

O
Si

H

Me

H

Ht-Bu

t-Bu

H

H

H

O
Si

H

Me

H

Ht-Bu

t-Bu

H

O
H

O

H

・From major product of epoxidation

1-15-b

1-15-a 1-18

1-19 1-16

3

H

H
H

minimize 1,3-allylic strain

H
H

H

Oxone: 2KHSO5·KHSO4·K2SO4
Tanino, K.; Yoshitani, N.; Moriyama, F.; Kuwajima, I. J. Org. Chem. 1997, 62, 4206.

Si O
t-Bu

t-Bu

H

H

H

Me
H

O H
1-15-a



Same as the results in the box, I think that both 1-22 and 1-22' are generated, and 1-22 would be a major product.

O
Si
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Si
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H

OH

major product

minor product

2.2. Reaction mechanism of thisproblem (my opinion)
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C-Si σ
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not obtained

・From minor product of epoxidation

1-15’-a
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i) Stereoselectivity of epoxidation



⦁
Me

H H

2-1

path a

path b

path d

Si
t-Bu

t-Bu

AgOCOCF3 Si
t-Bu

t-Bu
OCOCF3

AgI
AgISit-Bu

t-Bu

OCOCF3

2-1

A (1.3 eq), AgCO2CF3 (5 mol%)
toluene (0.2 M), –18 to 22 ºC; 2-2

(C22H42OSi)i-PrCHO (3 eq), CuI (16 mol%)
–18 to 22 ºC, 70%

⦁
Me

H H

cyclohexene

A
electrophilic attack of 2-4 has 4 possible pathes.

path c

Kay, M. B.; Timothy, B. C.; Janice, M. N.; Thong, X. N.; Woerpel, K. A. Org. Lett. 2009, 11, 2173-2175.

i) Me vs. c-Hex: 2-4 reacts with the olefin containing a less bulky Me group.
ii) c-Hex vs. H: 2-4 attacks from the same side of the smaller H atom.

path a and b
path a is the most favored.
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H
OTIPS
Ph

t-Bu t-Bu
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Oepoxidation
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H
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Ph

HO

large 1,3-diaxial interaction

Si O

H

H
OTIPS
Ph

t-Bu t-Bu

O

H

H

Si O

HO

H
OTIPS
Ph

t-Bu t-Bu

O
epoxidation from outside 
of the 8 membered ring

O OH

Ar

Nucleophilic attack of 
carboxylic acid is hindered 
by the bulky OTIPS group

cation is stabilized 
by β-slicon effect

Intermolecular nucleophilic
attack of OH group is faster

・From 1-22

1-22 1-22-a1-21

O

OAr
1-21'

1-23

1-24

1-21

1-24'

1-26 1-2

2.

2-3 2-4

5

・From 1-22'

O
Si

H

OTIPS

H

Pht-Bu
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ii) Reaction mechanism of ring expansion
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Reaction mechanism



path a
⦁

Me
H H
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t-Bu t-Bu

OCOCF3
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⦁
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H

H
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AgI Si
F3COCO t-Bu

t-Bu

⦁
Me
H

H
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Si AgIt-Bu
t-Bu OCOCF3

δ+

δ+

more stable partial
positive charge on allylic position
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AgISi
F3COCO t-Bu
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H

c-Hex

Me
H

Si AgIt-Bu
t-Bu OCOCF3

H

c-Hex

Me
H

Si
t-Bu t-Bu

H

c-HexAgOCOCF3

Discussion 3: Carbonyl insertion
・Cu catalyzed reaction mechanism (my opinion)

Si
t-Bu t-Bu

Me Me Me

Sit-Bu
t-Bu OMe

D

Me

MeOD (5 eq)

CuI (10 mol%)
CH2Cl2, 48%

Me

Sit-Bu
t-Bu I

CuI

Me

single stereoisomer
transmetalation

Annaliese, K. F.; Woerpel, K. A. J. Am. Chem. Soc. 1999, 121, 949-957.
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I

H

c-Hex
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steric repulsion between Cu and alkene

H
Me
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CuI
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H

t-Bu t-Bu
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i-Pr
Me

H
t-Bu

t-Bu
Discussion 3:

Carbonyl insertion
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Si
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t-Bu

CuI

HMe

CuI

MeH
Si c-Hex
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t-Bu
t-Bu
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t-Bu
t-BuH

c-Hex Si
MeH

CuI

path a path b

path a

path b

CuI
I I

CuI

2-1
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2-6

2-7 2-8
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2-6
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TS-2-10'
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2-10-a

2-10-b 6

Deuterium experiment

sp3

sp2
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steric repulsion between two alkyl group

Si
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Si
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t-Bu t-Bu
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Discussion 4:
Ireland-Claisen 
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O Si

O
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t-Bu

3-2 Step 1

t-Bu
t-Bu

i-Pr

Me Me
O

Si O

3-2'

Me

i-Pr

O

O

Me

A*, Cu(OTf)2 (5 mol%)
toluene (0.3 M)

3.

3-1

3-2
(C19H36O2Si)0 ºC, 97% (dr = 97:3)

* The eqivalents of A is not mentioned, but it must be more than 1 eq.

cyclohexene

3-2:3-2' = 97 : 3

Stacie, A. C.; Woerpel, K. A. Org. Lett. 2006, 9, 1037-1040.

obtained

not obtained
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2-10-a 2-12

2-12'

2-2

2-2'

3-3 3-4

3-4

3-1
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I

Reaction mechanism

A

Nucleophilic attack of carbonyl to Si proceeds from the oppsite side of I.
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Discussion 4: Ireland-Claisen rearrangement
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boat-like transition statechair-like transition state

alkyl group approaches
from the 
front of 

the paper
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equatorial axial
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chair-like transition state boat-like transition state
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