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ZnEt, Promoted Hydrosilylation of CO, and Formylation or Urealation of
Amines with CO, as a C1 Building Block

Du, Chongyang Chen, Yaofeng*

(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, University of
Chinese Academy of Sciences, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract Fixation and transformation of CO, are of the great importance, especially the conversion of CO, into valuable
organic compounds catalyzed by the cheap and biocompatible metal catalysts. Zinc is an abundant, biocompatible and envi-
ronmentally friendly element. ZnEt, is commercial available, and has been widely used as reducing or transmetalation agent
in hydrocarboxylation of unsaturated hydrocarbons with CO,. In these reactions, ZnEt, is generally used in stoichiometric
amount or excess amout. This manuscript reports the hydrosilylation of CO, into methoxysilane promoted by a catalytic
amount of ZnEt, (1.0 mol%), the ZnEt, promoted formylation or urealation of amines with CO, as a one-carbon (C1) build-
ing block is also described. The hydrosilylation of CO, into methoxysilane (CH;OSi(OEt);) with (EtO);SiH as a hydrosilyla-
tion reagent is affected by CO, pressure, ZnEt, amount, reaction temperature and reaction time. Under the reaction conditions
of 1.0 MPa CO, (the initial CO, pressure) and 1.0 mol% ZnEt,, the yield of methoxysilane is up to ca. 90% after 7 h at
90 °C, and no solvent is used for this reaction. In the presence of organic amine, the reaction gives formamide or urea instead
of methoxysilane. Under 1.5 MPa CO,, 1.0 mol% ZnEt,, 2.4 equiv. (EtO);SiH and 100 C, a series of secondary amines,
both the aromatic ones and the aliphatic ones, can be formylated into formamides. In the formylation of N-methylanilines
with different substituents at para-position, the isolated yields of the formylation products are in the order of OMe~Me>H
>F>Cl~Br>CF;>NO0,, indicating the electron-donating group at the para-position of the N-methylanilines is benefit for
the formylation reaction. When primary amines are used as the substrates, the reactions prefer to produce urea derivatives
under the same reaction conditions. In the urealation reaction, the electronic effect is not as significant as that in the formyla-
tion reaction.

Keywords ZnEt,; carbon dioxide transformation; hydrosilylation; formamides; ureas
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Bere(E DL RiREEEA 2 R AR, T
IS B IR . I MERE . I DA S s, Imeespsk,
L& R R, 1) REP, Co Nl cul®,
Pd/Pt?, Sz Mnl™ Mgt B RN AL
2 R e 5 B R M AR U, 52 BEL i B S R A %o U 45
RILAT T84k CO, RESAL M.
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Figure 1 Hydrosilylation of CO,

Befict —REE ML AEY, KRBT 2.
I, A CO, MR £ B AT BT ), — ik 4
JEAELFICm: cul', PdUY, Rul™ Fel?. Co'l, Rh*?,
Nil? AuP LR+ 42 R AR 4 A AL 750 2O TAR 4k
OB FH T CO, Z 5MBIE & k. 5 —FifT B A&
L&D, REAEY, BRI LUl CO, S5k
AP, 4B AT AuP7, s ce
Fel, A HLas(in: EsNC2, DBUPY, el i
ROUAT TR ) CO, 5 & N A ik
FACE, AR TR T R B (4 A 7007 B TR0 1) s v 5
PERSEIL CO, H5RAAEDN BT AR (1 H
P,

BLREARAPEEEE . W HAHRIFNAEY
FAZEME, BT DABERC & (S8 3 TE A HL-E b (1 B 52
FNATHI K, BRI TV 2 iF & I B AE AL
R3S K CO, VG AEEAL T T, BElC At H 2
NEH, ke 7E L I & R AR S CO,
f AR FE A s 7 R 1 A R R o 4 Ak k) P, — i
BERCAWTEMEA CO, SR A EGILR PRI T
RIPERERT. UreEok, BRRCAITE(LHE COL it ALk 7
TH S — L B ZE 13T i3 8. Wehmschulte, Parkin, Okuda
A1 Dagorne PR & IAEBC & V0 v LUEAL CO, HIREZ AL
SR, A R R FE TR 80 3 e R e Bk g1
S RERE TR e BT I A 2 O B SR
T XHAL& Y, W [ZnEt][CHB,,Cl;, 1P, [(NHC)ZnMe]-
[B(C4F5)a]*™, {[Tism™""*]Zn} [HB(C4Fs)]"*", [(NHC)s-
Zn;H,(THF)][BPh,],%!  Hl  [(nNHC)(aNHC)ZnMe]-
[B(CoFs)a]™™. SkfAR, £:fEA0 CO, N C1 A RLCTFI
A WL R AR R B A, s 7t B 8. 2013 4F, Cantat
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PR e e 0l T AR R B A ALY CO,
F PhSiH, XA AL FH AL OB, 2017 4, 404 il
AHUONRIE T SRS A2 e S AL A R R A S
I Pl 3 9 Y A B G B A AR SR C A 1) B TC S I E
TN S TARALI CO, A PhSiH; XA AL I F AL 2
ML, ARSI R R T 3T = m AR B e
AR ERC Y, RILFTT LA AL CO, REEAL AR R
HIREENG LR IETE CO, A7AE T AL IR EE gt — 2P ik
JEUAE R AR SR RERE. BifS, AT RS T k) ]
PATEREREAFAE P AL CO, 5 ML R A B IR 1k
SN, AR R RV sR B A &4, TR0 5T
o, BATE AN R PR 1.0 mol% ZnEt, 7£(EtO);SiH /£ A
W RFN AT, CO, KARESAM N — 4Rk B LI i
AR RERE, HF HAEANUEAELE M A N AR T Wi
SRR B . AR TAEARIE X 77 T T 5 45 21

2 Z#R5TR
21 CO SRR

PLRT Sk R (EtO);SiH ANRESALIRF], 7£ 1.0 mol%
ZnEt, fA7E F(ZnEt, A BEFH R G RIBEIRA R
Pk, SR ERBEE 1.0 mol/L {HH; ZnEt, [ FH & &AM
XH(EtO);SiH M &), 1.0 MPa CO, ##5E /1 (I A11E 2
Fif FANRPLE R EIIME)0 CREL 5 h, #id Xk
NP B R ARSI B 90% I (EtO)sSiH KA T #:4k,
R AR R (1) 77 SRR B 72%. [N P A AR D
1) R R AR, X RBRATT 2 RT3 R 2 1 = 1A U AR 1
TR L S 4L (ELO);SIH X CO, S AN, H
7E 1.0 MPa CO, UG 77 N B AR B IR A, X 3t
WI{E ZnEt, {2 3E1(EtO);SiH X CO, FIRES AL i, Xt
S5 T A R R R i AR X0 P ek e 35 4 s 11 8 — 25 3
FEARH PRI . AR R R I IR = A T (BtO):SiH %%
3, X 3 B RUNAE )R B H AT 8 4 (EtO);SiH KA H
AR N, 2 BT A YA (EO);SiH X CO, %k
Sk B A il S I RERE & Dagorne Z5P*ITE 2017 4
I, AR A T 5 51 1 [(NHC)ZnMe][B(CoFs)a] N
AL, 7E 1.0 mol% ZnEt, /77E T BRI AT &% 4 (EtO),SiH X}
CO, FEA IR il H S S E R 2 T R, TEVF
ZCRRIRIE R CO, HAb R, ZnEt, 38 % 2S5 0 i S8
R, {F R4 R Stephen WAL % 458
ZnEt, 5 BusP 48 Lewis B2Bs6 7] LA PhSiH; X
CO, FEEL B AE P AR R B, (ELAE 87 Hh B A
ZnEt YERMEALFINIRRE R A=, AR B2 KA Ph,SiH,
F n-CeH 5SiH; 1E IR JE I, %A A B KA.
(BtO)sSiH fF i J& 71 B & A= ke &4k 19 7T fg R R &
(EtO);SiH H1-OEt BUREEMAFEfIAS Si—H B2 2 s
1.

5T A Z ARSI N R, 4 R LR 1.
TEA R AR, K BB a5 h ZEK 2 7 h, (EtO);SiH

http://sioc-journal.cn 939



¥ F R

AL Z N 90% Tt 2] 97%, A FERERE ™ 2 M 72% 1 F
89%(F 1, Entries 1, 2). #KBIREIM 90 CREZE 70 C,
KNE T h JE R A A A B AR R I 1 2 200 A
83%F1 59%; EEFEMLRPIREZR 50 C, LRI
20 HE A R IR 1 P R g — D R, I 61%
23%; Xof SN A PR A B R ) B o P ) AR A A
H & A=) 5 L EFH(EE 1, Entries 3, 4). 7£90 C M
BFET, ¥ ZnEt, &2/ N 0.5 mol%, FEREMIFILE
FFR SR RERE 1) 77 5 R PR 2 69%M11 43%(F 1, Entry 5).
CO, JE Syt e N A B 2, 24 CO, #24RE SN
1.0 MPa [#A 0.5 MPa B, fifb i 5 1b 5 0 R A ek
Bk )7~ N 22 68% 1 35%; 4 CO, [k J1 N I, ¥
AWML S RERA AR R, R D ERERE H Sl
YI(3 1, Entries 6, 7). SN T kil 2 75 7] G& 48 A 1Y) ZnEt, H
R A T BT A N, BTN E AL T
ZnEt, (1.0 mol/L [ H Z I, I&K AF]), fEMFEIZET
BT T CO, MIREEA R B, £33 7 3R 5 AT I SE 56 45 R
(3% 1, Entry 8 vs. Entry 2). fEANFAE ZnE, FITHOL T, #
B CO, AN R FLRA. FEE| ZnEt 75 R B H 23 57 fif
@ e, FrLAAT S T 2.0 mol% Zn ByfAAE T i SN,
RIS S RERS = AR . BATTIFFE T ZnEt, F
(EtO);SiH B, RIAE 80 CHRE T, HA R B EE:
K I8 B 7t KT ZnEty 1EAH R 264 20 fift = AR Bk (18
JE. XA RE T ZnEt, M (EtO)sSiH M A K T 8EHIA,
e, AR E B R A AR S R I S 8 R, X T
ZnEt, R CO, FEAAL R, FATINATE [ B H AT R
ZnEt, fl (EtO);SiH i AE e ey, S a el Rl
AL T CO, MRS R, LT H e BB & ik
CO, iEEAM I ST L.

F1 T HBLHE(ENO);SIH B CO, AL [N @
Table 1 Hydrosilylation of CO, with (EtO);SiH promoted by ZnEt,

1.0 mol% ZnEt,
CO; + 3 (Et0)3SiH ———————— CH30Si(OEt); + [(Et0)sSi],0
solvent free

CO, Pressure/

Entry MPa Temp./C  Time/h Conv.’/%  Yield’/%
1 1.0 90 5 90 72
2 1.0 90 7 97 89
3 1.0 70 7 83 59
4 1.0 50 7 61 23
5¢ 1.0 90 7 69 43
6 0.5 90 7 68 35
7 0.1 90 7 — 0
8¢ 1.0 90 7 99 93

“Reaction conditions: (EtO);SiH (10 mmol). ® Determined by quantitative 'H
NMR using mesitylene as an internal standard. “ ZnEt, (0.05 mmol), (EtO);SiH
(10 mmol). “ ZnEt, (1.0 mol/L in toluene) purchased from J&K.

2.2 CO, A C1 AR TFHIBH R EL L S Bk 1E /) B2

BRI AR R A N- A
I, SRt T NS G FRBEA R, i e 5
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N-F 3 SR % (3R 2). 24 n(ZnEty) © n(N-methylani-
line) : n((EtO);SiH) LIy 1 1 100 : 200 i, 7£ 90 C
A1 1.5 MPa CO, E24f /7 N [ 24 h, N-FEEIR i (1) %
EN 80%, i BRI =P N-H I F IR i 1 7= 0k
F] 76%(3K 2, Entry 1). Fhim R MIRE S 100 C, N-HI%:
IR (R A 2 AN N- R PR R e 1) 7= 26 0 e T &
83% F1 82%(F 2, Entry 2). % EF|(EtO);SiH H & ik
HIVHFE, #4(EtO);SiH [ HE AT 20% 380, N-FAHER
i (1) 3 A 28 R N P R 2 g 1) 7 2 ) DLk — B 4 7
£ 88%AI1 86%(3 2, Entry 3). {E n(ZnEt,) . n(N-methyl-
aniline) : n((EtO);SiH)I LI N 12100 © 240 [HIHH T,
Fa T ISR BE R FEI. K S SR EETHE A 110 °C, N-
FH 3 OR % 1A e A S5 R N- PR EE PR G S R 1 P R R AR S
100 CH L AU 2, Entry 4); PRGN IR EE
90 °C, N-FIEEIRJE (1A AN N-F 25k FR I e (1 7=
TBEZE 82%F1 78%(F 2, Entry 5). 4% [ S H 8] A 12 h,
N-FSEZR MG 5 A R N-FR O SR 1A 7 R R [ &2
76%F1 70%(F 2, Entry 6). FHK CO, #EIEENE 1.0
MPa, N-F 35 2[4 (1 b 6 R0 N- R FRIE SR 1) P o R
[ ZE 81%H1 78%(% 2, Entry 7). 7E N H AN ZnEt,
I, N-FRJEIR I AL S B2 AS ) A (3R 2, Entry 8). %
FEF| ZnEt, Uit CO, MIREEAL OB, BA A FRATT Ak
7 SEZB6 B0 UF PRI M AN V- R 3 R e e s B AR R V-
BRI, JATAA W REAE R BLH ZnEt /R CO, fit
S B BREENR, % ) 4k B B A0 S B AR R ) V-
FHOR ORI S AR G T N-HR RS FR R 2 Jie . AV T P A
Fo R ISR AT LUEAL CO, MI(ELO);SiH X N-FEE i
BRI, 7R S STt ZnEt, 23 il B — Le sk T B
2T B N-HR 5 R 2R e 1) A .

2 IR CO, FI(ELO);SiH % N-H 2 I% FH LA [ 3

Table 2 Formylation of N-methylaniline with CO, and (EtO);SiH pro-
moted by ZnEt, ¢

1.0 mol% ZnEt,

Ph Ph o)
\ i solvent free \
NH + CO;, + 2 (EtO);SH ————— N% + [(Et0)3Si],0
/ - H, /

Me Me H

CO, Pres- Temp./ Time/ Conv./ Yield”/

Entry  Ratio”

sure/MPa C h % %
1 1:100:200 1.5 90 24 80 76
2 1:100:200 1.5 100 24 83 82
3 1:100:240 1.5 100 24 88 86
4 1:100:240 1.5 110 24 90 87
5 1:100:240 1.5 90 24 82 78
6 1:100:240 1.5 100 12 76 70
7 1:100:240 1.0 100 24 81 78
8 0:100:240 1.5 100 24 0 0

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ Reaction conditions: N-methylaniline (5 mmol). b Ratio = n(ZnEt) :
n(N-methylaniline) : n((EtO);SiH). ¢ Determined by quantitative 'H NMR

using mesitylene as an internal standard.
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LG B NI R DIE F I, 45 SRR 3 fr
N T N-FUERGT I, P e e B I 52 05 B A EU
FLH T RN . R i B -OMe
-Me B}, P22 B r= 0] LUA E] 90% LA F. 1 24X 7
ST RN T IR, P R AR, Wit A7 5 -CF;
R A REIUE 33%M =2, XSALE-NO, HIEYIEH
F AL =0 A . A7 5 1 2R AR 2 1) JER At mT DAAE 1%
AR R T R A AL OB, XA E-F FI-C1 U )
JEN 73 50T LABLAS: 76% A0 62% 771177 2, Hr & [y
HAI-F FI-C1 BRSSPI & 55 3406
-Me BIEYIE AT LAEUAR = B P21 7= 26(86%), 1T 75
AR -F (Y R LIS S1% P07 3. & 495 01
JEA) N-FBE-2- g e et ] LR AR FRRAL OBy, IF-HX
5 1% = . Ak, AR RIEE R T s
. 24— 0F RO, PRI PR SR ATIE 95%;
AR N PRI BT B, Fe e
FILF| 88% LA b, XA AR [ B3 7%, AN LA 43%
(1077 ZR 49 B Wk R 7=, 1% 0] i 52 L K 1) 2 AR A BEL 5 .
N-FBEHNSE LA N N- AR RN RIS, P72 3N
3 GBI R ¢

Table 3 Substrate scope for the formylation of secondary amines *

1.0 mol% ZnEt, Oy H

H 2 (EtO).SH solvent free .
N +CO; + 2(EO)SI — N+ [(EO)58i0
R -H2 R R
1 2
O« _H OYH O« _H OYH
T\l/ N T\l/ AN
o O o O
MeO Me F3C
2a, 86% 2b, 93% 2¢, 95% 2d, 33%
OYH Os_H OYH OYH
N N
ot oot oo o
OoN F cl Me
2e,n.d> 2f, 76% 29, 62% 2h, 86%
OYH O H H._O
! Y o Y
Sl o L
F | N CeH1g™ "CeHia Q
2i, 51% 2j, 91% 2k, 95% 21, 90%
H._O Os_H
H._O
¥ T T o H
N Y
O M
o)
2m, 88% 2n, 92% 20, 43% 2p, 73%
o) Os_H
Os_H bl T QA /NP
¥ . b el
N H ~ H
2q, 65% 2r, 68% 2s, 74% 2t, 62%

“Reaction condition: 1 (5 mmol), (EtO);SiH (12 mmol), 1.5 MPa initial CO,
pressure, 100 ‘C, 24 h, isolated yield; YT NMR spectrum showed nearly no

consumption of le.
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HEE(T3%F0 65%). &) P AT U & bk AR S I P T
AT A 3 P45 2R (68%F1 - 74%). & A XU HE (1 i),
NN-ZHEE-1,2-2 2%, 15 RS A A AT LAt
BhAk, LA 62%077 245 B XU R BEAL =4

TERFFURERE R, FRATTR I 24K 2R N SRR, LA
AT% 5 B PR R AF B T IR, KRN TR AR
A M o AT D R 2R RN NN 25 H B = A
TERM AN ZnEt, AHEZAM R EA R EEIRAE X,
RAMIREFF] 150 COHMIRIRE), A H 2 20%1) 7
FEMR A G SN 5 TR A VI IAZRE Y Wi ). Bl 5
WFFL T 2R BLAR 208 A R B 2 R 2R e A A= 0
FTEBL(E 4). XA & EERBI RGBSR B, LA
82% 17 RAG B MRAC WD, KL & = 50 P LB 1 2
Ji&, XN JE TR A VI IAZ L o BT R PR = 2R IR B )
80%, HIED B EVRIRZ, /=R N 60%. XA E
AR IR 2R B S B 22, PRI o B P2 RN 50%.
ST KA B A R AT AR, 2,6- SN HE e, RN
RAF, FEIRIPE RN 78%. B NIRRT AE ) B ARt mT
DL i BRI, & ANR, W LSRR TR e e &
(51%~67%). 48 FH— I 7 I Ph O3k i A0 1E O 5 Jiz
RIRAIEE, BRISF=I 7= 2650 A 67%F 60%. 4K H
BT JEREIT, IR 0P AR (37%), X AT REE R
TR BB ks A 0%, 0 TR ik, IRE
FEPIR AR LU B 81%. FRATH 2,6- —IRIKf S N-F
TR NG SR R A, TEA S AF N AT Ak S,
SN B T (2,6- IR ) AR N-H 3 R R R A,
ANHFR RIS B H-(2,6- IR 2 3 ) (N- F 3 22 IR F) =2 W
B, XOBEIES N-FOESR RS I R R A AT
R4 YIRS A R ¢

Table 4 Substrate scope for the urealation of primary amines “

1.0 mol% ZnEt, ¢}

X solvent free ~ /R .
2RNH, + CO, + 2 (EtO)3SiIH ————— N~ °N + [(Et0);Si],0
-2H, H H
3 4

H H H H H H
Y0 JLOTC, 0T,

4a, 47% 4b, 82% 4c, 60%
'Pr 'Pr
H H H H al al
N__N NN Hod
T T NN
MeO © OM e [¢]
e e Pr Py
4d, 50% 4e, 78% 4f, 51%
Br H H Br Br H H Br H H
e " b
Br  Br
4g,63% 4h, 67% 4i,67%
H HQ H H H H
N.__N N_ _N N N
hig CeHis™ 7 CeHia Bu” Y B
o o) [e]
4j, 81% 4k, 60% 41, 37%

“Reaction condition: 3 (5 mmol), (EtO);SiH (12 mmol), 1.5 MPa initial CO,
pressure, 100 “C, 24 h, isolated yield.
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AL, B E R AR T RIS S — —(CF
SIRCA L. N-FREE I, AR RRIRRAL S —(CF
He)(N-H R IR b, X SE A — ZUf — 21
eI A SN IR OUANR], 0 B S B2 3 1 S SR T v 1)
&, HREAMBRIRIAAWER. 514, BATHH
FOTAEARFMEAL 2R AE T, WAL 5 ML SO,
AT ORI, WA MR E TR, YR RS
25, PATHENIAE X B AT 8 3 B i P IR R I v 8 1
BB — G RS AE IR AL A ),

3 4ig

AL R 1) ZnEt, 7T LA U 3 (BtO);SiH X CO, 7
A, — Bk BRI A ik A A B A T (CH5O0S1(OER);). 1%
AL N T REZE DT T B B AL AL R, e fs 2]
SR T 2R B 2% s . R e I T A R R e g RO HR
ot AR (133 — 00 R R ARG R 1. 1) B s B ik 2R
I AN, TS RIBE G R &Y. HrTae
I CO, TEE A s B [ 44 FE BRTEENE 5 A7 WL S i 1
F. 1) B R SR R I — R AL, TTLAA R R
WEY. £ LR RNARRT, AL BRI R
A BT R A3E MM

4 SKIERSY

o L EAEE AR AR FEF P T, ZnEg
R EEFEIEIR R G R EA IR AR5, &R EmER
1.0 mol/L fi [, PRI —=HIKE CaH, Br/K G EME 1S
SRR 2600, (BtO):SiH . CO5(99.9%) AN A3 22
i, AR MU RIAS G A B BB, AR L
JEPIE CaH, T4 24 h SR 7518, b5 667 T FER
Fi. 'H Al F NMR 7688 S A% B AR IS (X Varian 400
MHz. Agilent 400 MHz 5§, Bruker 400 MHz L-l32. 'H
NMR P4k 2507 B A LA STUAR I 71 i Ak e s A s 751 P 1
SiMe, I 52 bk, '°F NMR KL 2407 #5 LL CF,COOH Ktk
SRR AEAE AR, 2 B "H NMR ()5t 340t a4 f ok T
55 TR, BRI SR E N 30 s, XHAESEET 16 YR
FEIEE I, BHE4 MestroNova AbFE.

SEE "H NMR 3 Hr (B N-F 2R %1 B R AL I R A
) 1E B HR N-F R Z(536 mg, 5.0 mmol).
—HZK(120 mg, 1.0 mmol) I F5HI(EtO);SiH (1.97 g, 12
mmol) = F & & 3 5] Ja POl B — /Nl 3 NG
FTARE R, R E 2 "H NMR 3, 375 N-HHLE
f&11) Me AR THIAR S35 = 2R H) Me FUFHIAR Z B, %
RLfE, ¥R EWRH, ZERN CO. FTFRMZ, Kk
WA — AR, BN T ARE A T e
H 'HNMR 7347, SRR J5 N-HIHEZERE I Me B4 T
FAS ¥ = 2R 1) Me 43 THIFA 2 b DL K N- FR 2 R gk 2 fig
(1) NCHO #4355 = 2R 1) Me R TR 2 LE. AR
P X LRI AR 2 LT SA5 21 N-H R 2R i 1) Ak 2
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NI R 2

(EtO);SiH AReH T T4 HAaFifTiRe®
BRI NE, A2 R 2 BRI SiH, !
41 CO,RIHEHRR

EFEFT, $3 =F (120 mg, 1.0 mmol) N F5.
(EtO);SiH (1.65 g, 10 mmol)F! 100 uL ] ZnEt, %5 #(0.1
mmol, 1.0 mol/L ] 2RV I 22 100 mL =1 & BV 38
i, IRRAWA. BEE RN EEHERETFEME,
IR TN CO,SAEZE 1.0 MPa [ /7. 76 90 Ciis
N 7 h 5, B RBELE KA R HEE, THF
SN ZEHURE ST . (BtO):SiH e A S R0 H S SE R Tk 11 7=
K4 5EE "HNMR HisE.

42 CO, A C1 & THANBERE LR
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