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A Hiyama I SN
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Advance of Organosilane in Transition-Metal-Catalyzed C—H Func-
tionalization for C—C Bond Formation
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Abstract As a kind of important organometallic reagents, organosilanes have been widely applied for C—C bond formation

in organic synthesis. In this paper, recent development of trans-metal-catalyzed C—H functionalizations for C—C bond for-

mation involving organosilanes is reviewed, in which Pd-catalyzed Hiyama coupling reactions is described as highlighted.
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Pd catalyst
_—

RISIHY + RX RI—R2 ™

activator
R = alkenyl, aryl, alkynyl, alkyl
R? = aryl, alkyl, alkenyl
Y = (OR)3;, Me;, MeOH, Mes._ ,F .3
X =Cl, Br, |, OTf
activator = TBAF, AgF, CsF, efc.

SNALEE(Scheme 1)—MIANZ: Pd(0)5 x5
T Ik S AN T i PA(D) R 1A a, H AV a 5 05 Rk
SN PA(D) R )44 b, b #E— 5 &b iE 5 B 1S 215
=),

Arl—X

Ar'=Ar2 Pd(0)

ducti oxidative
reductive adiition

elimination

Ar1_Pd(”)_Ar2 Ar1_Pd(||)—X
b a

transmetalation
R

Ar2—S|i:
R

R -
BU4N+

R3SiF + X
R

B 1 Hiyama Bk NALFE

Scheme 1 Mechanism of Hiyama coupling reaction
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TAERAT 1 4RI IE

1.1 kRE(sp®-C—H)H1BEE

Bk C(sp))—H 4 E 3T ARG R A, 5 pm) 3
VH 1 FH T A0 P e 0 R A I S — B T 7
NI IR AR ALY 2002 4F, Sames AP Kk
FRIE T A AL R i AN R AR B R AR B G T
R BEdE C(sp®)—H HEL I 75 AL AN 24k [ S (Eq.
2), RMNARRFIINT Cu(OAc), (2.0 equiv.) L E )
Xt A ERAE AR AL, BAh, 2R ke
NG B N, 12 B AR ZR TR RE A5 B AR B 1 55 364k 72
Yy, PEERRAF. 7 Scheme 2 Fm ML, XUk S
R SR EY 1a ER INERAE, SHPERRR
BT & B NS B AL 1b, ZAF &S c—H
TEATE T XS JCH AR A AR Te, 2R 5 10 I ik J5
R332 ABBER) B AR 2. BEFCiAA, Wik T2k
BRI T i S BEE A UL A AR S A IR, XS o i A
Sk FEIERAZ 50 C—H B REBIL KB T
i S SRR B R C(sp®)—H 8 RE HI1L I A it
T P
1.2 FEIR(sp’-C—H)HBEER R
1.2.1 CTBEANFEEAR

LT SE fe— i IR S 2L [, 24 2B g L
C—H BEWr BT B RE LI, AB07 b s AT 3w
X IR B30 2007 4F, Shi AR MRIE T 2B
Jii 5 A I = B S FEAE S AE PA(OAc),-AgF-Cu(OTH), [ B
R 2 T HBIE R R (Eq. 3), 1X e i B2 T A HLRE R
FZEK) sp-C—H HRERIL I TE, BT Sk
P X I 43 18] W S (R A e B AR T, S B B AT AR AT
VAR5 Fetk, 18R AL SE I Al X R B & N-
SREFRATINR, R B, 2K F B P AL A%

2.5 mol% Pd(OAc),

FG .. 2 equiv. Cu(OAc), FG ..
r\ 7 HHy 4 mol% benzoquinone r\ h R
! R O+ RSi(OH)Me, 1 R’ @)
DMF, 100 °C
S FG
2
PPN C
pZ
A0 O 10 e
L ) A | (e | R Y - TG T
o Phs S
| 7 |
2a . 2b 2c .
53% yield 73% yield 64% yield
A | o
| - Ph._~ N
o 0]
2d 2d
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Me Me
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\ |
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B 2 Pd AL ERE 55 2 AR B A 8 AT REALEE

Scheme 2 Proposed mechanism for Pd-catalyzed arylation and alkenylation of alkane segments

93 1) 2 [ R e 0 Y T 1244 2 O R #R BE A5 2 /B AL AR
174, (BRER T LBEAh, HE T ik ] o A s v
R FZRRAR. RN &, 773 A i 2k
P BB H 35 P T AR s S 22 S g, B 4545 H )
&, WA P ECRI BT SRR, AT
S WL R R

NHAc 5 mol% Pd(OAc), NHAc
2.0 equiv. Cu(OTf),

X . Ar
R%f/ + ArSi(OR), __20equiv. AgF [i:r 3)
; R = Me, Et dioxane, 110 °C, 48 h

4
NHAc NHAc NHAc NHCHO
MeO
cl
4a 4b 4c 4d
52% 80% 42% 12%
NHAc NHAc NHAc
0o (< O~
de 4f 4g
71% 63% 61%

TS ALER I R, AT Z R SR T Pd(ID)
A1 PA(0)EALAA R (Scheme 3), i PA(I)E 3, 7EEE
i SR R ISALARAL I C—H 8, TERN e
HE A 3a, 753k = b S RERE A RS PR R IiRE, 5
I A AR AT & 8 R 3 — 2D T il 05 B N Ju A4
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dilEfk 3b, tEfk 3b FATIREHBERY) 4 M
Pd(0), Pd(0)fFZH Cu(ID% AR PA(IL). T8I S &
BN S TOH 5 0 Bk = bt S R e e DAL 7 T B OB A
AT DA BIAH B A=, 31X s A HE AL T 7
SIHIESE. 534k, Cu(OTH), 1EIX BAVMY AT LLIE Ny S8 Ak 71
4 PA(0)SE AL PA(ID), 17 ELIE AT LA R0 30 1) 2 3 Ak 4k
FIE) B S REE

H
NW/
|
Pd(O) ©jpd'o
v \X
3a
o
WJ\
[tTN H [ArSi(OR)sFT
@E \IO( [Si(OR)sF]
4 i(OR)F
Pd
Ar/ \|_
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B 3 PADfEAL SRR AN 05 B = A R b 1 4R 7 05 &=
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Scheme 3 Proposed mechanism of Pd-catalyzed ortho arylation
of acetanilides with aryltrimethoxysilane
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B J5, Sun IEEEZHPZE 2011 AFE4RIE T 2- 05 Bk g 5
75 5 = AR RE LT A ARG S BN.(Eq. 4), SN BARHERE
PER S, B 2R PA(OAC), G LAT I C—H 4,
TEIS INTE &= AR (BQ) I B FIR(AgF) B il 5 75
5 = VR R R AR A BB SN, A AR AR 7=
). iz R, ANE R T AL R g T R AR
(1) 2- 2K FE L e 78 v] LS 3 B AR =4, (HRBURIE NS H
TR 5 B e P R . RIS E MR E, 1%
SN b AR A, JUFEAE D B AR A O SR AR A
PR R BT BLR F2 3R W PR, 22 3855 Ze kil
FIZEHE = SRR S 2- 05 FEMEE 7 X AN s AR &
BAR EARRAERN. RN EA RS XSGR, A
TR A7 B C—H iS b RBP4 k. [FIR,
Sun B 8 ZH T S B ALER EAT T HE 2B R S A T
(Scheme 4), AN 2-ZRIEMLIEALALAT C—H ## o H
Pd(OAc), ifift, HETHE R C AL A A Sa. FLooIR4E
o) A 3k — 25 5 55 BE Rk A P 3 e 0 A A e [R)
i Sb, BJa4 il id RS2 HARF=Y) 6. Sun BG4
SRR 2- 2R FEIE e 5 5 3 — F SRR ot S B, SR
K C—H 1HN Ky/Kp=1.02, 152 ki 5%t
AR C—H iEIX —B B, XONIE LR T —

SE IR AR
| A
_N
%Ar “4)
6
| X
N
J
6¢c

trace

B
_N
Ph
6f

56%

| N 10 mol% Pd(OAc),
_N 1.0 equiv. BQ
2.0 equiv. AgF

+ ArSi(OMe); ——— 90
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Me COOEt
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Scheme 4 Proposed mechanism for Pd-catalyzed direct ortho
C—H arylation of 2-arylpyridine with aryltrimethoxysilane
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2014 4F, Su HEAPY R Bl T2 WA D,
£ 5 mol% Pd(OAc), 1L, LL AgCO; 5k AgF A% AL,
SEHL T 5 5 gk e B I A AR R B 7R B )
5&, ML AgCOs TENELFIN, TN KF /8 F
B FUERIE A E HUEEIRF(Eq. 5). MRk R, G55
FEEHE I 75 RS 7 A A L BRI, 122 s i mT B e R
FLHF OB, PR AT, (EAE 24 55 AR R R A IR
HLF IR, SONIP= R 2 BT N . 1% AR R
W, ZHEAN C—H BRORMERYE, WA RS
Wi 2r L AR T B G R &9, 5 55 R A
Pd(OAc), AT i) A ki & AL 3 & JE Ak, I eidid
T JR I 545 338 SUB B =)

F, 5 mol% Pd(OAC),
@ ArSI(OR) oxidant, additive C>—Ar
rol 3 \\ 5
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7 R = Me, Et 8
FE F F F
F F F F
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72% 63%
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F F F F
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528K L C—H BAREL, Wk, MEMEFIZRFEIK
MRS R b 2 Bk 3 A7 B C—H 8RR R A R
R, SR T2 5 $r 2 NI . C—4Jmi. i
75 B A IA S PIAE 2 fr8k 3 A7 C—H AL E AT LAt
W& R TS S A VR AT &R, Bk
A AR R R

2010 4E, Zhang PREZHTE RIS TR SR R
WRAT A 5 55 3 — AR ek e 11 38 AR BBG S B (Eq. 6),
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TG IR, A= TR AR RN, N4 IR
AL FasE, RONUCRE. (HR %N AL — B, E
Uy B 5 A R P 2 PR AR, o7 BEL R0 R 2 PR A 7=
. T BREE H B IR DT R A 4G T R
FEER .
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ANN—R 3.0 equiv. Ag,0 R2

3.0 equiv. TBAF Z N
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¢ HOAC/EtOH 7\ (6)
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R' = Me, OMe, CN, NO, 10
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N N
\ \

10a 10b
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N\ N\ N\
10d Me

50% 10e
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N N
\ Ph

10f 10g
16% 50%
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Ofial WEAIZHPOE 2011 4E40E T 5 H A 57586 =
PR TR 1958 XA IBG RS (Eq. 7). Ofial 25 KR BLi% IR B
£ 5 mol% Pd(OAc), W T, LA Cu(OAc)/AgF sl
A, FE Al LA ] 93%, F] CuCl, 8¢ CuBr, # 1%
Cu(OAc), 1] L3 21 & o B AR (g Ule . stk 4k, DA
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R Cu(OAC), kD>, FeR oK, JRFIALS TH
WUREGE ) H SRR 2R M B, Ofial B XA
[E) AR 1 5 5 = R SR SR R e R R AT T RIF 9T, 7%
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12a 12b
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12 12d
87; 10 mol% Pd(OAC),, O,
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N Ny
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12e
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14 WE(sp’C—H)E1BEE

Georg PP 2011 41 KRB T TCABLL3E 4]
[P0 e 5 05 0k = S RS ) Hiyama BHK R M. (Eq.
8). K F I BB A7 AE W) 5 5 2k — S B Rk e A, LA
Pd(OAC), 1EM#EAL T, CuF, 1F A FIANE A LA
R ES TR, 7€ 60~65 C N nl LA 2] HA# /=4,
FEE 43%~85%. AR RN 5 A b A W F AR RN
o L HUR A MU R ERE F, R R
FERG T IR, oA N AN, IR T A

1 20 mol% Pd(OAc), 1
R 0o . 2.5 equiv. CuF, R 0
N + ArSi(OEt); ———MM  » (8)
R2” N7 HOAG/t-BUOH  _, NNy
13 65°C, 3 h 14
Ph (0] Ph 0
$ L0
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14a 14b
85% 43%
O o}
N~ N~
Bn/ % %
14c 14d
62% 72%
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VIR WU R 2 (R BEL 2 BRAR P2 2, ST 7 1
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VAR BRI A 22 TR 1) 04 JE T 1 e 2B BOAH L 1Y H bR =4,
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FEI AR 4 5 95 58 = AR GE e C—H i 4L T 11
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equiv.ff) AgF B AT, 1% N, AgF AMY A FiGfh 05 2 =
AR e be, 1 H OISR N 8 AR A Pd(0) AL A&
PA(IT), HEZNMEALAE I 58 . FE R R RLAR 2 1 R4
7 3 P e R TS L 2808 R R - R (1) % 7
AP, ENIRTH T, RN AR E T
PA(I1)F PA(0) LG FR 1A R (Scheme 5), S PA(IT))i
3, ISR 15 TEBEREE I S /B T PAD) B 56iE 1k
AL C—H 8, TER S o A4k 15a, Hr A5 T
BRI — 2D [ N B 05 BN Je I R R 4 15D,
(AR 22 30 ST B A3 20724 16 A1 Pd(0), PA(0)iE
AgF [EALAE K PA(IT), ARk e 3 4k 423347

NHAc 10 mol% Pd(OAc), 1A

3.0 equiv. AgF Ar
N 4 ASiOMe)y ——————— = N
dioxane, 80 °C, 16 h 9)
X X
X=0,C 16
15

cl
NHAC O NHAc O NHAC ‘ OMe
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16a 16b 16¢
55% 54% 51%
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O X OMe F Ph @ Ph
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16d
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oy GO
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B, FAZEPIVRRET — M MR A S 51
Heck ZERI MR VE(Eq. 10). RN HEEL | & RwE
WAV S AE S 3 = A L E S mol% Pd(OAc), /i
PERAERRAE 254 R B SO, 2 B H e v ) IX ke ¢
PERISAR IR PRI, B3 S KA R, iR NAR R
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Scheme 5 Proposed mechanism for Palladium-catalyzed direct
arylation of cyclic enamides with aryl silanes

75 FE S AR AR AL VS L N 5 PA(OAc), BEATH:

B AR YA E R, kT SRR © BERCALTE

J PRI AA, 33— P a0 AT JEUH B AT 2 H bR 4.
5 mol% Pd(OAc),
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/\)Ok Ph ph Ny
P N0 N PN N0 H
18a 18b 547
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\
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0
/@/\)ko%\
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A i ek 5 A MU AR S BL(Eq. 1), 1% M4
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3.0 equiv. AgF
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19 CH3CN, r.t., 3h 20
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20a 20b 20b
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_ OH
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A TR A B = e v e HEAE . 249572 THF 1,
FEYI N B —f] Mizoroki-Heck BB ERF=4); 1K H
THF-H,O KREET, 14-ISr=9 5 A s i 446 K
oy, MHLERES /3 o] LA, 07 2R e 7 & s 2E
BT 5B 21a, BEMDFPARTTAT o B- AR BB AL
AT IR B S 21 FIES 21b" (144 7Y B AR P17
R EKER T, B 21b 8 E FHREE T
Mizoroki-Heck ZRTEUBEF2Y) 22; 7 B /KAZEHIEFI T,
IHIE 210" YK AT R T 1,4-0 =4 22

2014 4F, Loh MR K E T Rh LT N-mgngis|
W 55 5% i = FR LR e/ 9% ik = 20 3T 5 19 A8 A IR S B
(Eq. 12). ZRAEA KA ] LARE 65% 1%, 1EH
BUAR P B i v LUK B 96%, 1% & 7E /KA A Bl IR 7 2
S m i C—H BRI R S I IkIE. 4
N-MEE I s | WAy A ) 5 2 3 = PR e e S S, 122 s B T
PASE AR 3 A2 AN 7 A7 (A BHARSE, H ELISI R 75 34
T AT I H SR A AN T BRI R B AN K, AT
DA BB m =26, (E2, AU Fh S i B =
RAFERRYN, H5RE=PRERME, SE=20%
ik AR 2 e R R e T 2 A 2 A B e B [ WA R
i, HZAA & A 7 IR A HUAE TR TR A7 BEL 258 AT FE 2%

o}

SiEt(OH),

OEt
ey —
Me (0]

3 mol% [RhOH(cod)], “
OEt
THF, 70°C, 24 h

74% y|e|d

21 3 mol% [RhOH COd)]2
THF/H,0 (V:V =2:1)

70°C,24 h

5% yleld 53% y|eld

M\r OR

Rh—OH
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22 Ar
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Scheme 6 Rhodium-catalyzed Mizoroki-Heck-type reaction of organosilicon reagents and the proposed mechanism
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JSEXT NE (R AT TR RN RIS & P 88+, Loh R
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// N ) 2.0 equiv. CuOAc), (I )
2.0 equiv. AgF K= Ar
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] N—pr, N—Ph
r}\ S N Br N
7N >\ 72\
) & N
- N _
24d 24e 24f
67% 81% 96%
Me
N—ph J\/\S_Ph | ,} Ph —
'}\ Me” N MeO,C - \N /
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Scheme 10 Organosilanes involved in transition-metal-catalyzed C—H functionalization
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