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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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Brief History of Silylium
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Preparation and Properties

Applications
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Flowers, Gillespie, and Robinson:

o H>SO, (3 equiv.) .
Me;Si” “SiMeg Me3gSIHSO, + H,0* + HSO,

HQSO4 (3 equiv.)

Me;Si—OEt Me3SiHSO, + EtHSO, + H;O* + HSO,

Peach and Waddington:

lig. HCI
PhsC-OH ———————= PhyC*ClI + H,0

Electrically conductive

_ lig. HCI
Ph,Si-OH

No conductivity

Gilman:

\ H* \
/N@C—OH — N@C+ X+ HO
3

3 /
Amax 264nm Amax 319nm, deep violet
H+
N Si-OH —  Nochange
3
Olah:
FSOZH/SbF
Ph;Si-OMe PhgSi-F  + MeOH,*
SO,
. Me, Me Me
. F N -
Me38| (?"' Me F_‘§i_o\+ MeOH
H Me
SbF5/SO,CIF Me Fo_ F ¢
MesSi-F Me-Si_ \SpiF
Me~F~ F

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.



Bartlett-Condon-Schneider (BCS) Reaction:

AlBrs |
+CI + /\( |H + %r

\ NA~T
—ct x- + > C .
xR e

(Ph);C*X + R3Si—H ————— (Ph)3C—H + R;SiH*X"

Corey and West:

(Ph);C*BBry” *+ RsSi—H ——— (Ph)sC-H + R3Si—Br + BBr3

(Ph),C'Br + RsSi—H ——= (Ph)C-H + RySi—Br

Paecextace REacTion oFf TRIPRENTLSILANE AND TRIETHYL-
SILANE WITH TRIPHESYLONLOBOMETHANE AND TRIPMENYL-
PROMOMETHMANE 1% Vamsors Soevexts

CMLN, Colte CHCN CON ™F

15 o MNw (LR I8N I8 e

Fesctants 2" »° p b & o
PhyCBer, PhSIH 10x 100 i) o {
PeCHBe, B, 8H 1 ) 1 N 0
MhCCLL PhSIM 1 L | o 0
M CCHL BuSH 1o o “ (01 {

* HCY was present as » oatalynt

Tamre 11

REACTION sRTWEES THRIPMESTLANANE AND TRIPUENYVLEROMNO-
METHANE % LV arons SoevEsTS

Ire'oct ¢ o Temp Time LT
Ndvent M ¢ maot < N

Cyclohexane 2 015(38 ’ paY b1} 0
Moxane 2202 ! Ph Y 0
(11]} 0 L0
Carbom tetrs - AF o ) i )
chioede o I8 (LU L)
Bernrene 203 23 12 Y
p A [ ow

Tetrachhkeo-
ethylene 2.30(35 [} 5 .t 0
Carbon disulfide 26002 0 5 24 0
Diethy! ether 3V A 18 0
Ethy! lodade iR» i 23 ) 35 L0
Tetrahydrofuran & 2020 12 L 15 0
Dichkromethane 9 082X 0 25 y 25 L0
Dichiecethane 10 3425 5 25 10
Nitrohemzene 3485 H 23 28 100
Nitromethane 35 8w 1 25 28 11X

Rasj--~H
I |
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 5



Corey and Mislow:

H
—N
\
@\SithH
Fle
==
Lambert and Schulz:
Ph3C*ClO4”
(PraS)3Si—H iPr,S);Si*ClO,
CH,Cly, . (Pr2S)s 4

CH,Cly, -50 °C

—N
\

Bright green solution

No conductance in solution

PhsC*ClO4 : ~SiPh
Fe
CH,Cl,, -60 °C @

Dark green solution

110.8 uohm cm™”
No EPR signal

1 iPr peak in THNMR

_‘ ClO4
(Ph)3C*CIO4 NaBD,4

—_—

©,\SiPh2D
Fe
==

SR

RS-Si-H

S*R
PhsC

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
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. [Ph3CI*[(C6Fs)4BT N [Ph3CT [(HCB44HsBrg)I
EtySi—H EtySi*(CoF5)4B" (iPr)3Si—H (iPr)3Si*HCB;Brs"
CH,Cly, rit. CH,Cly, rt.

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



Breaking silicon-halogen bonds

R3Si—X
Silicenes +E* | -EX Hydride abstraction
iH : R3Si—H
R,SiH K - 39l
ﬁ
R3Si*
/e-' +E*
. -EH
: RSz Lo R3Si—CRg
one e processes IR3 +E* _EH
- CgHg Breaking Si-C/Si-Si bonds

RsSi—SiRs RﬁiOH

H. F. T. Klare, L. Albers, L. Sisse, S. Keess, T. Miller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889-5985 8



H S|Et3

Influence of the solvent:

_SiEt
+CI 3
— [B(CeFs)alm = [B(CeFs5)al”
C6H6 or C|C6H5
toluene — Ph3C-H .
3b*[B(CgxF5)a]™
Colle BT Rr)  ~PhCH ESLH + [PheelIBEF (CaTeM
2b*[B(CeF R = Me i) o o5 bid
toluene [B(CeFs)al ( ) 16b
[EtzSi—H—SiEt;]* R [EtzSi—H—SiEt,]*
[B(CgF5)al” Et,Si-H FCgHs [B(CeFs5)al™
5b*[B(CgF5)s]™ — Ph3zC-H — Ph;C-H 5b*[B(CgF5)s]™
50% conversion
| Influence of the substituents: Influence of the counteranion: |
[Me;Si—H—SiMes]* R =Me .
_ -~ Ph-CT* H SiEt;
[HCB44Cly4] 1,2-Cl,CeHa [Ph3C] 2
+ - [B(CeFs5)al™
5a*[HCB11Cly4] — PhsC-H — " - [B(C6F5)al”
toluene
[PhsCT* — Ph;C-H Me
[Et,Si—H—SiEt]* REEl [ MCBuChl _ R=Et 2b*[B(CeFs)al”
[HCB 1 Cleq]" R3Si-H @ ————
] 11011 . 1,2-Cl,CgHy 16a (R = Me)
5b*[HCB41Cly4] — Ph3C-H 16b (R = Et) [PhsCT*
16¢ (R = iPr) [HCB44HsBrg]™
9 =B- i -
B—Cl +Cl,SuPr:; R toluene
=1IFr3
Cl [HCB4Clyy]] =—m — Ph3zC-H
1,2-Cl,CgH4
— Ph3C-H
4C+[HCB11C|11]_

H. F. T. Klare, L. Albers, L. SUsse, S. Keess, T. Miller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889-5985




Mdiller:

iPr
Tipp PhsCT* i Mes PhsCI*[B(CeFs)al
i [Ph3CI*[B(CgF5)4] Pr - o [Ph3CI*[B(CeF5)4] No
Si iPr B(CsF= )4l _Si. ;
Et/HI‘Tipp Corlo, it L [B(CeFs)al Mes X Mes CeHe, rit. reaction
- PhsC-H Et” - PhaC-H
iPr
iPr
Me
Me
g/:es [PhsCI*[B(CgF5)al Me Me BOFol  +EtsH Me |\/,\|/Iee [B(CeFs)al
Et/H'Mes CeHg, rt. Me s+ Me Et/SI+
- PhyC-H Me
Me Me
Me Me Me
Not observed
Oestreich:
Me
Me Me
[PRaCTICCE FsBrol g'emp [PhaCIB(CoF s Me Me [B(CeF5)al
ol )
MePh, r.t. Me” i "Me CeHe, Tt Me L. Me oo
- Ph3C-H - PhsC-H Me Me
- Pemp3Si-H - Me3Si-H Me
: Me Me M
Me Me ©

See citation slide (group 1) 10



Pemp [Ph3CJ*[HCB1H5Bre]

Me” 1 "Me MePh, r.t.
H - PhsC-H
- Pemp;Si-H
/Me
* PhMe,Si. SiHMe, PhMeSi”
Ph PhMe,Si, ‘ 1,2-Si shift S
_Si* —_— H _— _— SiMe;
Me™ Me SiMe,Ph H
(-54.0 kJ/mol) (-54.7 kJ/mol) (-37.7 kJ/mol)
+
Ha
/C\ . +
PhMeS|\\\EIMe2 Ph,MeSi . [HCB{HsBre]
— H - SiPh,Me _SiMe;
SiMes Br*
(-10.8 kd/mol) -55.5 kdJ/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 11



Lambert:

Lambert and Reed:

ReSinoy + g —— [

Ph [B(CsFs5)al
| o SiEl
Mes3S|v\
CGDGv r.t.
Me
Oestreich:
H SiRs H SiRs _
g SIR3

[Ph3CI*[B(CgFs)al Ph,S $
Ph” +~Ph
CGDG’ r.t. - CGHG _
H - Ph3C-H [B(CgFs)al [B(CeFs)4]

Lambert, J. B.; Zhao, Y. Angew. Chem., Int. Ed. Engl. 1997, 36, 400-401; Kim, K.-C.; Reed, Lambert, J.

Me

Me™N*Me  [B(CoFs).l
Me L Me 65)4
Me
Me Me
Me
@‘\Si/tBu
Fle
==
H

Chem. Soc. 1999, 121, 5001-5008; Oestreich, M, et al. Organometallics 2015, 34, 3927-3929

Ph Ph
SiEt,

[Ph3C*[B(CeFs)al

C6D6r r.t.
- Ph3C-H
- CgHg

Fe| / “tBu
=
[B(CeFs)al

B, et al., Science 2002, 297, 825-827; Lambert, J. B, et al., J. Am.

=
N



[H(CgHg)I'THCB41HsBre]

\\\\ Si-LG
MeM I CGDG‘ r.t. kC;Gl'ﬂd
€ -LG-H [ I SiMe TSAE M
P e
LG= Me - Me
Allyl X 17.9

5 9
0T
vs]
< \
——
/

‘ | \

Me,Si M
i
A.
[H(CeHe)]'[HCB11HsBre] H [+] oo CoHe
CeDs, r-t. }\ e \
Me;Si - Me-H

~N

inversion at the carbon atom (black) g+ Me
retention at the carbon atom (gray) _qq5 *Si-Me

Me
C|C6D6, r.t. Q =B-H
- Me-SiMes

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 13



+ free silylium ions

Me Me
Me Me
Me Me Me Me
Me sit Me Me si* Me
Me Me Me” e Me Me
[B(CeF5)al” [B(C6Fs5)al”

23a* (Refs 78,80)
5(?°Si) 225.5 ppm

23b* (Refs 81,82)
5(?°Si) 216.2 ppm

Me Me

Me’ Me
Me

Si’ Me
Me Me\%’\ﬂe
Me
Me Me

[B(CgFs5)al™

23c* (Ref 79)
5(?°Si) 226.8 ppm

iPr

iPr iPr
iPr Si+ iPr
iPr
iPr Ik iPr
[B(CeFs)al”

23d* (Refs 81,82)
5(?°Si) 229.8 ppm

iPr

iPr
[B(CeFs5)al™

22a* (Refs 81,82)
5(?°Si) 244.7 ppm

(CeDe) (CeDe) (CeDe) (CeDe) (CeDe)
+ intermolecular stabilized silylium ions
solvent-coordinated hydrosilane-coordinated anion-coordinated
B, BIEG SiEt ' H 9 =B-H
" - P Me
H_SiEty ot Me. sf'Mj c 0 = B—Br
1
§ 5
wSic \ /7 i
Me Ml\elle, Me ﬂB~B+rfSII'Pr3
[B(CsFs5)al” [B(CsFs5)al” [B(CeFs5)al” [HCB41Cly4]”
1b* (Refs 30-32) 2b* (Refs 30-32) 3b* (Refs 35,37) 5a* (Ref 34) 17¢ (Refs 43,62,63) 17f (Ref 118)
5(*°Si)92.3 ppm  5(?°Si) 81.8 ppm  &5(%°Si) 99.9 ppm 5(?°si) 85.4, 82.2 ppm 5(?°Si) 109.8 ppm 5 (%°Si) -64.7 ppm
(CeDg) (CD3CgD5) (CICgDs) (solid-state) (solid-state) (solid-state)

H. F. T. Klare, L. Albers, L. SUsse, S. Keess, T. Miller, and M. Oestreich, Chem. Rev. 2021, 121, 10, 5889-5985

14



e HCl
[EtsSi-H-SiEty] — [H(HCB11X4)]
[HCBF I -196 "to 0 °C
- Et3SiCl, - Et3SiH

HCI

-196 * to -25 °C
- Et;SiCl

[Et3Si(HCB44Clyq)] [H(HCB41Cly4)]

) HCI (8 equiv.)
[(Et3Si)2(B12Cl12)] - [Ha(B+12Cl12)]
-196 “tort.
-2 SiCly

(0] H* O
)\/U\ M

[H(CHB,,Cl,,)] 84.0 -
[H(CB,,H<Cl)] 83.8 -
[H(CB,,HsBr¢)] 83.8 -
[H(CB,,Hclc)] 83.3 -
FSO,H 73.8 -15.1
CF,SO,H 72.9 -14.1
H,S0, 64.3 -12.1
none - -

See citation slide (group 2)

1 equiv.
[H(CB11HsClg)]
Dilute 1,6-0'206H4

e

r.t.
- H2

[H(HCB11X49)] J
—‘ 2Co,

-196 ‘C tor.t.

CeHs

r.t.

[MB(HCB11MG5BT6)] —‘

r.t.
-CH4

)"\ [HCB11X44]"

.
0=¢=0 |
/H
0=C=0 [HCB11 X4/

H Me

@ [HCB14MesBrg]
)"\ [HCB11MesBrg]

15



Ro [R3Si(CeDe)'[B(CoFs5)al
R CeDe

Ph

Phw\)\/SiEts

6(13C) 235.7, 193.7 ppm
6(2°Si) 34.2, 28.5 ppm

Ph
o K _sikty

6('3C) 225.4 ppm
6(2°Si) 46.2ppm

R1Si7 > SiMe,

R
R1)+\/SiR3 [B(CeFs)al

H

(Pr)sSi«__Si(iPr)s

6('3C) 229.0 ppm
6(2°Si) 49.6 ppm

H I [PhsCI[B(CeFs)al R'2Si~&-SiMe;
CgDe, rit. C* IB(CET
R2 - PhyC-H 7 [B(CeFs)al

R2

6(13C*) 178-205 ppm
6(13C*) 70-90 ppm
6(29Si) 12-29 ppm

Me28i \C,SiMez

I
?"‘
R

[H(toluene)]*
[HCB11Me5Br6]'
CeHe
r.t.
[HCB{MesBrg] Me
93% Yield (X-ray)
6(13C) 225.2, 196.9 ppm
6(29Si) -4.2 ppm
_I ot
Me,Si,  SiMe, Me2Si - SiMe;
= - I
g=¢ &
R R

R = SiMe;, SiMetBus, SiiPr3, Si(SMe3)s, GeMes, GeiPrg

Lambert, J. B.; Zhao, Y. AJ. 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. Miiller, T.; Meyer, R.; Lennartz, D.; Siehl, H.-U. Angew. Chem., Int. Ed.

2000, 39, 3074-3077.

16



[PhsC]"[B(CeFs)al-
2,6-lutidine (2 equiv) SiPhs
Ph3Si-H

CeHﬁ, r.t.
- PhyC-H

31% Yield

B(CeF5)3 (5 mol%) \ s

2,6-Cly-py (5 mol%) R2
()=
1,2-Cl,CgHg4
100 °C
-H-H >80% Yield

B(CBF5)3 (5 mol%)
CaO (0.5 equiv.)

N
MePhSiH, (5 equiv.) /@[ j/_Rz
CICgHs R Si

120 °C PH Ph
-2 H,
-H-H
RZ
7] e
@ Si-Me
” L HOH

Chang, S. J. Am. Chem. Soc. 2018, 140, 13209-13213

B(CeFs)s (5 mol%) Ho P

h
._Ph

Ph,SiH, >Si
CH,Cl, Z > R3

60 °C H

4

[RsSi(Do)[*  Si-H

Ar
N
via @:
i
R R

Furukawa, 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.;

Ph
'..Ph

Si

~75% Yield

N
H-"B(C4Fs)
Ar 675/3

B(CsFs)3 O

N
Ar
()
N
-H2 H_N+Piperidine Ar
Product H-"B(CeFs)s 1

17



Kira and Sakurai:

PhsCCl (9.5 mol%)

o Na[BAr,] (9.3 mol%) H H
Et3Si-H (3.6 equiv)
i
rt.
- EtsS|OS|Et3 87% Yield
OSiEtg

6(13C) 208.3 ppm

o [Ph3CI*[B(CsF5)4] (20 mol%) H H
iPr3Si-H (2.0 equiv)
M Me
rt., 5 mins

- iPr3SiOSiiPrg quantatative

PhgCCl (9.5 mol%)

0 Na[BArF,] (9.3 mol%) N
EtySi-H (3.6 equiv)
CH,Cl,
r.t.
- Et,SIOSiEtg .
91% Yield
E:Z=60:40
H H Q
)& R1JJ\R2
R4Si(Do)]*
- [RsSi(Do)] &
) o SiRs
R1J+\R2 R1J+\R2
RySi-H
RsSIOSiR,
Rs
. . Sl __SiR
RgSi~ ~.SiRs "o oe
0 H. 1
H%\RQ RTRE

R\/

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; 18



Me i
0 &0, [PhsCI*[B(CoFs)al” (5 mol%) o SiBuFcMe Ts. [PhsCI*[B(CoFs)al (5 mol%) Ts
' HN
I+ Fe | N EtSi-H (1.2 equiv)
R? R2 ! CH2C|2 H 4 R2 U\ H
= .60 °C, 255 h R R R2 1,2-XCeHs o Re

r.t., then hydrolysis

[R4Si(Do)]*
X oF PhsC—H
C-
N R [PhsCI* y
[Ph3CI*[B(CF5)l (5 mol%) SiEty R,Si—H I
ﬂ\ EtsSi-H (1.2 equiv) i R R2
R "R2 CgDg, r-t. HR‘ R2 X=0
minutes X=NR
RsSi—H X=CR;
x-S1Ra
R1 + R2

Miither, K.; Oestreich, M., Chem. Commun. 2011, 47, 334-336.; Miither, K.; Mohr, J.; Oestreich, M. Organometallics 2013, 32, 6643-6646; 19



Si—H @ Si—H OsSi Si—H OsSi Si—H H

CO, - . . s
H™ oS H7 osi H7>H Hj\H
. . CO;
[PhsCI'[B(CoFs)a] (0.1013 MPa) [PhsCI*[B(C6F5)al
(.1 equiv.) ' (1 equiv.)
Et;Si-H (1 equiv.) RsSi-H (1 equiv.)
CehHe, 1t CeHsCl, rit.
- PhyC-H - Ph3C-H
: Et;Si—H . :
)O\S|Et3 QSIRS (>4sequiV.) Et38| \6/S|Et3
L+ —_—
Ph™* "OH H” 0SiR, Hj\H
sym- B
collidine l H.0 R= IPI’l H,O l H,O

0 0 j\ OH
PhAOSiEt3 Ph)J\OSiEt3 H” “OH Hj\ H
1% 51% 89-95% 87-98%

Schéfer, A.; Saak, W.; Haase, D.; Miiller, T., Angew. Chem., Int. Ed. 2012, 51, 2981-2984. 20



[PhsCI*[B(CeFs)al (1-5 mol%) R Me [EtsSi(DO)]*[B(CeFs)al (5 mol%)
, Me3Si-Nu (1.2 equiv) _ Me,Si-Nu (1.2 equiv) Me
SN~ OSiMe; Ny S/\/OSE@ A
CH2C|2, r.t. A CH2C|2, r.t. <>\\‘\NU
50-90% Yield r
Ar = 4-PhOCgHy4 ~90% Yield
OSiMeS \
SiMe -
A7 Z0OMe ©\/I\> Me3Si—SPh
\SiMe3
R Me
v O3
Nu
[Me;Si(Do)]*
Me3zSi—Nu
Messi/O\SiRs
H
Ar
H
o. R
R1/\/\/ SiR3 H

Me,Si—~Nu

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

R%=Ar

21



[Ph3CT*[B(CgFs)a]" (2 mol%) [MezSi(HCB;1HsBrg)] (1 mol%)

iPr3Si-H (1.2 equiv)

H

R1 ]
R?2 CgHg, r.t.

[Ph3CI*[B(CgF5)al (1 mol%)
Et,SiH, (1.5 equiv)

A Me;Si-SiMes (1.5 equiv) N AN SiMes
R\= CICgHs, 80 °C A  SiMe;

@M
R+
/

R14\/\Si(nvr)sj

R2

AR

69-98% Yield

H

H
[Et,HSi(Do)]*

CICgHg
rt., 10 min

[Ph3CI*[B(CeF5)al (2 mol%)

Ph A
SiEt, _ Et,SiH,
EtzSIHz
| A R
Rt
=
Et

30-75% Yield ) y
-SSRt Si<
H :
3 H H

H

R X Et,SiH, (5.0 equiv) < R Ph RoB
e iEt = =Bn
N toluene = 2 Et "
H 2 H +t
r.t., 10 min H Si Et, Et, —|
_ ¢S Si Si Et
18-54% Yield A Yy — oL ;N Si £
O R/ R“)LA pou
H H

Oestreich, M., et ai., Org. Lett. 2020, 22, 1213-1216; O
12, 569-575

estreich, ivi., et ai, Angew. Chem., int. Ed. 2020, 59, 12186-12191; He, T.; Oestreich, M., et ai, Chem. Sci. 2021,

22



[Ph3C]*[B(CgF5)4] (3.4 mol%)

NS CFs Et;Si-H (7.8 equiv.) NS CHj
% 1,2-Cl,CgHy4 (or neat) N
r.t.
- EtgSi-F
F
C;H3 CH3 CHS F CH3
X HsC F F
F
>99% >99% >77% 33% >99%
[R3Si(Do)*
i F PRaCITWCAT F o
3 Et3Si-H 3 _ R.C—F
3 RsC_H Ph3C H 3
+
F F 1 ,2-CrI§CGH4 . . [PhsC]
F - EtgSi-F F RsSi—H
[PhsC]* [PhsCl* [PhsCl* [PhsCl* [PhsCI*
[B(CeFa)al”  [HCB44HsBrel'  [HCB4iHsClg]”  [HCB44Clil"  [B4,ClyoJ* R.Si—H
(4.7 mol%) (0.11 mol%) (0.1 mol%) (0.1 mol%)  (0.16 mol%) 3 RsSi—F
decomp. after TON =220 TON = 880 TON =370 TON = 110
TON =19 after 1h after 1h after 1h after 1h

Scott, V. J.; Celenligil-Cetin, R.; Ozerov, O. V. J. Am. Chem. Soc. 2005, 127, 2852-2853; H. F. T. Klare, L. Albers, L. Sisse, S. Keess, T. Miiller, and M. Oestreich,

Chem. Rev. 2021, 121, 10, 5889-5985
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[PhsC]*[HCB1Cl4] (0.63 mol%)
EtsSi-H (3.3 equiv.)

F

CF3

CBHG! r.t.
- EtySi-F

[Ph3C]+[HCB11C|11]- (45 mol%)
nHex3Si-H (9.9 equiv.)

FFFF

Douvris, C.; Ozerov, O.
4946-4953

neat, 50 °C, 120 h
- EtySi-F

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,

[PhaCI*[HCB 1;HsClg]" (0.08 mol%) F & N
Et3Si-H (3.3 equiv.) F CHg F T
+ Cl
1 ,2-?’|€CSH4 F F F F CI
- EtySi-F
TON = 2650 539% 390,

[PhsCJ* [HCB1Hs5Clg] (0.39 mol%)
Et3Si-H (3.3 equiv.)

CGHG! r.t.
- EtzSi-F 76
Oo o

TOI§13=/480 TON = 780
R30\©
+HH [RsSi(DO)T* ReC—F
+ RgSi—H RsSIi—F
"

&
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=i
. CoFs' P cr.
RaSI—F CeFs RsC—F
F
_5.CeHs
[R3Si(Do)]* RsC*
RsC-H R,Si—H
R1
R2_\__SiMe,
(2.5 equiv.) R

[(CeF5)3PFI*[B(CsF5)al (1 mol%)

CH,Cly, 60 °C
- MesSi-F

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.

Ej)km:3

CF3

Ph

2016, 55, 1417-1421.; Zhu, J.; Pérez, M.; Stephan, D. W. Angew. Chem., Int. Ed. 2016, 55, 8448-8451

[(CeF5)3PFI*[B(CeFs5)al (1.5 mol%)
Et3Si-H (3.6 equiv.)

CeHg, 80 °C, 48h
- EtsSi-F, - H-H

[(CeF5)sPF]*[B(C6Fs)al" (1.5 mol%)
Et3Si-H (3.6 equiv.)
B(CgHg)3 (1 equiv.)

CgHg, 80 °C, 48h
- EtzSi-F, - H-H

[(CsF5)3PFI*[B(CgF5)4l (1.5 mol%)
iPr3Si-H (3.6 equiv.)

BrCgHs, 60 °C, 30h
- PraSi-F, - H-H

[(CF5)3PFI*[B(CeF5)4l (1.5 mol%)
iPr3Si-H (3.6 equiv.)

BrCGH5, 80 OC, 12h
- iPrgSi-F, - H-H
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[IPrssi(HCB11H5C|6] r;,f\\ ‘ R2
(571° mol%) ! O R2
R! (Mes),SiMe, (1.1 equiv.)
7 R2 CICeHs
oo 90 °C, microwave

- (Mes)Me,Si-F Q
- Mes — R

F

S|M93
\ EtsSi-F

Alkyl
@ Y F [RsSi(Do)]* @
<RSP SiMeg

: Alkyl
[Me3Si(Do)]*

H
SiMes SlMe3
Alkyl
Ho Ky
IkyI
: SIMeS

[PhsCI*HCB41Cly I
(2 mol%)

Et3Si-H (4 mol%)

~cF i-
O
SiMeg H CeHeg R

- Me,Si-F

[PhsCI*[HCB41Clyq I
(5 mol%)

F PraSi-H (10 mol% Alkyl
R _Alkyl aSH i 1 ahi
'/ * H Ry
SiMeg CeHeg =

SiMe, H/D D/H

15% D/H  49%
16%

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
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[Ph3CJ*HCB,Cly4T OTf
(2 mol%) H
Et3Si-H (1.5 equiv.)
- Et3Si-OTf w
A (68%) (6%)
H

| - H=Alkyl
" [PhgCI*[HCB1Cly4]

oT
(2 mol%) ! Q ; ;
Et.SiH (1.5equiv) Rl ®;
- Et,Si-OTf - (6%) (78%)

-—

[PhgCI*[HCB41Cly]

H H
oTf (2 mol%) CeH1 Alkyl oTf
D [R5Si(D
Et,Si-D 3

Cotrz EtgSi—H

Ph3C H Et38I -OTf

=

_Alkyl

[PhaCl*
[Ph3CJ*HCB41Cly4T

Ph OTf (2 mol%)
\©/ EtySi-D

CeD12

RaSI

H @D
+  Alkyl

PhQOLCGDﬂ : A

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



_SitBuMe

R 0 R
O oM o owe LT
S>Oi/>7Tf Ve 80z )—Tf

© Q silicon Lewis acid [1
+
ﬁo'\"e MePh /

CoM SO, Et,0 SO, ®+ SifBuMe,
_ 0°C,1h 2Me OO OO Q
2 equiv.

R R%

R = 9-phenanthrenyl

Me3SiOTf MezSiNTf, [Et;Si(toluene)]*[B(CgF5)al
(10 mol%) (10 mol%) (1 mol%)
6(%9Si) 43.5 ppm 6(2Si) 55.9 ppm 6(2°Si) 81.8 ppm Q List-cat (1 mol%)
(neat) (neat) (toluene-dg) @ | o Si* (10 mol%) 1 Ar
0% 92%, endo:exo = 98:2 97%, endo:exo = 98:2 -
Ar Et,0, 20 °C O)\OR
1-6d
88-97%
d.r.>95:5
85-94% ee

R J‘)J\OR ' OO O/P\ 10 O
U Ly wy

Ar
s>oi)—Tf | ArRO,S  SOAR |
4 | OR
OO SO, + o SitBuMe; o Ar
| Me .CO,Me .CO,Me
R \rk \HJ\OMe j@ 2 /@ 2 7 -
\
Me R! Me R! CO,Me
R1 = CH20H2Ph R1 = CHonQPh R1 = CHchQPh
82%, 84% ee 99%, 94% ee, rs > 98:2 99%, 94% ee, d.r. = 93:7
R'=Ph R'=Ph R'=Ph
55%, 92% ee 71%, 96% ee, rs > 98:2 <20% conversion

H. F. T. Klare, L. Albers, L. Slsse, S. Keess, T. Miller, 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

28



CHEMICAL
REVIEWS

pubs.acs.org/CR m

Silylium lons: From Elusive Reactive Intermediates to Potent
Catalysts
Hendrik F. T. Klare,* Lena Albers, Lars Siisse, Sebastian Keess, Thomas Miiller,* and Martin Oestreich*

Cite This: Chem. Rev. 2021, 121, 5889-5985 E Read Online

ACCESS | [l Metrics & More | Article Recommendations |

ABSTRACT: The history of silyl cations has all the makings of a drama but with a happy |[ESRNTrrs
ending. Being considered reactive intermediates impossible to isolate in the condensed phase
for decades, their actual characterization in solution and later in solid state did only fuel the
discussion about their existence and initially created a lot of controversy. This perception has
completely changed today, and silyl cations and their donor-stabilized congeners are now
widely accepted compounds with promising use in synthetic chemistry. This review provides .
a comprehensive summary of the fundamental facts and principles of the chemistry of silyl Catlon
cations, including reliable ways of their preparation as well as their physical and chemical

properties. The striking features of silyl cations are their enormous electrophilicity and as such reactivity as super Lewis acids as well
as fluorophilicity. Known applications rely on silyl cations as reactants, stoichiometric reagents, and promoters where the reaction
success is based on their steady regeneration over the course of the reaction. Silyl cations can even be discrete catalysts, thereby
opening the next chapter of their way into the toolbox of synthetic methodology.
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