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Application of Triaryl Carbenium in Organic Synthesis

Li, Luyao* He, Zhongwen" Zhang, Zhenguo* Jia, Zhenhua™ Loh, Teck-Peng™
(? College of Advanced Interdisciplinary Science and Technology, Henan University of Technology, Zhengzhou 450001)
(b Division of Chemistry and Biological Chemistry, School of Physical and Mathematical Sciences, Nanyang
Technological University, Singapore 637371)

Abstract Triaryl carbenium, known as an exceptional Lewis acid, possesses a low-lying lowest unoccupied molecular orbital
(LUMO) that readily accepts an electron pair, which was widely used in synthetic transformations serving as reagent or
catalyst. Over the past decade, triaryl carbenium has been used as catalyst, pre-catalyst, co-catalyst and additive in organic
synthesis. Moreover, triaryl carbenium as a key intermediate approached to the successful synthesis of tetra-arylmethane. In
this review, the application progress of triaryl carbenium in organic synthesis in recent years is summarized, and its diverse

functional roles in organic synthesis are summarized, hoping to attract widespread attention.
Keywords triaryl carbenium; catalysis; organic synthesis; metal-free

FH T~ =05 B L rhu O B 2 (R S MR HL AR E
PE, RIUCRT DATE B 26 B 7 BOPH B FRAS T AT
Ft, BB RSN A 2 feha e . =55 LBk IE
27 ([ArC] ' [X] )72 1901 4E /1 Norris, Kehrman Al
Wentzel & e K ILIIN, LEAG WAL e 5 S22 1E H,
AU e A R BB S GV T, T b2 vF
ZANE A T (A, =05 BEpR IR B IR AR
53 T HUE(LUMO) YUIE fe e A, 7T AR 2 — X i1,
P ST B 5 R, R Te 1R ) BLHLER A 7T, I8
AEA NG A, =05 5k IE 5 P IE A A B
R BTz AR SO = 05 Bk IR B8 T AE A ML H )
DIRe AT 02K, RGuass 14k =05 5 E &8 115
AHLE B S .

* Corresponding authors. E-mail: iaszhjia@njtech.edu.cn; teckpeng@ntu.edu.sg

1 =ZFEREESFERMEUTIEBNERTR
R F

% 5 iR A = B LU I @ o 3, e, 48
By BERAKZEMIRI A EE, 0 = 2RI RR IE B AR A — AL
S ) R B o e JE R A i B2 5 4%, HAR
BN T HEGE PLEE L. R 20 4l 80 EAR
Mukaiyama 5525 AR IE T = 8 Bk 1 B X R AL
Aldol JBi, {H =75 5:b5 0F &5 7R HLEE Ak b 1 s
FIRAR AR 2 BTz ooy, IL4ERBEE SO R
J&, &)@ A 51 AR 2 i B, R i g Sh
A WU A AR TS DU K .

Franzén B 20 OE = SR BE05 1E &5 760 (Tr X0 )k
SN T B TR, 2014 4, AR ISR —

Received August 9, 2023; revised October 8, 2023; published online October 30, 2023.
Project supported by the Start-Up Grant of Henan University of Technology (No. 31401503).

TR Tl K 2 B IR A RIS 3 5 4x(No. 31401503) % BT H .

Chin. J. Org. Chem. 2024, 44, 421~437

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 421



BT FREHR

Fikee H O 3R = AR BE 5 1E B8 X [ Tr] ' [BF.] 1E 18 HEAL AT LA T4k Michael A1 3 (Scheme 1b).
AT, AT DA 280 i A 0 U 5 U AR A 0 2 ] 1) B G RO S — PR R T =0 B AL
Diels-Alder J % (Scheme 1a), Hff 773 B 48 75 1 (R HR AHUELACH S VG R, AR =07 5m IEs F1E A&
ARIETT AR = 55 B m IE &5 7 1 R TR, I DAER 1 BRP 5 B AL 77 v AEAL aza-Diels-Alder. FLHEN
IR i 2 b, T ) R SRR, T HL, 1% B A PR EHE DL R 53 P S (Scheme 2).

Franzén's work: (a) Diels-Alder reaction Mechanism of [Tr]*-catalyzed Diels-Alder reaction
0 < I G o O.4Ph
2 N #0.05 ~0.5mol% [Tr]"[BF4]" ~~,-! N
R R+ o MR = R 3 Ph
| “) DCM, rt. .
1 - /n
R I6) R3

Selected examples

dy Ay D00

3a 94% 3b, 91% 3c, 94% 2

(b) Michael addition reacion Activation of electrophiles by [Tr]*[BF 4]

@
Ph o
Ph—#S Ph
9 g e ol

~ (0] (e} Ph o

+ NuH 0.25~ 0.5 mol% [Tr]*[BF ] I | BF,
EtO DCM, rt. EtO NU \

EtO EtO
(0] (0]
6 7 o 8 e} 9

56% ~ 87% yields

B 1 [Tr] [BFa] fEAAKR 7o SR s AN 5 /R i A s Rz 00
Scheme 1 [Tr]"[BF4] -catalyzed Diels-Alder and Michael addition reactions!!*!

Franzén's work: (a) aza-Diels-Alder reaction | (b) Michael addition reaction

0]

/ '
N/TS "~ 0.2 ~5mol% C1/C2/C3 - (A\N/Tsl Q N 1~3mol% C1 R
+ [ —————— 2 ! + Nu ————
J A DCM. 40 °C /;‘\(/Ar | %R DCM, rt.
Ar g ' . ' ‘ N
H ' u
10 2 11 | 1 12
65% ~ >99% yields! R =H, Me 51% ~ >99% yields
(c) Halogenation reaction 3 (d) Epoxide rearrangement reaction
0 :
o O o O '
3 mol% €1 | 0 1~10mol% c1/caica R0
Me Me * X-N M Me | A /\
DCM, r.t. e € ! Ph R DCM, rt. PH
R R X i
(0] i
13 14 15 1 16 17
R =H, Alkyl X=Cl, Br 50% ~ >99% y|elds R=Ph, H 52% ~ >99% vyields

Selected examples
(e}

Me Me
c1 ] N md
S0 DCM, rt. “OH 1 W %
\ ; MeOOC
Me”™ "Me Me ;
18 19 i

(e) Intramolecular ene-reaction

11a,>99% 12a, >99% 15a, > 99% 17a, > 99%
67% comblned yield !

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A
Me MeO. MeO.
N oy e, L.
Q o
O BF, O BF, O BF, O BF,
c1 c2 C3 MeO c4

B 2 Franzén W[ Tr] [BFa] AL E HLEE LI

Scheme 2 Franzén’s [Tr] [BF4] -catalyzed organic transformations!!!]
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Franzén's work: (a) oxa-Diels-Alder reaction

1 1

)(ID jR 1~ 3 mol% [TH*[BF.] /O[R
.

R r2 DOM24hrt i

21 2 22

R = Aryl, Alkyl 71% ~ 99% NMR yields E

Selected examples

M
Ph Me Ph Me Me Me

22a, 80% 22b, 71%

i (b) oxo-Metathesis reaction

o} % 1 ~ 3 mol% [Tr]*[BF 4" e o}
|
DI e AN §

Me Me Ar Me’ Me

21 23 24

44% ~ 85% yields

E Selected examples

| ©\/\/Me /@/\/MeQMMe
| Me Me

22¢,63% !

24a, 85% 24b, 74% 24c, 44%

B 3 [Tr] [BFa] AL OR B R A8 S R4 2% 590 Ak e Joz 112-13)

Scheme 3 [Tr]'[BFs4] -catalyzed oxa-Diels-Alder and oxo-Metathesis reactions!!2-13]

Franzén's work: Bromination of alkyl arenes
Br R

R

R
(6]
A 2 mol% [Tr]*[BF 4] X 2 mol% [Tr]*[BF 4] AS
I | + [ NB —————~ [, —Br
v Benzene or DCM, r.t. & CH4CN, rt. A
R’ 55 W F.L. R’ 5 R’
26 25 14 27

55% ~ 96% yields Benzylic sp® C-H

Selected examples

6 6 oo & o

2 -
Arene sp™C-H 260, - 929% yields

26a, 82% 26b, 92% 26¢, 71% 26d, 96% 26e, 82% 26f, 80%
jj @ jj “ * (V1
27a, 85% 27b 92% 27¢, 70% 27d, 90% 27e, 92% 27f, 85%
B4 [Tr] [BFa] fEALTT eSS0
Scheme 4 [Tr]'[BFs4] catalyzed bromination of arenes!!4!
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Lv's work: (a) 1,2-Hydride migration and Roskamp reaction

0 H o} H O . R O
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(b) 1,6-Addition reaction

(o]
R R
\ " ZN
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|
Z>x
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X=0H,H
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39% ~ 91% yields

33

30% ~ 84% yields

BR 5 [Tr]"[BFs] 4L 1,2-E0ER A 1,6-h0 ki  B15-16]
Scheme 5 [Tr] [BF4] -catalyzed 1,2-hydride migration and 1,6-addition reactions!!5-16]

(a) Shi's work: [4+2] Cycloaddition reaction:

H ———NH

cny o
N R NW 20 mol% [Tr]* [BF4]

2N DCE, 80 °C

N\Q) Ar” N “Ar \Q)

34 35 36 |
56% ~ 93% yields !

Selected examples
H —NH H —NH

Tl O,

g g

1 (b) Sathyamoorthi's work: Ring opening reaction
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R X R XxH
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(c) Zhou's work: Polymerization reaction
o
@ + R-OH
n
39 40

R = H, CH3, CH,Ph
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M

B 6 [Tr] [BFa] HEALIINEANTFIR S 17200

Scheme 6 [Tr]"[BF4] -catalyzed cycloaddition and ring-opening reactions!!7-2]
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Kotsuki's work: Intramolecular cyclization reaction

10 mol% TrBr
(Mn 10 mol% TU
or 10 mol% TrBr only

CF3 CF3
Q hil Q
F5C N N CF
OH 3 N N 3
TU
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CHO
| anhydrous DCM (0.1 mol/L), r.t.
Me Me Me
42
[Tr]* species generated in-situ
(M 10 mol% TrBr ( TU Ar H
o . O @
| . CO,Bn 10 mol% TU CO,Bn + s x T
anhydrous DCM (0.1 mol/L) CO,Bn TrBr H
Me™ “MeC 02BN 1.0 GPa, rt. Mg,/ A

44 45 46

Selected examples
Me Me Me_ Me
M M
© © 0 0 TsN TsN
. " OH OH OH OH
‘OH ‘OH OH OH
Me Me Me Me
Me Me
43a, 86% 43a, 92% 43b, 46% 43b, 39% 43d, 66% 43d, 69% 43e, 90% 43e, 91%

trans/cis:18:82
10 mol% TrBr

transl/cis: 27:73
10 mol% TrBr

transl/cis:17:83
10 mol% TrBr

trans/cis: 78:22  trans/cis: 79:21 transicis: 75:25 transicis: 70:30 trans/cis: 30:70
10mol% TrBr 10 mol% TrBr 10 mol% TrBr 10 mol% TrBr 10 mol% TrBr

10 mol% TU 10 mol% TU 10 mol% TU 10 mol% TU
Me
rCN *
Me CN
47a 45a 47b 47c 45¢
47a:45a=81:19 47a:45a=20:80 47b:45b=100:0 47b:45b=100:0 47c:45¢=100:0 47c:45¢c=100:0
54% 86% 80% 86% 1% 63%
10 mol% TrBr 10 mol% TrBr 10 mol% TrBr 10 mol% TrBr 10 mol% TrBr 10 mol% TrBr
10 mol% TU 10 mol% TU 10 mol% TU
B 7 =05 2R 05 B 0P A 23 P BRI R A s AR [2 4 2188 e e i 21

Scheme 7 Triaryl carbenium ion-pair catalyzed intramolecular carbonyl-ene cyclization and [2+2] cycloaddition reactions?!!
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Luo's work: Diels-Alder reaction

g3 —COR‘
5 mol% [Tr]*[B(CgFs)a]” Lol e R
DCE, 50°C, 24 h s L3 N
R2 N
46 examples, 48% ~ 99% yields A
49

49a, 90%

49b, 80%

49c, 48%

49d, 91%

R 8 [Tr]'[B(CeFs)a] A EATA DS 5 MK IR Wi —Fi] /R il Jsg i 22)
Scheme 8 [Tr]"[B(CeFs)s]

catalyzed Diels-Alder reaction with anthracene derivatives
Hashmi's work: Intermolecular cyclization reaction
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|
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52e, 70%

Ph.  Ph
Jal

Ts—N° O N-Ts
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529, 86%

BR 9  [Tr] [B(CoFs)a] AL TIAI[2 424 LIFF A z123)
Scheme 9  [Tr]"[B(CeFs)s] i

catalyzed intermolecular formal [2+2+ 1] cycloaddition reaction!?3]

52h, 62% 52i, 73% 529, 78%

(a) Yao's work: Hydroarylation of alkenes

Proposed mechanism of hydroarylation
3 R_Me_, @
A E 10 mol% [Tr]*[B(CqFs)al R Cphs
1N+ “p2 N.
R IR 60 ~ 130 °C pe R
Z o [B(c Fe)a
53 54 55 53 6Tl
43 examples
0/, ~ 0, 3
: . : : 32% ~ 98% yields Ph @ Ph | ,CPh3
(b) Song's work: Hosomi-Sakurai reaction OMe e ‘ ) _,\\
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(@) ] N
0] B "R ~R3 [B(C6F5)4]
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" bemoasec /
R3
RZ
R’ ‘ CPh
59 60 61 Rz’g R3® 3
0/, ~ 0, :
80% 98A>y|elds 58 [B(CGF5)4]
B 10 ’ -

[Tr] " [B(CsFs)4] AL N T5 4L A Hosomi-Sakurai J 812423
Scheme 10  [Tr] [B(CsFs)4]”

catalyzed hydroarylation of alkenes and Hosomi-Sakurai reaction!?4-2"]
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Luo's work: Enantioselective Friedel-Crafts reaction

R o o TP
N R1vj\"/0\R2 _ Smol%TP1
N I PhCHa, -70°C, 4 h
H
62 59

10 mol% TP-1

OH o
+ Ph/\)J\H/O\
(0]

OMe

PhCHj, -70 °C, 24 h

64

Asymmetric HDA reaction

0 H
@ + R/\)J\"/O‘M 5 mol% TP-2 | : .
i € CH,Cly, rt., 4 AMS Ph

6~24h
2 59

O 0,
R'_\ Me + 5 mol% TP-3
_ FaC™ "COEt cH,cl,, -70°C, 72 h
67 68

Simultaneous [Tr]" generation and activation

G
,/\P,O‘Tr €] Va
\“x» N __— ’//\ /O TI’ _—_—
/0 D p\\ x)
v/ 0
70 71

Latent carbocatuon Substrate stimulation

Activation and chiral induction

=NF
0o

R : O.
63 ©
71% ~ 88% yields
26% ~ 99% ee
OMe

R2

HO Y o .
: | TP-1
R! O‘Me :
65 O
59% vyield, 84% ee

DA-3
75% ~ 99% yields !
66/3 = 55:45 ~ 75:25 |
86% ~91% ee !

F1C, OH
R@J\/<C02Et
%

69
59% ~ 64% vyields
78% ~ 84% ee

A0
"\*/P\\O Tr*

72

B 11 TR =18 A7 A =57 B 1E 8 1 0 A AN Bk s 8 127)

Scheme 11  In-situ synthesis of triaryl carbenium from chiral triphosphate catalyzed asymmetric reactions(?”)
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Luo's work: Enantioselective Diels-Alder reaction

TrCl (10 mol%) O
OOO . 0 Cat. (10 mol%)
Ar/\)LcozR DCM, rt., 48 ~72 h

48 1 49
46% ~ 92% vyields
55% ~ 93% ee

Ar'
2

Cat.: Ar' = 4-(2-naphthyl)CgHy4

49e, 82%
91% ee 74% ee
Generation of [Tr]*
\ ,OtFeBr /\_,OTFeBrCl
o + TrCl LA AR
5 2
Cat. 73

Chiral Lewis acid

Bz 12 = FRIERRIE S TAERAXIFR Diels-Alder S8 H 82 28]

Scheme 12 Application of triaryl carbenium in the asymmetric Diels-Alder reaction of anthracene?®!

Stokes's work: Intramolecular hydroarylation reaction

A Ar
X r +
R:— | 5 mol% [Tr]"[B(CgF5)al R AS H
/ h
CgHg (0.5 mol/L), 75°C, 5 h \ M
Me Me Me e
75

28% ~ 94% yields

Ph Ph Ph Ph Ph Ph
: ]f : ; : ]f Me. : ]f Ph. : ]({
M M
Me Me' Vs Me' o Me' ©
75a, 94% 75b, 23%, 61:39 dr  75¢, 7% 75d, 50% 75e, 76% 75f, 31%
Ph Me  pp
FaC
DoV O Wt
Me Me Me Me
Me MeMe Me Me
759, 0% 75h, 91% 75i, 28% 75), 41%

B 13 g RHEIR IR0 0T A IS 2Rk S B2
Scheme 13  Intramolecular hydroarylation of f-benzylstyrenes?!
FHRLH ZAFERR B 1, SELIr 5 W R EAE AN R, J B TR ZH 32 DL = SR DU (FL 3 B RR 2R [ Tr] ' [B(CeF's)a]
S5 R, 1% MR BH B B A N SR B 2% 5L VE TR, LEZK A sZB 1 5| WA B B AL & 1 2 [A] 1)
A [ B3 FH (Scheme 15). Friedel-Crafts < W (Scheme 16a). 1% M JERY)E H V6
UbAh, BESPAB R R HRGE T — R B[ Tr] - 7, SERZRIBIRE DT RIRF=FI NG 25 Bk
[B(CeFs)a] 1EA Pl A B A I 7. 2022 48, FEUEYRFERERH. 5, 2R AP KR F 523l
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Nelson's work: Intermolecular C-H insertion reaction
2 mol% [Tr]*[HCB41Cly]

OTf
)\ @/Oﬁ , Et,SiH (1.5 equiv.) R3 /Q/R
X or + R°—H 1 or
R ; R? )n hydrocarbon solvent or CHsClI R)\/ R R? )n
R

R = Ar, Cy, Alkyl
n=0,1,23,4

Selected examples
OTf

Substrates: e/\(

OTf

M OoTf
M © ©/&
M Me
e o
Products: Me/\f O O £ /4 Me
Cy
M
© 21:36:11 (ez39)
79a, 85% 79b, 77% 80a, 88% 80b, 68% 80c, 91% 80d, 64%

B 14 5 7 IRIBR U B0

Scheme 14 Intermolecular C—H insertion reaction!3!

Nelson's work: Intramolecular C-H insertion reaction Proposed catalytic cycle

5 mol% [Tr]*[B(CeFs)al [PhsC]*[WCA] + [Li]'[Base]

77
81

[LiT* [WCA]
triflate

OTf Ar
Ar  38% ~60% NMR yields L[0T
7 81 deprotonation abstractioré
Q
® [WCA]
Trae 5 mol% [Tr]*[B(CeFs)a]" [WCA)
LiIHMDS
R'—\ -LiOTf R'—\ 84 hydride

! _— ! = © H

77 81

[LiI*[Base] -7 terminal

migration [WCA]
48% ~ 96% NMR yields

&
\

O ;@ O'V'e ‘ SBu
’i .i 81d,46%

}b

81a, 42% 81b, 38% 81c, 38%
Me Ve Tf Ph
L ve o ;
Me”
@ @ cO O
(6]
81e, 84% 81f, 68% 81g, 66% 81h, 76%

ER 15 S TFAREREARMP
Scheme 15 Intramolecular C—H insertion reaction!]
Tk 5 55 A BE A PAER 2 18] () Pictet-Spengler X N FA IR BT Ao
(Scheme 16b). fEJC<EJm &M T, LAREFH™HG2 T 2023 4F, AlATIBN L LU Tr] "[B(CFs)a] fF A T 1k
—ZRINUE B-H WA SRR IS p-F Bk A, R TR FERA R -k 77 (Scheme
&Y. VIR TR, fiE Pictet-Spengler 17).
O ) B T BELE T [Tr] " [B(CoFs)a] SIAFIKIEA AR T
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Loh and Jia's work: (a) Friedel-Crafts reaction
0.08 ~ 5 mol%

X
R T MR2 o [Tr1*[B(CeF s)al
Z >N * I
R RY RS H.0, air, 80°C, 8 h N
gi RR R
85 86
63 examples
46% ~ 99% yields
(b) Pictet-Spengler reaction
0
NH, 0 ¥ - NH
LS R 1LR3 20 mol% [Tr]*[B(CeFs)a] i g WALC
LA\ L 100°C, 12 h Z~N rR? )
H X H,0, N, H X
88 § =8;: N 9%
) @0 41 examples
Via [H3O B(CeF5)4] 33% ~ 98% yields

B 16 [Tr] [B(CsFs)a] 1ETEALFIMEIL KA Friedel-Crafts %1 Pictet-Spengler [ ;3233
Scheme 16  Friedel-Crafts and Pictet-Spengler reactions used [Tr] [B(CeFs)s]” as pre-catalyst in water!32-33]

Loh and Jia's work: Single electron transfer type reaction

R2 R2
NH, JOL 20 mol% [Tr]*[B(CgFs)al =\
X
RIS H™ R 120°C, 12 h RN 4
Z >N PhMe, O, Z>N R
N H
88 86 91
32% ~ 85% yields
Via

Nl
O S
B(CeFs)4

Pre-catalyst

Selected examples
”Qj@
EtOOC N
H

91d, 32%

EtOOC

91f, From Galactose, 78% 919, From Adapalene, 65% 91h, From Nerol, 78%

B 17  [Tr] [B(CoFs)a] 1E TS L -4
Scheme 17 Synthesis of f-carbolines used [Tr] [B(CeFs)s] as pre-catalyst(34]
RN EAR) ) EE HVE L, DRI 2158 2 b, BERJE RALAE BGE A O B B3, i Az
Bl p-IRakAL G4, WIS BE ORI, =07 Bk IE B 1 S e 3 T RE R B S 5 R A O BE A LA 2 4T
I B R I RS B =05 B R, RS AR FR R T AE.
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1 RAR S PSR Th g 2 7 [Tr] " [B(CoFs)a] it
EERER D FEARE RNARR. AL, Mif1PR A
=7 R IR B AR IO R AT, EIREEIL T NN-2
FH 356 O Ji 55 ity A0 0 6 22 T) 1) 34 88 P e A o 3 AL S B
(Scheme 18), %751 E A MR K Ikt . L7
RGP T2 I RAE FH G Bl DL B i Y Th e it
RUE M, DA R 2R AR 3 — R B SO e AR
Ja AT

2 1 20 5758 3 [ Tr] T [B(CeFs)a] 5 42 1AL 7 A0 25
A, ML - EREE TR S B BRI G BRUK R I
Z AR ML BEME C(sp®)—H B4 120 i s 3 (Scheme
19), PLEr=3. i1 2 — K505 8 T e 3
B R IR e RN R UK R BT A4,

2016 4, Kawashima i@ 41 B8R [ Tr] " [B(CeFs)a]
5 A RE, 72 A AT PE R B &, SRl
T RRFERFERE G o T N RE AL B, s B LR G
T e ORI R IR B TR U IR IR R T A
BT, PEARERERH B T =R R b, B JE R H B

5 B S5 AR Ay SR BN RN PR AR 24 B
BT, B ORI T A I — o0 T e B ORI R e Ay
T AR B B AR, JERIRAE RIS, 58
N I PR (Scheme 20).

2018 4, Oestreich R PMRIE T @ Hegs E4b
Nl % LR FE B I R V. %R N DAL S [ Tr] -
[B(CeFs)a]™ 9l K M43 2555 L, i Sid&15
FAER I CIRFEEBIE T, UL "BusSnH 1EASIER, &
AR NI SRS B B A= (RIS, 5o kRl ot
AN F—AMEALIEIR(Scheme 21). 2020 4F, A7 #8
IE[Tr] " [B(CoFs)a] 3 2 EA AL MERE I RE I 25 1%, 5K
T 55 IR A B IR TN e 5 ek ot 2 TR [S+ 1138 0 sk
S Ni(Scheme 22a). FififE, AATIHINZ T iERE— 2 M,
SN A 7R S B R DA RS I R B B 20 A TR
ARG B 0 ) B (Scheme 22b). i, %R
AR RIE T 1,1- 5 M5 )2 1 Friedel-Crafts % 751 P38
W Bi(Scheme 23). HLELHF 5K B = KB mK IE B T
[Tr] " AKE S P R U 57 8 7 5 19 30 s s M PO ke 1 28

Hou's work: ortho-Selective C-H addition reaction

Me\N,Me 5 mol% complex Me‘N’MeMe ! I
5 mol% [Tr]*[B(CeFs)al ! Si—
X + /\ R2 AN RZ i
R1:— toluene, 70 °C R? : H /Y\—THF
= = ' | Me3SiH,C CH,SiMe,
54 53 55 i comple
75% ~ 99% yields | plex
Selected examples
Me Me nCGH13 Me |Y|e |Y|e Me
\N/ Me Me. .Me | N N
N N. - - N.
Me Me Me Me Me
"C4Hg Me\N Me Me Me
I
Me "CgH13 CeH13 NCeH1a
55a, 94% 55b, 99% 55¢, 99% 55d, 85% 55e, 94%

B 18 [Tr]'[B(CeFs)s] 541 EMiEAL NN-—
Scheme 18 [Tr]"[B(CsFs)s] -combined with yttrium catalyzed ortho-selective C—H alkylation of N,N-dimethyl anilines

P R P AT ST S 5 P B SR e A S 7 136)

[36]

Hou's work: Asymmetric C(sp®)-H addition reaction

5 mol% TIPS-Y

N. _Me 5 mol% [Tr]*[B(CgF )l

RE T X
_ R" “R? toluene, -20 °C, 48 h
92 93 61% ~ 95% yields

86% ~ 97% ee
2:1~>20:1dr

5 mol% TIPS-Y
5 mol% [Tr]*[B(CeFs)al
toluene, r.t.

48% ~ 81% yields
90% ~ 97% ee

N Me
N
£ A7
/ N ,“
92 2

N~ _wH
N .
S
— N
R' R?
94
(N\ < | TIPS-Y:R3= CH,CeHsNMe;-0
R ! R* = OSi(Pr)s
H
95

B 19
Scheme 19
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[Tr]"[B(CeFs)a] AL IFMEAL 2- FIRE S F5 & C(sp®)—H BEWEAL S 317!
[Tr] " [B(CsFs)s] -combined with yttrium catalyzed C(sp*)—H activation of 2-methyl azaarenes!®”!
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Kawashima's work: Intramolecular hydrosilylation reaction

R2

_ A
Z 1 ~ 4 mol% [Tr]*[B(CeFs)al mRz
& A7 s,

Selected examples

mTMS mTMS
Sl
Py

S solvent, r.t. 3 =
R3/ SIR",H R k me
96 97a, 349 0
up to 81% yield 2 34% 97b, 75%
Proposed mechanism E \ TMS A\ ™S
97 96 | s|
| PH 7P
! 97c¢, 55% 97d, 72%
PhyC*-PhsCH R _ |
96 ~ ~ s ® mnsu
. ) host | \ ™S s.
4 SiyR! R 1 |
R R’ | ,Pr
98 | 97e, 81% 97f, 0%

B 20 [Tr] [B(CsFs)a] 5| R FIE AL R T W EEE AL R R 08)
Scheme 20 [Tr] [B(CsFs)4] initiated intramolecular hydrosilylation of alkynylphenylsilanes®!

Oestreich's work: Hydrostannylation reaction

. Sn"Bug
H 1.0mol% [T'B(CeFs)al o _
R "BusSn-H (1.0 equiv.)
H
100 101
R = Aryl, Alkyl 51% ~ 96% yields
Reaction pathway ) .
g -H BuzSn
H ["BusSn]* Sn"Bug 1S A B
3 R
/ 4’/_H W/\H
R H
100 102 101

BIR 21 [Tr] [B(CeFs)s] 51 KA BB
Scheme 21  [Tr] [B(CeFs)s]™ initiated hydrostannylation(>”

Oestreich's work: (a) Intramolecular Friedel-Crafts alkylation reaction

1.0 mol [Tr]*[B(CeF5)al R'

R'R2R3SiH (3.0 equiv.) si-R?
Ar PhCI
Ar

103 r.t. for 10 min 104

up to 75% yield

(b) (5+1) cycloaddition reaction

2 mol% [Tr]*[B(CeFs)al H 1
R'R?R3SiH (3.0 equiv.) R = S-/R
= toluene N 5 I\RZ
/ | r.t. for 10 min H
R 105 106

up to 80% vyield

B 22 [Tr]"[B(CeFs)s] 5l & Friedel-Crafts F3E b AL IR

JR740-41]
Scheme 22 [Tr]'[B(CeFs)s] initiated Friedel-Crafts alkylation
and annulation reaction(40-41]
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Oestreich's work: Friedel-Crafts-type cyclization

1 2
R" R? 2 mol% [Tr]*[B(CgFs)al R R

F Et,SiH, (1.2 equiv.)

@ ¢ CeHort, 1~12h @.
H H

107 108
up to 87% yield
Selected examples
Ph
108a, 60% 108b, 63% 108c, 62%

. 0
O,
108e, 87%

H H
108d, 58%

B 23 [Tr]"[B(CeFs)s] 5l K 1,1-—F MR Friedel-Crafts
RS AL R 7142
Scheme 23 [Tr]"[B(C¢Fs)s] initiated intramolecular Friedel-
Crafts-type cyclization of 1,1-difluoroalkenes!*!
T, ATHEA B A5 SRR 2R 47
AN, Landais i @841 958 i3 [Tr] " [B(CeFs)] 5

PhSiHs [ S 15 B J A A IS PR ERL B 10, 7T BAS] 52

T 50 R TRl S AL P 3 TR T S A B B ) B SRR & )
(Scheme 24). %5 VEWE NV, B A8 B 52 M
0, BSEP7 A e, WAL ST 5T 3 B 1% s N il
SREWIERE LUK, PAEMNPEEES T, MRS
A B S A 2 g B, TR B e bt — e SR
132 B AR BB P UL R ) e e

Chin. J. Org. Chem. 2024, 44, 421~437
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Landais's work: Synthesis of phosphine compounds

5 mol% [Tr]*[B(CgFs)a]

RI_I_RS PhSiH; (2.0 equiv.) LP/R3
"?2 toluene, 80 °C éz
109 110

Selected examples

O X
Ph. P/ Ph Pphz |

Ph< A~ P<
bh PPh, P Ph
99 g
110a, 95% 110b, 23% 110c, 97%
B 24 [Tr]'[B(CeFs)a] 5l & A BB A1)

Scheme 24 Synthesis of phosphine compounds initiated by

2023 4F, Bae BRI K T —Fh LABHZE AL &P A0
— FEFEELL(TMS-CN)Y AL, DUEZE 0.005 mol%[H)
WAL 3, A RE AL = B 3L R Bk 1) J7 15 (Scheme
25). MR R DL = 2R3 Y - SR R 2R [T -
[B(CeFs)a] TENTMEALF, TETCIEA Toid I8 4@ 1 5%
PER, OB RIATRBEAT, 5 s M AR R R, AT
FEEMT, GId 7R LR RN L & TMS-CN RIAT 43 21

AR AR ).

2 =ZFEREBTERENTERNSHP
HIN

2020 4, Masson WA K& T —FHRAAE T
Tl i 5 = R R IE & T R R AR R, K%

5 i . 8
[Tr] [B(CeFs)a] 1! T m 80E AR BR =57 FE H BE(Scheme 26). 45 2R3
Bae's work: Cyanosilylation
0.005 mol% [Tr]*[B(CgFs5)a]” TMSO
. TMS—CN o [Tr]"[B(CgFs)al
O 25°C,12h CN
no solvent
86 1M evaporation of volatile 112
________________________________________________________________________________ 90%~>%%%yields ___________
Selected examples
Me TMSO Me TMSO Me
TMSO Me TMSO Me TMSO Me TMSO Me
Me CN
Ph CN  Me CN on Oy %CN
Me
112a, > 99% 112b, > 99% 112¢, > 99% 112d, > 99% 112e, 98% 112f, > 99%
TMSQ_ Ph TMSO_ CN TMSQ,_ CN T™MSO M
© TMSO, Me TMSQ Ph
CN S CN
@)4 NNen eSS
O
112g, > 99% 112h, 98% 112i, 98% 112j, >99% 112k, 92% 1121, 90%
B 25 PhaC [B(CoFs)e] 1E T 1AM AL TR T 4 L R A A4 I 144
Scheme 25 Metal-free cyanosilylation of ketones used Ph3sC [B(CsFs)s]™ as pre-catalyst*4]
Masson's work: Synthesis of unsymmetrical triarylmethanes
SR* 10 mol% I,
X 10 mol% [Tr]*[BF ]
X X + R3—— U UU——
R— | —R? > DCM, r.t.
= =
113 114
Possible catalytic pathways:
o
Ph\]_ BFs -Ris PhYPh 5
v eRiS®  pn O
116 R
I 13
15 \<
/IAIG Path A s R4S 121 Path B
R4-S Ph @_ _Ph 4 4
18 5 =120 Re R'S” 120 R4®/|\ s R
4_Ph S @ 118
A2 AL A2 A Ar'” A2
17 119 122
B 26 = FRIERRIE R 702 S B & B =07 2 H e )
Scheme 26 Synthesis of triarylmethane using triaryl carbenium ion-pair as co-catalysti*]
Chin. J. Org. Chem. 2024, 44,421~437 © 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 433
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| HASHR

A A R P = R i I B8 - ] DU R0 3 A B ol R AL
TSR ELRAL I Friedel-Crafts 75 &=L N, 3G
FRAE X PR = 5 3 FE Be Ak A e 4k T — i 87 vt v R
T
3 =FEBRESFERFIMFAEBNERTH
MF

2016 4F, Yoshida 020 461 DL = Z% FE i 1E 55 F X
[Tr] [BFa] 1E NN, SCIL T 40L& A ik A0 = 5
FE 55 98 PR R GV BE BT 24 S . (Scheme 27). 1% M A2 FI RE
FH = 77 B IE B8 1~ MURE S0 358 Hh 48 A 61 43 80 AH B 1 Ak

R TXS, BRI = P R R B R TS
FBRIERS T i E A, Bl =07 B prE B T 5 %
UL [R5 A2 45 200 IE B 5 A, &, BRIER T
5@ R e A A N A 2 B AR . 2020 4, At
TR 2 s Nt — D4R B, B 1E & 7 T AA 5 2 Fh g
AL SOSE, W] LA R0 4% 22 Fh A 9 R &
¥J(Scheme 28).

4 ZEEBTFBETERRETEOREGNAR
R

BT ULERI 2 4b, =55 3t 1 BT thw] A1 D O

Yoshida's work: C-F bond cleavage

CF RF R
R'+\ 3 R! [TrT*[BF 4 (1.2 equiv.) N
+ ) A
Z ,Sin R A siMes DCM/(CF3),CHOH (V:V = 1:1) N S §;h
R R 0°C, 10 min i(F)Ph;
123 60 124
41% ~ 91% yields
Proposed mechanism
(A) Stepwise C-F bond cleavage via silylium intermediate
R F
Tr]*[BF.]
123 _VBRL N B
-Ph;CH N
Si P )
hydride abstraction BF,- R R R\/\/SlMeg,
4 C-F bond E J
125 cleavage o+ )
ONVF BR
(B) Concerted C-F bond cleavage R R '_/

F
N X F / R’ \R
, meEr R L en -

-Ph,CH SR

BF, H

Si7

1
& Me;SiBF,

124

B 27 [Tr] [BFs] /h S C—F Sl fig i o)
Scheme 27 [Tr] [BF4] -mediated single C—F bond cleavage reaction*®!

Hosoya's work: C-F transformation

Tr*X (2.0 equiv.)

CF, CF,X
PhCI, HFIP
H F
Si Si
PH Ph PH Ph
123 128

CFZCI RF /@
CF,Cl Meo\©\)<o
Br

Selected examples

Ph Ph

128a, 94% 129a, 65%

(from 128a)

129b, 45%
(two steps)

R A

129
X =Cl, Br, OTs, SCN

VL)
Br

130b, 0%
(from 128)

130a, 86%
(from 128)

B 28 [Tr] [BF4] 4

I3 C—F HER R 5 B I P B AL A )

Scheme 28 [Tr] [BF4] -mediated single C—F bond cleavage reaction for the synthesis of difluoromethylenes*’!
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KA S 5 M. PVEFRTRIH S Houk TR K
FNFIEAE, DFHERRRAE M AT, Se3l 7 F 10y
75 F FUBE A A PR AN KRR A (Scheme  29). 1% 7774 PA
=07 FEFEEA RN, FEMEA AR AR K AR B =05 HE ik
B FHaA, HETHCE BT 07 R SR % BOn] LAAS 21 AH
JSL PRI 55 ik e SR A 4.

B J5, AATTUO S0 i A B TR I ) A T I T R 1
AT, SR T TR AT R 5 5 — 5 PR R g e (] 1)
ASKIRRIAR SN, D i) % 4 05 B 2=k -1 4 1, HILBE
SIS FUE B R SR ) T =5 R I B T O R ()
A& (Scheme 30).

2023 4, ZEME R ORI OHRIE 1A HLAE AR E

AXIEANKIFR G BT PE DY 57 5 e i 7 i, A TPE R fHE
W, 6-(Fdk =07 KL W3R 28 -2- I IR A AE B 630 AR 2%
2(6H)-F, I SLAGEFENE 18- FEHEINM, LA™ 3.
Xof W £ AT 2 DY 557 B He(Scheme 31). BEAR, AURFHY
TR R 6-(Fadk — R ZR-2-l1k. %5V E UAE
FIZE-2-Wy/ %5 -2- A E Nl Bh R R AL E IR @,p.0.6,0- 36
Ptk R, JFZ Hm AL ARIEn] 18- 3L A s vE. HLEE
KIS FCUER], SUEAE TR AL A ] R AR T =55
SRR IE & 1 oRBE Pk, IR 6 HUR-Z8-2 B/ B
PERI TS BARRLE o,,7,0,6,C-FEHEMA 52 137, HETTE LS
MRGEFENE 1,8- PO R AT 2T DU 57 2 e

Sun, Houk and Zhu's work: Synthesis of chiral tetraarylmethanes

OH

H
ll/N Cat. (7.5 mol%)
+ R—— _—
OH\ L/ DCE, 0°C, 48 h

11 1 p2

R | R 31% ~ 97% yields
83% ~ 96% ee

131 132

R2

7

OO 2,4,6-(Cy)3CeH2
o2

P.

0" “oH
on| C I
2,4,6-(Cy

133 Cat.

X
R1_
=

)3CeH2

omom M
133a, 98% 133b, 94% 133c, 98% 133d, 98% 133e, 91%
96% ee 93% ee 91% ee 81% ee 72% ee (r.t.)

B 29 8 =7 R IE RS 1 P MR AN BR A B Y 55 2 Y e Ak 5 4 1)

Scheme 29 Asymmetric synthesis of tetraarylmethanes via triaryl carbenium intermediates

[48]

Sun, Houk and Zhu's work: Synthesis of chiral tetraarylmethanes

A\ 5 mol% Cat.

rt, 12h

134 62

H
135b, 98%
95% ee

H
135a, 93%
95% ee

” DCE (0.05 mol/L)

57% ~ 99% yields
77% ~ 97% ee CF,

F3

135¢c, 91%
85% ee

B3 30 Jid = 57 F AR IE G v ) S = 55 ik P 5 e 22 ] ) AN o PR AR s Rz 149)

Scheme 30 Asymmetric substitution reaction of triaryl methanol with indoles via triaryl carbenium intermediates(*’]
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ik SR

Li's work: Synthesis of chiral tetraarylmethanes

\ R3
+ Z/N/)
H rt, 12 h

132

137a, 82%
69% ee

10 mol% Cat.
DCM or CHCl3

137b, 96%
82% ee

137 Cat.
72% ~ 99% yields
34% ~ 97% ee

137c, 87%
67% ee

Bl 31
Scheme 31

5 RES5RE

S REBIER TR LUMO Hul e Ak, v bl
TN, R S E— s 5 iR, T RS
R ALHL AT A, IR RN FH R, Y A B
TEF, V2 WA R b H ) = B GR Ffb 7). i
TR, =07 HEBRIEBS FAEA MG B Oz 1
7 TR LA 7R DA R s m ], o mr B AR G
SN FR R A BRI 55 5 R e, BRAR = 55 B IE 15 Ko 4
WA R O 2 0, (2 A AS X FR A s
BIRIE IR BN R, Kt — 5 RAEA ST FR Ak
SR AR R R AT = 5 R IE S IR R AL
WG LA BB, A5 B Rk = 05 B 1k 5 71T LA
TEA LA B R RS KRR,
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