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Silylium Ions
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Cationic silicon containing compounds in which 
silicon (IV) has a coordination number of three or 

four, but not five
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Prepara&on and Proper&es ApplicationsBrief History of Silylium 
Ions
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Me3Si O SiMe3

H2SO4 (3 equiv.)
Me3SiHSO4 + H3O+ + HSO4

-

Me3Si OEt
H2SO4 (3 equiv.)

Me3SiHSO4 + H3O+ + HSO4
-EtHSO4 +

Flowers, Gillespie, and Robinson:

Peach and Waddington:

Ph3C OH
liq. HCl

Ph3C+ Cl- + H2O
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Ph3Si OH
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No conductivity
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Silylium Ions – Early Attempts

4
R.H. Flowers, R.J. Gillespie and EA. Robinson. Can. J. Chem.. 41 (1963) 2464.; M.E. Peach and T.C. Waddington. J. Chem. Soc; (1961) 1238.; H. Gilman and G.E. Dunn. J. 
Am. Chem. Soc.. 72 (1950) 2178.; G.A. Olah and Y.K. MO, J. Am. Chem. Soc., 93 (1971) 4942.



Corey Reaction
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Bartlett-Condon-Schneider (BCS) Reaction:

Cl +
AlBr3

H Br+

C+ X-
H

+ H C+ + X-

(Ph)3C+X- + R3Si H (Ph)3C + R3SiH+X-H

(Ph)3C+Br- + R3Si H (Ph)3C +H R3Si Br

Corey and West:

(Ph)3C+BBr3
- + R3Si H (Ph)3C +H R3Si Br + BBr3

R3Si H
-X +C(Ph3)

Bartlett, P. D.; Condon, F. E.; Schneider, J. Am. Chem. Soc. 1944, 66, 1531− 1539; J-Y. Corey and R. West, J. Am. Chem. Soc. 85 (1963) 2430



Stabilized Silylium Ions
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Si
H

N

Corey and Mislow:

(Ph)3C+ClO4
-

CH2Cl2, -50 ˚C

Si

N

+

ClO4
-

Bright green solution

NaBD4
Si

D

N

Fe
SiPh2H Ph3C+ClO4

-

CH2Cl2, -60 ˚C
Fe

SiPh2

ClO4
-+

Dark green solution

NaBD4
Fe

SiPh2D

No conductance in solution

(iPr2S)3Si H
Ph3C+ClO4

-

CH2Cl2, r.t.
(iPr2S)3Si+ClO4

-

110.8 uohm cm-1

No EPR signal

1 iPr peak in 1HNMR

Si H
S+R

RS
SR

Si H
S+R

RS
SR

Ph3C

S

CH(CH3)2

Si
S

CH(CH3)2

SiRS SR

Lambert and Schulz:

Corey, J. Y. J. Am. Chem. Soc. 1975, 97, 3237-3238; Corey, J. Y.; Gast, D.; Mislow, K. J. Organomet. Chem. 1975, 101, C7-C8; 
Lambert, J. B.; Schulz, W. J., Jr. J. Am. Chem. Soc. 1983, 105, 1671-1672 



Highly Non-Coordinating Counteranions
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[Ph3C]+[(C6F5)4B]-

CH2Cl2, r.t.
Et3Si+(C6F5)4B-Et3Si H

[Ph3C]+[(HCB11H5Br6)]-

CH2Cl2, r.t.
(iPr)3Si+HCB11Br5

-(iPr)3Si H
B

H
C

Br+
Si(iPr)3

= B-Br

= B-H

Joseph B. Lambert, Shizhong Zhang, Charlotte L. Stern, John C. Huffman, Science 1993, 1917-1918, Christopher A. Reed, Zuowei
Xie, Robert Bau, Alan Benesi, Science, 1993, 402-404



Silylium Ions – Synthesis Overview
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R3Si+

R3Si X

+ E+ - EX
R3Si H

+ E+

- EH

+ E+

- EH
R3Si CR3

R2SiH
+ R+

- e-

R3SiH2

+ E+ - EH

R3Si

- C6H6

HSiR3

- E-SiR3

R3Si

Breaking silicon-halogen bonds

Breaking Si-C/Si-Si bonds

Hydride abstractionSilicenes

one e- processes

H. F. T. Klare, L. Albers, L. Süsse, S. Keess, T. Müller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889–5985



Structural Considerations

9H. F. T. Klare, L. Albers, L. Süsse, S. Keess, T. Müller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889–5985



Substituent Rearrangement
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- Ph3C-H Si+

Et

iPr

iPr

iPr

iPr

iPr

[B(C6F5)4]- Si
Mes

Mes

Mes
H

Si+
Et

Me

Me

Me

Me

Me

[B(C6F5)4]-

No 
reaction

Si
Mes

Mes

Et
H

[Ph3C]+[B(C6F5)4]-

C6H6, r.t.
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Si+
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[Ph3C]+[B(C6F5)4]-
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- Ph3C-H
- Me3Si-H

Si+

Me
Me

Me

Me

Me

Me

[B(C6F5)4]-

MeMe

Me
Me

Me

Me

Me

Me

Me

[Ph3C]+[(HCB11H5Br6)]-

MePh, r.t.
- Ph3C-H

- Pemp3Si-H

B

H
C

Br+
SiMe3

= B-Br

= B-H

Müller:

Oestreich:

iPr

Me
Me

See citation slide (group 1)



Substituent Rearrangement
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Si
Me

Pemp

Me
H

[Ph3C]+[HCB11H5Br6]-

MePh, r.t.
- Ph3C-H

- Pemp3Si-H

B

H
C

Br+
SiMe3

= B-Br

= B-H

Si+
Me

Ph

Me

PhMe2Si
H
SiMe2Ph

+ SiHMe2PhMe2Si

+
1,2-Si shift

PhMeSi

+

Me

H
SiMe2
H

PhMeSi

H3
C

SiMe2
H

+

Ph2MeSi
H
SiMe3

+
[HCB11H5Br6]-

- SiPh2Me B

H
C

Br+
SiMe3

= B-Br

= B-H

(-54.0 kJ/mol) (-54.7 kJ/mol) (-37.7 kJ/mol)

(-10.8 kJ/mol) -55.5 kJ/mol)

(-141.8 kJ/mol)

Omann, L.; Pudasaini, B.; Irran, E.; Klare, H. F. T.; Baik, M.-H.; Oestreich, M. Chem. Sci. 2018, 9, 5600−5607 



Silylium Ions – Si-C Bond-Breaking
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R3Si + E+ R3Si E+
R3Si+ + E

Mes3Si Ph
SiEt3

Ph

+

[B(C6F5)4]-

C6D6, r.t.

+
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[Ph3C]+[B(C6F5)4]-
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- C6H6

Fe
Si Me
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+

[B(C6F5)4]-

Lambert:

Oestreich:

Si+

Me

Me

Me

Me

Me

[B(C6F5)4]-

MeMe

Me

Lambert and Reed:

Me

Lambert, J. B.; Zhao, Y. Angew. Chem., Int. Ed. Engl. 1997, 36, 400−401; Kim, K.-C.; Reed, Lambert, J. B, et al., Science 2002, 297, 825−827; Lambert, J. B, et al., J. Am. 
Chem. Soc. 1999, 121, 5001−5008; Oestreich, M, et al. Organometallics 2015, 34, 3927−3929 



Silylium Ions – Si-C Bond-Breaking
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Si LG
Me

Me
Me

[H(C6H6)]+[HCB11H5Br6]-

C6D6, r.t.
- LG-H B

H
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SiMe3

= B-Br

= B-H

HH

+
B

H
C

LG = Me

Allyl

Bn

Vinyl

Ph

Si Me
Me3Si

Me
Me

[H(C6H6)]+[HCB11H5Br6]-

C6D6, r.t.
- Me-H

[Me3Si(HCB11H5Br6)]

ClC6D6, r.t.
- Me-SiMe3

B

H
C

Br+

Me2
Si

= B-Br

= B-H

SiMe3

Wu, Q.; Qu, Z.-W.; Omann, L.; Irran, E.; Klare, H. F. T.; Oestreich, M. Angew. Chem., Int. Ed. 2018, 57, 9176−9179; Wu, Q.; Roy, A.; Irran, E.; Qu, Z.-W.; Grimme, S.; 
Klare, H. F. T.; Oestreich, M.; Angew. Chem., Int. Ed. 2019, 58, 17307−17311 



Silylium Ions – 29Si Chemical Shifts

14H. F. T. Klare, L. Albers, L. Süsse, S. Keess, T. Müller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889–5985



[HCB11F11]-
HCl

-196 ˚ to 0 ˚C
- Et3SiCl, - Et3SiH

[Et3Si(HCB11Cl11)]
HCl

-196 ˚ to -25 ˚C
- Et3SiCl

[H(HCB11Cl11)]

[H(HCB11X11)]

[(Et3Si)2(B12Cl12)]
HCl (8 equiv.)

-196 ˚ to r.t.
- 2 SiCl4

[H2(B12Cl12)]

O H+ O
H

+

H

1 equiv. 
[H(CB11H6Cl6)]

Dilute 1,6-Cl2C6H4
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r.t.
- H2

2 CO2

-196 ˚C to r.t.

+

O C O
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O C O

[HCB11X11]-

+

[HCB11X11]-
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+
B

H
C

[Me(HCB11Me5Br6)]

r.t.

r.t.
-CH4

+

C6H6
MeH

+ [HCB11Me5Br6]-

[HCB11Me5Br6]-

[Et3Si-H-SiEt3]

Brønsted Super-Acids

15

Acid ∆ẟ(13C)[ppm] H0

[H(CHB11Cl11)] 84.0 -
[H(CB11H5Cl6)] 83.8 -
[H(CB11H5Br6)] 83.8 -
[H(CB11H5I6)] 83.3 -

FSO3H 73.8 -15.1
CF3SO3H 72.9 -14.1
H2SO4 64.3 -12.1
none - -

See citation slide (group 2)



β-Silyl Carbocations
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Me

R1

R2 [R3Si(C6D6)]+[B(C6F5)4]-

C6D6 R1

R2
SiR3 [B(C6F5)4]-+

Ph

Ph
SiEt3+

ẟ(13C) 225.4 ppm
ẟ(29Si) 46.2ppm

Ph
SiEt3+

ẟ(13C) 235.7, 193.7 ppm
ẟ(29Si) 34.2, 28.5 ppm

Ph

H
Si(iPr)3+

ẟ(13C) 229.0 ppm
ẟ(29Si) 49.6 ppm

(iPr)3Si

Si

Me

Me
Me
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Me

Me
HMe
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[H(toluene)]+

[HCB11Me5Br6]-

C6H6
r.t.

Si

Me

Me
Me

Me
Me

H

Me

+

H Me

[HCB11Me5Br6]-

93% Yield (X-ray)
ẟ(13C) 225.2, 196.9 ppm

ẟ(29Si) -4.2 ppm

R1
2Si SiMe2

H

R2

[Ph3C]+[B(C6F5)4]-

C6D6, r.t.
- Ph3C-H

R1
2Si C

SiMe2

C+

R2

*

[B(C6F5)4]-

ẟ(13C+) 178-205 ppm
ẟ(13C*) 70-90 ppm
ẟ(29Si) 12-29 ppm

Me2Si
C

SiMe2

C+

R

Me2Si
C C

SiMe2

R

+ ‡

Me2Si
C

SiMe2

C+

R

R = SiMe3, SiMetBu3, SiiPr3, Si(SMe3)3, GeMe3, GeiPr3

Lambert, J. B.; Zhao, Y. A J. Am. Chem. Soc. 1996, 118, 7867−7868.; Lambert, J. B.; Zhao, Y.; Wu, H. J. Org. Chem. 1999, 64, 2729−2736.; Lambert, J. B.; Liu, C.; Kouliev, T. 
J. Phys. Org. Chem. 2002, 15, 667−671; Reed, C., et al. Angew. Chem., Int. Ed. 2009, 48, 3787−3790. Müller, T.; Meyer, R.; Lennartz, D.; Siehl, H.-U. Angew. Chem., Int. Ed. 
2000, 39, 3074−3077. 



Sila-Friedel-Crafts

17Furukawa, S.; Kobayashi, J.; Kawashima, T. Dalton Trans. 2010, 39, 9329−9336; Curless, L. D.; Ingleson, M. J. Organometallics 2014, 33, 7241−7246; Zhang, J.; Park, S.; 
Chang, S. J. Am. Chem. Soc. 2018, 140, 13209−13213 

[Ph3C]+[B(C6F5)4]-
2,6-lutidine (2 equiv)

Ph3Si-H

C6H6, r.t.
- Ph3C-H

SiPh3

31% Yield
R3

R2 Si

R1 R1

H

R2

B(C6F5)3 (5 mol%)
2,6-Cl2-py (5 mol%)

1,2-Cl2C6H4
100 ˚C
- H-H

R2
Si

R2
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R1

>80% Yield
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Ph2SiH2
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60 ˚C H

Si
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H Ph
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CH2Cl2
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- H-H

Si
R3

Ph
Ph

~75% Yield

N
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+
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Silylium Ion Decarboxylation
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O
Ph3CCl (9.5 mol%)

Na[BArF
4] (9.3 mol%)

Et3Si-H (3.6 equiv) H H

CH2Cl2
r.t.

- Et3SiOSiEt3

O Ph3CCl (9.5 mol%)
Na[BArF

4] (9.3 mol%)
Et3Si-H (3.6 equiv)

CH2Cl2
r.t.

- Et3SiOSiEt387% Yield 91% Yield
E:Z = 60:40

[Ph3C]+[B(C6F5)4]- (20 mol%)
iPr3Si-H (2.0 equiv)

CH2Cl2 
r.t., 5 mins

- iPr3SiOSiiPr3

O

Me Me

H H

quantatative

[R3Si(Do)]+
R1 R2

O

R1 R2

O SiR3

+

R3Si-H

R1 R2

O SiR3

+

R3
Si

H
R2

O SiR3R3Si

H
R1

R3SiOSiR3

R1 R2

H
+

R3Si H

H H

Kira and Sakurai:

OSiEt3
+

ẟ(13C) 208.3 ppm

Kira, M.; Hino, T.; Sakurai, H.  Chem. Lett. 1992, 21, 555−558; Parks, D. J.; Blackwell, J. M.; Piers, W. E., J. Org. Chem. 2000, 65, 3090−3098;  



Hydrosilation of Dobule Bonds
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R1 R2

O
Fe

Si
H

Me
tBu [Ph3C]+[B(C6F5)4]- (5 mol%)

CH2Cl2 
-60 ˚C, 2.5 h

+
R2

O SitBuFcMe

H
R1

R1 R2

N
[Ph3C]+[B(C6F5)4]- (5 mol%)

Et3Si-H (1.2 equiv)

1,2-XC6H4
r.t., then hydrolysis

R2

HN Ts

H
R1

Ts

R1 R2

[Ph3C]+[B(C6F5)4]- (5 mol%)
Et3Si-H (1.2 equiv)

C6D6, r.t.
minutes

R2

SiEt3

H
R1

[R3Si(Do)]+

R1 R2

X

R1 R2

X SiR3

+

X = O
X = NR
X = CR2R3Si H

R2

X SiEt3

H
R1 [Ph3C]+

R3Si H

Ph3C H

Müther, K.; Oestreich, M., Chem. Commun. 2011, 47, 334−336.; Müther, K.; Mohr, J.; Oestreich, M. Organometallics 2013, 32, 6643−6646;   



Reduction of CO2
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CO2
Si H

H OSi

O Si H
OSi

OSi
H

H

Si H
H

OSi
H

H

Si H
H

H
H

H

CO2
(0.1013 MPa)[Ph3C]+[B(C6F5)4]- 

(1 equiv.)
Et3Si-H (1 equiv.)

C6H6, r.t.
- Ph3C-H

[Ph3C]+[B(C6F5)4]- 
(1 equiv.)

R3Si-H (1 equiv.)
C6H5Cl, r.t.
- Ph3C-H

Ph OH

OSiEt3

+ H OSiR3

OSiR3
+

sym-
collidine

Ph OSiEt3

O

11%
Ph OSiEt3

O

51%

H2O R = iPr H2O

H OH

O

Et3Si H
(>4 equiv.)

H

O
H

H

SiEt3Et3Si +

H2O

H

OH
H

H
89-95% 87-98%

Schäfer, A.; Saak, W.; Haase, D.; Müller, T., Angew. Chem., Int. Ed. 2012, 51, 2981−2984. 



Strain Introducing Reactions

21Zhang, J.; Hazra, C. K.; Park, S.; Chang, S., Asian J. Org. Chem. 2019, 8, 1637−1640 

R OSiMe3

[Ph3C]+[B(C6F5)4]- (1-5 mol%)
Me3Si-Nu (1.2 equiv)

CH2Cl2, r.t.
Nu

R

SiMe3 OMe

OSiMe3

N
SiMe3

Me3Si SPh

OSiEt3

[Et3Si(Do)]+[B(C6F5)4]- (5 mol%)
Me3Si-Nu (1.2 equiv)

CH2Cl2, r.t.

Me

Ar
Ar = 4-PhOC6H4

Me
Ar
Nu

[Me3Si(Do)]+

H

H

H
R1

Ar
+

Me3Si Nu

R1 O

R2
SiR3

SiMe3
+

R1 O

R2
SiR3

Me3Si Nu

Nu

R

Me3Si O SiR3

R2 = H R2 = Ar

Me
Ar
Nu

~90% Yield
50-90% Yield



Ring Cleavage Reactions

22Oestreich, M., et al., Org. Lett. 2020, 22, 1213−1216; Oestreich, M., et al, Angew. Chem., Int. Ed. 2020, 59, 12186−12191; He, T.; Oestreich, M., et al, Chem. Sci. 2021, 
12, 569−575 

R1

R2

[Ph3C]+[B(C6F5)4]- (2 mol%)
iPr3Si-H (1.2 equiv)

C6H6, r.t. Si(iPr)3

H
R1

R2

69-98% YieldR1

R2
H H

Si
R
R

R

R

[Me3Si(HCB11H5Br6)] (1 mol%)
Me3Si-SiMe3 (1.5 equiv)

ClC6H5, 80 ˚C SiMe3

SiMe3R

R

[Ph3C]+[B(C6F5)4]- (1 mol%)
Et2SiH2 (1.5 equiv)

ClC6H6 
r.t., 10 min

SiEt2

R

R

[Ph3C]+[B(C6F5)4]- (2 mol%)
Et2SiH2 (5.0 equiv)

toluene 
r.t., 10 min

SiEt2

H

H

30-75% Yield

18-54% Yield

[Et2HSi(Do)]+

Et2SiH2

SiEt2

H

H

SiEt2

H

H

+

H

Et2
Si
+

R
H H

Et2
Si

R
H

Et2
Si
+

+‡

Si
Et
Et

+

Et2SiH2

SiEt2
H

H

Ph

R

R +

Si
Et

Et
H

Si
H

H

Et
Et

+‡
R = Ph R = Bn

H

Ph

+



Hydrodefluorination (HDF) 
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CF3
[Ph3C]+[B(C6F5)4]- (3.4 mol%)

Et3Si-H (7.8 equiv.)

1,2-Cl2C6H4 (or neat)
r.t.

- Et3Si-F

R
CH3

R

CH3

>99%

CH3

>99%

X

CH3

>77%

H3C

CH3

33%

F
F

F
F

H

>99%

[R3Si(Do)]+

R3Si H

[Ph3C]+

R3Si H

Ph3C H R3C F

R3Si F

R3C+

R3C H

F

CH3

F
F

F
F

F

CF3

F
F

F
F

F

[Ph3C]+[WCA]-
Et3Si-H

1,2-Cl2C6H4
r.t.

- Et3Si-F

[Ph3C]+
[B(C6F4)4]-
(4.7 mol%)

decomp. after
TON = 19

[Ph3C]+
[HCB11H5Br6]-
(0.11 mol%)
TON = 220

after 1h

[Ph3C]+
[HCB11H5Cl6]-
(0.11 mol%)
TON = 880

after 1h

[Ph3C]+
[HCB11Cl11]-
(0.11 mol%)
TON = 370

after 1h

[Ph3C]+
[B12Cl12]2-

(0.16 mol%)
TON = 110

after 1h

Scod, V. J.; Çelenligil-Çegn, R.; Ozerov, O. V. J. Am. Chem. Soc. 2005, 127, 2852−2853; H. F. T. Klare, L. Albers, L. Süsse, S. Keess, T. Müller, and M. Oestreich, 
Chem. Rev. 2021, 121, 10, 5889–5985



Hydrodefluorination (HDF) 
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CF3

F
F

F
F

F

[Ph3C]+[HCB11H5Cl6]- (0.08 mol%)
Et3Si-H (3.3 equiv.)

1,2-Cl2C6H4
r.t.

- Et3Si-F
TON = 2650

CH3

F
F

F
F

F
+

F
F

F
F

F Cl
Cl

53% 32%

CF3

F

[Ph3C]+[HCB11Cl11]- (0.63 mol%)
Et3Si-H (3.3 equiv.)

C6H6, r.t.
- Et3Si-F

F
83%

TON = 480

[Ph3C]+[HCB11H5Cl6]- (0.39 mol%)
Et3Si-H (3.3 equiv.)

C6H6, r.t.
- Et3Si-F 76%

TON = 780

CF3

CF3

F F

F FF F

[Ph3C]+[HCB11Cl11]- (4.5 mol%)
nHex3Si-H (9.9 equiv.)

neat, 50 ˚C, 120 h
- Et3Si-F

+

[R3Si(Do)]+

R3C+

R3C F

R3Si F

R3C
H

+

R3Si H

R3C

+ H-H

Douvris, C.; Ozerov, O. V. Science 2008, 321, 1188−1190; Douvris, C.; Nagaraja, C. M.; Chen, C.-H.; Foxman, B. M.; Ozerov, O. V. , J. Am. Chem. Soc. 2010, 132, 
4946−4953 



Merging HDF and Sila-Friedel-Crafts
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P+
F

C6F5
C6F5

C6F5

[R3Si(Do)]+ R3C+

R3C FR3Si F

P
F

C6H5
C6H5
C6H5

F

R3C H R3Si H

CF3

O [(C6F5)3PF]+[B(C6F5)4]- (1.5 mol%)
Et3Si-H (3.6 equiv.)

C6H6, 80 ˚C, 48h
- Et3Si-F, - H-H

HH

H H

74%

[(C6F5)3PF]+[B(C6F5)4]- (1.5 mol%)
Et3Si-H (3.6 equiv.)
B(C6H6)3 (1 equiv.)

C6H6, 80 ˚C, 48h
- Et3Si-F, - H-H

N N
Ph

F3C
CF3

N N
Ph

F3C

H H

CF3
[(C6F5)3PF]+[B(C6F5)4]- (1.5 mol%)

iPr3Si-H (3.6 equiv.)

BrC6H5, 60 ˚C, 30h
- iPr3Si-F, - H-H

74%

HH

68%

O

Me Me
[(C6F5)3PF]+[B(C6F5)4]- (1.5 mol%)

iPr3Si-H (3.6 equiv.)

BrC6H5, 80 ˚C, 12h
- iPr3Si-F, - H-H

+
CF3F

F

O

Me Me
H

F

F 40%

F [(C6F5)3PF]+[B(C6F5)4]- (1 mol%)

CH2Cl2, 60 ˚C
- Me3Si-F

SiMe3R2
R1

(2.5 equiv.) R1

R2

Caputo, C. B.; Hounjet, L. J.; Dobrovetsky, R.; Stephan, D. W., Science 2013, 341, 1374−1377; Zhu, J.; Pérez, M.; Caputo, C. B.; Stephan, D. W. Angew. Chem., Int. Ed. 
2016, 55, 1417−1421.; Zhu, J.; Pérez, M.; Stephan, D. W. Angew. Chem., Int. Ed. 2016, 55, 8448−8451 



Coupling of Non-Activated Aryl Fluorides
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F

SiMe3

R

[Ph3C]+[HCB11Cl11]- 
(2 mol%)

Et3Si-H (4 mol%)

C6H6
- Me3Si-F

R

F

SiMe3

R

[Ph3C]+[HCB11Cl11]- 
(5 mol%)

iPr3Si-H (10 mol%)

C6H6
- Me3Si-F

Alkyl
R

+
H

H
Alkyl+

F

[iPr3Si(HCB11H5Cl6] 
(5-10 mol%)

(Mes)2SiMe2 (1.1 equiv.)

ClC6H5
90 ˚C, microwave
- (Mes)Me2Si-F

- Mes

R1

R2
R2

R1

R2
R2

n

R2

R2

[Me3Si(Do)]+

+

H
Alkyl

Alkyl
H

Alkyl
+

F

Et3Si-F

+

SiMe3

SiMe3

SiMe3

H
SiMe3

Alkyl

F

SiMe3

[R3Si(Do)]+

- R3Si-F

F
SiMe3

C6H6

SiMe3
F

C6H6

F

SiMe3

C6D12

H/D
D/H

D/H
15%

16%
49%

Oliver Allemann, Simon Duttwyler, Paola Romanato, Kim K. Baldridge, Jay S. Siegel; Science (2011): 332, 6029, 574-577; Brian Shao, Alex L. Bagdasarian, Stasik
Popov, Hosea M. Nelson., Science 2017, 1403-1407



Vinyl Triflate Couplings
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[R3Si(Do)]+

[Ph3C]+

R3Si H

Ph3C H

OTf

n

R1

n

R1 +

R2[Ph3C]+[HCB11Cl11]- 
(2 mol%)

Et3Si-H (1.5 equiv.)
- Et3Si-OTf

[Ph3C]+[HCB11Cl11]- 
(2 mol%)

Et3Si-H (1.5 equiv.)

- Et3Si-OTf

H Alkyl

n

R1

Alkyl

n

R1

+

H Alkyl

Alkyl
H

Alkyl+

OTf

Et3Si-OTfEt3Si H

H
Alkyl

OTf

OTf

H

+

H

Cy Cy
+

Cy Cy
+

(68%) (6%)

(6%) (78%)

OTf
[Ph3C]+[HCB11Cl11]- 

(2 mol%)

Et3Si-D
C6H12

C6H11
D

OTf
[Ph3C]+[HCB11Cl11]- 

(2 mol%)

Et3Si-D
C6D12

H/D

Ph
Ph

H/D
H/D

67%

65%

35%

Ph C6D11

DH

H

+

H

Popov, S.; Shao, B.; Bagdasarian, A. L.; Benton, T. R.; Zou, L.; Yang, Z.; Houk, K. N.; Nelson, H. M. Science 2018, 361, 381−387 



Silylium Ion Catalyzed Diels-Alder
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+ OMe

O

2 equiv.

silicon Lewis acid

MePh
0 ˚C, 1 h

CO2Me

Me3SiOTf
(10 mol%)

ẟ(29Si) 43.5 ppm
(neat)

0%

Me3SiNTf2
(10 mol%)

ẟ(29Si) 55.9 ppm
(neat)

92%, endo:exo = 98:2

[Et3Si(toluene)]+[B(C6F5)4]- 
(1 mol%)

ẟ(29Si) 81.8 ppm
(toluene-d8)

97%, endo:exo = 98:2

SO2

SO2

R

R

Tf
Tf Me

OMe

O

Me

SitBuMe

Et2O SO2

SO2

R

R

Tf
Tf

O SitBuMe2+

R = 9-phenanthrenyl

Ar

O

O List-cat (1 mol%)
Si+ (10 mol%) Ar

O OR

88-97%
d.r. > 95:5
85-94% ee

SO2

SO2

R

R

Tf
Tf

O SitBuMe2+

OR

O

Ar

OMe

O

OR

O+

Ar

R3Si O
P
O

Ar

Ar

N

NH
RO2S

O
P
O

Ar

Ar

N
SO2R

Ar =

R = C6F13

Et2O, -20 ˚C
1-6 d

Me

Me

CO2Me

R1

R1 = CH2CH2Ph
82%, 84% ee

R1 = Ph
55%, 92% ee

Me

CO2Me

R1

R1 = CH2CH2Ph
99%, 94% ee, rs > 98:2

R1 = Ph
71%, 96% ee, rs > 98:2

CO2Me

R1

R1 = CH2CH2Ph
99%, 94% ee, d.r. = 93:7

R1 = Ph
< 20% conversion

H. F. T. Klare, L. Albers, L. Süsse, S. Keess, T. Müller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889–5985; List, B., et al., Science 2016, 351, 949− 
952.; List, B., et al., J. Am. Chem. Soc. 2018, 140, 12671−12676 
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