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Progress in Catalysis Transformation of Carbon Dioxide through
Hydrosilylation
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(Key Laboratory of Organosilicon Material Technology of Zhejiang Province, Key Laboratory of Organosilicon Chemistry and
Material Technology, Ministry of Education, College of Material Chemistry and Chemical Engineering,
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Abstract Reducing carbon dioxide emission and converting carbon dioxide from the air have always been a hot topic for
researchers. Carbon dioxide is an ideal raw material for synthesizing organic compounds because of its good physical
properties such as non-toxicity, abundance and easy availability. In recent years, hydrosilylation reaction has become an effec-
tive method to convert carbon dioxide into formate, formaldehyde, methanol, methane and other valuable chemical products
under moderate conditions, which greatly promotes the conversion and utilization of carbon dioxide. The research progress on
the design, synthesis and catalytic performance of catalytic systems used to catalyze the hydrosilylation for reduction of carbon
dioxide is summarized and discussed. The reaction mechanism of hydrosilylation reduction of carbon dioxide is discussed, and
the advantages and disadvantages of various catalyst systems are also analyzed. At last, the future research directions in this
field are prospected.
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Scheme 1 Hydrosilylation of carbon dioxide for methylsilyl formate, bis(methylsilyl)acetal, methoxysilane and methanel'!

O, CHs O, _CHs _~_O, _CHs _~_0_ CHs
s T Si’q; T .si” Il ~-SiSiR;,0
0T «SiR3 0”7 SiR3 oY .SiR O T SRs
N —‘|\r:NCMe -NCMe XN I H X N—‘Ir;‘;_il 3 SN C
N E—— N \ak —_— N \ —_— N \ ~
| N 0.0 *HiSR; || N of CN NN CN Osg Ok
= 073 = \3_o = O;$ SiR3 Z 0=% iR3
CFs o:?:; CFs CFs
3

1

B2 Ir-NSN A 1 AL COr il IE S5 i 1)
Scheme 2 Hydrosilylation of CO catalyzed by Ir-NSiN 117!
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Scheme 5 Mechanism of CO; formylation catalyzed by rhodium complex 4231
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Scheme 8 Insertion of CO:z into the Co—H bond of complex
130331

2.2 REAYMENX COBESRTRRMN

2013 4F, EHREC S CO, 5 & ARt R
IR 5 NGRS, Garcia PRI {(dppe)Ni(u-H)} 2]
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Scheme 9 Mechanism for hydrosilylation of CO> catalyzedby
complex 1457
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Scheme 11  Iron complex catalyzed hydrosilylation of CO2!
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Scheme 12 Fe catalyzed selective N-methylation and N-formyl-
ation of amines with CO,[*]
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ITAER, FRACE ) TR SN B B 4 1 H
%, 2019 4F, Bertini 2 i ARE T EREL A 16 i
W& SRR CO, 7718, SRR AT
(353 KAH110.1 MPa CO, £ /1) COL ¥4k Jy F A e 2k HY IR
ThF R ik e i H I 25 (Scheme 13). TEREAT COL it &I Y
RS B AR A, HOE BN A PR A pl A e I R
Wi, S s S T D) AR ol R AR A Joe; v S N i DU
AT SE A AR R AR R . RS FR R A 16 L
Yok COp MR SR 7T i JR FL A 1 R G, HIR k5
SRELT R — D TR RN, 15 B =
AT, PR AR A PR G & N T — AL 1535

2-( IR O IR )-9- (ML WE -2- 3 ) -9 H- PR MR 4 FL 2%
W) 17 V5N CO 3 Ji Bt iz A AR, P DA 3 th B A
{075 %5 CO, A1 PhSiHs A N-BEALAI . N-BiAL S 3
(Scheme 14)1481,
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Scheme 13 Mechanism for hydrosilylat

Mn5(CO)1o (0.5 mol%)
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CH4CN, rit.

</

R-NH,+CO, + PhSiH,

ion of CO2 catalyzed by complex 16[47]
(1) CO, (0.1 MPa), PhSiH; (2 equiv.), 12 h

i\
C—H
R-NH

(2) CO, (1.5 MPa), PhSiH; (4 equiv.), 24 h

B D
\

_N N/
-
O
/\ I\

OC COO0C Cﬁ)
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Bz 14 HRFEAC S HEIZ S PhSiHs iEJ5 CO2 Jy FHTHE Z148)

Scheme 14

L COL REEA IR T B, CO, 1 C=0 MUEEHA
Zn—H IR F, HEMAAEIbEes 52.5 Kemol !, 4=
Jen' BCASE (1 R R v Tm) A, T o [0 A A AR /N RV AL B
SN R E 1 02 BOAL R R A, B, HIR
Hhe5 5 HSI(OEL)s R AL E SRR, (AL B 45
[T WAC P A )R N TR — i 3R

A= [(1-45 P9 5 2 bk -2 ) — R R Tk ] P R i 4
N R R S A AR B A 18 W5 COy B A il T R
#%. Rauch Fl Parkin®>U5 45 54 18 5 B(CeFs); &4, 1#
L HSIR; 5 CO REALIR JF I B, 3645 P Hh A5 31 X (FF R
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Mn-based complex catalytic reduction of CO2 to formamides using amines and PhSiH3[4!

FE ) 4EE A1 CHy. [FI4E, Luo MRERZHBURTAT T DABKE4F
(ZnPo)E AR, I UL DMF MBI, 20
KU R AR 2T IR A2 F L. CO, A
e, e R A B R R AT AR, AR %R N AR
ZnPc/DMF 2 [8] () B [ AL AE F RE S e it AL S RE
FEFEF 3 COy o1, HEMIA FITRZE CO, 201 1 B UG
1k.

Feng Z52WRIE T — R4 R SR EAL T, p- R
T e S T A R0 5 A A S 3 e SE R B L 59 19 %)
CO, JEREMEIE R AR m AT M, 7ECIE R
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BEAN, 2B AR R RS A 5O A Ak R e 5 R R i 3
**%%ﬂﬁ?%@%ﬂ%ﬁ%h AR 48 FH G I AL 2 57 = R
N B AORE T B ERS, SR T — AL,
Tﬁf}é%ﬂﬁﬁﬁ/ﬁk\ CO, i N Si—H 8. Rk A fLEL
A DL AT A (Scheme 15).

co,
r.t.
~ A
[ N._ N
N, N_ (EtO 3SiH [ Zn Dipp [ Zn_Dipp
z "D /o,
pp N s H
/ /N
N o- ~SiPhy '
/N 19 70~ 90 °C SN
[Zn]
. (EtO)3S|H
CH30Si(OEt); <—————— HCO,Si(OEt); (EtO);SiH
A A TN
r' 3 TN { 1
NN NN [ g e
a ZHODi /1 0 _H
/Zn H 1 Dipp /ZT\O Dipp N H T
0=¢ N O s g
/ \ o /\ £id b OF!

E=15  BLEP 19 HEAL CO Tt AL IE J5 f2 A i )74 152)
Scheme 15 Possible intermediates in hydrosilylation of CO2
catalyzed by complex 19121

WA, O AR 9 0] Fr T Ao 25 (A G 3 s A B (1 AR
EPER CE B, A E I B AT B AR A AL B 1 o R
E1521. 2019 4F Zhang SE53HRIE T EHEAL CO, B R fr
FRMEE . XU REGE ) 4aME . H Rk Joe DA S e 2K H 05t
ARG, 7R UM EE SR, SECAR 1,10-FEMEMR(L)
HETERU) Zn(OAC), Bt &) 20 BA Slif AL RCR, 18
FZAETC A AL B i R R Joe 22 FR RIS (1) TON B AT =y
iX 815000 (Scheme 16), FfH &R MEEH] CO, SEELE
TE R NEFE A CO A . 2022 4, Mehrkhodavandi B /&
HPHRIE 7 LI HIPNNOPAEAR I S LS H T8
b COL REE IR R A FFREE St J2 P TR 6 119 S R

2021 4F, Lu S5 R ) BRI V026 B T [ 58 7E
LA HUAESE 4542 (COF) b i8¢ 7 1 46 55)(Zn-TpPa),
ZAEALF AT LUEAL COy A N-FRIEZEIZAE 303 K %61E
Aoy N-FJE B2, TOF 4 17155 h!, a6 ] LUk
Vi 2 FHARZ ) N-H A S, I RETF IR R 722, 1%
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R3SiOAc
Zn(OAc)y(L) RsSiH # [H-Zn(L
20 R3S|\ )\ co,
R3SiOAc k
HCOOSIR, 74 [HCOOZn(L)]
20

B 16 LAY 20 iS4 S fE e (E A HLEES3

Scheme 16 Mechanism for complex 20 actived hydrosilanel>*!
AL AT TE IR AN A E AL COL R RERE B, FRBLH
S AT . B AN AT [0S, COF (7 b R T
FRRIUE T Zn WIS AL S0 A0 RAF, HXF CO, HA 3R
B AE T, IXPRANRE s M AR s TR 3 R
. [RI4E, Ji SE0OG R T — P im ) S A B AR AR, T
G T T 2R EEREREA COy XTI N-F LAk S .
Choi B 4H ST EE C & 40 [ 28 7 J& BA M A FL A HLEE S
B EIEE Zn(OAc),(BPy-PMO-TMS), - HAE Ak
AHAEAGTR, DLBARM Zn SRS RT DAAE N-F 2RI (1)
FH TG A Js S8 2 T HE B v PRI AL Y 1, (R AE -
A it R rp 2[R AR BROR R REREREAT AR, 3 B R A
ArfLIE%E, MITTRHES T AT EEEA. R k&)
LR AR, BE L FLIE % 280 R R R AR — A
By ).

2022 4, Parkin UR@HSHRE T A E G D
[Tptm]ZnH i@ id(RO);SiH (R=Me, Et)# CO, L5153
(MeO),Si(OR)s I N It &) CO, F77E I 2 {2 itk
HCO:Si(OR)s ML 58 TE i, W &E = N CO. 4 A
[Tptm]ZnH ] Zn—H 4§ AR FFER 2 HCO,Si(OR )3
HHANER Y. CO, MEIER 2R AKFEE L HCO,-
Si(OR)s ¥4t A F .

2.6 REAYENL COEENITERMN

A A Y E B AR IR TR B4R, 2016 4, Chen
SEOMRGE T BR A S S MR LT AL(CeFs)s/
B(CFs)3 {1233k CO, BRI i N Et;SiH R Bl FF ek e 555 P B
BEII SN, {H AL(CeFs)s A8 B HA AL CO A IL 5
A R, FUEL IR PR AT e A P2 A2 1) Al—O BEFEAS T
CO, HEALEEALIIHERE. 51N B(CeFs)s i, [Al]FFLEEAS AL
HECOy MWL PR, Tu[B] Ao AT LB A S5 2R 1)
TSI R [ BT FE. S[ALY[BIHE N 1 & 5 I, CH, 7~
HINF] 94%. X—45 R, [ANFI[BIFE CO, ik it 2
H R AU A EAMY, T ELR2 R EEAT . 2017 4,
Saleh 251004 JE T 4% 5 Wi ER [EL AL AL CO, IREE L IE
JRIRRE. LA CeDe fEH I, 7E 353 K 25 NHERCHY 58 421
¥E, £ CHy PN 20%~30%, EE=4)E Hi% 5
WiiR M L CeDe 5 H 8] 7= ) R A= ot 4k I B2 AR B 1)
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CsDsCH;. B A% 5 Wi el (F NHC 455 1) [(NHC)AL-
Mex(PhBr)] e &4 21 FI[(NHC)GaMe,] Bl &4 22, ]
DMEHE . 15 COy EREIE TR AL TR, J H P EH
BTG A YRR I — B0 iE £ (Scheme 17)161),

Ro— + HSiEL [21, 22][B(CeFs)a) (5 mol%) R SiEts

H H

)oL + o, 21 2ABCEI Emate) P Osgey
H H
[21, 22][B(C4F5)4] (10 mol%)

-Et5Si-0-SiEt,

Ph

CO, + 3H-SiEty CH30SiEt;

B 17 [B(CeFs)a21, 22 AL . SRHEERT COx IREAAL

IR 5 Rten
Scheme 17 Hydrosilylation of alkyne, benzaldehyde and CO:
catalyzed by [B(CsFs)4] 21, 22 complexes(®!]

27 {EECEYHEN COHENTRRE

Motokura ZEO2kIE T Cu(OAc),*3H,O0/ Bk 2]
DA e R A0 R H B SR Ve (PMHS)IB JR CO, 5 B ek
ot R IS (1) ) B2, TOF fH#EUT 1400 h ! B k#EH T
HEAL CO, & B H BR 18T 1%, CO, 7128 0.1 MPa i,
Cu(OAc),*3H,0 A il I BR AU A . 7E BT A FH 10 5. A0
RUEA I TC A4 HH, 1,200 S A 2 3 ) 2 ) e A 551 P
FERCAAR, CO,JE 1M 0.1 MPa I}, TON {5 Z1°4 700001631,
F—I7 T, 1,2-X0( e A SR IR ) R A Aol Ha 1 BE 711
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PMHS i Jif A& i B R e 22k R R IR, 7= 232 4H 31%, TOF {H.
IEE] 10300 h ! EEEALEJE R 2D COo, A
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I AN 1228 [ 2R SEI AN R A R RS IR B AR 43 #T,
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TESRERE IR HEE T 5 URIE S 2 A RSO S ) FR P fie =
YNFIAH B S AR A e,

— RPN R LI ) £ 5t (dppe) Hil liE & V15 &
&, HH Cu(OAc)-dppe & = iR 261 T ] = R b
PhSiH; 5 CO, BT I8 Bt fctb [ B2, A6 71 FH =N
0.1 mol%, FEALF=IIHIF=ZN 91%~99%!%). 1%
W &R IE M T RE TR 05 B RAA RGP i, I Re Ll 3
JERPEME A R R AL . AR RN, AR
RICTCHE R TR RIF P TE, XAl
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2076 http://sioc-journal.cn/

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

(DPPB) AL 3 N-F 4L [ )87 117 PhoCyP A ECAA U]
1233 N-FEAL SR (Scheme 18). 1% 5 1A R P4 i)
REAEREAL & R A T EE AR,

CU2(OH)2CO3

CHO
Ph,CyP .
CH3CN 1/N\R2
H 60 °C, 12 h
! + CO, + PhSiH3 -
o g2 Cuz(OH),C05 o
DPPB 7
R': aryl, alkyl CH4CN ’N\RZ
R2: alkyl !
- alky 60°C,12h

B 18 Al pAya bl i Ak CO 3B JF T AR HR i FH Y i e 66)
Scheme 18 Ligand-controlled reduction of CO2 to form me-
thylamines and formamides catalyzed by Cul®!

NHC % £h 4% &9 (IPr)Cu(O'Bu) A 15 A5 R 1Ak,
CO, ATHEA ML 5 R B, 8/ 0.01 mmol% [(IPr)Cu-
(OBu)IWE AT, PT 7B H 71%0) H R ik lE, TOF {4
1248 h'. CO FRE NEMA L A1 23 Az Bk B 1) F R
BT PEAS, AL B ALE AT Scheme 19 fT7R17). Tani
SO Ol IS —FE CO B KT BBV C—C
BETTIE, B COLFAL . K FH (A AR 0 A
Z, UERESEAE R R, Al &GN EY S
COy P, RV AE SR TN JE . CO, ik J5 R (1)
RERE, SRE T EAA Y B E G R R A, I
IERZNEIBIR ORI IR AR NS Ju iy [N E= R A N i 11}
PAZ Boy-AHRRER.

B2, MELSEHE TN d B FERGREET
FHCRT, DU B A RBORM AR B R, T 48
A — S U 4 R 5 A [F) 4y B [ A B vy ot
SIRLEN, W FVESS R A SN B PR IR AK S 0 2 44
e, SaRmALFIAIEL, 55 &R AL RRA R,
(B A B AT ARG e I, NNz

3 FERUESYENK COBEURERN

b7 iR SR AR T DML CO, HEATHE
SRR R N4, —LedE S @Ak A IR RE T 28 B
oAk, WA TARE R T —em R ARSI
FIA NI T CO, 5RE R IR DhReft, FHae A&
PRI AL S A RH N 1) B T e AT R . 20115 48, Liu B ARZH L)
k18 T B(CeFs)s 7E PhSiH; fA7E N Al A 2l CO, Sk
SEPL N-HEAL, OB R AIE VR, RIS, AL
FOARAL B AR ) N-F IR LR 12 = 261 S #BRE DA R
TP = R AL AR L IR R A =4, 256 2 (R Az B
BRI 75 B et B 1S M. He ZEUOMRIE T —FhA AL
AT H 2B FH R B(GB), R #EZ Y PhoSiH, Xf CO, )
W JRIhREAL. 8 U S N FE K CO, & AT LATS 3 —
FOAREEI =Y, B EEILSE. F ML, 306 Co,
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Scheme 19  Cu hydrosilylation of CO: catalyzed by complex 23[67]
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AR AT LA RO e 28371
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N, PEEN 72%~99% (Scheme 20). iZf#LiA R AT LA
2 FH 8 W 1 /55 25 M A e R0 A Jie AR IR 30 i iz 2021
4F, Yang S T —RRRE . R AL N-JR 3R R
FEREMAYINHC-CO,), TERMFME T iEE N-F L
B — D AR BRI AT 1) 2% %5 F R R AN R Rk e,
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L SR R S A v, R R T SN U PGS
P, XS HURIEENT NHC-CO, 35 4% 0 () HEL T RN A K.

O

=\
%/N\ 'NTA
H
I
R! H 1,3,2-Diazaphospholene (5 mol%) R1\ _C
SN +CO; +Ph,SiH, N
! CDsCN, rt., 4 h
R2 0.1 MPa 3 equiv. ° R?

B 20 132-ZBHEI. PhaSiHa CO2 A2 i H LR
Scheme 20 1,3,2-Diazaphospholene-catalyzed reduction of CO2
to formamides using amines and Ph,SiH!3
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P, AR [E AR A A B AR A S S BE T AT DA SIREIL I () 3k
Pk N-FEAL.

Motokura & 3 [#F7F]H CsF Fl KoCOs fif CO;
PIRESUM AR B, I8 T FERRERG. JoHLERTE
WA S CO, FIH BEAL B2, 2016 4F, Lin PR
HIME I a1 B S 15 CsoCOs 1R RAEALT), IR
Al XS CO, 1 PhSiH; KA N-FIBEAY 8.
FAARFBRER £ 40 LixCOs 5%, Na,COs VEMEALFRINE, 8%
PER K FRAR, 2 WA FRLAR 0 4 8 & O 1 AL 35 AN H.
15-768-5 R MBI INE] NayCOs [NAR &2, AEA L
Perm A R ST, HER = RN E] 21%. RBNAR R
(VA Pt R S M (AT M I LR 2. 5O S R
ARELEE PR T M- BB N-H B4k e B, AT
HT B 22595 114 k. 2021 4E, Du ifH TSR IE T
TR 2 KoVOF, 4L CO, 5% PhSiH; [ N-F
WAL S B, 19 205 B P25, Mz 2 R R A
JEHKRE, HAEARLT eI 2 At iE e, B
AIE AR AL Li RO A Rl = S 5 IR I R A
A B RO AE AL COL S N-FR B AL SO, S AN & IR Fr itk
WE & S AT AR = A v .

Xia PRAHBIE 2017 F40E T —FF 2 CO, 25
R R HR Bk C—C Al C—N BB [ 8 (Scheme 21), K
1,5,7-=% 2% " ¥K[4.4.0]125-5-/#(TBD) (20 mol%){E N
HUEEALF, 100 C R 30 h, AT LIRS L F =311
RTEEW. DORIRI| MR IERE AT AP NaBH, 4 5
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R BRI N, FTHT S COy A AR, 16
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AR P e P T AR 2 0, G v SRR e e ) 40 T A B
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Scheme 21 TBD-catalyzed synthesis of spiroindoles/spiroindolines from N-aryl-2-alkyltryptamines and COz in a one-pot fashion(®!
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PEIRE S5 A0 2 RGP A 14 Be.

PR B8 W A 2 AR U R AH ) — PR R
FasE e SRERIE IR ERAA I, 2019 4F, Yang S5 i
it 26 A R B, HH 2L AR PR IR & 28 1 1 2R AE AR 7%
& £hAE VDB TR (ACH-AA)E CO, 3 JR Bk Ak 1 %
47, ACH-AA EA B S PSRRI, X CO it
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PE, FAEY KA =t B AR = i /08,

2020 4, Dyson BRI T —Fl i =LA &
H0 H 7 3) SUL B ([VBTAmMCO AT A= Y 28 & W0 8 1 RUAA
(PIL) (Scheme 22), =i T o] A &fiEfk CO, A1 PhSiH; 5
JE i) N-FRERAL SR, B8 CO, JE /7 J IR, AT PLi%k
PEEHIRIG N-F S0 4.

~ n
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~
I

B 22 p[VBTAm]CI F-& k(86
Scheme 22  Synthesis of p[VBTAm]CI%
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T T VR R A A 28 A R A Tk N Rl s I o v o
& VLRI, HART COy W RS #eiL,
B T X R AR MR R E SR AL AR R AL CO, S5 EUE
BefI s, B RNE BA TR RREPELE
JEUREIE FH P 5 B A 7 AR AR S A

Pramudita S R AR S 24 — SR B0 H R
BAL B AT, DLERERENIE IR, IR CO #EATIE R
FeAk(Scheme 23). 7E DL — 3 R ot Jyide J5L 7 I 26
DL ARSF AT . SRR, S RE gk b A
FBRH NS CO, TS IE A R P ek e 225 P R I 114 S 12
R RAF A TR, (0 S 0RE S 3 e B i
XSS I H A L PR PR A3 1

N SiO,/Formate 0.0
bS]+ Cop 2 TR, Me AN
Ph Me DMSO Ph/ \Me

60°C, 24 h

B 23 THRAEERETRREL L COr RES ML S BT
Scheme 23 Hydrosilylation of COz using silica-supported for-
mate as catalyst [87]
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LA 50T 1T 52 1.

&R RS S8 MR R LA 53T,
RRAAR, ATEEAEH, & Ry i N e LR B BE TS
Yo/ NEEAJL A, BRI AR IR A58 PR TS, AL A
FHEK, WA [) K A5l
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