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Recent Progress in Synthesis of Organosilanes Driven by
Visible-Light
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Abstract Silahydrocarbons are often encountered in pharmaceuticals and material chemistry. In comparison with all-carbon
parent compounds, carbon/silicon switch generally endows the corresponding compounds with different biological activity and
physical-chemical properties. In this review, the methods and strategies of synthesis of organosilanes by photoredox in recent

years are reviewed, and the corresponding reaction mechanisms and limitations are discussed.
Keywords photocatalysis; silicon radical; hydrosilylation; silacarboxylation; defluorosilylation
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2R3 R AR A e A0 R R IR I R A B A 1 I N
AT BB B NERE, LRSS R eR 3 3
Jit A B4k = #)(Scheme 12b).
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(a) Light-mediated defluorosilylation of a-trifluoromethyl arylalkenes

13a). {AfFFEENE, T2 bt & N HRTE %A 1
RN, HPHE LU R ST AR I B P 1 B AH L SR R A
WAL, 12 R BA BT R e A7 38 FH Y R DA R A v () B
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A = (5 PR 28 ReE 2 40 258 ) PR SO AL 77 ) e 2R s
T EY KA THRE, FA S5 B IE.

B, Tk SEBOR A B B (Mna(CO) o) 1N
FJEHEAT, AR T AT WOGBY R B e R bR I A
Ak [ B (Scheme  13b). 22 B HCAAE S 14 i b A P SR8
RE LABLUT 2 e (0 UAC 26 o v DX 3R ST A S 3 et g A B
IR Z RN 1,2- ZHUR K =BG S be. RIS, {E
BT defthay BE. MERER. RUMESE . IH S GRS
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RN ST AR I B MEAS B LI SRS = 1. 2 AT
FEW KA WOEES Mn—Mn 832577 4 «Mn(CO)s
fE, BE S IR Si—H FIEJRF, R4
fi H B2 13-10 Al HMn(CO)s. fEE H B8 A H] 44 13-10
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By z AE R 13-13, FINEAE 8t e 4

b) Organic photoredox catalyzed defluorosilylation with hydrosilanes

F3C . CF, }34 s

R | GF(CF2)ppyl(dtobpy) p|=6 R ,, 4CzIPN. quicldine, pyridine, Ar R

CF3+ R-Si- TR+ RS s\ “R?

é quiclidine, CH3CN 20 W blueLED, Ar R
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,,,,,,,,, 12'212'1 1212
Plausible mechanism e
R. A 122 A R Plausible mechanism . CF,
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126 S|’BuMez ﬂ] 4czlP 12410
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Ar ! 11 10 In
: CFs
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catalysis catalysis 12-3 12-11
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2 2 1212
[N ¥/ )\ 129 124
12-8
B 12 AT OGS T = 5 IR 5 I A 1 s A
Scheme 12 Light-mediated defluorosilylation of trifluoromethyl arylalkenes
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(a) Radical hydrosilylation of alkynes

, Si(TMS),
) ) S Eosin Y, 'Pr3SiSH ~__R2
_ B ——— 1
R—=-R* + ( )sSi dioxane/H,0 R
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Plausible mechanism
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13-7
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\_]/ (TMS);Si”  H
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(b) Mn-photocatalyzed hydrosilylation and hydrogermylation of alkynes

R R2
Mny(CO)y, blue LEDS 17X~
R'-=—R2+ H=X-R* 2 /)1{ R
RS ) R3-X-R®
13-1 13-9 R*
X = 8Si, Ge 1313
Plausible mechanism
L visible light
i Initiation: (CO)sMn—Mn(CO)s ——— —~ Mn(CO)s
H R?
=( s
HMn(CO)s R 5-Si7
R ‘R4
Z-vinylsilanes
R'" R? R2 1313
= gs 7 gro Mn(CO)s R3

S7 4 - ,
N S, R Si . H-Si-R*
rs R R3\ R T
1312 13-11& R® 139
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Scheme 13 Light-mediated radical hydrosilylation of alkynes
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2018 4F, ZHGEMHRE T o] WA S E VLGRS
FHAEAL IR T C(sp?)—H HBERREIAL, R
T IR S 25 ) 22 R TR E S 43 F-(Scheme  15a). A EBIFTZ,
%R R KA SABUR, FEAE O A LhefER
TRA AN SAF N T, 0P K& B R B 75 B
TR TCEMIFAF T AT, AN T 8 Gk B B =4 (1)
FEAE, TR R O KRR,

2020 4, Lakhdar Z5UOHRIE T WG GS T &R HcE
b N- RS SR e R RTRE Jor 11 T S ek A s B At AT TR
12 N I IE VO R EAT T R SeHF 72 (Scheme  15b). [
B B - RS R . TG E F A DL R BT R
WIS, FEAHERE TR BLIHLE]. Hd, NPAs $)i
25 T 1 OGRS F R I O A . SRR (I RET
(Ru) Z ML HE L AP0 v 25 ) Bt & 8 R (LI LA, TR
AR CEESBRE. KAYD. 5T BT
Gt R AL A I B T R B EE TR
.

2021 4F, PhRERESETIRGE TSR, BHDEER
A 30 JE5E 8 A 1 W AR 288 1 5 A i B 4 T DR - S
T REAY [ R (Scheme 15¢). 1% %N A& 5% 4CzIPN 1R
NENOGRAT, AAE N T2, e N
TR AN S R R SR I i e A A T IR F -, IR
MR AR § 3t RN B E T AT
AR R AR 45 A IR Rk S B 1) T .

2022 4F, FRMBEFUSIERIT T W] WG 22 iz
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Na28208 (2.0 equiv.) + BTMSPO (2 equiv.)
or 'Pr3SiSH (1.2 equiv.) Si=H
Plausible mechanism EEIectron-deficient and electron-rich heteroarenes
Electron-deficient heteroarenes : (R3Si0), :
; Ir*(11) g
r(lll) | i 1l
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$04% + 804 whlte LEDs | Ir(liN)
: HSIR3
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HSIR3 = 'BuMe,SiH <o '
H 1
4 ! | X *SiRs
| > (R38|0)2
N, | N Ne *SiR,
NH| " siR, FSRs ’)
SiR. | X RsSIOH (RgSi0);~—"02
'SIRs NH ° | :
: ~N R4SIO*
S|R3 HSIR; = 'BuMe,SiH SiRs

B 14 AT IDGHEAL AR DT R C—H REHEAL
Scheme 14 Photocatalytic C—H silylation of heteroarenes by using trialkylhydrosilanes

(a) Visible-light induced radical silylation for the synthesis of dibenzosiloles (b) Photochemical C-H silylation and hydroxymethylation of pyridines

Rose bengal (5 mol%) fac-Ir(ppy)s (2 mol%)
TBHP, KOH @ @ i@ £ T NaHCO; (2 equiv.) |H§
H €J) + H-si—o 0
N+ b

Si DCE/H,0, 25 W CFL, Air Si CH3CN (0.05 mol/L) N Si
2 “R2 ; “R2 . rt, 16 h o
R R R2 R OMe ’
(c) Organic photoredox catalyzed C—H silylation of quinoxalinones or electron-deficient heteroarenes
R2 H

|
H-Si-R? 4CzIPN (2.5 mol%) | S'j< %
T R* quinuclidine (40 mol% )T @ S|

R pyridine, DMSO/CH3;CN "\
S'\ R3 I{l o blue LEDs
R4

Y
N

(d) Photoinduced silylation of N-heteroarenes and unsaturated benzamides

O O
R! 0
Selectfluor or DTBP { PC
R2 H 1 Os_N_O R4 ;
- (v R ROR N-OR
Si—R ; 5 Siigs N O
R* R o @ R? R? o
H-Si-R3 HfS‘rR R =H or alkyl
"QA R4

BIR 15 TG A 55 A o5 R i kAl
Scheme 15 Photoinduced silylation of heteroarenes or arenes

T N-ZR AR B S A & P RO T AL J R TF R HE T 28 = WL JR O A A 7] B BRI 2 FH 2 it 17
At AT o 4 ' PR A 7 2 PR B i R T -2 2, HEWSENME.
SEPR T AL JE T O RS HE V42 (Scheme  15d). [RIH
FFISULA Selectiluor (NS, mpmne: 2 BT S STRFIMEENRY
bR T PR RE 1 I, AR, R Minisci KEEEILR 1989 4E LISk, BT BEZ A N EILIA R, (M
BL. AEAS —5EHIE, AATTRE 1% BT R 2 T ) 5t A B AE ek AR AE A HLE R B R B BE
ERAMAE VIR S . 1207 VR D) SR ANME Z WLk, wl LG/ PR R (Si—Si) = A ik E
R T Minisci ZEfEHEAY S N R TG, 1 B AAT]
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% B (Scheme 16).

2021 4F, Studer FEPVE R 7] WA FE HL 4 2
= R B SRR Jot 1 R B A R B (Scheme 17a). 1%
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RIS a-Z A HESE(Scheme 17b).
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Me e Cl CN
16-2 16-3 16-4 16-5 16-6
64% 60% 51% 71% 83%
CN CN ‘
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Scheme 16 Visible-light-mediated silylation reactions
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HE X : H™ R !
=Y R-Si* + Me;SIOCH(CF3), ! 3
o« e il J Ly Ir(l1) Il
Ir(I11) r(in PN ; :
Z “EWG !
H* R.\S R2\+‘/ R3
“gje N
A
R Ry . Ir(ity S o I
SI\/\ Sl\/\ ——————————— - Si R!
[ 4 EWG [ 4 EWG 59+60 — > }ﬂ\ R
1 .
H R
B 17 "6 T Si—Si Bl Akt [ itk
Scheme 17 Photo-mediated silyl radicals from Si—Si reagents
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(Scheme 18).
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PhO2Ssime,ph
18-10, 99%

Bz 18 w) WO i SR R A kg g

Scheme 18 Photo-generated silyl radicals from Si—B reagents
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NHC catalyst

; 0 NHC (10 mol%) 0
R L , RbzCO; (10 mol%) R!

=N

RO — ————~ /S‘/\%RS QN

R3 N_J MeCN, Blue LEDs R L3 ge -BFy7 +
- 1

Plausible mechanism

Si—Bpin >

Photoredox

A pC cycle

Si—Bpin
19-4

Si radical )
generation PC~ v
A—Bpin Si-
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Scheme 19 Organic photoredox-catalyzed silyl radical generation from silylboronate
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Scheme 20 Photo-generated silyl radicals from silacarboxylic
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Scheme 21 Photocatalyzed cycloaromatization of vinylsilanes with arylsulfonylazides
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