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Recent Progress in Radical-Mediated Si—H Functionalization of
Silanes: An Effective Strategy for the Synthesis of
Organosilanes Containing C—Si Bond
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Yan, Jiale* Shi, Lei*®

(¢ Harbin Institute of Technology (Shenzhen), Shenzhen, Guangdong 518055)
(* Guangdong Provincial Key Laboratory of Catalysis, Shenzhen, Guangdong 518055)

Abstract Organosilanes are versatile intermediates and products in material chemistry, pharmaceutical chemistry and
synthetic chemistry because of their unique physical, chemical and physiological properties. In the past century, the synthesis
of organosilanes containing C—Si bonds has gradually become one of the research hotspots. Due to the high tolerance of func-
tional groups, good atomic economy and chemoselectivity of radical chemistry, the construction of C—Si bond via free radical
silylation reaction has achieved great progress in recent years. The research progress of the radical silylation reactions explor-
ing silane as the precursor of silicon radical in the last decade is summarized, and the related reaction mechanism is discussed.
Keywords silicon radical; visible-light catalysis; organic peroxide; carbon-silicon bond

AP A, T RA TP S EE T EEN TR,
PRI SE R 26.4%, [ 2 AET A0 WRREEY)
. e R 100 24, T HARR O EAL PR A
WIS TE, B C—Si BRI LR S DAE V2 0 3
ATHTEACHIRL T AERPRME A TR, e S Ah 15 4 m]
LAtk — 2B He A o i B DB RS A R O REAS R i3 771

* Corresponding author. E-mail: Ishi@hit.edu.cn

JEBORE 7R B AAR); FE25WL 2 GUR, ]
TR A B 7S5 f A, R 2590 03 1 P KR s e i1
BNt R, AT LA RO A 258 7 5 R (A
AR . R SRR SEANE
s, D). BRI, ARG PR TR EE UL
I AF(E, RARKANRL S ES L. Hik, &

Received July 31, 2022; revised August 28, 2022; published online September 23, 2022.

4122 http://sioc-journal.cn/

Project supported by the National Natural Science Foundation of China (Nos. 21871067, 22271069), the Natural Science Foundation of Guangdong Province
(No. 2021A1515010190), the Open Project Program of State Key Laboratory of Elemento-Organic Chemistry (No. 202009), the Guangdong Provincial Key
Laboratory of Catalysis (No. 2020B121201002), and the Fundamental Research Funds for the Central Universities (No. HIT.OCEF.2021035).
[ 5 B SRR 4 (Nos. 21871067, 22271069) | %4 BRI 3 4 (No. 2021A1515010190). TCEA WAL E 5 H A5 9256 % (No. 202009). | A #
AR TE 29550 % (No. 2020B121201002)F1 o S s i B AR Y 55 3% 4 350 4 (No. HIT.OCEF.2021035) % BT H .

t L[ 55— 1E# (These authors contributed equally to this work).

CCs

FEER

“£A\" ©2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 4122~4151



Chinese Journal of Organic Chemistry

REVIEW

C—Si BIA MU SN & OZHT 5 HERHIT TAEE 1)
KiE.

Zifrosilone
Higher electropositivity

Silahaloperidol
Modification of metabolic pathway

0 NM62
>si N N»\O HOsi
i H i
7/ \)\/ N
E T OMe
(e}
Silinezolid Sila-venlafaxine
Increase in brain/plasma conc. Modulate pharmacological

\ /
—Si

QD

Sila analog of ACE inhibitor
Transition state mimic

CO,H

Karenitecin
Increase in tissue penetration

B fERAY T E AP ST R L
Figure 1 Advantages of introducing silicon in druglike scaf-
folds
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HHEM AR a2 R . BrelEEaET.
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DG FE Ji7 U DA B A [) 4 248 1 8 i 25 B (Bond Dissociation
Energy, BDE)I[E[ 47 2], W SCHLEERS B BB pkg ik v]
erete, dhAh, BT RERE B BRI R SR A
FE TR e AT DA 9% 1 R A0 S 20 T R S 7 A (R FRL T
AR B R AR, AT S2E C—Si BEFIRE AL . ReEJE
H HER P AEREEE S N =0 2): (1) Si—X #
(X=Si, B, P, Se, COH %532 e e e &4
T, Si—X #(%) 355 kl/mol) K EH R E kR E 3,
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BRI [l B AT A R E M, (2) Si—CI 4
HITE AT Si—Cl BB FE AR (29 460 kJ/mol), [RIIEE
FeEde i/ A AR N 7 X TR R A ASEE C—
Si B O—Si FAMEL, HEELHHRETART,
AR AT DME MRS H TR S 5 B (3) Si—H
IR B TR Si—H %) BDE {EHHK(& 377
kJ/mol), 4 [ Bk F W A7 AE SR 1 7 00 (e e 2
HHEE 73 HHERE N, S5 TR R
AEPEIY Si—H B AR T, DA ARERL A s, ek
T3 V5 T AT A TR B [ 4 5 4 e ) 1 £
H, 25 M1 E BRI = F R =
P mEbe . =07 R BRI B 1 s AR e,
R REREAE v RE S B B SR ARk T A cE UL &
VI T IEAE R AR B2 KD,

R3Si=X (~ 355 kJ/mol) Commercial
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Figure 2 Formation of silicon radical and BDE values of se-
lected Si—H bond
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(a) Electron catalysis radical pathway
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General mechanism for the peroxide-induced silylation

(b) Metal free radical pathway
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Figure 3 Three typical reaction mechanisms for radical-mediated Si—H functionalizationl
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TE R Si—H B AR T RN T
M, (RIS P2 AR O RESE B R AR 1B X TR s R o i,
TR E B R4k 1C. 5 aE 1C 405 £/ Tkt
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2016 4F, #HFFEPHRE 1ML E RS FIRE
L SRR BEME RS BB, ATSRil— &5 E ML a-
Wi FERE Bt Ak S W £ li(Scheme  2). 1% N R4 Bk
M1 ERERIM 52 MELr. MRHESLI0 45 H AN O SOk
1, fEFRG 7T ReR R NMALEE: Cu YR T
HEMYN(TBP)A T SET 2/l ey Cu ¥ff 2A
AURUT 4825 H B 26 2B, BUT 4805 R Al i 2B FE L
ikt Si—H A FE TR UT B, P B H
H3t 2C 5l il p-rk b2k B & b a4k 2D.
FHIFA 2D % Cu™ WFh 2A db, BfJE 4T
FREAL N B AR ) 2¢, S8 HFIE R4 1 Cu Y Fh
Wz H5HEAIEIR. 2018 4, [A—IRE4HFIH FeCl 1
RE BT SEIL T 2R .
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Scheme 1 Copper-catalyzed decarboxylative silylation of a,f-
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Scheme 2 Cu-catalyzed silylation of alkenes
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Scheme 3 Synthesis of alkenyl silanes via C—S bond cleavage
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Scheme 4 Copper-catalyzed denitro silylation of S-nitroalkenes
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Scheme 5 Metal-free dehydrogenative silylation of enamides
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Scheme 6 Photocatalytic synthesis of diarylmethyl silanes
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Scheme 7 Copper-catalyzed silylarylation of activated alkenes
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Scheme 11 Iron-catalyzed silylation and dearomatization of
activated alkynes
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Scheme 13 Iron-catalyzed intermolecular 1,2-difunctionalization of styrenes
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Scheme 14 Cu catalyzed silylperoxidation of a,f-unsaturated carbonyl compounds and conjugated enynes
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AL TR IE B 7R a4 16D. 4%, dialfk 16D 2555
T WIS FR L O EEEE R A AL &4 16¢.

2022 4, JERERESERSIR) R A AL IR 1 Eh 2 B 0 A
WEIRAL 2 N SEBL T — R AR BUR IR [5.51 = FiB 1k
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Scheme 15 Cascade cyclization reaction to afford silyl-functionalized pyrido[4,3,2-gh]phenanthridin derivatives
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Scheme 22 Selective C-5 radical silylation of imidazopyridines
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Scheme 26 Visible-light-mediated metal-free hydrosilylation of electron-poor alkenes
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Scheme 27 Visible-light-mediated metal-free hydrosilylation of electron-rich alkenes
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HARF=H) 27c. 8%, i MM 274 &P TR
IR P FE A N = S SR R I, FE 54 K
AL R B BB 2 5 I S ERFHEALIE R
2018 4F, WL ZESEBMRIE 7Rl WO S0
PEFIE M0 2 1 B B 2 &1k )R B (Scheme 28), A
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Scheme 28 Free radical hydrosilylation of electrically neutral and electron rich olefins induced by visible light
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Scheme 29 Radical hydrosilylation
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U A B 32 B P N DX SOk B 1, AT DA v R A i A
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PR S VE NIRRT, REER B 3t DL A i B e
PETES L RRIE T B AL S, 15 3 X Sk B 7
(1) Z NP2 ZIE >99/1). #R4E S8 &5 5 LA K 2 50 STk 4k
i, fE AR I M HLEE: 7E AOERIE S R, Bk
BT S TTMSS (8R4 SET it g, FARmEH
FHEEPH B 7 rh (a4 29A A S I e b 7 1 el 2 47 B
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2019 4F, F/DfhEEBORIFIRELL Y, = (SN 2Rk
AN KoHPO, 73 AIE NG AT HAT AR N7,
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of alkynes catalyzed by eosin Y

SEPL T A WG ER SN A R AR T R 0 B b R R AL RN
(Scheme 30). 7EARAESRAT T, HPAIES BB IR R
WA RIS, o LArR S B PP R AR 2 DL E i
RUONF RSERIE BB &, B —J51H, HLL 1,3-
THRER R B R AR, RS E SRS
TELRVEEE IR, 77 A T 4 ) AR [ R ol 0 7 25 ) g 5 o [
s 2 RV FEFIAL B A /NI, 05 TR 2 R 3 [A] 44 30A
30B 4 ikt 5 i HAT 3272, el #2404 30¢ F1
30d; Y4 R EHIO FHECRGRUT )BT, 30A AME— )@ TN
HH IR, REPEYER R ZR NS R
AREFPBR BN T LR E BT 1SR BN
HLERAR L.

2019 4, SRIGEERTR) Pk AR AT, 52
LT R W6 A SR 1 AL B R IR ER S R A S B
(Scheme 31). TEARAESRAF T, 2P0y 3 A HE B AR iy
I Je Al A bty B Ja DL B A0 S PR 7 S (B i 72 R IR B
98%)~ rm X I BEPE (S 5 IR N FISTARE R (Z/E L
HEREY 92 1 8~>99 | NERILEMZ RN 1,2- R
K =BG IE R BE. eAN, R BT it Ay B MEZ
TSR . IH S BTl S5E 2 2R 0 Bt B B i 2

. ERRMEWIE R IR A — e ). IR
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30d, E-alkenylsilane | 73% 4%
(TMS);Si
| .
o+ l \=I=\
(TMS);SiH  (TMS)3SiH R2
}SET/’ RI_AL_SI(TMS); R'#Ar
\ SI(TMS)s . J(TMS),
EY’ EY™ _~_COOEt <> RN
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Scheme 33 Visible-light-driven radical hydrosilylation of allenes
B (GO (10 ot 2 45 S 45 S DA EL RIS, 38 B2 7T e L
| 2 10 ° — y
RI—=—R** R‘-SH decalin L oh > mi SR T B, Mn—Mn BAERHOLHET TR, ik
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X
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visible light
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31A
H R?
HMn(CO)s iR

H H 2 E R 31A 1F 8 HAT 5 BB ke Si—
H MEJR T, RIS =R H 2 (e 4 31B A1 HMn-
(CO)s. HHFEAA 31B SHIRERY A 2100 N Ak
L, 7 AR AT S BAR () ) B R AR 31C A
31D. E4A 31D HABLFHAIEf e M, 2l TrE
MIBAREEALBRAEK, Hrlafk C HA 5 45 1 R BTG PE.
I, rhiEA 31C B HEEL HMn(CO)s H AR T, &
WAESIAREREMEN Z GRS 31c, [FIB HH~
A=« Mn(CO)s H HIEHAIA, FF4EFE B 3t 4E 0% v
22 HREIFERNE R R R

2018 4, RANGEPISLHL 1R e SRR COs

1 2

R_:ﬂf:@_ghm JRUREER I =415 UL, W e — 3B p-RE S B
AT T H A A )(Scheme 32). XU BE AL SR B AT 45 B4
w % war R o RUGRIRGTE . RS IHRA, I,
- " NIRRT . RGBT L
RI-=R? if Lo M LA S5 2 A PR 67 30 T o s 32A S, P2tk
mp IBRRRARIT BT 32B i it B 7k R A g e

B 31 AEAL G Z Tk B e RS R WEY 32¢.
Scheme 31 Manganese-catalyzed Z-selective hydrosilylation of 2020 4, AR AEBOVR O IR A 7R R 43 R 1 T
alkynes RV SFE S, SEBL T e TR 1 1 R 55 B R
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Scheme 32 Visible-light-mediated metal-free difunctionaliza- MeOQCY\SI TMS)3 33c

tion of alkenes

N, FRGER T C—Si 81 C—C B 1 A A4 2 (Scheme
33). TEARHEZAE R, BL TTMSS VENREHERIE, Zfs
W HL - A 2 PR 2 A B e A 1) 5 B IR )
DL 05 B IRARY, #RT LAE R (%) 05 B R85 2R i s
JEMA] | B, AR 4 22 35 47 (P 243 31 H AR =9 (e e
FEERIS R 83%). MRIESLIG L RO AR IRIE, (E#TR
H T AT RER R R A S AL RIS Ni® Pt
AR, AR NIYPh)BoIFr. BEJE, MRS IIG
FEALF T AL S AR R IR B E 7, 724 e AT Bre
rRiEA. B2 ROR, Bred#HL TTMSS FH—NER T, 72
AR AP AA 33A. BT E SRR, R
HHEE A 334 S5Hki 7 oRuE RN, TR -
TSR et B 3 AR 33B 4 Ni''(Ph)(Br) ¥ i 3k
B Ni" Pk 33C. Nil' #Ff 33C &7 C—C Bk RS BR
RN 33d, [FIRTAZR Ni' #0F 33D. &%, 33D
B IR, ARG IR N YRR EDE N — AN
(EEZY

53 F P E R SR BT DA s 25 R i R g EOIR
HHE. 2019 4, Bl ESEEORIE TR LA T A AR
1,6- Wit & W) B H3E 6-exo-trig MU N, B] PALLE
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B 33 SRR R HL IR R I O SRk R AL S R
Scheme 33 Nickel-catalyzed arylsilylation of electron-deficient
alkenes

A A AR 1 1 7 3RS B — R A EL AT I o A ik 4
PE 1) B HE BE R IE 2L A ) 1K & B(Scheme 34). {E1H1E
BHZ, 43K EWG 2 AR S0 205 14w &
JR 8 ¥ oA e BRI, BH SR 0 8% 3 ST A R B ) R B
DFT M &5 R 5045 W6 (RN o g S
W R T AR AL E, N 1,3- 005 R kR R
BT S AR, #OR PR SN I AR R R A i 4
PE.

UAE, R AT S5 ORI B Z SR s st T mT WA 3
A R S — I Je A & 10 B 2RI [ B (Scheme  35).
FEARESEAE R, DABBLL Y A1 TTMSS 2 BE 4k 55
Rk B SRS, T HAT KA 25, £
Fh1,6-kedb ke . F5Em bR, TR AT DAL A
BRI R (R R IR B 91%) 5 AN RS AL
A=), W A i 7 — R A SRR (1) 28 SR ER
i E.
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Scheme 34  Visible-light-driven silylative cyclization of
aza-1,6-dienes

2021 4, Hajra 254210 ] FeCl, A HLGAEAL BB 41
Y(EY)HI PRI TE B T KRR S 77 HE I e
TTMSS ) =2 7> BctAl [ i (Scheme 36). 753 B &
F, ik Bt R T R Y AR M 2 I S ) 2 7 R I A
FEARAE S5 AT TR #R T DL LA v 45 5 R4 1) 7 2 e Al D A N
HIBREEAL = W) (e e 7= R IL 2 91%), JEBLL RAFHIE BE
75 2. FRIE S50 45 A O SClk o, TR T
BEMISOMIMLEE: #ok, FEFT OGRS T, 2 EY #
WABRE EY*. FeWYIMBER 6l E 4L, 7™
AT E HEEPTES T BYT A1 FeDWFh. 421K,
R EY' AR 58 DTBP S0 RS FE 58 ot
MEACTEIA, [ P2 AT S, B 2R (A 44 36 A AT
BEA B~ 36B. BJm, AUT %R H B PR 36A 14
PEHEE TTMSS o Si-H SR EUR 7, ARt 5 it
HER 36C XMk IR, 2k I AE Bk B 2 o a) 44
36D i Fe" W AL N BR IE S 1 P A 14 36K, [FIIN )
MEAIEIRTE L. FEARMESRAT T, BRIEE TPk 36E 5
PRAZME DR LW IR, 7 A8 fR ¢ 1L 5 5 8] 44 36F.
B, AR 36F 282 514 i FE A AR B A ek 2 o
AL ) 36d.
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Scheme 35  Visible-light mediated radical cyclizations of
enynes and dienes

2021 ¢, 7)1 SEISEEL T AL 2 (e a3t F sk P T 0
e BRSO E e A B, A7 A 27 e 3 P AT X
BOE PSR T — RINVOFE -t WA e N )
e B AE A PR 5 e A 15 0 I e R 2 £ & J (Scheme
37). FEARMESRAT T, ZRAETTIA L BA AN A AL
BRI 1) =05 B A fe . R BT B e . =2
SRR ek, HRT DA AR i ik R AR e B R A IR
S, BLAR AR 5 RGT I 7 545 B B FR W (B a8
FI80%). MR I 25 A TR SCHRIGE, VR 1R AT RE
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=IOREERERE, DPRILAE SN T AR B, AN S
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Ak 37A. BEJE, HlaE 374 5 =B KR
HAT i R/E, 7728 A ) 2 o ) A 378 56 il L 1 A i
IR, TR a-fE s btk B 3 bk 37C. &%
2, )k 37C Sk 37A 2R A B AR E B
RIS, HETI A2 H #5874 37d.
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Scheme 36 Free-radical-promoted decarboxylative silylation of a,f-unsaturated acids
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Scheme 37 Electrochemical radical silyl-oxygenation of electron-deficient alkenes
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LFEWIT 2018 FRRE T MR WL M52
H R SN, AT AR A2 R I8 i S AL
A — R 5 9-TEFE 2 LA P (Scheme 38). AN[A F-#k
%&rmﬂ FEAEAE R A R AR B 3, i
5N B BRI T B B 38A, FLHL
38A FERL A M e AL T Hh R A O P AR R OE B R
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silylation of biarylhydrosilanes

2019 4F, 5RAKSEREEWHRIE TG Minisci 82
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Scheme 40 Photochemical silylation of pyridines
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Scheme 41 Organic photoredox catalyzed C—H silylation of quinoxalinones or electron-deficient heteroarenes
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Scheme 42 Photoinduced silylation of N-heteroarenes and unsaturated benzamides
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Scheme 43 Dehydrosilylation of alkenes by photoredox, hydrogen-atom tansfer, and cobalt catalysis
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Scheme 44 Light-mediated defluorosilylation of a-trifluoromethyl arylalkenes
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Scheme 45 Photoredox metal-free allylic defluorinative silylation of a-trifluoromethylstyrenes
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