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Selected Milestones of Vinyl Cation

4

First proposed by 
Jacobs and Searles

1944

Kollmar and Smith first 
predicted its carbene-like 

reactivity
1972

2017
Mayr and co-workers 

revealed that vinyl cations are 
sluggish electrophiles

1964
Grob and co-workers 

provided the first proof for 
vinyl cations with a 

solvolysis of aryl vinyl 
halides
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Stability of Vinyl Cation

5Bryne, P. A. et al. J. Am. Chem. Soc. 2017, 139, 1499.



Ring Tension of Cyclic Vinyl Cations
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Solvolysis Reactions of Vinyl Cations

7
Bryne, P. A. et al. J. Am. Chem. Soc. 2017, 139, 1499.

Cozens, F. L. et al. Can. J. Chem. 1999, 77, 2069.



Addition to Vinyl Cation: Activation Control

8Bryne, P. A. et al. J. Am. Chem. Soc. 2017, 139, 1499.



High Intrinsic Barrier

9Bryne, P. A. et al. J. Am. Chem. Soc. 2017, 139, 1499.
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Direct Solvolysis: First Attempt
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R

Br 80% EtOH
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O
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100 °C

1.0
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-NO2

-H
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/

-R

Grob, C. A. and Cseh, G. Helv. Chim. Acta, 1964, 47, 194.



Direct Solvolysis: Harsh and Not Useful
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For alkyl substituted substrate, direct solvolysis of vinyl 
halides/sulfonates require highly polar solvents(usually protic solvents) 
and relatively high temperature.

X 50% MeOH

60 °C
18 days

N.R.
X 50% MeOH

130 °C
+ O

rtrans/rcis
 ~ 10

X= OTs, OBs

OTf 80% EtOH
76 °C

OTfO

58

33

9

80% EtOH
76 °C

only product

H/D

H/D
kH/kD(100 °C) = 1.20 kH/kD(78 °C) = 2.09

Peterson, P. E. and Indelicate, J. M. J. Am. Chem. Soc. 1968, 90, 6515.
Peterson, P. E. and Indelicate, J. M. J. Am. Chem. Soc. 1969, 91, 6194.

Stang, P. J. J. Am. Chem. Soc. 1969, 91, 4600.
Hanack, M. Acc. Chem. Res. 1970, 3, 209. 



Cyclic Enol Triflate

14Hanack, M. Acc. Chem. Res. 1970, 3, 209. 
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Strained Vinyl Cations: Stronger Leaving Group

15

Relative Leaving Ability

nucleofuge relative leaving ability

SMe2

OTs

OTf

IPh

1

7 × 105

6 ×
 1011

5 ×
 1017

tBu

I

BF4
-

60% EtOH
50 °C, 6h

or 25 °C, 8d tBu

O

I

BF4
- 50 °C, 14d

N. R.
MeOH

Okuyama, T. et al. J. Am. Chem. Soc. 1995, 117, 3360.
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K.-y. Akiba), Wiley-VCH, New York, 1999, 359.
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Silylium Ions: Eager for Coordination

16Walker, J. C. L. et al. Nat. Rev. Chem. 2020, 4, 54.



R3Si+-WCA Strategy for Aryl Fluoride
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Allemann, O. et al. Science 2011, 334, 574.

Shao, B. et al. Science 2017, 355, 1403.



R3Si+-WCA- System for Vinyl Triflate
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Popov, S. et al. Science 2018, 361, 381.



Li+-WCA- : Higher Compatibility

20

Using weaker LA Li+ instead of silylium Ions, higher compatibility of 
functional group can be achieved, but strained vinyl cations cannot be 
generated.    

Wigman, B. et al. J. Am. Chem. Soc. 2019, 141, 9140.



Lithiated Ureas: Also Work, even Better

21Bagdasarian, A. L. et al. Org. Lett. 2020, 22, 7775.
Lee, W. et al. J. Org. Chem. 2023, 88, 3403.



IDPi: Milder for Phenyl Aryl Tosylate

22Sepand, K. N. et al. Science 2022, 378, 1085.



Electrochemical Approach

23Wigman, B. et al. Angew. Chem. Int. Ed. 2022, e202113972.



Electrophilic Addition to Alkyne by Carbocation
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Liang, X. et al. J. Am. Chem. Soc. 2020, 142, 8116.
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Intermolecular Capture

25

Biermann, U. et al. Angew. Chem. Int. Ed. 2006, 45, 3076.
Niggemann, M. and Gao, S. Angew. Chem., Int. Ed. 2018, 57, 16942
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Gao, S. et al. Org. Lett. 2015, 17, 5080.



Gold Catalysts

26

Cai, P. et al. Org. Lett. 2014, 16, 5898. Wang, Y. et al. J. Am. Chem. Soc. 2020, 142, 2777.

Liu, X. et al. Sci. China Chem. 2022, 65, 20.
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Carbene-like Reactivity
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NR2 OR

NR2 OR

ground state triplet

Niggemann, M. and Gao, S. Angew. Chem., Int. Ed. 2018, 57, 16942



C-H Insertion: Electrophilic Process

29Lee, W. et al. J. Org. Chem. 2023, 88, 3403.



Intramolecular C-H Insertion: Only for endo-
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Biermann, U. et al. Angew. Chem. Int. Ed. 2006, 45, 3076.



Intramolecular C-H Insertion: Only for endo-
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Regioselectivity: 1,5-Insertion Favored

32Lee, W. et al. J. Org. Chem. 2023, 88, 3403.



Asymmetric Intramolecular C-H Insertion

33
Nistanaki, S. K. et al. Science 2022, 378, 1085.



Asymmetric Intramolecular C-H Insertion

34
Nistanaki, S. K. et al. Science 2022, 378, 1085.



Intermolecular C-H Insertion
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In nonpolar solvents, there’s little solvation stabilization for 
carbocations, so non-classical carbocations are preferred.  

Popov, S. et al. Science 2018, 361, 381.



C-H Insertion vs. Hydride Shift
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For C-H bond: electron-rich C-H bonds prefer hydride shift
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Cleary, S. E. et al. J. Am. Chem. Soc. 2019, 141, 3558.



C-H Insertion vs. Hydride Shift
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For vinyl cation: when the carbene-like resonance is disfavored, the 
concerted C-H insertion is not preferred

Bagdasarian, A. L. et al. Org. Lett. 2020, 22, 7775.



Rearrangement: General Law

38
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Migration in Destabilized Vinyl Cation

39Cleary, S. E. et al. J. Org. Chem. 2019, 84, 15154.



Migration in Destabilized Vinyl Cation

40Cleary, S. E. et al. J. Org. Chem. 2019, 84, 15154.
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Summary and Outlook

42

Stability: no significantly more labile than normal 
trisubstituted carbocations, albeit harder in generation

Carbene-like reactivity: spatial controlled C-H insertion

Generation of vinyl cation: need for mild condition with 
better functional group compatibility 
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