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Abstract Carbamate compounds exhibit a broad applicable scope in medicine, pesticide, resin modification, fabric finishing
and organic synthesis. A methodology using ZnO/ionic liquids as the catalyst for the three-component coupling reactions of
carbon dioxide (CO2), secondary amines and propargylic alcohols to produce various S-oxopropylcarbamates was developed.
This catalytic system exhibited robust recyclability and broad substrate scope. Moreover, it showed considerable catalytic ac-
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tivity under atmospheric COz, indicating its potential in carbon capture and utilization processes.
Keywords carbon dioxide; f-oxopropylcarbamate; ionic liquid; zinc oxide; three component reaction
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Entries 1~3), 2% 2H 7 F1& 7R [F] B A2 AE B B b e R
A A LAGA #E 47 (3R 1, Entry 4). B 5 DL B W04
[C2Ciim][OACI A BIR TL T 58 4H 73 Fh 2 72 e i AL Ak R
WEPER R . R 1 WTLUE ], 2 M o
ZH(OAC)Z\ ZH(C3H503)2\ ZH(C104)2\ Zl’lIz\ ZnClz\ ZHBI‘Z\
ZnO. ZnWO4. ZnMoOQy. Zn(OTf), 5[C,Ciim][OAc]HE
i 38) i AR [ 26(9% ~ 73%) 13 21 H 77~ #)(F% 1, Entries
4~13), Horh ZnO FI H F = HIMEALIEPE(SR 1, Entry 10),
FoAd B 3 MR 2 DA S )P SRS BIRH R B- B 2
PR, TS Y H R R KGR PEGR 1, En-
try 12). ZREHIEMEAFIMEATEYE. LU, R vy
AR, 10 MR R BRI > AL L.
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Table 1 Screening of Zn salts in catalytic systems
O

o on I:)N y Zn salt O‘?
= + _—
: o1 vb) (CaCiimioas [ N
1a 2a 3aa
Entry Zn salt IL Yield”/%
1 J— J— J—
2 Zn(OAck — —
3 — [C2C1im][OAC] —
4 Zn(OAck [C2C1im][OAC] 34
5 Zn(C3Hs0s)2 [C2C1im][OAC] 54
6  Zn(ClO) [C2C1im][OAc] 49
7 Znl> [C2Ci1im][OACc] 56
8  ZnCh [C2C1im][OAc] 49
9 ZnBr2 [C2Ci1im][OAc] 38
10 ZnO [C2C1im][OAc] 73
11 ZaWOs [C2C1im][OAc] 46
12 ZnMoO4 [C2Ci1im][OACc] 9
13 Zn(OTf: [C2C1im][OAc] 19
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4 Reaction condition: [Zn] (0.4 mmol, 20 mol%), 1a (2.0 mmol), 2a (2.0
mmol), IL (3.24 mmol), 95 C, CO, (0.1 MPa), 12 h; ? Yields were calculated
by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Table 2 Screening of ILs in catalytic systems

(0]
o oH ZnO o;&
Lo+ w20
(0.1 MPa) ILs _<o
1a 2a 3aa
. = + N/=\N Q\/j
— N O
. N )+
Cations \\ E
[C4C1im] [C4C4im] [DBUH]
o] o o] o]
A noo_ Tl
Anions )ko_ _/o—g—o FsC-8-0 FgC—(‘S‘)—N—ﬁ-CFg
[OAc] [Et,PO4] [OT] [NTF]
NN *N/LN
\—/ \—/ BF4- NO3— HSO4_ Br- (i
[im] [Mim]
Entry Zn salt IL Yield”/%
1 ZnO [C2C1im][OACc] 89
2 ZnO [C2Ci1im][Et2PO4] 70
3 ZnO [C2Cim][BFa] —
4 ZnO [C2Ci1im][NTH2] 15
5 ZnO [C2Crim]I 34
6 ZnO [C2Ci1im]Br 75
7 ZnO [C2C1im][OTS] —
8 ZnO [C2C1im][HSOx4] —
9 ZnO [C2C1im][NO3] 22
10 ZnO [C4C1im][OAc] 60
11 ZnO [DBUH][MIm] —
12 ZnO [DBUH][Im] —
13 ZnO [DBUH][OAc] 10

4 Reaction condition: ZnO (0.4 mmol, 20 mol%), 1a (2.0 mmol), 2a (2.0
mmol), IL (3.24 mmol), 95 ‘C, CO, (0.1 MPa), 18 h; ? Yields were calculated
by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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It m X2 E RV FI =R K, FEK COL 72 B Tk
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5E N ZnO (20 mol%). [C,Ciim][OAc] (0.50 mL). 95 C.
101 kPa CO,+ J N F[a] 18 h.

R3O RBFEARAL @

Table 3 Screening of the optimal reaction conditions

@)

_ ZnO 0
= OH + CO, + CNH —

(0.1 MPa) [CoCim][OAC] N——\{o

1a 2a 3aa

Entry ZnO/mol% [C2Ciim][OAc)/mL 7/°C Time/h Yield®/%

1 15 0.50 95 18 76
2 20 0.50 95 18 89
3 25 0.50 95 18 88
4 20 0.25 95 18 78
5 20 0.75 95 18 87
6 20 0.50 85 18 67
7 20 0.50 105 18 71
8 20 0.50 95 12 73
9 20 0.50 95 24 90

© 2022 Chinese Chemical Society & SIOC, CAS

“@Reaction condition: 1a (2.0 mmol), 2a (2.0 mmol), CO, (0.1 MPa); ® Yields
were calculated by 'H NMR using 1,3,5-trimethoxybenzene as an internal
standard.
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7T, M A RN THE R v AN 55 AP i A 2RI
TEALIEYE(E 4, Entries 12, 13). &5, ZMELIE RIE LI
H R RIEEA R R RE, T LA RAR s i R A DR
H 3 IR(EE 4, Entry 11). N T #E—DARFOZMEAN T VL5
TENFHME, LA 1a 5 2a AR AR T S,
SIS S5 R, %8 RN RERS DL 77%1 77 A5 2] H bR
FEW)(F 4, Entry 11).

N7 PER IO AR R PSR, SR R
HIMHIE S (CO/Ny, Vi V=2 @ 8) I 85 N 47 b e Wi
(Scheme 1), 7EANEKAS Hotth Je 26 A FOTE L, % ZnO/
[C2Ciim][OAC]A F MK AR Re 6 R 7 R 47 O i Ak v 121X
W EHITERIREE COL A8 T SEHLBL I . ff e F0 CO,
=W RPLARE, R Tz AR R AE SR T
Ak S 75 T 9 1 S A E.
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Table 4 Screening of the substrates
R R®  ZnO/[C,C,im][OA]
——Q?H + NH o
R 95 °C
(0.1 MPa) RA A
. Nuclear magnetic yield®/%
Ent 1 2 3 Time/h . .
iy 1me (isolated yield/%)
o]
= NH
1 = on C/ CN_{) %\ 18 89 (80)
1a 2a 0
3aa
O
= NH
2 = C/ N_{’ %\ 18 86 (79)
1b 2a (0]
3ba
O
3 = OH ( NH OAQE 18 64
1c 2a CN%O Et 24 72 (65)
3ca
O
:—éOH ¢ 'NH N_{D Ph 18 65
4 Ph
1d 2a 0 36 80 (75)
O
OH
5 % < NH o 18 76
N
- 2a C _<O 24 85 (75)
3ea
O
OH
. :7i> { NH o) 18 67
22 CN«O 24 75 (68)
1f
3fa
(0]
LéOH o NH O
7 - \_ d \ 18 64 (60)
1a 2b \ / o)
3ab
O,
~NH
8 - < oH ) T\ ° 18 30 (22)
1a 2c _/ (o)
3ac
~/"NH Q
}<OH nBu o—é 18 41
9 N
1a By 5 24 48 (40)
2 3ad
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1 _4<OH

13 _4<OH

2f

CN«"%L L o

Ph— o—é
N— 18 47

o 24
3ae

58 (49)
o)

774

3aa

O,
STQRalE o
N
o}
3ga

)

Ph o—?
\ 18 0
N—<
/o
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“@Reaction condition: ZnO (0.4 mmol, 20 mol%), 1 (2.0 mmol), 2 (2.0 mmol), [C,C;im][OAc] (3.24 mmol), 95 C, CO, (0.1 MPa); ® Yields were calculated by 'H
NMR using 1,3,5-trimethoxybenzene as an internal standard; ¢ Yield after 3 time recycle. ¢ Reaction conditions for gram-scale experiment: 1a (1.260 g, 15 mmol), 2a
(1.065 g, 15 mmol), ZnO (3 mmol, 20 mol%) [C,C,im][OAc] (24.3 mmol), 95 C, CO, (0.1 MPa).

(0}

Zn0O O‘?
:—<OH + CO, + CNH e CN—<
[C2C4im][OAC] 0

1a
(0.1 MPa)

¢ =20% 2a

3aa
yield 74%

BRI 1 R AL NI A CO2 i) =273 e

Scheme 1 Three-component reaction of propargyl alcohol, secondary amine and COz under low concentration of carbon dioxide
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[CoCiim][OAC]AN 2a 3% HE B s 87 2% A4 R 1T EL A 23 il o
AZ| 1a #1. 'H NMR Z55%EH, [C,Ciim][OAc)/1a 5
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2a/la PR R IR S0 I T 244 DBU/1a 1A &R
HHRAE B A RS, BIE AT, [CoCrim][OAC] R i
FETE AR TR R 2 ) SR 4 4

RHESCERIRAEDY, 24 CO, I F[C,Ci1im][OAC]H
TR, OAc 5kmE C2)—H M EAEH, JRALA K
AR EWNHC). NHC 5 & FARILT CO, KM,
B3P E A NHC-CO, INEH). IRE A TAERT 7T 1 fi
IR R B AAE NHC-CO, &4, H5%efEH 3C NMR
T HFINR 46 [ C,Crim][OAC]E T AA 5 R 808 AN K
i) CO, I[CoCrim][OAC] & T-i#A. Wik 2a, 2b AR, 5
Al IR A EE, 3B\ CO S TR Hh ke JR 1
BRAE G BRI B T 53 A — 2R LR R0, HLAEAR 224
6 154.38 Wb I T —/MHTHIME 508, X 5 SCHRIRIE 1)
NHC-CO, IN& VIR AT T FCIAY, R B] NHC-CO, i
BRI R, B S ZnO/[CoCrim][OAcE & 4L 1a FlI
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Figure 1 Exploration of the active species for the hydroxyl groups in propargylic alcohols (solvent: DMSO-ds)
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(b) Pure [C,C,im][OAC] + CO,
T 5=15438 |
* 2 l

(c) Reaction mixture
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[
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Figure 2 3C NMR spectra of NHC-CO: adducts (solvent: DMSO-ds)
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NHC-CO, & 4 RFAE WAL F AR A 5 06, 350 IH 1% S L
HREPE TR LIS CO, A NHC-CO, &Y. X
SN nl AR 2 e AR B CO, BB AR & I AE
H, i G- g 2P R B CO,, 1T 1
SN AT

Bk AR AT L@ AR B NHC-CO, (Scheme 2, A)
Fa e MR Bt COL 41, A SCRRARIE fh fZ IR Pt v LS CO,
JE R R (Scheme 2, B), HET R 3E 1% = 2H 7319 Bk S B Y
HATE Fah, R NLE AU, B bz FAEGE
T TTR 2 5 F ARE AL FR642-431 AR X S SC iR o & 1 id
SEAGZE L, HEN AT BE S N ALEE WL Scheme 2. 1% N
BN, B, [Zn] M AT NIE S S8

Chin. J. Org. Chem. 2022, 42, 2542~2550

© 2022 Chinese Chemical Society & SIOC, CAS

) A AR, WSS A T D s A
W, UL, @RER OAc™ Bl 15 [ B A i
B R EE RS, TGRS TS, MR TR
BEFE AL R T3 CO RIZRZE; SRR, AR 175 AL
B 1] CO, H AL R AR 1, 1% 8] A S ) 4
OB T B Zn IS B B 2 5, (L TN IS
FERILTCIAH E A TL BEAb, JiiER CO, I NHC B %]
DAkl N & P2 5 2T R, &on,
HR TR A T (¥ (Zn] 45 1 BOPC AR O B v )44 T (o IE
LRI IR BR). E28 b, IR de kA%t Mo 1]
PRI REREE, R AETTIA R NAG BRI R 1V, 2R IR
PRIV el Il HAR A A IR 23, A O T 82 7 )
PRI I H IR IR,
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N N [C,C4im][OAC] R3R*NH RS NHG | ] - JC R
+ HOAc —— . =0 F|{42 o N
, R
o o
o)
R? = Q l
e ol _N__O
R? (zn] R RO KO
+ R2 O R“R
OAc n
NHR3R* 3
3
NHR3R4 Flz OH
) R4/NTO§(§
o} 0 RZR!
NHR®R* }L
"AcO--H g 9 \Y
- RNz

R fzn

2
TS

NHC =
or NHR®R* R2 | izn]

R2
I

(A] or [HOACIINHR3RY] /

3

o

.

1 —
COo, RI)—==

<!

[HOAC]INHR3R4]

B2  ZnO/[C2Crim][OACc]E LA FR T RE I S RATLEE
Scheme 2 Proposed catalytic mechanism of the ZnO/[C2Ciim][OAc] system

2 #ig

FFR T —F ZnO/[CoCim][OACcIfEILIA Z, 7T L
BB RE . AT COL 1 =205 I BE. ZAE A R
K T ARBER ZnO 1EMEALT, 0% TG4
AT B E S K gl B COL (2 IR, K 22 P g 1
R AR Y H AR, e I SR HEAT THRE, IiE
HI[CoCiim][OAC] & T~ ¥ M % F b P4 i 2L A 3 0 1
FHT ZnO/[CoCiim][OACc] A & i AL 1) 7T g s B AL HE.
I 8k RNIRPERE, R, AR
ATE R, TR E SRR T S
P, DR AR 0 R B Tl Ak AR 7= S RE S 4 S5 R
U A LR I N AN .

3 SRS
3.1 UE5IHF

WITCHF R LB, A SOG Frfl R S RYD . BEdh . &
TR 57 T Aladdin, Sigma-Aldrich. TCI.
Macklin 1 Alfa A #], HEEMH, LH#E—Daiftf
T T B BN SN ) CO;a (99.999%) -5 AU A (No/
CO,, V@ V=8 : 2)HE I H IR AR A gt A
JENTRERZ(200~300 E ) B R ST A RE KT & A BR A 7 3

2548 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

fi£. NMR i & 1 Bruker AVANCE III HD 500 MHz 7£ =
IR TS, "H NMR 462085 DLDY F S R 56 (TMS)
JubnifE, BC NMR 462408 LU AR &4 (CDCLs, 6
77.0)s AL I EE I H(DMSO-ds, J 39.9) NFrifE.
32 FWHE

DARHE s - 1R R 2- R 3E-3- FHIE T -2- K (3aa) I &
BRI, TR B 15 EE TR 15 mL Schlenk 1 14k
YA ZnO (0.4 mmol, 20 mmol%). [C2Ciim][OAc] (3.2
mmol, 1.6 equiv.). HAEE(1a, 2 mmol)FIMLIS K (2a, 2
mmol). F 99.999%[11 =4l CO, BARF N 20% 11K
WEE CO MR RIS ARE I =K, IREWET 95 C
TRPGE IR M TP RS 18 h. RS HE, 1A R
ST K ZE(15 mL X 3)ZEHL, & IHANAE, HikE
B AR 22 10 kPa R 45 BR 2V I T0 K 1%, 73 2HH
P, MR RN 0 B A (P AT LR
ZWE, Vi V=100 : 1~20 : DEZ B4 3aa, FifF
R BLPE I B ILIR A« RIS

ZnO/[CoCiim][OAc] ALK R I PEIA L 5G: F ik
{FHJEK ZBE(15 mL X 3)ZEHUS R 2% B B TR
£, ERET, 80 CHRAMFNIREF 30 min PR 2GS
FE BRI TEK Bk, AR R 0T R BB A T AL R
M.

Chin. J. Org. Chem. 2022, 42, 2542~2550
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Mg E-1- R 2-FR3E-3-H B T -2-[fE(3aa): LR
HPIRIEAR. TH NMR (500 MHz, CDCl3) 6: 3.46~3.32 (m,
4H), 2.16 (s, 3H), 1.94~1.83 (m, 4H), 1.47 (s, 6H); 13C
NMR (126 MHz, CDCls) d: 207.97, 153.87, 82.88, 46.10,
46.05, 25.77, 24.96, 23.85, 23.67. ¥ MEHE 5 CHR[26]4R
H 3.

MRS BE-1-JR 1R 2- k-3 H1 3L -3- IR (3ba): K3
A, "H NMR (500 MHz, CDCls) §: 3.41~3.37 (m,
4H), 2.15 (s, 3H), 1.93~1.70 (m, 6H), 1.48 (s, 3H), 0.90
(t, J=7.8 Hz, 3H); '3C NMR (126 MHz, CDCl;) J: 208.17,
153.82, 85.49, 46.06, 29.75, 25.78, 24.96, 24.32, 20.15,
7.64. AZHEEAR S SCER[19]3%3E — 2L

MR dE-1-FR IR 2-B-3- 2 3K TR -3-BE S (3ea): TRi%
A, '"H NMR (500 MHz, CDCls) §: 3.42~3.38 (m,
4H), 2.15 (s, 3H), 2.04~1.88(m, 8H), 0.81 (t, J=7.5 Hz,
6H); *C NMR (126 MHz, CDCls) d: 208.40, 153.62,
88.54, 46.08, 46.06, 25.79, 25.37, 25.27, 24.97, 7.42. ¥t
Bl 5 SCHR[3514R0E — .

Mg BE-1-FR IR 2-FJs-3-2R 2L T -3-BElE(3da): H A
4R, mp. 122.7~1232 C (lit.2 123.9~124.7 C); 'H
NMR (500 MHz, CDCls) d: 7.38~7.36 (m, 2H), 7.28~
725 (m, 2H), 7.21~7.18 (m, 1H), 3.59~3.49 (m, 2H),
3.35 (t, J=6.7 Hz, 2H), 1.89~1.81 (m, 7H), 1.77 (s, 3H).
3C NMR (126 MHz, CDCl;) 6: 204.50, 153.30, 139.66,
128.63, 127.86, 124.74, 86.77, 46.28, 46.24, 25.80, 2491,
23.85,23.66. I%HEEE S SCHR[26]H 1E — 2K

Mg LE-1- R 2-F5E-3- 3R I N -3-FE R (3ea): 7%
OHRAA. "H NMR (500 MHz, CDCl;) d: 3.42~3.37
(m, 4H), 2.17~2.13 (m, 5H), 1.94~1.86 (m, 6H), 1.78~
1.68 (m, 4H); '3C NMR (126 MHz, CDCls) ¢: 206.97,
154.22,93.29, 46.08, 35.79, 25.78, 24.97, 24.91, 24.66. 1%
W E R 5 SRR [35 13k IE — 2L,

Mg E-1-FR IR 2- PR HE-3-30 O N -3-FE g (3fa): G
R BAK. "H NMR (500 MHz, CDCl3) d: 3.48 (t, J=
6.7 Hz, 2H), 3.38 (t, J=6.7 Hz, 2H), 2.14 (s, 3H), 2.08~
2.05 (m, J=13.8 Hz, 2H), 1.95~1.88 (m, 4H), 1.69~1.60
(m, 5H), 1.55~1.51 (m, 2H), 1.28~1.22 (m, 1H); '3C
NMR (126 MHz, CDCl3) J: 208.50, 153.61, 84.14, 46.13,
46.05, 31.11, 25.80, 25.22, 24.97, 23.73, 21.48. 1%k EHE
5 CHR[35 14 IE —FL.

M HERR-1-FRER 2-BRHE-3-H 2L T -2-BiE 5 (3ab): 3 (h
k. mp. 74.6~753 C (lit24 75~77 “C); 'H NMR
(500 MHz, CDCls) 8: 3.67 (t, J=5.0 Hz, 4H), 3.54~3.44
(m, 4H), 2.15 (s, 3H), 1.48 (s, 6H); *C NMR (126 MHz,
CDCls) &: 207.22, 154.20, 83.52, 66.67, 44.75, 43.82,
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23.72,23.62. %MEEE S SCER[24 14 E — 2L

NN-Z 0BG HTR 2-BHE-3-F 2 T -3- i 5 (3ac):
Y ORA. 'TH NMR (500 MHz, CDCls) 0: 3.34~
3.24 (m, 4H), 2.13 (s, 3H), 1.46 (s, 6H), 1.15 (d, J=22.4
Hz, 6H); 3C NMR (126 MHz, CDCls) 6: 207.71, 154.74,
82.93, 41.87, 41.67, 23.69, 23.41, 14.20, 13.56. ¥ Hi¥ ¥
5 SCHR[2414E —EL

NN-IFE T RS R 2- 936 -3- FF 3 T -3- g
(3ad): FEMHLRWAA. 'TH NMR (500 MHz, CDCl3) o
3.22 (t, J=7.2 Hz, 4H), 2.12 (s, 3H), 1.56~1.45 (m, 4H,),
1.36 (s, 6H), 1.33~1.27 (m, 4H), 0.97~0.90 (m, 6H); '*C
NMR (126 MHz, CDCls) d: 207.73, 155.10, 82.94, 47.09,
46.76, 30.84, 30.22, 23.64, 23.38, 19.93, 19.98, 13.84. #%
T A4 5 SR [24 14 TE — L.

N-TRRE-N-H R R 2- PR3 -3-H R T -3-BE g
(3ae): FEOIAA. 1 1.07 mixture of rotamers. '"H NMR
(500 MHz, CDCl3) Major rotamer: J: 7.38~7.24 (m, 5H),
4.50 (s, 2H), 2.89 (s, 3H), 2.18 (s, 3H), 1.50 (s, 6H); Minor
rotamer: J: 7.38~7.24 (m, SH), 4.46 (s, 2H), 2.88 (s, 3H),
2.14 (s, 3H), 1.46 (s, 6H). *C NMR (126 MHz, CDCl;)
Major rotamer: : 207.59, 155.65, 137.34, 128.70, 127.79,
127.51, 127.19, 83.44, 52.70, 34.42, 23.69, 23.58; Minor
rotamer: J: 207.59, 155.19, 137.23, 128.65, 127.79,
127.51, 127.19, 83.40, 52.37, 33.80 23.69, 23.58. %%k
P 5 SCER[24 14008 — 2L

4 Bh# 8L (Supporting Information) H Frfb 54 3aa~
3ae (1] 'H NMR 1 °C NMR &, 3x £epppla] DL G 3 A
A F] WX 3k (http://sioc-journal.cn/) b R %,
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