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1. Introduction

Tricoordinated carbocation & dicoordinated carbocation

tricoordinated carbocation

stablized carbenium
c X X@
clo=—_J_ 1
® ®

sp?-hybridized

resonance & hyperconjugation
many methods for generation
known in asymmetric catalysis

D. A. Klumpp, et. al. Chem. Rev. 2013, 113, 6905—6948.
S. Gao, et. al. Angew. Chem. Int. Ed. 2018, 57, 16942-16944.

dicoordinated carbocation

4 )
vinyl cation aryl cation
@)\. ©@
)

high s orbital character

minimized resonance & hyperconjugation
chanllenging formation

unknown in asymmetric catalysis



1. Introduction

Energy

low intrinsic
barrier

classical Sy1 reaction

Carbocation:
> Low intrinsic barrier

> Stable intermediate

» Multiple reactions

H. O. Smith, et. al. Angew. Chem. Int. Ed. 1972, 11, 635-636.

similar reactivity stability

Energy

A high intrinsic
barrier

R
=
R R R Nu
=~
R R

vinyl cation driven Sy1-type reaction

Vinyl cation:
» High intrinsic barrier

» Unstable intermediate

» Possibility of C-H insertion



1. Introduction

Vinyl cation (Resemble with methylene bearing a CH," substituent) Vinyl Cations Produced by Alkynyl Group
H
— R_%(H
R
R—=—R — Lewis acid or metal catalysis

H Ho. P c

= )éa—H _— @)—C-H e R—%(

H H R

Vinyl Cations Produced by a-diazo Compounds

Os X
N, ﬁ/

X
OH o
lonization of vinly triflates ™ o gréj Lewis acid %
. ©) R R )
Additon of electrophiles Reactive Nu Z=( X = OMe, NMey, ‘Bu
to alkynes " 7 R v
Tandem cyclization of > RZ=@—R3 Vinyl Cations Produced in Situ by Vinyl Compounds
enynes or diynes T~ R R
C-H insertion 2_< X
Decomposition of R® R ©/ Lewis acid | @G‘) . = OTF. OTs. BP
a-diazo ketones Y, = OTf, OTs, BPin

S. Searles, et. al. J. Am. Chem. Soc. 1944, 66, 686—689. 6
G. Cseh, et. al. Helv. Chim. Acta. 1964, 47, 1590-1602.



1. Introduction

Vinyl cation by alkyne and allene with gold catalysis

Vinyl cation formation and nucleophilic attack

)
)
:
! )
i Ph Ph
Allylic cation formation and nucleophilic attack/deprotonation : H.O Ph
| Z “Ph
R ! 1 Me
= Ph Ph : R Me _
( /,\Rz [Au] ; // R? - [Aul n=2
n )\ or or : (AN 2 | L
3 N ] n )
R ! RS Me @ Ph o
Ph | f Me Ve Ph
! R
n=0,1 n=0 n=1 n=1 i n=0 2 i» Me
i "Bu "Bu
| [Au] n=0
: T —
:
Me | Au*
: :
: — —A
| —Ar — r ——Ar
Me/ C-C Bond i R [AU] R R
PhsPAu e
AuPPh3 Formation E —_— —_— AL
' N -
!
i >R = s
'V'e/ ! H H H
:
= f
! 0 OH
Me ‘~ '
E " H* - HQO —Ar
/ PhsPAU A - R A -— R Ar =~ R
H 1,5-H Shift ' Au - Aut AU -H
|
Phs pAu-—AuPPh3 \_,/ AuPPh; ' 4 7 y AU
@ E R R R’
)

K. N. Houk, F. D. Toste, et. al. J. Am. Chem. Soc. 2008, 130, 4517-4526.
R. S. Liu, et. al. J. Org. Chem. 2008, 73, 4907-4914.



1. Introduction

Vinyl cation by alkyne with copper catalysis

/OTf
Q_l Cu' catalyst Q
alkyne activation EDG—

]
]
]
]
]
]
]
]
]
i
i EDG—
cffs c s R_F E
2 Y= : o
R ¢ R i . o
; electron rich alkyne diaryliodonium triflate stabilized trisubstituted
i vinyl cation
:
]
]
i
i © Friedel Crafts vinylation
Cu(OTf), (10 mol%) i
DTBP (1.5 eq) R '
— > i
@—I oTf  + DCE. 70 °C ©/\/ :
:
]
]
]
l :
T ' |||
: @ = TfO
CUCI)” f R i
™ ___ R —— !
@ \/ (j ® | aromatic electrophile cu'-aryl all carbon tetrasubstituted alkene
]
]
]

aunt, et. al. J. Am. Chem. Soc. 2012, 134, 10773—10776.

M. J. G
M. J. Gaunt, et. al. J. Am. Chem. Soc. 2013, 135, 12532—-12535.
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2.1 Vinyl Cations Produced by Alkynyl Group

Ring closing reaction of alkyne with carbocation

R
Ph R

) i

\\ OH\\ TfOH (10 mol%) Ph OHl | HBF 4+OEt, (0.05 eq) Ph (@) i OH

or DCE.50°C > Ph L oaRes

( ; ) Ph HFIP, 25 °C, 30 min ' FsC™ "CFj
n ( m n :
]
m=0, 1 2, 3 45%~96% 90% :
n=1,2 !
Ph H
Ph H Endo H ] H
R OH| | H R é-\| cyclization ~ R1 ® X R X

Ph
® Ph Ph R! OH R! 0
\ R2 —>
N N\ R
_>
Exo & -
cyclization +H*

\/

S o
(@)
=
=t
T
(@)
N
®) T
=
T
N
(@)
I -
T
N
(@)

Y. Yamamoto, et. al. Angew. Chem. Int. Ed. 2009, 48, 5893-5896.
F. Rodr guez, et. al. Org. Lett. 2018, 20, 1659—1662.



2.1 Vinyl Cations Produced by Alkynyl Group

Ring closing reaction of alkyne with alkene and allene

Ph /;Q TfO
Tf,NH (2 mol%) Ay TsN TIOH (10 eq)
H DCE, rt \ Solvent 15 h Me
n Me >—Me
Me
n=3 41%

ce @J”

TfO
/%Q TfOH Friedel-Crafts O
Me TE,NH X reactlon ‘
A\ X
\. X= NTS CH2 Me
_ _ Me

e

Me
Tf, i | |
H Me .
FsCs ‘_9('\ H 'OTf Entry Solvent Temp. (°C) yield (%)
O’ \\"'\ @ N

Me

THF 60 trace
\ y /
H

: DCE 94(B
N @M > C 60 (B)
\\v" A
RH\MG DCE rt 84(A)
H
Me

Y. Yamamoto, et. al. J. Am. Chem. Soc. 2010, 132, 5590-5591.
Z. X.Yu, et. al. J. Org. Chem. 2018, 83, 7633—7647.
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2.1 Vinyl Cations Produced by Alkynyl Group

Rearrangement reaction of alkyne with sulfoxide

©
1 2
OH ? R Y R
/\ ) 4©/C§)\R3 TfOH (0.5 eq) N SR3
Z R? + R4 —o> R4
" z = MeNO,, 80 °C L

R3 TfOH ( 05eq
MeN02 80 °C
Selected examples
O
C o
Sph ‘)H‘\ Meo’; :
90%
O%

96%
o 0
/ I 3
S SPh SPh
93% 63%

Selected examples

o
A3

32% (25 °C) 54% 52%

N. Maulide, et. al. Adv. Synth. Catal. 2017, 359, 64-77.



2.1 Vinyl Cations Produced by Alkynyl Group

Meyer-Schuster

©
0
|
OH S< /& 2
/\ TfOH ® rearrangement PN L Z >R 5 0P A R2 R NP R?
2 — 2 > * —_— —_— S — 3 PhS
=~ R /;R R@% o o PN & S

100
90

OH
80 @ /\
R2 —> )

70

Free energy balance (kcal/mol)

A:-1.3 (R'"=R?=Ph)
B:5.3 (R'=H,R?=Ph)

& OTf
% C:13.0 (R'=Ph, RZ = H)
s 50
)]
S 40 *

30 ghs O 0 o
iz / B Phg SPh
ok & & @ C ® C

A B C

A A A A A A
8888888 C
0 100 200 300 400 500 600

t [min]

13
N. Maulide, et. al. Adv. Synth. Catal. 2017, 359, 64-77.



2.1 Vinyl Cations Produced by Alkynyl Group

Construction of axis chiral compounds

DCM, rt

up to 99% vyield
up to 91:9 ee

R
catalyst (5 mol%) Q O O @0 Chiral cationic O Q
- \
Q O VQM mesomer Q
=D (no free rotation —>
R HO H @ possible) H @Q

DCM, rt R'
up to 99% yield
up to 94:6 ee

- )

6

H
Vinyl cations
mesomers O a
Product <€&—— @ g
@ (Free rotation) ¥

AG¢ 26.4 kcal/mol HO

€5
®

P. Y. Toullec, et. al. Chem. Eur. J. 2020, 26, 16266-16271.
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2.2 Vinyl Cations Produced by a-diazo Compounds

Vinyl cation by a-diazo ester

@,BF3
OH O @ H O
R! BF3°Et,0 NS N y
R2 R3 —_— R1an)LR3 —_— R1 R3 r R1 — \/
N ® (N@
2 (N@
(R2 = H) B N @BF3OH_
N
o) 2
0 CO,Et
HO =
OTBS EtOJl\fNZ COE SnCl Z 0
- OTBS 4o
LDA, THF, - 78 °C DCM, - 78 °C to rt
@ 'I/ N\\@ T
H _sncl, N COsE: CO,Et
EtO,C O | (. Z 0®
OTBS i OTBS > v Si(Me,)Bu
HOSNClI,

B. L. Williamson, et. al. J. Am. Chem. Soc. 1996, 118, 1-11.
M. Brewer, et. al. J. Am. Chem. Soc. 2008, 130, 3766-3767.

N

" CH,S o F | CO,Et
COzEt BF3'Et20 EtOZC " O%) +
—» n
S = Solvent Ck(-/;n
n n
n=0,1,2

The ratio depends on solvent

o CO,Et
i((_ CO2Et BFEL0 I
n

n=0,1,2

COzEt

E §l'l
COzEt Ring

I expansion
n

. CO,Et
CH,S ® CH, Ring 2

Solvent contration @
EtO,C -«——— EtO,C -
n n n

(0]

16



2.2 Vinyl Cations Produced by a-diazo Compounds

Vinyl cation by a-diazo ketone

o, N,

(0]
H
O Lewis acid
R DCM, - 15 °C .

(yield: [R=H] > [R=Me])

More stable carbocation

Me
Me Ny OH o Me Cl
Lewis acid +
e _Lewis acid,__ T
( DCM, - 15°C e
¢} o )
n

n=1,24 .
ratio depends on lewis acid

Me Me

Me
N B(CeFs)s Q
2
OH —>° Me
(0] DCM, -15°C Me
Me Me

63%

M. Brewer, et. al. Chem. Sci. 2017, 8, 6810—6814.

QN2 Me O
Me OH . .
Lewis acid
> H2C
Me DCM, -15°C
7%

More stable carbocation
to E1 elimination

17



2.2 Vinyl Cations Produced by a-diazo Compounds

Vinyl cation by a-diazo amide

14% yield

0,
a) 7% yield ( ) 24% yield

(a) 66% yield

(b) 17% yield (b) ND

N2 F CO,Et
EtO, OH 2 CozEt :
BF3 Et,O i
e} i
solvent '
|
]
; o
(a) pentane (a) 0% vyield (@) 75% yield a) 0% yield ' Me N, Me_ O X .Me
(b) benzene (b) 6% vyield (b) 12% vyield ( ) 74% vyield, Nu = Ph i Me—N . ) N N
. OH |
! Lewis acid ) Me
|
Different solvent gives different ratio i o DCM, 1t '
]
i X =Clor OTf
OMe ' A B
0P OgOMe i
Lewis acid ( ® i
—> H —> e —>» H,C i
! Entry Lewis acid Yield A Yield B
]
|
]
a) SnCly, i 1 B(CeFs)3 ND ND
( ) Sc(OTH)3 '
' 2 SnCl, trace 33%
]
0 0 o | 3 Sc(OTf); 24% 25%
]
H OMe 5 4 In(OTf)5 17% 28%
]
| | 5 TMSOTf 6% 62%
i
]
]
|
]
]
|
]
]
|
!
]
]
)

Different lewis acid gives different ratio

18
M. Brewer, et. al. J. Am. Chem. Soc. 2019, 141, 3558—3565.



2.2 Vinyl Cations Produced by a-diazo Compounds

T AGgq (kcalimol), B3LYP-D3/6-311+G(b,p)-PCM(DCM)//B3LYP-D3/6-311+G(b,p)-PCM(DCM)

Me
Me

H

o TS4

e
c) CH, -294
H
D 0 Me
M
Me © Me
Me H,C
E

c 0O
2
®
AG* =18 AG* =0.4 AG” = 9.6 F
fast f fast T slow f
N, Dissociation Ring Expansion Hydrogen Abstraction C-C Bond Formation Ring Contraction

- - = - - -

M. Brewer, et. al. J. Am. Chem. Soc. 2019, 141, 3558—3565.
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2.2 Vinyl Cations Produced by a-diazo Compounds

T AGgq (kcalimol), B3LYP-D3/6-311+G(b,p)-PCM(DCM)//B3LYP-D3/6-311+G(b,p)-PCM(DCM)

o #
(+)||\
"/
8.4 TS10
- 16.0
(0]
Me(
(0)
@
AG* = 2.4 AG* =76 AG* =37  H,.C
L
fastf slow T fast f
N, Dissociation Ring Expansion Hydrogen Abstraction C-C Bond Formation Ring Contraction

- - -+ - -+ -

M. Brewer, et. al. J. Am. Chem. Soc. 2019, 141, 3558—3565.
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2.2 Vinyl Cations Produced by a-diazo Compounds

T AG,q (kcalimol), B3LYP-D3/6-311+G(b,p)-PCM(DCM)//B3LYP-D3/6-311+G(b,p)-PCM(DCM)

|
Me N, Me\NJ@_ Me<
TS e X ) 0 # Yl
e
14.2 Me @.‘
P’

e
® -21.4
-27. | o
Med
o o) N
@ Me
H,C
& R
P Q
AG” = 8.1 AG” =1.0 AG* =53
slow f fast f fast T
N, Dissociation Ring Expansion Hydrogen Abstraction C-C Bond Formation Ring Contraction

- -+ .

M. Brewer, et. al. J. Am. Chem. Soc. 2019, 141, 3558—3565.
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Aryl Cation
i
]
i
[PhsC]* [HCB41Cly ] (2 mol%) , i
~ - Et;SiH (4 mol%) xR :
R + He, » R'T |
= R o = '
i
]
[}
]

Selected examples

Ph : :Ph Ph
X i Ph HO” : O
X=Cl, 47% B F . [R3Sil* [WCAT .~
X = Br, 56% 36% 29% (R' = OTBS) RT rt, 1h O

X=1,71%
o cL, o0
BTMS » T™MS 5
549% 41% 40% UL
Me 55% trace trace trace

o Y

Me B-Si Stablization
SR e
40% (o:Biy =26:9:5)

32% (35 bar)

23
H. M. Nelson, et. al. Science. 2017, 355, 1403-1407.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Aryl Cation

F
©:TMS RsSi-F

Fluoride
abstracton
R5SiH
[Ph3C]* [WCALL
Initiation [WCA]
[R5Si]* o
[WCAJ O
PhsH TMS
B-silicon
Regeneration stab|llzgd
carbocation
2 R2 . R2
R Insertion H~
& :
TMS
B-silicon [WCA]
stabilized
arenium

H. M. Nelson, et. al. Science. 2017, 355, 1403-1407.

M
F
TMS
Me Et3SiH (4 mol%) Me
benzene
T™S >
F 30°C,0.2h

[Ph3C]+ [HCB11C|11]- (5 mOl%) —D11
'Pr3SiH (10 mol%)
'
TMS cyclohexane-dq,, 70 °C, 13 h  H/D D/H
15% D/H 49%
16%
[Ph3C]+ [HCB11C|11]- (5 mOl%)
F ’Pr38iH (10 mol%) phenylcyclohexane
> and
TMS cyclohexane : cyclohexane-dq, (1:1) phenylcyclohexane-dq4
70 °C, 13 h
KH/KD =1.08

[Ph3C]+ [HCB11C|11]- (2 mOl%)
Et;SiH (4 mol%)

benzene ©:>
30°C,1h

Me
35%

e

[PhsC]* [HCB4;Cly1] (2 mol%)

Ph
- - 99%
R
S
| Z aryne intermediate
Z4 not existed
“SiMe,

24



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

OTf [Ph3C]+ [HCB11C|11]- (2 mOl%) alkyl Ar
_ Et;SiH (1.5 e -
e . alkyiH or ArH 3SiH ( a) > r or r-
R [ o ° R1r R1_
of -40°Cto 70°C, 1-3 h o, b,
n=01,2,3

=
o
>
1l

Selected examples

H

[WCAJ

87% 88% 91% 68% (ou:pry = 21:36:11) | H  [Et;Si]*[WCAJ C@
R [

Catalyst regeneration
C-H Insertion R=H

Et;Si-H
H

T
el

C-H insertion: concerted vs stepwise

® H
[WCAJ

66% (47:19) 95% 78% 49% (9:1 dr)

25
K. N. Houk, H. M. Nelson, et. al. Science, 2018, 361, 381-387.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Regional Selectivity Study g
OTf

1 11:1 A:B
Q 2 Selectlwty
O }.' Experimental ratio MD ratio

Me Me Me Me Me Me

11:1 (A:B) 50:7 (A:B)
mixture of A & B === Q 1:13 (A:B) 9:46 (A:B)
»
Me Me ™
) 1:13 A:B
. Q/OTf Selectivity
1.36 A
ﬂ)".*\éj 44 A
Vinyl cations are produced in situ by vinyl triflate "?,"
1.38A % %
. 1.27 A v
of \&1 39A 36.2 NELR
® 1,2-H Shift SO \ 157.5° b /s e .,
@\) ------------------ > || & ,,-q‘ 7 /. C\138A
H  AG* =36.2 kcal/mol d Y \ "’\'”77"‘ =
0.0 ,/ \ 5o
cyclohexenyl vinyl cation cyclohexenyl allyl cation \ N :
\-29.5

1,2-H shift is impossible

26
K. N. Houk, H. M. Nelson, et. al. Science, 2018, 361, 381-387.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Mechanism for C-H Insertion

>(( *(f' (( S ;;;:‘},‘(ﬁ_» Mt o ii( e
T D‘Tz oT, [ e \ g}- 1,2-H Shift

@2H

2
major \@ 1,2 -H Shift

— — J _———— @
(l\j 4 2 2 H
; — : H
H H H ™H H /A H
. —_— N . @,
@ _H X4-H
@ 2
H minor ®p 1,2 -H Shift H H

K. N. Houk, H. M. Nelson, et. al. Science, 2018, 361, 381-387.
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Isotopic Labeling Studies

A

[PhsC]* [HCB4;Cly1] (2 mol%)

Ph\@/OTf Et;Si-H (1.5 eq)
CeD12

[Ph3C]+ [HCB11C|11]- (2 m0|%) C

H
6" "1
©/0Tf Et;Si-D (1.5 eq) O<D ' dCGHﬂ
r via:
CeH12 H

[WCA]@
~ C
H ® 1,1-insertion H /'@‘\ D D 75% [WCA]e
_— + -
Fh s Ph CeD1 [PhaCl* [HCB;ClyyT 2 mol%)  25%  pyp
612 Ph oTf Et,Si-D (1.5 eq) D/H D H <@ ~eP
. N o
L i \(j/ > b CeD11 via: | Ph
CeD12
~H ~D
D ©
12%
IWCA] o [WCA]

D [Ph3C]* [HCB4;Cly1] (2 mol%) 88% nip

Ph oTf Et,Si-H (1.5 eq) D/H H | B CﬂH“
> o CeHyy Vi@ |[Ph @
CeH12

evidence of 1,1-insertion

28
K. N. Houk, H. M. Nelson, et. al. Science, 2018, 361, 381-387.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

[PhsC]* [HCB44Cly4]" (2 mol%)

1
Et,SiH (1.5 eq) Cy R/\rR O O O
A + > R' +
R)\ O -40°Ct0 70 °C R)\/ Cy o ®

/

B S >
Me—/_l H@) I_\—Me GI)i)\—Me

H
Entry Substrate Solvent Temp. (°C) Product . ) ) )
unsymmetrically bridged hydride approach hydride approach
nonclassical ion leading to branch leading to end

1 /Y CeH12 30 /Y

OTf Cy
85%
2 CeH12 30 /Y * AN gy
OTf Cy
40% 39%
3 AN ot CeH12 70 /\c/ + Ny
y
16% 19%
+ /\/\
4 /Y CHCI3/CgH 15 40 /Y Cy
OTf Cy
17% 34%

CHClI; : attenuate hyperconjugative effects of cyclohexene

29
K. N. Houk, H. M. Nelson, et. al. Science, 2018, 361, 381-387.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

OTf [Ph3C1* [B(CeFs)sl (5 mol%)
LIHMDS (1.5 &q) Egj
Ar 1,2-difluorobenzene, 30 C

Use [Li] instead of R;SiH

RI
[Ph3C]* [B(CeF5)3]” (5 mol%)
LiIHMDS (1.5 e
(1.5 eq) . N
DCM or cyclohexane, 30 °C R _
X

Selected examples

(3 ° d

84% (3.3:1 tetra:tri) 48% 76% (3.3:1 cis:trans)

30
K. N. Houk, H. M. Nelson, et. al. J. Am. Chem. Soc. 2019, 141, 9140-9144.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

A Gutmann-Beckett 31P NMR studies

[LiI'[B(CgF5)al~ + OPPh3  § =38.2 ppm

l [KI[B(C4F5)]~ + OPPh, ~ ©=33:2ppm

VR oA o

OPPh; ‘ d =25.4 ppm
J

< Increasing Lewis acidity ]
—rr—r—r—rrr—Trr— T
40 35 30 25 20
PPmM

The yield: [Li] > [Na] > [K]
The reactivity: [Li] > [Na] > [K]

B Generation of [Li]" [B(CgF5)4] under reaction condition

LIHMDS

[Ph3CI" [B(CeF )4l . [Li]" [B(CeF5)al
CeDs

C Stoichiometric triflate abstraction

TfO
“\\ s
CO) -

15%

Catalysis: [Li]* [B(CgFs),]

31

K. N. Houk, H. M. Nelson, et. al. J. Am. Chem. Soc. 2019, 141, 9140-9144.



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

D Evidence of a vinyl cation intermediate

Ph OTf
[Ph3C]" [B(CgF5)3]” (5 mol%)
3 LIHMDS (1.5 eq)
cyclohexane, 70 °C
6% 15%
Ph
Ph ® 2
—_

E Evidence supporting concerted C-H insertion

Me
H Me
Me

TfQ Me [PhsCl* [B(CgFs)sl (5 mol%) '
LIHMDS (1.5 eq)
-
DCM, -40 °C

85%

K. N. Houk, H. M. Nelson, et. al. J. Am. Chem. Soc. 2019, 141, 9140-9144.

[PhsC]* [WCAJ = [PhsC]* [WCAT

+

[Li]” [Base] OTf

[Lil* [WCAT

[Li]* [Base] [Li]* [OTH

WCA] ®
O [WCAJ
H
[WCAJ
Q:,@

32



2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Ar

TfO
R? catalyst (10 mol%) R?
Ny X LiHMDS (2 eq) XX
R-F Y + Ar—H » Rt )
A 0-DFB or hexanes, 30-70 °C 2,
2
R R
oTf |) catalyst (20 mol%) <X
G U X LiH (5 eq) - R1—:\ ;
Rw J R 0-DFB, 70-90 °C ¥ R
X=CH2,0
R2
oTf ) catalyst (20 mol%)
Y COzR LiH (5 eq) .
— R_
R o-DFB, 70 °C l CO,R?
Me
CF3 CF3
J@L X J@L
catalyst =
FsC ” H CF3

H. M. Nelson, et. al. Org. Lett. 2020, 22, 7775-7779.

Selected examples

et

Me

TfO I

76%
Me

9

Me
CF,

(7

90%

Me

[

Me
64%

g
BOANSCARNCY

67% 84% 82% (2.3:1 C3:C2)
Me Me Me
[ ~"
e > ®
Me I y Me Q
N
7% 61% 61%

Me Me
[ oo [ )
O COyMe O COyMe O CO,Me O CO,Me
Cl Bpin

38% 50% 41%
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2.3 Vinyl Cations Produced in Situ by Vinyl Comp

A Stoichiometric experiments with lithium urea salt

M
oTf 0 MeO,C
A\ CO:zMe Ar\NJLN,Ar Q
y H L - O
¢ o-DFB Me Me
Me LiH
23% yield
M

B Attempted cyclopentene formation from propylated ester triflate

oTf MeO,C Ar. CO,Me
0,
\\-CO:Me cataILyisl,_‘: goe?)ol %) Q H>=<_\
®
Br o-DFB, 70 °C CH
Br
H ND 1° carbocation formation disfavored

H. M. Nelson, et. al. Org. Lett. 2020, 22, 7775-7779.

ounds

€ OTf
CO,Me
R: ; RTS
CO,Me o Me
Ar\NJLN_’Ar
H Li
Triflate
abstraction - LiOTf
e

Me
R® R li(
COzMe

CO,Me
Hydride C-C bond
migration forming event
Me
R ;g
CO,Me
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

C Proposed pathway of the C-C bond forming evnt of vinylogous acyl triflates

OTf Ho o
CO,Me catalyst (20 mol%) A
N LiH (5 eq) O
M DFB, 70 °C CO;Me T Me
€ O- Me

H Me 64% yield 16% yield
Triflate
abstraction Styrene capture Ester capture
Y Me MeQY)
Hydride migration
CO,Me 1,5-H Shift olefin isomerization
— H
Me H
H @ Me

35
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

Ro FA-0l=Ae

TBAF+(H,0); (5 eq)

BPin TBABF, (0.1 M)
2 MeCN (20 mM 2
R ( ) - R
. R2 Pt(-)/C(+) 1.8 V ' R2
rt, 15 min

81%

F
S0
\ |

61%

F
OO
OMe

ND

OMe F F
m m
MeO OMe OMe
82% 50%
F F
@Q xom
MeHN (0]
45% 68%
F F
n
ov oY
n
B
MeO !
ND 72%

F F
MeO OMe

59% 47%
F
F
S
B /Q)\O h
OC\I}I Bus
Me
39% 20%
OM
F o
n
o o
n
B
Me Me " MeO O
55% OMe 60%

K. N. Houk, H. M. Nelson, et. al. Angew. Chem. Int. Ed. 2022, 61, e202113972.
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

A Elimination reactivity

TBAF+(H,0)3 (5 eq)

BPin TBABF, (0.1 M)
MeCN (20 mM)

Pt(-)/C(+) 1.8V
rt, 15 min

o
- 2e” N
-BPinF O
MeO

TBAF+(H,0); (5 eq)
F TBABF, (0.1 M)

MeO

=
o
MeO

43% yield
"4

E1 elimination

F

Pt(-)/C(+) 1.8V
rt, 15 min

/©/§ MeCN (20 mM)
MeO

. @
MeO

Quantitative recovery

B Unsymmetric boronic ester reactivity

TBAF+(H,0); (5 eq)
BPin TBABF, (0.1 M) F

MeCN (20 mM) Ph
— M
Me PUIC(H) 18V e

MeO rt, 15 min

35% (6.25:1 Z:E)

C Friedel-Crafts reacivity

Ho0 (15 eq) ve-N =4
BF3K ':VIe TBABF4 (0.1 M)
N MeCN (20 mM) A
X + E} >
/©)\O 4 Pt(-)/C(+) 1.8V MeO
MeO rt, 15 min

48% (2.7:1 C2:C3)

D C-H insertion reactivity

BF4K H H,0 (20 eq)
TBABF, (0.4 M)
N Me MeCN (20 mM)
-
Me Me Pt(-)/C(+) divided cell Me
Ece” = 35 V
Me t, 1 h

12% (5.1:1 styrene products
C1=C2:C2=C3)
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

06099 Cyclic Voltammogram of 1 in 0.1M TBABF, MeCN
0.5000
+1.12V +1.56V +1.8V
0.4000
== 10 mM NBu4BF;
)| 2NK
0.3000

Current (mA)

1.00 -0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00

-0.1000 Voltage (V) vs. SCE

> 1.12 V: First oxidation potential
» 1.56 V: First oxidation potential
» 1.8 V: Standard potential

G)BFQ,
N -e elimination
BF
st : : - 3
MeO 1°! oxidation MeO MeO

A Vinyl radical trapping

"PrSD (20 eq)

H/D
BF3K TBABF, (0.1 M) /
N MeCN (20 mM) m
MeO H,0 (10 eq) MeO
P{-)/C(+) 1.8 V 60%
rt, 15 min

B Radical arylation reactivity at low potential

H50 (15 eq)
BF3K I>/Ie TBABF,4 (0.1 M)
N MeCN (20 mM)
R + D >
4 Pt(-)/C(+) 1.1V

MeO MeO

rt, 15 min

SN 2

F
® £
B X X
ol O IO
nd . .
2" oxidation MeO MeO

K. N. Houk, H. M. Nelson, et. al. Angew. Chem. Int. Ed. 2022, 61, e202113972.

(25% deuterium incorporation)

Me~N\Z~H

11% (only C2)
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

The first enantioselective version of vinyl cations

OTs IDPi (12 mol%) TN -
NS allyl silane (1.3 eq) H
Tol >
H A1l =
Ph NTf  cyclohexane (0.2 M) 2
65 °C, 72 h Tol
Ph SF,
> 20:1 dr ©/
A2= 5
Entry IDPi X Silane Yield ee

1 A1B1 H allyl TIPS 56% 52% . o

2 A1B2 CF3  allyl TIPS 79% 85% F F cl cl

3 A1B3 CF3 allyl TIPS 72% 60% B1 = ‘z,;.CFs B2 = B3 =

4 A1B4 CF3;  allyl TIPS 1% 84% X F X Cl
|

5 A1B5 CF; allyl TIPS 84% 85% F ¢

6 A1B6 CF;  allyl TIPS 72% 91% CF3 F F F

7 A1B6 CF;  allyl TMS 34% 89% @\ F CF, E F

- B4= B5 = B6 = OO
(s A1B6  CF, alylSi(TES);  91% 91% ) 3 CF, by i gy i
9 A1B6 CF; none 0% - E F F
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

OTs IDPi(A1B6) (12 mol%) TN
A NS allyl silane (1.3 eq) H
Ar? NTf  cyclohexane (0.2 M) H
60-75°C,72h Ar'

Ar?

Selected examples

TN TN

H ’ H H
O Ph O Ph

Me
81% vyield 70% vyield 81% yield 57% vyield
>20:1dr >20:1dr >20:1dr >20:1dr
91% ee 82% ee 92% ee 87% ee
TN TN TN H
H H H TfN
: SUONU O NS
Me H
me—< | Ph O Ph O Ph Tol O
S Me F
40% yield 89% vyield 66% yield 78% vyield
>20:1dr >20:1dr >20:1dr >20:1dr
90% ee 88% ee 82% ee 91% ee

K. N. Houk, H. M. Nelson, et. al. Science, 2022, 378, 1085-1091.

IDPi(A1B1) (15 mol%)

allyl silane (1.3 eq) :
TsO > [3.2.1] bicycles

cyclohexane (0.02 M) chiral if R" # R?
R" R? 65°C,72h R" R?

Selected examples

A N 8
OO~ WO OQ

48% vyield, 77% ee

h

46% vyield, 73% ee 55% yield, 73% ee

A PPC O|I \(|)

r

oy = e
DCM, 45 °C

Ph Ph Ar

enantioenriched cyclohexanes
100% es
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2.3 Vinyl Cations Produced in Situ by Vinyl Compounds

A Evidence of vinyl carbocation intermediacy

TN
TN
conditions H
TsO EE— H
Tol”  Ph Tl A,
TN
81% vyield, 91% ee
Tol—=

Ph

linear vinyl cation
intermediate

TN TN
conditions H
—
Tol H
— Tol
TsO  Ph Ph

88% yield, 90% ee

TsO Et

Ph

conditions Ph .=/Me | L{_Me
> via: Ph

Ph

Ph
41% yield

K. N. Houk, H. M. Nelson, et. al. Science, 2022, 378, 1085-1091.

B DFT analysis of insertion TS
3 "‘\ .

P =

Minor
AAG” = 2.1 kcal/mol

Major

TN
TsO
A~
Z X--Si(TES)3 fol- Ph
Protodesilylation lonization
(TES);3Si-OTs
NXNsi(TES),
TN
IDPi= X-=H ©® H
TiN X 10—
H Ph
H TN
Tol L H Enantiodetermining
Deprotonation H C-H insertion
X@
Tol
Ph
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3. Summary and Prospection

" =
— acid Hﬁ_ Nu or C-H insertion H  Nu C Nu
Y g :
H~ orC R R R R R
=R = =
C H R C R

Methods of acid Nu or C-H |nsert|on % /\5 < ?
producing vinyl cations éj (\ ; E\ ;

X = OMe, NMe,, B Y = NMe, O, C(CH3)

7 \_ x =0T, o @

More new methods of producing vinyl cations More reactivity of vinyl cations

The enantioselective version of vinyl cations are just booming!

X . . Nu Nu R' R’
©/ Lewis acid @@ Nu or C-H |nser‘uon> @/ . O/ . ©/ . O/
—_—

Y = NMe, O C CH3)2
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3. Summary and Prospection

More methods to get vinyl cation

R X X=Cl, Br, | R

= —_— 1)
R R
R NsHPh

— R - >=@
R R

More stable structure of vinyl cation

Sekiguchi (2012) Cheuk-Wai So (2022)
or Ph

TMS>_Si,P e Bu, ,N=<

TMS ®Si=S|  TMS B”(;RE«;_ P

Me‘N_\-/ iPr'SI_<TMS A_B\ Me

—N /—N
ey N TS M=
\ / Me
Me

Use ligand to get the vinyl cation

A. Sekiguchi, et. al. J. Am. Chem. Soc. 2012, 134, 886—889.
C. W. So, et. al. Angew. Chem. Int. Ed. 2022, 61, e202212842.

More reactions of vinyl cation

Carbocation chemistry
Friedel-Crafts Alkylation
Syl and Sy 1" Reactions
Wagner—Meerwein Rearrangements
Ritter Reaction
Schmidt Reaction

Pinacol and Prins-Pinacol Rearrangements

U

Vinyl cation
Nu or C-H insertion

Nazarov Reaction
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