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Cross-Coupling of C—Si Bond by Using of Silyl Electrophiles
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Abstract Organosilanes have been widely applied in synthetic chemistry, materials, pharmaceuticals, agrochemicals due to
the special properties. The synthesis of organosilanes has been successfully developed by several strategies including nucleo-
philic substitution, hydrosilylation of alkene and C—H silylation. In recent years, significant achievements have been ad-
vanced in the cross-coupling of C—Si bond by using of silyl electrophiles, especially in the break-through of the reductive
cross-coupling of silyl electrophiles and carbon electrophiles. It is emerging as one of the hottest issues in synthetic chemistry.
In the review, the recent progress on the cross-coupling for C—Si bond formation by using of silyl electrophiles is summa-
rized. The reaction type including silyl-Heck, silyl-Negishi, silyl-Kumada, silyl-reductive-electrophile-coupling, multicompo-
nent coupling reaction and radical silylation was mainly discussed. In the meanwhile, the intramolecular C—Si coupling via
demethylation of aryl silanes is also discussed.

Keywords silyl electrophile; cross-coupling; transition-metal catalyzed; organosilanes
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T S B A S N B il ) 4 A AL 1) ) — EE 2277980
AT AR S5z IV A vy RCHA) Fak e e 119) B2 077 9, adid 58
B IR A R T ek B I 5 5 A LR o P 7 7 T S R B
it 5% FEL T i AR 2 B AT 2 15 I R AL 5 . SR, 4
8 SR R B B A B R R S, X I PR TR T
DAT: (1) i Bl i v (4R HG 22 AR [T P 5 BEL 283 5 3
fik e B LAVE AL ()RS B e & HAR e E 2. N
T X ek, TR, BHEERKRE T SRS S
02T AR ORI G A MU e IR 7KDL, i
W A8 XA A R B B T DA E i 4 iR X R o
#(Scheme 1, path 1), B3 HLA 5 k4 e 120 1] B 42
H3Bc(Scheme 1, path 2), B3 IR & & S A 5
Tk 2 L T B 208 5 A8 AR K (Scheme 1, path 3)3K 5K
B BATCALERIRE T H ISR IR Z 508k
fik s 7 A OCH Fadk e )., A ALEESE R B BRI &
AR, R A R A M D se A i b G R
BN FER AL R FHAME. AZRRK S A5G MR HK
H 2 5 iRiEAS XARBH & A WU S 7 Tt . #
MIESEHLIRTIZ 51 Silyl-Heck <M. Silyl-Negishi J%
JS7 . Silyl-Kumada 8 FH 5 H7 Sl 10 Jir A8 SCAB IR [ B
ZH R B AR NS 6 KRBTk fE.
[F) B5F A £ 5 e e It PR 5k 73 P9 5 SABY I e B2 AH SR T
FLidk .

C—M + SiX [C—M + Si—M]
PaNPath Sl A 2
C-Si

B 1 2 SR 2 ek
Scheme 1 Cross-coupling of Si—C bond

1 Silyl-Heck R

I 4 SR RS s TR AL R AR T Bl 70 AEARR,
Kuyper WA H XRIE 7K T C—Cl. Si—Cl #l Ge—
ClEFEAL A BAATC A 18). 1988 4F, Tanaka 158 2H MR
T Pt 2559 PY(PEt:)s # TMSBr &b in il /5 21 je it
I 4 JREC A Y Me;SiPtBr (Scheme 2). iZiFRRZLIE KN,
ZBA Pt 1) PA(O)EL AT BLS TMSBr W15 EFH B
FEY), AH R N R E . ¥R M TMSBr &4
TMSI 3 BA KB, 9 TMSCI A Rz, HE J5 R AT
e Si—Cligst it = T Si—Brigt B fE. BEJG, 1XFh Pt(0)
ATBRARTE 1990 S-4Y Tanaka HAEZHI R A 01 78 < 4X
Jot 70 HeE o B B4 R TC A5 0 T O 2 1R I 1) S
PE. 2009 4E, Turculet ZEU R T HA7E 15 4b ik - S0 7 THI
IVE . 3% ek e S V% A BT A Sl SR A SRR I
FRAEFE 0 IR
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- PEt3 Et3P/’,,' ‘\\BI'

Benzene, 90 °C Pt
(1.0 equiv.) Me3S|/ \PEt:;

MezSiBr  +  Pt(PEt3);
(3.0 equiv.)

B2 AR S YE R
Scheme 2 Synthesis of silyl-Pt complex

1.1 Pd {1 Heck kK 2

ELF] 1991 4F, Tanaka PREIZHI2HRIE & Silyl-Heck
T XARBE A C—Si BTk, (= G A AT
PACL(PEt), E1E N, Me:Sil 5% T4 K A& Silyl-
Heck 18 Hk(Scheme 3), H X =Fh ] A 12K it A= it
TTHITE, MEER] T M 42%F] 45% AN EHh &=, £
R RPN T(E T Z2>99 1 1).

Me;3Sil (1 equiv.) .
©/\ PdCly(PEt3), (10 mol%) ©/\/S|Me3
(4.0 equiv.) NEts, 120 °C

B3 SAEA = TR 52 24 S
Scheme 3 Pd-catalyzed cross-coupling of TMSI and styrene

2012 4, Watson BRARZHI-HRIGEL AR 245 AL
ST AR S s et S T B A IER, A BOR SR e A A P R A
BEf) Heck B FEZINZEAT T, &3 LIHATED,
BLFE B R HUR 205, 5 = F R e e A etk 28 AR
B AR 213N E-RL = A ML ST (Scheme 4). 1
Aok Z 1) S8 A A FH O AR BT B 2R AL B (‘BuPPhy), %
P A BB 3R A 2 [R) R F 108, s fL AT AR E AR

™

1

R + RSl
)—2znX

R (1 equiv.)

(DrewPhos),Pdl, (1 mol%) R
)>—SiRy

Et3N (1 equiv.), dioxane

MeYS'MezphMe/\/SiMezph SiRs
Me cl
X = Br, Ry = Meg, 96%
R = Me,Ph, 80%
Rs = Ets, 30%

X=1,93%
X =Br, 98%

X=1,96%
X=Br, 91%

Me
standard Me

>|\(Me Me Me
+
condition M€ Me>|\/\SiMe2Ph

Znl SiMe,Ph

Bu

fjsu
Bu \©/ P\©/t8 u
Bu Bu

DrewPhos (Ligand)

BR 4 Pd L TMSI 58558 ARk
Scheme 4 Pd-catalyzed cross-coupling of TMSI and alkene
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B AR SN, [ B AF X /0N P 2 [ B SO A R Az BHL
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RS R FH 5151 Pdy(dba)s/ BuPPh, {1k 14 & fi
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I FERE MR (Scheme 5). 12 5 N J 45 FH IV K45 31 B 7
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RIS A Bk S T BE R e A, MERRATA)
1 Jr I 1 s S

Pd,(dba)z (1.25 mol%)
‘BuPPh, (5.5 mol%)
Nal (5 mol%), EtsN

toluene, 35 °C
then ROH or H,O

A+ Me,Si(OTh),
(1.1 equiv.)

Vo Y
AT or O AN SNy

B S AL MR s 5 — PRI =35 Y B I
Scheme 5 Pd-catalyzed cross-coupling of aryl alkene and
Me:Si(OT)2

B 5% R R & T S HTBCAE bis(3,5-di-'BuPh)-
(‘Bu)phosphine (JessePhos) 25 —AfEfbk &, HT Pd
fiEfk Silyl-Heck HIEG B A BEHENC1(Scheme 6).
S22 B vy LRIV, A R A 5 ik A 7 e
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He), ASTARHI FEL - RONE AR TR RCAR B S k. B
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Me;Sil (2.0 equiv.)

[(COD)Pd(CH,SiMe3),] (2 mol%)
BuPAr, (3 mol%)

Et;N, DCE, rt., 24 h

R SiMes

Ar = 3,5-di'BuPh

B 6 UMM s UREb I
Scheme 6 Pd-catalyzed cross-coupling of alkene and silyl hal-
ides

1.2 Ni {1t Heck R

2014 4, Watson BEZHIISEEL T Ni fAb RS HER
54 AT Silyl-Heck {HEEFY 2 C(sp?)—Si .
ZE R Ni(COD), 1E AT, 7EARGB I
TEOLT, SEIL = bk fi = 5 FR IR e A1 R 20 B4R Ik
M BRI A A MURERE (Scheme 7). iZHALAER R XL
FEAC K () = 2 Fk e et B AR B B AR 1, T AE 28 —AX
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FEBAFRIEAL = Z LR A 1) 2% 1R T A2 X LIS 7 (16181,
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SR
/@/\ /©/\/SiR3

Bu Bu
R3 = MeyBn, 67%

R3 = Me,Ph, 70%
Rs = MePhy, 74%
R; = Ets, 65%
R = 'Pr3, 0%

BT A5 5 = R
Scheme 7 Ni-catalyzed cross-coupling of aryl alkene and silyl
triflates

X PR SRS, ELE] 2018 4 Shimada 5
Nakajima 8841 2O4R1E Ni LTS M Si—Cl G2 5
Heck 11 (Scheme 8). K% 7 Wilig — FH IL ARV 10 SURE
FEAENE, (et Ho RGN . SR E, =
B AR e k7], B Wk, Bk Ik TV BR S B
. SEEGRYEE)T, A" CE® A=A
TEpEAlE &, W ALR KA I — S e e, & 0K A
A FRFEE R FR) BB T AE 3 s N2 I 7] A4+ e S BLAB K.

_ NiCly(PCys), (1 mol%)

Me3Al (50 mol%) Me e
Et3N (1 equiv.)

U SiI
) O'Pr
"
Me,SiCl, 1,4-dioxane (1 mol/L) R/©/\/

Ni(COD), (10.0 mol%)
PCyj (30.0 mol%)

R3SiOTf (3.0 equiv.)
dioxane, 75 °C, NEt;

" 90°C .
R then 'PrOH, NEt R = H, 83%
R=F, 73%
R =Bu, 76%
= 0,
NICI(PCys), (5 mol%) - OMe, 31%
MeAl (50 mol%)
Et,N (1 equiv. .
P X + RsSiCI 3N (1 equiv.) Ph/\/sl&

1,4-dioxane (1 mol/L), 120 °C
R3 = Me3, 68%
R3 = Me,Ph, 80%
R3 = Ph,Me, 68%

B 8 R A U ot 5 I S A 0K S 2
Scheme 8 Ni-catalyzed cross-coupling of silyl chlorides and
aryl alkenes

e Ak, SR R A PR TE TR A S S e ot
2 Heck fHEX S M 7T (Scheme 9). £ EL Mny(CO)1o S
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BURKEREAL & 1. 12 BB e R 4, A REURR
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2 Silyl-Negishi k&

2017 4, Watson iR&ZHP2HRIE T &4 Pd BALEESR
FLR T 5 HUEE [ A R EEBE 2R Negishi M. 1E
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Mn(CO)1g (5 mol%)

R + RgSiH L (10 mol%) R SRs
PhCFs, 140 °C, air, 24 h
(EIZ > 95:5)
/N\
PhP” “PPh,
A NSE B NSEls RN SiEts
R_
~ N 35%
®  R=CICHy, 77%
R = 4-Me, 76% N _SiEt;  R='Pr,68%
R =H, 78% N\\ R = "Pr, 53%
R = 4-OMe, 73% -8 48% R = PhOCH,, 54%
R = 4-F, 74%
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R = 4-CN, 65% = l\
R = 4-CF3, 75% /\/@
R = 4-OAc, 84% D Et,Si~
N
TS 719% 70%
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B9 i =Sl S5 e i & Heck Bk
Scheme 9 Mn-catalyzed dehydrogenation Heck coupling of
trialkyl silanes and alkenes
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F=¥)(Scheme 10b). #EM, X 2@t g S H BRI EH Fiid
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PEGr, BMERA R4 KD 5T, RMBEAZ N,
X152 T DrewPhos ECfiAb 55, H a6 w4k,
PR HEAZ AR L.

3 Silyl-Kumada & Rz

2017 4, Watson B8 20 3 1 1) A0 A Sl ik e 5
1% IR Silyl-Kumada 556 A HLAEESE(Scheme 11).
i T SR FE B AR AR (473 kI/mol) B i, S b LU R e
MGk, AR LR 5 18, Ho A 5K 0 i 2,
ACH S Silyl-Negishi J N #H [7] ) 4 £k 771 (Drew-
Phos),Pdl,, i b4 73 14 m (H i =k 57 7
WSEAZIAR, ST Silyl-Kumada 5. &M B H
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(a)

R;_ + RsSil (DrewPhos)Pdl, (1 mol%)
ZnX ;
R (Tequiv.)  Et;N (1 equiv.), dioxane

R’l
>—SiRs
R

4

Bu \©/ Bu

tBu\©/ P\Q/IBU
Bu Bu
DrewPhos(Ligand)

Me.__SiMe,Ph _
YU Mo~ SiMezPh SiRy
Me

cl

X=1,93% X=1,96% X =Br, R% = Mes, 96%
X =Br, 98% X=Br, 91% X = Br, R® = Me,Ph, 80%
X =Br, R® = Et, 30%
(b)
Me Me
Me Me Standard Me Me Me Me
Me . Me + j\ﬂ .
condition Me SiMe,Ph
Znl SiMe,Ph

B 10 ARAEA BT S A HLEHR A€ Negishi 2R
Scheme 10 Pd-catalyzed silyl-Negishi coupling of silyl iodides
and organozinc reagents

(DrewPhos),PdCl, (1 mol%)
1.2 equiv. R3SiCl

,.MgBr ,-SiR3
R Et,0, r.t.,, 24 h R
Et.__SiMe,Ph SiMe,Ph SiMe,Ph
Orsmern L™
Et Me
99% 99% 93% 97%

t
SiMes Me,Si” >ClI Me,Si Bu

S
©/\)\Me ©/\)\Me ©/\)\ Me
75% 64% 92%

B 11 LS S iR Kumada (8K

Scheme 11 Pd-catalyzed silyl-Kumada coupling of silyl chlo-
rides and Grignard reagents

4 Silyl-Reductive-Electrophile-Coupling &
l\L

A I BRAN 2 15 B ek 2% R AR 2% kT B IR
JRLAZ AR HER 2 A S B e B R AL i g i 58 A SE2
M7, EE 2020 4 BUS RRAEREfE. &7 2% IRl
FITTBIVE A, SEBL T BRAE A 5t 255 2k = 960 R PR I
55 206 5 AR SR A8 AR C(sp?)—Si 8 & AT
HUEEAL S (Scheme 12). 7EJEER 9 LT, HEIERE Y
e AN g BioMIE IR IR AN 2R PF T, SeBL T IR,
RCH R B ISR L 1S A U R T i, SR
Whike s TR EAN D7 F 2% R AR RSt 7, 25 2R 2
SRR fre th LA AR 0 ) B B . A e = 0 AR
i L S 2 e = 9 R R T 1) S v PR 22 HILER T FE K
W, 3 BRAERI AR 4-1 F5IE SRR I8 IR A RERAL
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. € X =CH,, 80% \ / e, N X
Si_z x= Si_~z i R =4-FCgHy, 71%  R=CHCHy 51%
V:IF e [f:r v U7 R-pToy, 62% R = CHiCH,CHoPh, 65%
=0, 91% : = )
X X = NTs, 86% 64% R = o-Tolyl, 78% R = Cyclopropyl, 43%
‘ o o R = p-OH, 63%
Me Me Me Me ; Me, Me R=p-Bu. B6% RopF 72%
X\ Sz HOH,Cw_Si__~ . Sl R=pOMe86% o —z C, 65%
: = p-Cl, )
S~ NI R R=35Mey 75% R = ;m.COMe, 91%
X = CH,OAc, 68% E, 60% X R = o-Pr, 45% R = p-CH,CN, 91%
= 0 '
X =COMe, 62% Z, trace - for Phenyl trflate, [Ni] = NiCl, (10 mol%), 5,5-dmbpy (20 mol%) 0
; 1/2 MnX,
Me Me  MeO,C 3 R R 12Mn Ni(0)
CI/SI\/ \©\ \Si/\/ I
wBr ST Ni(l) Nis
Mn (3 equiv.) ME Me '
abpy (01 MM i M 64% yield | \< 42
[¢) (. :
DMFAmL, 20°C  ithout Mn 0% yield | Qm R AV/L*VZM"
‘ | )
4-1,0.1 mmol CO,Me NI\Si—R Ni
« 1/2 MnX,
N v
43

R R
o SF

B 12 SR B s AURE S AR F B AT

Scheme 12 Ni-catalyzed reductive-electrophile-coupling of silyl chlorides and carbon electrophiles
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Ni(PPhs),Cl, (10 mol%) R R

R.__OTf R R dtbpy (10 mol%) R 5.2
+ -’ I\/
CN C|/S'\/ Zn (3 equiv.), r.t. \r
DMA, 18 h CN
X
\ /
Si"R \S/ =
i
R=Et 33% ¢N ~
R = Me, 40% X=Cl, 70% CN
R = CHCH,, 76% X = Br, 60%
R X X /
! \
%\r ~ Si~
CN
R = CH,CH,Br, 66% CN
R = CH,CO,Et, 56% X = CHy, 73%
R = OBz, 50% X =0, 64%

R = CHCH,, 54% X = NBoc, 50%

B 13 A i RS o Bk = 50 PRI be i S A0 1
Scheme 13 Ni-catalyzed reductive-electrophile-coupling of a-
cyano alkyl triflates and silyl chlorides

St IR S ok = 2 IR R, vy SEAR IR BRI
B PR R AR I B B AL S, B TR 0 S 2 v e P Bk i
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erbole, B JETE BRI 2R B AR &Y. BEfE, %4k
J& T ANVEERFIAR B AN R, SEILH a2 &
YR B, 2 NA R PR T i bR A e B A
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5 e o AR e e K 1 = 2L 43 I s e N A il i
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R
SnBuz  Pd(PPh,),
P . / 3 PdPPho)s H
R// + MesSil +R'/ dioxane %
R SiMes

B 14 SRR BT S B B R i e s A 156 5 2
Scheme 14 Pd-catalyzed coupling of terminal alkynes with
TMSI and acetylenic tin reagents

VUBCAH A, e P A a2 SRS AR I Bk & BB
S A A DY A AR, 2L — R e 5
S B MR

R S|R3 R
LoPdly, RsSil
oz TR OH or ENNgig,
R EtZZn R
R = aryl or alkyl L= DrewPhos L = JessePhos

B 15 AL BRE S5 HUEERT Y AR I S R
Scheme 15 Pd-catalyzed coupling of alkynes with TMSI and
organozinc reagents

52 mAESSHEBERR

HE: E A R A Wﬁ?‘ﬂ?ﬂfkﬂfjﬁt%&%fﬂﬁ
Sk A TS AR, AR e 7 AR e Yl R
BIORIA AR . BVEEEER. 2020 4, MRAAER ﬁéﬂ[zg]f&k
T E B AR SR AR AR E AR SR OB 7E DA
VO T B i SRR N R R IA IR B AR R
AN 10 mA fE & LA T, Fd g U b ) i U D
Ji 2R = A ) ER S, TSI TR I R R U AL A
ERCE NSIVAYYS & ATSE S E S a VAR Y S NA sk /R TR
U B AR 2L . ROR AN AT BT 48

)
R cl Mg(+) I C(-), TBACIO4, THF 3 alkene

R .
r-Sg  i=10mA, 3.5 Fimol, 22 °C RSNR

SiR3 H
I N R N8
disilylation hydrosilylation

RJ\/SiRs R; SR,

allylic silylation

carbosilylation

B 16 ALk J5 U S A A S
Scheme 16 Electroreductive silyl chloride approach to radical
silylation

6 FEERSTFAKREBEE C(sp?)—Si BHER
R
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6 34319 C(sp?)—Si B (Scheme 17). b Wi

Chin. J. Org. Chem. 2022, 42, 384~390

© 2022 Chinese Chemical Society & SIOC, CAS

BT — BB A R RS [2,3-5]15 AT AR ) J7 1%,
KR T — o BURE A 3R 05 R & OB 12, KA
=itk C(sp®)—Si BERIEFEMETE A S A BSOS IR
T MR T

R
\

R3 [PdCl(allyl)], (2.5 mol%)
P'Bus (10 mol%) R1 R3
p-NO,CgH,4CHO (1 equiv.)
O BuOLi (3 equiv.)
Br toluene 120°C, 12 h O Q R?
CgHs. p- M9C6H4 33

dlb S
R' = p-MeCgH,, 97% RZ=F, 98% R3 = Et, 73%

R" = p-CNCgH,, 65% R? = Me, 90%

R' = s-Bu 96%

B 17 RS BRI H o C—Si 28 XUk
Scheme 17 Pd-catalyzed intramolecular demethylation C—Si
cross-coupling

WSS AT ST T SONERLER, R RE IR S SR I A% A o
Z 5142 1 g2 5108842 1 A (Scheme 18). HT
MePdH [t MePdBr 545 5 K A28 SR VH B, B84 11720
FERREN L, IR R 0 T AR
BrPd

'>g

BuO

BRIz 18 A AL = IR 57 SRk i Y I 23 AR A S AL B
Scheme 18 Catalytic cycle for Pd-catalyzed demethylation
intramolecular C—Si coupling

7 B4

ZRIR T kS MR T 2 5 58 AR I A R B B
AWEESGEE Fd . R B S REESE A 2 5 RV
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