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AMAE . CuCl,/ B TR RINEE | k5 CO, B9 =203 Sn] 543

FAEHR 5 I I AT PR BT B R [ R T
FNTAE L RN 5315 | BECA LR Cu (1) AR
B Ag( D) VEMARALT, FEARIRH I A5 2 Rl
WE5 il 5 CO, Mt fay BLp) « —8iik” 5 B B-BRFE
LIRS

1 LIGER 5

1.1 R FIFALER

TNTE R Bk U W A 52 58 i 4 ] CuCl, | CuBr,
CuS0, . Cu( OAc) , Mt AL LT Aladdin 24 7],
Sl E T 99% , SIS BEA G L) R 5 A 2R T
F| ¥ ) W L F Aladdin, Sigma-Aldrich, TCI,
Macklin, Alfa FIZET 7523 7)), H¥E M. O
HFHENY CO, & T = TR A R TR A R A
7, SRBERE N 99.999% .

NMR Z{ #2345 B1 Bruker Avance III HD ( 15 =]
Bruker 3], 500 MHz) 45, '"H NMR #yfb24107 5%
LLTMS(0) MArifE, "C NMR #4208 LU CDCL,
(77.0) fE M AR e, 1CP B0HE th &0 B i %% 1
IRE S TEAL Prodigy 7 45 ( 35 [ F1 & -3¢ 1
NEIDN
1.2 LIH*E
1.2.1 CuCl,/[ Emim ] [ OAc [ 1R & {4k CO, | HRPIEE
JHe =20 43 S A il B i R s HH IR T BRI
410 mL [ Schlenk Ji & F 100 °C (KA T4 4 h
i, il A CuCl,(13.4 mg, 0.1 mmol) | e P B
(5.0 mmol ) | KM BT 4K (IL, 2 mmol ), ffk
(5.0 mmol) , ZRJFE A CO,, KN H SR E 3
W, BREFARN CO, R 0.1 MPa, FfiJ57E 45 C
AOTE IR 2 R BEFE OB 12 he R SERUR, FH 20
mL CEEAEE 3 WK, 12 ToK Tk 2 BUR I,
FHERE 78 R AR LU, A 20HL ™ &, SRR il
AR EGE Sy B A5 B H AR, Ve 2R A
fit/ 2R W, LB 100 : 1~20 : 1, i =
2 NMR KSR JGiR % B R T .

M BE- 1-FRER 2-F Fk-3-H 3L T -2-WE K ( 3aa) |
ToEIMIRBAAR, '"H NMR (500 MHz, CDCL,) 6 3.43-
3.38 (m, 4H), 2.18 (s, 3H), 1.94-1.87 (m, 4H),
1.49 (s, 6H). °C NMR (126 MHz, CDCl,) 8208.0,
153.9, 82.9, 46.1, 46.0, 25.8, 25.0, 23.9, 23.7.
HRMS (ESI): m/z C,,H  NO,[ M+H]" (BB
200.128 12; SEP{E . 200.128 19.

MH S - 1-FR R 2-Fik 3-3-FF 356 ) 36-3- W R (3ba ),

MR, "H NMR (500 MHz, CDCL,) & 3.44-3.38
(m, 4H), 2.17 (s, 3H), 1.94-1.70 (m, 6H), 1.50
(s, 3H), 0.92 (t, J = 7.8 HZ, 3H). "C NMR (126
MHz, CDCl,) 6 208.2, 153.8, 85.4, 46.0, 29.7, 25.8,
24.9, 242, 20.1, 7.6. HRMS (ESI): m/z C,, H,NO,
[ M+H | A FIE (. 214.143 77; SCIE . 214.143 80.
M % -1 TR 2-9k JE-3-28 O 3 N-3-BF TR
(3ca), JTLEIHPRAEAL. '"H NMR (500 MHz, CDCI,)
53.46 (t, ) = 6.7 Hz, 2H), 3.37 (t, J = 6.7 Hz,
2H), 2.14 (s, 3H), 2.08-2.05 (m,2H), 1.95-1.87
(m, 4H), 1.66-1.63 (m, 5H), 1.54-1.50 (m),
1.28-1.22 (m, 1H,). "C NMR (126 MHz, CDCI,)
5208.5, 153.6, 84.1, 46.1, 46.1, 31.1, 25.8, 25.2,
25.0, 23.7, 21.5. HRMS (ESI): m/z C,H,NO,[ M+
H] HYFEIE(E . 240.159 42; SCi{E . 240.159 48.
IR oE-1- R IR 2- k-3 - 2R L T -3-BEfiE (3ea) ,
@ E R, "H NMR (500 MHz, CDCL,) & 7.49-7.47
(m, 2H), 7.40-7.37 (m, 2H), 7.33-7.30 (m,
1H), 3.69-3.60 (m, 2H), 3.42 (t, J = 6.7 Hz,
2H), 2.04-2.00 (m, 5H), 1.99- 1.93 (m, 2H),
1.88(s, 3H). “C NMR (126 MHz, CDCl,) & 204.5,
153.3, 139.7, 128.6, 127.9, 124.7, 86.8, 46.3,
46.2, 25.8, 24.9, 23.8, 23.7. HRMS (ESI): m/z
C,sHyoNO, [ M+H ] * (BRI . 262.143 77; SCUIfE
262.143 82.
N HEmR- 15218 2-Fk H-3-H 56 T -2-F g (3ab) ,
H A E K. '"H NMR (500 MHz, CDCL,) 6 3.69 (t,
J = 5.0 MHz, 4H), 3.51-3.47 (m, 4H), 2.16 (s,
3H), 1.49 (s, 6H). “C NMR (126 MHz, CDCl,) &
207.3, 154.2, 83.5, 66.7, 44.7, 43.8, 23.7, 23.6.
HRMS (ESI): m/z C, H,,NO,[ M+H | Ay 3B {4
216.123 03; LA . 216.123 10.
N,N-" LG FEF IR 2-FRHE-3-H1 3£ T -3- LA
(3ac), R ORI IKR. '"H NMR (500 MHz,
CDCL,) 6 3.28 (s, 4H), 2.12 (s, 3H), 1.45 (s,
6H), 1.16-1.12 (m, 6H). "C NMR (126 MHz,
CDCl,) & 207.7, 154.7, 82.9, 41.8, 41.6, 23.7,
23.4,14.2, 13.5. HRMS (ESI) : m/z C,,H,,NO [ M+
H S . 202.143 77; S2{E . 202.143 80.
N,N-ZIE T RZ IR 2-Fx3E-3-H 5L T -3
Fig (3ad), B @R A '"H NMR (500 MHz,
CDCly) 8 3.20 (t, J = 7.2 MHz, 4H), 2.12 (s,
3H), 1.55-1.44 (m, 4H), 1.35 (s, 6H), 1.34-1.25
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(m, 4H), 0.96-0.89 (m, 6H). *C NMR (126 MHz,
CDCL,) 6 207.7, 155.0, 82.9, 47.0, 46.7, 30.8,
30.2, 23.6, 23.3, 19.9, 19.9, 13.8. HRMS (ESI) ;
m/z C,H,,NO, [ M+H " i . 258.206 37;
SEIME . 258.206 43.

1.2.2 CuCl,/[ Emim] [ OAc IR RIWIGIALH: Al
WIRTCRE | R DA R ZE B R 3 Y 20 PR — 3K
Bife, HTCK BRI 3 WG, B T 245 AR
8, 16 BLAS 5 FAREE 40 min DIBR L FEBGL R

BRI TG /K LBk VA B R R TP R Y CO,, B2 B
BT T — RIS .
#HR5it#
2.1 RS
TE45 C, 14 COPRMERRENFMAT, LL2-
FL-3-THe-2-fE(1a) | MERESE (2a) A CO, 1) =41
O3 SN AR SN, B 22 R 2 M AR SR TR
R TR, IS Bl b ib R R (R D). &

®1REFHHER

Table 1 Screening of the reaction conditions®

2%[Cu(IT)]

o

CNH + CO,

0.1 MPa

_4<OH
1

Cation /N\//NW

[Emim]

0.4 equiv. of I L

Cw«j$

N
[Bmim]\\\

F
I | i
Anion )J\ F%—s—o- F‘—lla“-F‘ 0=C1I—0°
- 11

[OAc] [OTH] [BF,] [C10,]

Entry Catalyst IL T/°C vh Yield/ %"
1 CuCl, - 45 12 -
2 - [ Emim ][ OAc] 45 12 -
3 CuCl, [ Emim ][ OAc] 45 12 73
4 CuBr, [ Emim][ OAc] 45 12 72
5 Cu(0OAc), [ Emim] [ OAc] 45 12 69
6 Cu(OTf), [ Emim][ OAc] 45 12 35
7 Cu0 [ Emim] [ OAc] 45 12 -
8 CuCl, [ Bmim] [ OAc] 45 12 70
9 CuCl, [ Emim]Br 45 12 59

10 CuCl, [Emim][ ClO, ] 45 12 55
11 CuCl, [ Emim ][ BF, ] 45 12 39
12 CuCl, [ Emim | [ OTf] 45 12 6
13 CuCl, [ Emim ][ OAc] 45 6 34
14 CuCl, [ Emim ][ OAc] 45 18 85
15 CuCl, [ Emim][ OAc] 45 24 90
16 CuCl, [ Emim] [ OAc] 45 30 89

a. Reaction conditions: [Cu( Il ) ]: (0.1 mmol) | la: (5.0 mmol) | 2a: (5.0 mmol) .

IL: (2.0 mmol) . 45 C .

CO,: 0.1 MPa; b. Yields were calculated by '"H NMR with the 1,3,5-trimethoxybenzene as the internal standard.
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A CuCl,/ & TR INEE | TS CO, 19 =4 RN 545

Je, 4 2 PR 5 A o i Rk ot A
AZ S RL B, YA I A HAR =P A (% 1,
Entry 1-2) , (H2AEMFEZEMHT, B _HH 60715
2| 73% 77 F M 3aa (Entry 3), XL 45 R ULH], 2
WA 5 B IR S AR AT sk, 7E 2 Mk
2L (Entry 3 vs Entry 4-7) , CuCl, B A5 35 fc - 44
ERE, Cu(OAc),, CuBr, WA 70% 7545 1 7= %,
Cu( OTF) U F=REAK, A 35%, Mgk CuO IMA
RNARZR G A BER = E i, X 0] B CuO 7255
T LR RS, BT, RATPEH CuCl,
AR FR A SR A SRR AT J5 22 % %% Bl TR
TIWESE T AR Bl 28 00 B IR A R AR R 05 M A
Wi (Entry 3 vs Entry 8—12) , [ Jhy bk i/ i i 741 g5 1~
WARMEEE ) T HE 69 [ Bmim | [ OAc | A AR I 4 A1
F[Emim] [ OAc], Mi#EFHE FAHRMELT, HR
BT ARSI SRS R
MBS F- B 3aa /= W T R, i 7] 75 [ Emim ]
[OAc] MEAR LR,

FER A B HE Y R AR &R A CuCly/[ Emim ]
[OAc]Z )5, JMAE] (Entry 3 vs Entry 13-16) X}
FAEALTE M B R 5Y. FE I B A ZE 4 | 3aa
FERGETE, ABAE RN RIIAE] 24 b 5, SRR
o7 s TR] R AS BEAR S B 5 7=, PRI DA 22 55 AR
(R FF 2 T, AT LK SN s D ff 7 2 24 h.

B, FRATHHRIE T IR X RO = 52 i ([
1), 7£ 0.1 MPa CO,<JEF, KM CuCl,/[ Emim ]
[ OAc AR R, S l#E =R, 45, 60, 75 C 5%

100

.\
92 ~ =
80 -
g
= 70
&
>~
60
50 —m—Yield
40 1 1 1
20 30 40 50 60 70 80
Temperature/C

P 1 B R I 5 )

Fig.1 Effect of reaction temperature

TR HEALRE 24 b, 8528 BoRZ LA R AR T
HUAT LMEAL RS #EAT , (HJE 3aa 7 FAUH 44%, Kl

LHRIRETHE T 45 C, PREW T, (B
— AR, RIE AR, KgE LT,
Fe AR 454 . CuClL(0.02 equiv.) , [ Emim ][ OAc]
(0.4 equiv. ), KN JE R 45 C, CO,KHEN 0.1
MPa, JWHtE] K 24 h.
22 RMEREEEE

PR T, FRATE T SN EER R, | R,
FEPARPRRE ) R, . R, LR 0 — 2230 SR R W A9 5E
FHPEVERE (R 2). B, BRAOTHE—R9 & A AR FH
RIEMIRPTEE (AN 3 | 23 | NI BRI Bk
R ] T 5 g e . CO, 19 =20 7y R, 7
CuCl,/[ Emim] [ OAc ] 46T 35 68 A1 b %% A5 Sy #H
N B-FikFE G FE H RRER =9 (Entry 1-7). Hidr, H
Fok £, 3 5 25 A0 B /N ) JEE 90 1) 77 %R 90% Al
84% (Entry 1-2) , & T 7S T0H KR IREE KAV BH I
PIr= 2 (Entry 3-4) , 3X 057 50 55 5L 3¢ B ey i 1
AR I (1) 225 [B] A7 BH 500 X6 s 7 396 P 1 5% i AR . B
5, ATk — 2. TOE TG EA R
FEMEIY iR AR o, -t 38 W B ) B B £ Ay Ko
(7= 9) (Entry 5-7) . )i, FATLL 2-F 5E-3-T He-2-
s, ML GE RN CO, RN SR EAT T R R S5 55
AR ZNEER 3 K5, 3aa J= R I BH & T B (Entry
8), RUNZMAIAREA BAFrIE A F I vEqE
2.3 RMHERR

T, ATH M EAE B PN i | P
Y5 CO, B IR B-HikH Z I F R TR 1) 5 17 T LA 4 2k 1 4
ABE(E 2), TERMAMET, CuCl/IL #E4L 1a I
CO, IR G153 68% 1) -V H IEIRBR RS (1] 2a) . Bifi
Je s LIRS B AR R R, A SE Y I be, =
W RN 2 hy, BRI RLE T 99% 1 7= R A5 8 T B-H
FF I T IRER 3aa( B 2b) , XWATHTAITRIER -
V. FF L BB TR T 2 1A = 2 43 S oy K e e T A ) 2%

N [26,28,33
W

o
2%[Cu(ID)], )L
_ 0.4 equiv. of IL 0 0
= OH + CO, (a)
45°C, 24 h
1a 0.1 MPa 67.8%
o
j§ 2 %
0
(0] [0 J NH CN
M RT, 2h _<0 (b)
2a 3aa(>99%)
2 43S

Fig.2 Muti-step experiments
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Table 2 The expansion of substrate scope®

2% CuCl, g
Ri R, R, 0.4 equiv. of 1L R, O7\R
+ N N—<

45°C,24 h R, e}

Rl
e
2
=
&
=-]

Yield/%"

N
W

1
"
L)
oo |
4\f

la 2a
(0]
3aa
(0]
9 = OH { NH 0% 84
1b 2a CN«
(0}
3ba
OH o
3 7i> { N C _{’ 46
N
1c 2a o)
3ca
(0]
= OH
NH Y
: SN .
2a Do)
1d
3da

JL
()
B
A
Ay

-
®
N
=3

o

/IL
»2
B
1,

=

~

)
o

1
P

2¢

3ad
o
g :—éon ( NH 0 é 34
la 2a CN «
o
3aa

a. Reaction conditions; CuCl,(0.1 mmol), [ Emim] [ OAc] (2 mmol), 1(5 mmol), 2(5 mmol), CO,(0.1 MPa), 45 C,
24 h; b. Yields were calculated by 'H NMR with the 1,3, 5-trimethoxybenzene as the internal standard; c. Yield after recycle

three times.
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ARG AT T R RAE 5 ZE ' H NMR gk il
A2 B ARG B WRAARAE S 0y o e v ke g A P
(K 3). [ 3a hy 2-H 36-3-T He-2-B%, & 3b 2 2-H
Fe 3T He-2-FE 5 Emim ] [ OAc ] BOVR S W, 5 [ %t

(a)

5.29 2

(b)

| \
6.47 \
JqDMJJ\L ]

16151413 121110 9 8 7 6 54 3 2 1 0-1-2-3
f1

K 3 [ Emim ] [ OAc ] 3R BT 1976 L
Fig.3 Activation of hydroxyl proton accomplished
by [ Emim ][ OAc]

Stepl
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(;\\ Step2

1 [Cu]
n OAc
NHR R,

AT LAE H, 76 Emim ] [ OAc ], 2-F 3£-3-T -
2- PR 35 5 ) 0 A T HLAL S BB LN 5.29 AR
H6.47, XKW OAc” XN BER RIS T —
PITEACAE L, 5 gy LAY, 5 — i, ARE
Steckel {23!, [ Emim ][ OAc ] X CO,WH—EM
ﬁ%%mdﬂﬁ,%ﬁﬁ%¥ﬂU%%%ﬁ%ﬁ%
25T CO, 0 F, RIEHE CO, o FRIsEME I, M
ﬁhmTCO\%Mﬁﬁ@@

I _ :
0=C=0 + HSC—C\O_ = HiC C\O/(‘\o

Bl 4 OAc™Xf CO, Wi 1k
Fig.4 Activation of CO, accomplished by OAc™

BT RS A R LT N A2, FRATHED
CuCl,/[ Emim ] [ OAc JiEALIRNRE | fhlle 5 CO, =41
3 SN A B A TP R i ) HE AR FLEE (181 5)

) Xg
N 0}
4 (0]
R
‘\[(1/ R: R,
3

—

- [C“] HOAc

AQIOM >~0 /

1 [Cul

Hac_C\O/C\

[4]

o-

& 5 CuCl,/[ Emim] [ OAc] & R AT fE Y S 0 HLEE
Fig.5 The proposed catalytic mechanism of the CuCl,/[ Emim][ OAc] system

F—, FRER OAc TG LRIV BE IR 2, 1
5 1 HX CO, T BSERAE, T R T, [
i} OAc™XF CO, 70§ BEAT A S MG AL 1 ) 1A A
(5), HrEl A A Hhs TE o e J 55 e Y B L Y
FEIRE AT BRI B R I, 7E[ Cu ] 220 B4R
PR B SRRIA S OB R AT, 22 ) v [ A
I A4 [ Cu ] BT AT B OG5 v ) 1A -7 F BE 2R
BRPREE (PPIRMARIV ) | [ SR A A7) 52 A

My 5 RSO AR IV R 2 A o ) A
,4ﬁ%%ﬁﬁaﬁ%%ﬂﬁfmfﬂﬁ%ﬁﬁ
FLE LT R

3 &g

TAVIFR T —Fh CuCl,/[ Emim ] [ OAc ] fEfL A
2, TR EE . Ml CO, B 3 A BBk
N AR R R T BRI B A5 10 Sk R i b
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with ionic liquids and deep eutectic solvents: A new

Three-component Reactions of Propargyl Alcohols, Secondary Amines
and CO, Catalyzed by CuCl, / Ionic Liquids

LI Di'*, DU Min-chen'?, BU Chao'*, CHEN Cheng', HU Jia'*, ZHANG Yong-xing'?,
YUAN Ye'" | Francis Verpoort'
(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of
Technology, Wuhan 430070, China;
2. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract; In recent years, the synthesis of carbamates with carbon dioxide (CO,) instead of the traditional highly
toxic phosgene and its derivatives has become a hot research topic. However, most of the synthetic methods for this
protocol require harsh reaction conditions ( high temperature and pressure) and can hardly recover or reuse their
catalysts effectively. In this article, CuCl,/1-ethyl-3-methylimidazolium acetate ionic liquid catalytic system was de-
veloped for the synthesis of B-oxypropylcarbamates through the three-component reaction of propargyl alcohols, sec-
ondary amines and CO,, transforming a variety of different propargyl alcohols and secondary amines into the target
compounds with lower Cu( II ) loading (21% ( Mole percentage) ) by a simple “ one-pot ” method under the mild
conditions of low temperature and atmospheric CO, pressure. In addition, this catalytic system could be recycled at
least three times without the significant loss of the activity. In the aspect of the mechanism, we confirmed that this
protocol of B-oxypropylcarbamates synthesis could be divided into two steps and the a-alkylidene cyclic carbonates
were detected as the key intermediates. Furthermore, we verified that acetate ion in the ILs played a vital role in the
activation of the substrate by the shape and chemical shift of hydroxyl signal in 'H NMR.

Key words: B-oxypropylcarbamates; a-alkylidene cyclic carbonates; lonic liquid; cyclization; amination



