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Recent Advances in Transition Metal-Catalyzed C—Si Bond
Cleavage of Silacyclobutanes

Liu, Min Qi, Liping* Zhao, Dongbing™*
(State Key Laboratory of Elemento-Organic Chemistry, Nankai University, Tianjin 300071)

Abstract Due to the widespread application of various organosilicon compounds in material science, electronic devices and
pharmaceutical research, it is of great significance to develop green and efficient synthetic methods for diverse silicon-con-
taining molecules. Silacyclobutane is an important kind of small-membered rings, which exhibits unique reactivities under
transition metal catalysis to cleave the C—Si bond driven by the inherent ring strain and Lewis acidity. The resulting Si—M
species can then be transformed into various organosilicon compounds. Herein, the recent advances of Pd, Rh, and
Ni-catalyzed C—Si bond cleavage reactions of silacyclobutanes are summarized in detail, and the mechanism and develop-

ment tendency of such reactions are briefly discussed.

Keywords transition metal catalysis; silacyclobutane; C—Si bond cleavage
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Scheme 1 Transition metal catalyzed C—Si bond cleavage of silacyclobutanes
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Scheme 2 Pd-catalyzed ring expansion reaction of silacyclobutanes with electron deficient alkynes

Chin. J. Org. Chem. 2023, 43,3508~3525

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R'=Ph, R? = H yield: 17%
R' = R? = H yield: 45%

3509

http://sioc-journal.cn/



BILILE SRR
R3 R! RS RS R R3
SRS . I PdCIy(PPhs), (10.0 mol%) 57 Re . ST R2
4J_—' PhH, reflux J/\/T[ /g \[
R R R®= Me or Ph R RT RS R’
4 5 R*=H or Me 6 7
7 Pd 4
4 R® °
R / 4 3
Si-R? R R
s s
_Pd Pd RS
H m R! |
R3 5
4
Rzﬂsli—R3
2
e
R
Il
B3 Pd HEALREZRIA e SR K 50 1033 s
Scheme 3 Pd-catalyzed intermolecular ring expansion reaction of silacyclobutanes with alkynes
2011 4, Hayashi 1 Shintani ¥#82H 81 DU A PACP(7°-CaHs) A A
FEAIA T e MR, 12 PACp(r-CsHs) BEALTT S T E T & Lﬁ%?ﬂ” g\ J
mol% i i
P LIMERTT, SE3LT 3040 T PO IR R o 1 2 [J>w————7—* _ /x+WN )y
N R— toluene, 30 °C N G
B, 13 30 AR FAE 00 1 2 A7) (Scheme 4). e’ & S
SR SEATIRAN, 4 B IAAS R 45 e 1 B8 P 7 (AT A 10, minor

AR, SRSLI AT A HEAT . A 58 A P 3 ik SV P e . A
o 2 SE R i B AL ik B BT W . (AT
—PEIR, X SR A AIR T R AN AN R
P RRPL EF R W RN FEAIA T 4t 8 1ot
5 pd EWFIRAEEMINN, MEESTNERIEAS
FIER 1, AR B R AR R B, R RT43 3]
HARr=4 9, #4 -H JHE G P RR, W43 28
) 10.

W J 1% R H AR R AR R R, SEEL T RE A
T Bt SIS o T IRIAK R L, ARk T R
F RO REZR IR DR RAT AN (Scheme 5). BRI,
SNASGE F Tk B TR, 2 i AT OB,
IS IR B B AN, I AR BT IR 5 IR A
Y. AEE SRR S NR AR R a P, BEEAOR T ke
(1 C—Si st /o5 P LA R AR LNk, B fE S hue
LIRS HE NS B R EA T R84 b, PR s5 Pd
EAFIBCLAL, LAY RS-V A A MG I, 1%
(AR J AL 3R T B C—Si B R A8 &R b 83k
(AR TN WLERRF FUSR B, WP I RLIE 4% AT B[R] B A7 7E.

2023 4F, Shintani ZFUO9 @ THREZIN T LERIE

3510

http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Me i 9, major
‘O > Me
>—Me

IR 4 Pd ALEEIR T ke S Hear A0 T I kb b 5
R

Scheme 4 Pd-catalyzed a asymmetric intramolecular ring ex-
pansion reaction of silacyclobutanes with alkynes
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Scheme 5 Pd-catalyzed asymmetric intermolecular ring expan-
sion reaction of silacyclobutanes with alkynes
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Scheme 6 Pd-catalyzed ring expansion reaction of polysubsti-
tuted silacyclobutanes with alkynes
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Scheme 7 Rh-catalyzed intermolecular ring expansion reaction
of silacyclobutanes with terminal alkynes
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spirosilafluorenes with alkynes
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Scheme 12 Ni-catalyzed divergent reactions of silacyclobutanes with alkynes
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Scheme 15 Ni-catalyzed ring expansion reaction of benzosilacyclobutanes with ethyl cyclopropylideneacetate
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Scheme 16 Pd-catalyzed intermolecular ring expansion reaction of silacyclobutanes with enones
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I% YEFIN AR S EEZR IR T e 1) C—Si L 2

AN RS AR SE B,

R! R

| . !
Si-R! Ni(cod), (10.0 mol%) Si-R!
@1' *  RICHO p 5
L8* (20.0 mol%)

THF, 60 °C R?

52 61
R2 = aryl, alkyl

Me Ar. Ar !
w @ \OH g Et_ O 0 Ft E
THF, rt. ' P X PN

one-pot R? Et 0 o Eti
63 ' Ar Ar

L8*

B 18 Ni HEALIEAIR T e S RE A X FRY 3 S B

Scheme 18 Ni-catalyzed asymmetrical ring expansion reaction
of silacyclobutanes with aldehydes

B, IR 2H 20T D e Ak e o B LR, R A
Ni(cod)»/P(n-Bu)s AR, [FIAESCIL 7 35 2K I 40
WT B2 MBI R L, & 1 iR ECR 2R IS o0
MREERRATA Y 67 (Scheme 19). [ N EAF & FIR
R GF Y&, SRR, SRR EE
REEAFIRS, B AERT BUEBEAEE, dr MmO
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;?1
©j‘ 0 Ni(cod), (10.0 mol%) §i—R2
Si-R! +
,';z Ar)J\SiR3R4R5 P(n-Bu)s (20.0 mol%) O_ st
toluene, 80 °C A SIR°R'R
42 66 67
Ni
Ni SIiR3R*R®
[e) Ar

—

o)
i’l/\SiR3R4R5
Ar

R']
I p2
siR

B 19 Ni fEALCEIPREAIE T b 5B RE e i 30 S

Scheme 19 Ni-catalyzed ring expansion reaction of (benzo)silacyclobutanes with acylsilanes

311 Ak, B R R SR R A F R, H
A BE SN s W 6o Rt i 6 A e s

2018 4E, Murakami #R&ZHPILL IPr NECE, 7E
Ni(cod) 4L F SEIL T REJFA T 4E 68 5 CO, 1) X Ik %
PE4E N B (Scheme 20). KBS FEH, CO, Seidi AR
T RERT C(sp?)—Si B AR Bk I T 70, 28 )5 S m#kl
IR AKAR, B RCR FRATAY 71, B o R 528 i
DFT T+ I B LA T T 33— 5, 1H 54
F W C(sp?)—Si #tb C(sp®)—Si FH W%, M N-Z43k
T (NHC) BT A4 [ S7AR AL BEL U 2 52 CO, 4 N 1) 2 22 R
1.4 HEATESFEMNT IFRM

2021 4, FESIPRIRZPTE RARIE T Pd HEALRESR
T 5t 5 R 52 HIASS BRI N SN, 383 ST A I e 28 7 1
Be AT s 2 STAR e R PE HEAT F2 1, BE DAL 3 PR X Pl iz 48
P (ee>99%) 15 Bfit 28 A IR e KL G ¥ (Scheme 21).
AT REL P FOR[F iR 4E: IR a b, REERIAE
JerE Pd HEATIIVER FIE &8 R = 10, iZ4%
B 5 SHE A T e R AR AN, £330 %8 AV,
V &R ERANIE FERR S5 2 B AR 74. 1815 b
L, Pd AN B S SR AR R T e R AR SR A D A
A4k 10, 1 B )55 R ETARE S 2 a4k v.
DFT iH5E], EHMRET, KNIk SN 48

REE, EETiR5% a EEILAE94.89 kI/mol)fik
T &% b (114.53 kI/mol), P B A ] T 4815 a K
A AN, BT RS FE AL IGM) 0 B R B, AR B Ar
IFL 205 7 A2 2 M 2 I ST A 35 36 1 1 B L (R R

2021 4F, %R EZH BRI FH AR LA SR mE SCEL T 2RO
E 37 N S T S vk = 2 G (DN A (= B 1 PO RS A G A
AT TN WS VAR AR 25k 2 9 W ki O 2 Bud LET K VA
FHACRECAR L10*ET, RIE4G N C(sp®)—Si 4, LAyt e
IEFEVEG R FERE IR BT 76; A8 FH 25 (1457 PHE /N T
& L1 B, FEE AN Csp)—Si #, L=y 77
(Scheme 22). ISRV, MM 1)K e R LIS A% 5
PEHLR R Si—C BEFRAL T —Fh kR (1 SR .

1.5 BERATRSARE o-# < B3R &

WFFRUESE, REAN T Lk 1 Re S & NSRRI
BRAEYT IIRPLZAN, BT C—X 4. C—C X
C—H B% o BREY P, I A RS &R 13
WRE WS,

1996 4, Tanaka #ll Yamashita 2B HL, REZIA T
JifE PACL(PhCN), 4L T W] 5 SR A 30 B, 433
MR BIGEEREBR T A 80 (Scheme 23). R MNITFEH,
M o5 Pd EAFIR ARSI, A2 kL -Pd P0F 1,
TR SREAIR T B S AE B AR T, T A = A
32 H bR

R Me
Si/ Os__0_/ Oy _OH
R Ni(cod), (10.0 mol%) Si—Me "
+ COy .
IPr (10.0 mol%)
101 kPa toluene, 160 °C
68 69 -0 -,

BR 20 Ni fEACEIFREIRIN T HefiT A2 5 CO B XS B EA4H N S M

Scheme 20 Ni-catalyzed site- and regio-selective incorporation of CO2 into the benzosilacyclobutenes
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1
1
PdCp(77°-C3Hs) (4.0 mol%) R ' Ph |
[ NNHTris L9* (6.0 mol%) O\ ! 0 Me |
Si-Ar + . si A P |
A Ar R LiO'Bu (3.0 equiv.), 0°C, 24 h /CAr / H
Ar . Ar 1 O Me
dioxane/toluene (V:V = 1:1) or toluene 1 PR \
72 73 74 . !
Ar = p-CF306H4 :\ ------- L _g‘: --------- ’I
74
72 S: |—_S!i-Ar = C-si
Ar
72
Pd—S
73 ,B\
Pd c
74 )\ Pd/SI
S\ Ph™ NS
Pd C, SNm
)\ Pd 73
Ph™ °C )\ Path a
VI Ph Si N2 Path b
Vil
Pd

N2

BIX 21 Pd #EALEEZIA T ke 5 R SR 70 7[R9 3 S

Scheme 21 Pd-catalyzed intermolecular ring expansion reaction of silacyclobutanes with carbenes

C(sp®)—Si bond insertion | OO Ph
oH Q >—Me
s 3 PN

i Ar
gt R’ 3 o }—Me
76 : Ph
PdCp(7°-C3Hs) (4.0 mol%) ) o
@j‘ . NNHTris L (6.0 mol%) up tg QG?ihg.rr;osjéctlvi.ratlo :
SiR' ArJLH LiOBu (3.0 equiv), 0°C, 24 P L Sibondinserton
R dioxane/toluene (V:V =1:1) Si:R1
52 75 R
Ar
77

up to 93:7 chemoselective ratio

B 22 Pd ACEIFERIE T i 5 REI S TR R
Scheme 22 Pd-catalyzed intermolecular ring expansion reaction of benzosilacyclobutanes with carbenes
1 PACly(PhCN), (4.0 mol%) )
R EtN (2.0 equiv.) RGP
I—_,SI-R + R2COCI

toluene, 80 °C

78,R'=MeorPh 79 0
l . Et;NHCI
R?>—C~Pd—Cl
,
Et;N
R
‘ N UsiRYCH
o

BX 23 Pd HEALEEZIA T bt 5B 30 S

Scheme 23 Pd-catalyzed ring expansion reaction of silacyclobutanes with acyl chlorides
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[F]4F, Tanaka U4 P20 B &AL & 908 o =0 K,
PL PAClLy(dppf). AT, CO AFRIEIR, SLBLT —Hik
PR A IR A B A b 177 245 0 (Scheme 24). BARIE J
RABEI A R A A, FAREN R STE I RAK, (L H
A% i T A ) ) 0 o ek Tk 1 A . 5 R e A TR 1)
R, KB AARRESE-Pd PR T2 A HLIxI1b ) 81 7E 5
Pd AR A A NS, 5 CO VAR,

PdCl,(dppf) (4.0 mol%)
Et3N (2.0 equiv.) R
CO (101 kPa)

toluene, 80 °C

Me
I—_,Si-Me + RX + CO

\EO)SiMeZ

1 81 82 X=1,Br 83
Pd 81
1 R
O siMeX
o m
Et;N
R-C—Pd—=X R-Pd—X
O I
Et;NHX
83 82

B 24 Pd fEALEEZIA T He S A ML, CO =47k

_\_\L
Scheme 24 Pd-catalyzed three-component reaction of silacy-
clobutanes with organic halides and CO

PEZHEDN, BREFEIL L), el BEfE Pd AL T

A R SE-Pd 0, DRIRAAT] 22 AR T 84 A B e idt
1T IRBL, fe 4SBT B0 0K M I 1k K 1) — 20 & B
(Scheme 2533 EF A, BREI=Y) 86 J& HRIRH
(AR 87 SHEAIR T e/ S A BRI, PRI i Js WA 2R
IMNGEA 7 3 L JE B W (DCC), Wi 2 KRR,
AT 86 FIAZ K. 7 B TR I 0 PRI RE R I 35 B IR
AR, (EE R RNALED R REFS Pd #1L7Ik
A A AN A R AR R T, ZRN SEER IR T I A
& R B EER M REREF 4R 1L, BRI 2 H bR
P 85, [FIIN AR R E 87, 87 7E DCC VER K kAR
PR T

2020 4F, BRSSPI BIRIE | Pd EALREARIR T
JEe 5IRIR 7§ M Hiyama-Denmark 8BS, &R T
I PR ZEATAY) 89, B X M 4 T 45 Mt AT R 3,
] S AR B0 A\ TC A B QL SR (Scheme 26, a).
YE# RIL, BEZRALE Y5 hE R BISEAZ B BT TH A
SRTEE, R OB R AR WL LR, TR
88 B Pd MEALFIR A A AL IR, A2 Rk 55 2E-Pd" 4
1 & & @Al Si—C R AW R OB, 733
HEA IV, TV I T BRAR 2) B A=) 89; 74, 1
AT RESE K AE Br/OR 284, B4 T W o S 5 il N
AR AR TV, BEJE, Z R I, AT DO R
WS SE A 22 53 F-A) S B, FEZR 3R T BT 90 1] S54RI 91
KA TR Si—O ## T i/ Hiyama-Denmark {5 54 5 B¢
JRE, AT B £ 2085 #F B 2R FF LT PR R AT AR
¥ 92 (Scheme 26, b).

Pd(PPhs)4 (4.0 mol%)

Me DCC (1.2 equi R._O... Me,
! .2 equiv.) SiMe .
Si-Me * (RCO),0 iMe; + ~_si.
I__l toluene, 120 °C | OCOR
1 84 85 86
85 ) Me;
RCOOH 'ii::::\ *********** - /\/SI\OCOR
86
DCC ™.,
3
L e i TR
R)J\/\/SI\ J\ R 0" R

|
1

0~ "R
Pd
hiy
R™ “Pd”
|

O.__R
b
0]

5

B 25 PdELEERIR T he SERET 0920 B

Scheme 25 Pd-catalyzed ring expansion reaction of silacyclobutanes with acid anhydrides
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Pd(PBugs); (5.0 mol%)
TMSNEt;, (1.5 equiv.)

R

(L

ROH, 80 or 150 °C N
n=1,2 Me OR
88, n=1,2 89, m=1,23
() K =1
Si >
Me/ \OR Me/SI

Me

Base + ROH

O

Pd—Br
Pd—OR ‘:

Br/OR

exchange

g

Pd(MeCN)ZCIz (5.0 mol%)
‘BuDavePhos (20.0 mol%)

NEtz/Pempidine (V:V = 1:4) 07

MeCN/DMF (V:V = 10:1), 100 °C R'

90 91

92

B 26 Pd fELEESIF T 521 Hiyama-Denmark fEEK 58

Scheme 26 Pd-catalyzed Hiyama-Denmark coupling reaction of silacyclobutanes

Murakami URBUZHBSEE 2014 FE B UIFSE, FESGR T
B C—Si SR AT LS C—C R4 o-4 S Hd 3R
i, ABATTRIE T PACp(p*-CsHs) AL FEZA T e 53 T
AT AN 7T N o- RS ¥ ) B, i Rl A4 DU e IR 5 FR
THEAR 7 FNAE X 5, AT HA WS M 22 30
FHARTAEY) 94 (Scheme 27, a). HLERAFFEER B, PA(0)E
S GHREZIR T ) C—Si H R AR S AN B A B TR 1,
R AR Si AR PAAD)E NS B 7, R TR
RLFEE R, PAID) 53T i o ) C—C B R A= S A R,
FRAR MR T 290 UOR TR BR 1 205 )\ T AR R
P 94. 2017 4F, ZARLPOZ R Nt — Y R A
Sy, EARMEACAE R B SEE T ORI T AT AR
SRR T e 2 MR R R N, R T 2R 2
(K2 HED )\ JCIA B 42 (Scheme 27, b). S H a4
kS X SEATH(XRD) f ARG RIER I, 1% M
Pd XF IR TR ) C—C 84N 5 3l ik P E L 1)
AR 2] PAAV) R, B 5280 0GR IR R 15 2
H AR, 8 58 R0t 25 S5 PO o v 556 12 1 4 17 24 2
AT Tit—2EsE, 2023 4F, BAZR Seif @il gl R i), 7EnE
TR T It 5 2K I 38 T Wi 2 1) /N IRAE RT3 B
W USSR AR AR R, AT DA BN PR 2 I R 1,
AT SRR R SR R B E, DLW R 2R R IR
THAR) C(sp>)—C(O)5, ARl BLREA R IE )T &
28 (Scheme 27, c).
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(@) 1

R o PACP(7-CgHs) (10.0 mol%) R 0
P(Ad),"Bu (10.0 mol%) @
[ § o Lo
p-xylene, 150 °C /Si,,

/Sii>

4 PdCp(73-C3H5) (2.0 mol%) R.&

0] R Si
. . éi-R1 t-octyl isocyanide (8.0 mol%) @

D toluene, 100 °C
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, % 0
(c) 0

2 g7 (i)Y
e Ol (»)
8 ! Synergistic Catalysis
R Sisp
R
39 examples
® Preferable C(1)—C(8) bond cleavage of BCBs up to 95% yield

® The first Ni-catalytic system of this process invoving BCBs or SCBs

BR 27 CEIDEEZRIN T Fi 5 CRIPM T hei5e X = J R
Scheme 27 Pd-catalyzed cross dimerization of (benzo)silacy-
clobutanes with (benzo)cyclobutanes
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2018 4, ARSI PTSL I TR IR T I 53
PR TR ) 537 8] o- SR AT B BRSO N, 581 T 25 s FE Y
Tk 2% 2R B 075 T 37 25 900 1) 78 205 K (Scheme 28). [7] ) o
AN 1 mol%H) PA(OAc),, FEZ4¥F T %% 20 {H aJ 7
Fii T RA C(sp?)—Si SR, F 5 AIEEH 97 [ WA
FREEZS IR PRERAATAEY) 98, [N AR A BT R
JEM N A, IR AT RS Pd AT R A5
. A i i 2 ) S 6 o6t e S ALER HEATBIF 7T, 45 R
R, Pd AL C—Si B E AN R BT I3
—35. HAG P, I Ni(cod), 1E AL, W]
PASZIIR R REZS IR T e 42 53R IR 2 18] F 9 38 s v,
I s B ik R g B M T R IR AR IR T ) C(sp?)—
Si %,

o 4

O R
R! Pd(OAc), (1.0 mol%)
'._ 2 + \ R3
I__,S' R A toluene, 25 °C /
R3 R4 ISI\RZ
R1
20 97 98
R Q LR
N Ni(cod), (2.0 mol%) {
Si-R? + R3
toluene, 80 °C
(I3 A X %
R§1
42 99 100

B 28  (CRIF)REAH T e 534 9 ) i S B AR ) 58 3R
3

Scheme 28 Pd-catalyzed cross dimerization of (benzo)silacy-
clobutanes with cycolpropenones or biphenylenes

2021 4F, AR S G PSR AL AR &R, S
BT WERAT AV SRERIE T I o- B8 ey 3 L.
HE— AT T b, AR B, T el N TR
103 1) C—C B, TSR ) IR B A 103, [l
Ja R4 Si—C BRI, HAMIKIEIRNER, R&E7
AL ) 104 (Scheme 29). FEF b, A AT 23R FH At

@@ C—C bond
cleavage 4
¢ L—‘Si-R'
Biphenylenes R

102 I,;&u 20

-/R
8 SI\R.
— Pd _>‘ \‘
I H Ring expansion @
activation
101

B 29 Pd AR T IR S 2-BURBERAT R [4+4158
Y1)5' A

Scheme 29 Pd-catalyzed [4+4] cycloaddition of silacyclobu-
tanes with 2-iodobiphenyls
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AR EA S 101 FEAE A TIERT, TR R T
TCIE S SREZIR T hTE 20 B, AR
YY) 104, AEURER AN R B B4 L
BLAEURES, R ATA AT, BRAE, KR
WK Z 5 RN, B ) XS0 B AE. B — I,
XSCH PR PO IRTE TR R B, 75 Pd(OAc), f#
R, FEZIAT B 20 ] 5RUREBCREMAEY) 101 KA
[4+ 41Nk S 8L

2 B REFFTER C—Si BMANARR N

2022 4F, R F A 0 7ME H Ni i, FIH a,o.0.0-
VU 55 %E-1,3- 48R 3IEK-4,5- — FF i (TADDOL) B 22 (1) -1
TEERRERACAE, SEEL T REAIR T e P b i) vy i e ¢
PEFFIR SN, % B RUF BB B, AXSFR
B BRREE T 1 0 25 0 TR B e e B it 1 — b v 25T 3
A SR I% (Scheme 30). /EF BT 1HEUE, -4 TG
H ) 4 2 SEEIL A 1) S BE (Scheme 12)).

R3

Ni(cod), (10.0 mol%) (JI

| L12* (20.0 mol%) Si” R4
RZ

R? 2-Me-THF, 60°C  R!
20 105 . ....... . 106

i 25 examples
1) ' upto 92% ee

l—_Sli—R1 + RS —=—R®

' Ar Ar '
E Ar = 3,5-MeyCgHs
L12* i

B30 Ni fLEESERT s R A PR 2
Scheme 30 Ni-catalyzed enantioselective ring opening reaction
of silacyclobutanes with alkynes

Oshima RO Ni(cod), TR, Gl AR
TRy C—Si SEWIER, LI T ARuiE R REREAL, S
BA RIFH IR A B0, FEAERK 1,2-
BRI E SUfkE(Scheme 31). fE# 52 HH R BAHLEE U0 T
Ni(cod), 55 SREAI T Fe R A WAL, P ie s
fonH R T 5 RA TN, ME4 g
A J T BR A5 2R AL 7547 108.

2021 4F, BAZRIEUEAF IR I, 24 DRI I
7T, RRERRIN T e S B IC 5 NG MR AL B, 1R
FYERCHAR S Ni A FIRIME T, BE AR S Ao mlide
PR & TR IR IR RS AT AR, B 100% K 5
TG (Scheme 32). FEILZ AT, ZRIFMENS ARG
G H i ZEAL A B DT Rh fEAGTR). AEL I STARSE IR0
SV BEAT R T 05, S T W9 2% P RE A0 S Lt
1. @42 Ar Ni GGG B EERCAL, 9201 n2 i EY)
o SR AR P SE DU RR W2, 45 2 b A 44 I, 1%
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Ni(cod), (5.0 mol%) 2

-Pr. R
nPre N

l__sli_R1 + /\RZ

e P(c-CetHrn)s (10.0mol%)  g1” s
90 107 toluene, 100 °C 108
Ni(cod); (5.0 mol%) >
@L_‘Si-Me * OR2 Ph s SR
te PPh; (10.0 mol%) Me,
o]
57 107 toluene, 100 °C 109
10>/ ! »
R1 \
I p1
(\Si‘R
R
ul Lo
i Ni R
| R2
H
n I
1
\\ (\SIRFR'I "
Ni/2

B 31 Ni BRI SREAR I T BefiT AR ik R AL S 7
Scheme 31 Ni-catalyzed silylation of alkenes with silacyclobu-
tanes

Al RIEE -2 BRANE R RS B i 471 111, 848
B Je R AERE AR T e 5 NI A s, BEfs
LIHFEAENAF R P A L S52 b, FERUT BEANAT

TEMIZAN, RN S EHRTREE A BT, B
AHERRIE R B AT REME. AR R SCE B % LA 7S kAT
TETTHA.

2016 4F, fHREABIIERIN T ElfE N C—H 4
FIREFE AL 57, F) F [Rh(cod)Cl]y/TMS-segphos 1k 14
R, SEHT C(sp)—H HREIARN, PRI K&
X 4k 326 B 1 A BT HE 2 2 2K & W) (Scheme 33). 4
F 2,6- —FIEEBUREY 79 47 B, 4 C(sp’)—H
B A I AT BN TCREZR IR ) 115, MR 2 Af
B FREECARISE, BL 10 0.7 BIELBIAEE] C(spP)—H
C(sp®)—H EREFAL 9 117 Al 118.

EZ BRI TR R R T hiE S
Rh(D AT R AR E AN AR, BT3B 2% T ER R i T
TERAT BEBEFCAR VR B R R AE B-H 3B, AERh—H )
I, ZFN G R BR R HCL, [RI 75 2] Rh(1)H [H]
&0, F/E4 C—H 8IS ROR R 13 2] H b =4
(Scheme 33, a). 2021 4, EFMIH THEX] I S A3
AT 712 1E(Scheme 33, b). iHH 4 RFM, B4 HooHk
HHIE R T AT BRI R AR R BR TR R Si—ClL 8, 2B i)
K V FEZ p-H WSS Rh—H #9%h; Rh—H {ENE
IER A IEYEYI R, TESHEZRIR T b R AR E AL E ),
20 R EFRTF 2] Si—Rh HER VI, BEj5 R C—H
BEVEL LR FIE AR A 13, [, fEE R A
BR[Rh]-H FCA PR T R4 SR, E B T A AT R0 A

R
@ CH, Ni(cod), (10.0 mol%)
Sii> L13* (20.0 mol%)
R’ toluene, 100 °C
110

111 Ni

Path)j

Y NN

LD
: P,
:_SI\ O O (0]
R’ "pr 3
110

Path A

V7

coy

B 32 Ni fEALEEZRIA T e SR 70 1 A 30 SR

Scheme 32 Ni-catalyzed intramolecular ring expansion reaction of silacyclobutanes with alkenes
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ik SR

[Rh(cod)Cl], (5.0 mol%)

P O
Me T | < O
Si : 0]

Si-M
e TMS-segphos (10.0 mol%) | PAr,
: PAr
G O
112 113 3 0
- Me 0, Me\ _n-Pr L14*
[_Si/ [Rh(cod)CI], (5.0 mol%) si Ar= 3,5-TMS-GeHs
TMS-segphos (10.0 mol%) O TMS-segphos
O O toluene, 80 °C
91%
114 115
E_ Me [Rh(cod)Cl], (5.0 mol%) Me_ n-Pr Me\sl n-Pr
</ M

Si TMS-segphos (10.0 mol%)
toluene, 80 °C
82% 117:118 = 1:0.7)

Bz 33 Rh ARSI TS C—H 8K 7 W IEEAL SR

Scheme 33 Rh-catalyzed intramolecular silylation between C—H bond and silacyclobutanes

B J5, 1% U8 ZH 4515 F] H [Rh(cod)Cl]/TMS-seg-
phos AR RS T REZ IR T Fe () 2 6 R AG/C(sp?)—H
B A/ M R A R B R R, DA R AT AR R K
PR (ee (HTIE 93%) & T e T O IR A 25 AT
HW)(Scheme 34). [ B2 DIBUAC RNy 05 FRIE, 4 AR
RNTFHEEIERS, N ABRENRIEEAT. MUERRT AR, 119 5
75 KR 53 () SR B4 S B A ST AR — 1, SR
FHIK, X2 WL

2022 4, ZIGE AW RIRIE TR T s s
(43T 1) % B B C(sp?)—H B RERLAL B, K88/
BUBEALAR R, GBI T BEAR S ARG %, FE)
() F O fEREJR 7 b (Scheme  35). R4 ik 146
PRGN HURES, 7EZS AL FHPE A R, Si—H JR¥IM
oy AR G I N A R, R, TR A AR BRI
[Rh]—H ARG 5 AT, RS T R
1) e WS R v 0o RS 12

2021 4, {FREREANWIDREZ IR T 5t 11 fEEik
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N [Rh(cod)OH] (10.0 mol%) ~ M-Prq  Ar
TMS-segphos (10.0 mol%) Si

Si—-H
40 °C

p-xylene or neat ArH
19 120 122

Desymmetrization
C-H silylation

Ar—H

BX 34 Rh M C—H B SR T2 [0 A FR I T A
eI S

Scheme 34 Rh-catalyzed asymmetric intramolecular C—H
silylation of silacyclobutanes

X7, FIFH[Rh(cod)Cl]o/1,1-BEZE-2,2'- W — ZK B (BINAP)
AR 2R, SCBL T BRI C(sp)—H BEAIREEAL, 5515k
FERAR A RE T (Scheme 36). ST SCATIREE IR T ki 5
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(3 [Rh(C5H,)Cl], (5.0 mol%)

L15* (5.0 mol%)
Et,SiH (0.5 equiv.)

toluene, r.t.

Si S
A ~ »
R
123

124 active species

A\Y
P— _——H\ A
P/Rh\H___Rhy/

/

H_ "Pr 5 O 5
;o MeO PAr

125 :
60% yield, 90% ee !

B 35 Rh L C—H S 0 ok £V ik A0 S B

Scheme 35 Rh-catalyzed C—H bond enantioselective silylation

HUE IR S NAS R, RS R, Rh 4077 B 5
5B SOV AE R EE-Rh 00 L, 2% HCL S, 4k
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Scheme 36 Rh-catalyzed silylation of C(sp)—H bond

1965 4F, Weyenberg 1 Nelsonl*8I & X & FILAE AL &
Pt BMERI R REAIA T he vl 5 ke e R AR R FEVE T S
N AEAME)E, JEBREREZH R Ni(cod)o/PArs [11#
AR SR, KB T RIEREAIA T be 42 5 ERE 128 T3
S, OB A IR R, A E M R 4 (Scheme
37). LB AITE B A RR N, %I NE 7 IR I
FPRE VGRS BRI PR, 83 Ni%-Ni-NiV AL 3 58
RFEAL.

2006 4, Oshima*HRiE 1 Ni fEAL N REAIA T bil5
TR BERI TR RN, A T I T SR i AT 42 W) (Scheme
17). 2001 4F, Yamashita BREEZHOLILAE Pd(PPha)s 4L,
N, R T B AT S RIOR OB, AR RS FE A R T A
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Scheme 37 Ni-catalyzed hydrogen transfer reaction of silacy-
clobutanes with hydrosilanes

HIIRE P24 (Scheme 38). fEFHEM, SN AR A p-0H
B, B SeseA E T RE 132, JRAT AR Pd—H W]
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v
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132 133
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R =H, 63%, 23:77

R = OMe, 53%, 78:22
R = Me, 53%, 53:47
R =F, 95%, 96:4

Bl 38 Ni AR T he 5B (0 T30 S R
Scheme 38 Ni-catalyzed ring open reaction of silacyclobutanes
with aryl iodides
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