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Direct borylation and silylation of unreactive

C-H bonds catalyzed by transition metal complexes

have been extensively studied by several research

groups and have become economical, efficient, elegant,

and environmentally benign protocols for the

synthesis of a variety of organoboron and

organosilicon compounds. A number of transitionmetal

complexes catalyzes C—H borylation and silylation of

alkanes, arenes, heteroarenes, alkenes, or benzylic

positions of alkylarenes by diborons or hydoroboranes

and disilanes or hydrosilanes to produce the

corresponding alkyl—-, aryl-, heteroaryl—, vinyl-, or

benzylboron and —silicon compounds, respectively. In

this review, seminal early works and exciting recent

developments in the area of direct borylation and

silylation of hydrocarbons based on C-H activation

are summarized.
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Table 1 Re-catalyzed C-H borylation of alkanes by 1.

Cp*Re(CO);
e (2.4-5.0 mol%) o g
— - —Epin

(excess) hvICOI25 °C i

product yield (%)

n-CgHy—Bpin (¢-CgH41)CHo—Bpin
95 (56 h) 75 (60 h)

n-BuO(CH,),—Bpin t-BuO(CH,),—Bpin
100 (45 h) 82 (46 h)

Table 2 [h-catalyzed C-11 borylation of alkanes by 1,

Cp*Rh{ .r]r"—CEM eg)
(4.0-6.0 mol%)

2R-H *+ 1 - » 2R—Bpin * H,
(excess) 150°C
product yield (%)
88 (25 h) 49 (80 h)
n-BuO{CH,),—Bpin {n-CgF 17){CHZ)—EBpin
B4 (80 h) 43 (24 h)
{  N-(CH,),—Bpin >£|[C'.szq Bpin
55 (24 h) O 37 (24 h)




Table 3 [r{P)-catalyzed C-H borylation of aromatic compounds by 2.

Ir(5°-CgH7)(COD)-
dppe or dmpe (2.0 mol%)
Ar—H t 2 —»= Ar—Bpin * H,
(1 5-3.0 eq"] {C—CEH12}.I|I1 00-150 *C

product yield (%)

Cl Er. MeO,C
Epin Bpin Bpin

cl 89 (14 h) Br 92 (17 h) Cl 85 (25 h)

MeO cl
Meo@—spin N, ,—Bpin
62 (95 h) cl” 89 (4h)

Table 4 Conditions Tor Ir{Nj-catalyzed C-11 borylation of
1, 3-dichlorobenzene by 2 at room lemperature,

Cl . Cl
Ir prec.-ligand
(3.0 mol%)
+ - Bpin * Hq
(1.1 eq.) hexane/25 "C/8 h
Cl Cl
Ir precursor ligand yiald (%)
120 OMe){(COD)] dtbpy 86
1/2[IrCHCOD)]; dtbpy o
[IrCOD),BF, dtbpy o
12[Ir{OMe)(COD}] naone 0
12[InfOMe)(COD), bpy 49
12[Ir(OMe)(COD), 3,3 -di-Me-bpy 8
12[r{OMe)(COD)]- 4 4'-di-Me-bpy 75
1/2[Ir{OMe){COD)] 5,5"-di-Me-bpy 46
1/2[Ir{OMe){COD)]; 6,6"-di-Me-bpy 1
12[r{OMe){COD)]5 4 4'-di-MegN-bpy 88
12[Ir{OMe)(COD}]5 4 4'-di-MeO-bpy 27
12[r{OMe){(COD)]5 4 4'-di-Cl-bpy 7
12[IrOMe)(COD)]o 4 4'-di-0sN-bpy 0




Table 5 Ir(N)-catalyzed C-H borylation of aromatic compounds by 2.
112[Ir(OMe){COD)|~dtbpy

Men i (3.0 mol%) R
r— — » Ar—Bpin 5
(1.1 eq.) hexane/25 *C
product yield (%)
MeO MeO,C
@—Bpln Bpin @—Epin
CF; 73(24h) Cl 67 (8 h) 70 (24 h)
NC Cl
QBpin CIOBWH Qapin
Br T4 (2 h) 73 (8h) 22 (24 h)
Cl
MEOZC ﬁl" Bpin mem QBD"‘I
95{{}5h} 89 (2 h) Me 75 (2h)

Table 6 Rh-catalyvzed C-11 borylation of alkylarenes by 2,

RhCHP{i=Pr)qta{Ma)

(1.0 mol%)
ArCH; + 2 - » ArCH;—Bpin + H,
(excess) 140 °C
product yield (%)
: . Me .
©/\Bp|n /©/\Bpm Bpin
69 (80 h) Me 41 (80 h) 17 (80 h)

Me




Table 7 Ru-catalyzed C-H silylation of arenes by 17,

Ru3(CO)y5
(6.0 mol%)
|E|.3
{5 D EEI ) alkens

toluenea/reflux

product yield (%)
N(t-Bu) N=NPh NMe;
dseg 5|Et3 SiEtg
98 (20 h) 49 (20 h) 58 (20 h)
Me N

Me_ N
D/\}LME N7 SN
¥

—M —M
SiEt, SiEt,

893 (20 h) 70 {20 h) 789 (20 h)

Table 8 Effects of substituents in disilanes in Ir-catalyzed C-H silylation
of benzene.

12[IrOMe){COD J]o-dtbpy

(3.0 mol%)

Ph—H + =Si-8i< - = Ph—Si<

(60 eq) 80 °C/16 h
disilane conv (%) yield (%)
(SiFzBuf), 31 28 28
(SIFMe,), — 9
(SICl,Buf), 2 0
(SiMeg), 22 — 0
(SiFBus), 21 0
(SiF,Bu"), 20 0




Table 9 Conditions for C-H silvlation of o-xylene by 31.

Me, M prec.-ligand Me
(3.0 mol%)
Me + 3 — = Me SiF;Bu’
120 *CHEh
(60 eq.)

M precursor ligand yield (%)
1/2[Ir(OMe)(COD )]s dtbpy 499
12[IrCCOD))» dtbpy 82
[(IffCOD))BF, dtbpy 78
Mi{acac),-BulLi (dtbpy) 0
12[RhCHCOD])): idtbpy) 0
1/3Ru5(CO) 2 {dtbpy) 0
Ptidba) idtbpy) 0
12[Ir{OMe)(CODY); none 0
12[Ir{OMe)(CODY); 3,3'-di-Me-bpy g
1/2[Ir[OMe){COD)), 4 4'-di-Me-bpy 54
1/2[Ir{OMe)(COD)], 5,5'-di-Me-bpy 49
1/2[Ir{OMe)(COD)], 6,6'-di-Me-bpy 55
1/2[Ir{OMe)(COD)], 4,4'-di-MezN-bpy 1
12N OMe)CODY);: 4, 4-di-MeO-bpy 34
12N OMe)COD);: 4, 4"-di-Cl-bpy 2
12 OMe)COD);: 4,4°-di-0:MN-bpy 0

Table 10 Tr-catalyzed C-H silylation of arenes by 31,
12[Ir{OMe ){ COD)]e-dibpy
(2.0 malis)
Ar—H o+ 31 - = Ar—SiF.Bu’
product yield (%)
Me Et
(Cerron @., Dﬁm
87 (16 h) Me 97 (16 h) Me 75 ({16 h)
5 Cl g
18% ‘,2 Vo
-—100% -=—82% C| -—H8%
86 {16 h) 88 (16 h) 46 (16 h)

MeQ 34%

MeO @4—10(]% %\}—HT% g—ﬁﬁ%

T3 {16 h) Me 72 (16 h) Me 79 (16 h)




Table 11 Ru-catalyzed C-H silylation of alkylarenes by 17,

L
Me + 17
(5.0eq.)

Rus(CO)42 L

(6.0 mol%) CH.SIEL
L i

norbomena 2 4

toluena/reflux

product yield (%)
4 F/
Me: \ M Et;SiCH, \ M
CHSSiEty + CHS5iEty
30 (20 h) 55 (20 h)

10
=

Me
CH,SiEt,
41 (20 h)
e

CH,SIEL,

s

Me 40 (20 h)

-

Et;SiCH,  N—N

* @CHQSE@

41 (20 h)
EIESiG H o —MMN ¥
+ CHEEiETS

Me 15 (20 h)




