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The Reaction of Aromatic Amines with Propylene Carbonate Catalyzed by
Anion-Cation Cooperativity in lonic Liquids

ZHANG Lifeng, YANG Sijuan, GAO Guohua”

Shanghai Key Laboratory of Green Chemistry and Chemical Processes, Department of Chemistry, East China Normal University,
Shanghai 200062, China

Abstract: lonic liquid 1-butyl-3-methyl-imidazolium acetate ([omim]OAc) effectively catalyzed the reaction of aromatic amines with pro-
pylene carbonate to 5-methyl-3-aryloxazolidin-2-one. The effects of reaction temperature, time, and catalyst amount were investigated in
detail. Under the optimized conditions, the yield of 5-methyl-3-phenyl-oxazolidin-2-one was 99%. The effects of cations and anions in ionic
liquids were also studied. The cations play important role for the reaction and the catalytic activity follows the order of
1-butyl-3-methyl-imidazolium ([bmim]) > 1, 2-dimethyl-3-butyl imidazolium ([ommim]) > 1-butyl-pyridinium ([bpy]), which is consistent
with the order of hydrogen bond donor ability. Simultaneously, the anions are also crucial to the reaction and the catalytic activity of imida-
zolium based ionic liquids follows the order OAc > Cl > Br > BPh,, which is consistent with the order of the hydrogen bond acceptor ability.
Key words: ionic liquid; aromatic amine; propylene carbonate; cooperative catalysis; 5-methyl-3-aryloxazolidin-2-one
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WEFE R, AT R BLAE I & 8 Ak 7 4742, W] LA
i A I R S e g -2- B N- 55 3 Ak S S
519231 (E BT FE i A 71030 5 Ol Bt 4 S R 45 R A
¥ B BRI BCAR . Gong 2524207 4k, 2 1 B i 0 2%
WAL G 1,8- % 4 3 [5.4.0] - —H%-7-4% (DBU)
5 1,4- ~E 44 IR [2.2.2] % )i (DABCO) 72148 T,
FA 75 75 i SRR L) B OB — 20 B T 3- 0 B g
bt -2-H. AV FT B A A IRBR IR 2 5 1
JS7 R I, T e Y B A T DA e AR A A T A e
R R 2.0 i 1 S 02 PO28) R ST i — b g s T
AR AR AL 75 B Ji 5 T B8 TR 0 TR 4 A 5- HR ik -3- 0 ik
WA 5 - 2- i P 5 82, PR T 5 Y A B B 28 1T
IFi) fRE AL L 2.

1 SKmEky

11 BFRE 1-TE-3-FERM ZERE
([bmim]-OAc) B4 %

4 1-T H-3-F ARk & # ([bmim]Cl, 0.700 g,
4 mmol) ¥ F 10 ml /K #, S A AgOAc (0.670 g, 4
mmol), =& 5 F 4 h, T IERR X AgCl UilE, B2 T
T 15 T 0 R 72 0 0.69 g, U E N 85%. 'H NMR
(500 MHz, CDCl3): 6 11.10 (s, 1H), 7.28 (s, 1H), 7.22
(s, 1H), 4.29 (t, J = 8.0 Hz, 2H), 4.05 (s, 3H), 1.97 (s,
3H), 1.83~1.89 (m, 2H), 1.35~1.39 (m, 2H), 0.96 (t, J
= 8.0 Hz, 3H).
1.2 BEFiBiE[omim]OAc # 1L 7 i 5 55 BR 7 & fis
-3

FERSRY T, ¥ 2K % (0.186 g, 2 mmol). kR
7 4% B (1.020 g, 10 mmol) #1[bmim]OAc (0.0198 g,
0.1 mmol) 4K I 2 B K (5 ml) &, HiiH:
IEPTHRREE. R R G, RN 5 2 =R,
BN 4 ml &5 1 ml K, B FAEETRH, &
A5 AH 38 3 A A 3% (Shimadzu GC-14B) 4 #r, 1IE+
AR RR, W BN IR R IR AR N PR &
FERGHE (i 2 B8 (0 i Bk 218 2.5 = 3) 1531, 454
2 % W 3L IR B € . 'H NMR (400 MHz, CDCly): §
7.53 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 7.2 Hz, 2H), 7.13
(t, J=7.2 Hz, 1H), 4.75~4.83 (m, 1H ), 4.11 (t, J =
8.4 Hz, 1H), 3.62 (t, J = 7.8 Hz, 1H), 1.53 (d, J = 6.4
Hz, 3H). GC-MS: m/z = 177(M%).

257 ¥ ARk [bmim]OAC 1) 115 24 4 FH 55 56 )2 B 2%
4 SR 4 % (0.930 g, 10 mmol), % & P4 % g (5.100 g,

50 mmol), [bmim]OAc (0.099 g, 0.5 mmol), H & 21
H b RMEEHRE, N 6 ml &5, FEE 7K
I3 & (5 ml x 3), & FF/KAH, 522+ 10 h, 531
BT T — IR

2 HR5WHL

2.1 BFHRE[bmim]OAc HIfE1L I &E

[bmim]OAc & — it Fi B 25 7 A4, AT LA
A ROMAEL R 5 R TR — BT I B kAL RO
Michael JIl B S I8 K 24 Jiie 555k B 2 4 W 1 Jz Joz 28201,
AN SCH T AL TR i 5 B R P i T B i (L T
1), FBEE T S FEE L I 18] A0 AL ) P R0k B Bz 1 g
R

NH, 0 (omim]oA 0
mim]OAc
5o mmee iy

+ O O

B 1 FERSKRERRGEENRK
Scheme 1. Reaction of aniline with propylene carbonate.
[bmim]OAc—1-butyl-3-methyl-imidazolium acetate.

211 REMEI

1 4 N FE R B T R [omim]OAC i 1t
R JFE 5 i T TR T e ISP B PRS2 . BRI R DU
7E 110~140 °C 8] Jz B, 5- FF J -3- 2 J B e e - 2-
) Wi e B o s P T T v T T v, 2R 140 °C B E A
Bt K AE 99%; [ 5 5L ) 4k 4 T, 2 R R T
TR

100

[ee]
o
T T

Yield (%)
3
>

N
o
—

/

/

N
o o
T T T

1 L 1 L 1 L 1 L 1
110 120 130 140 150
Temperature (°C)

B 1 BEXERRSREE RSB R R AR ST
Fig. 1. Effect of temperature on the reaction of aniline with propyl-

ene carbonate. Reaction conditions: aniline 2 mmol, propylene car-
bonate 10 mmol, [omim]OAc 0.2 mmol, 9 h.
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2.1.2 HEERIR

Bl 2 g S BB 8] 2 - 9 A4 [bmim]OAcC i 1k,
2R 5 R R TR 04 T SN M e I s . ] DL Y, BE
5 SN B ) ) ZE K, 5- FFY Rk -3- 2 S5 R e 5 - 2- i 114 i
RIZET e, & 7h B[k 99%. #F— 5 4k K ) b
I 8], 7= IS 2 FE AR R AN AR

100 "

ol —
B f /

70+

Yield (%)

60
50 +

0 2 4 6 8 10
Time (h)
B2 BB B 5 R TR R BE R R BE RS2
Fig. 2. Effect of time on the reaction of aniline with propylene car-

bonate. Reaction conditions: aniline 2 mmol, propylene carbonate 10
mmol, [bmim]OAc 0.2 mmol, 140 °C.

213 EAFIAEHNEIT

3 N T W A& [bmim]OAc & X 4 i 5 i
T TR 0 T B P BE R 2. mT DU H AN o 465
I, 2R 5k R A 0 R AS SR BiE A5 [bmim]OAC
N, 5- FF 35k -3- 2 Sk W A - 2- R 1) WA RO T
g 5 mol% B, PRI R B AN B AR AL,

100 |-

80-— /

Yield (%)
5
T

1 L 1 L 1 L 1 L 1 L 1
0 2 4 6 8 10
Amount of ionic liquid (mol%)

B3 R EXE I S EREE R SR R M B RS2
Fig. 3. Effect of [bmim]OAc amount on the reaction of aniline with
propylene carbonate. Reaction conditions: aniline 2 mmol, propylene
carbonate 10 mmol, 7 h, 140 °C.

2.1.4 EUFIRTEIAER M
BT TR AR [omim]OAC £ 45 i 5 ik R T4 45 i S
MRS YERE R T 4. WTAE H, 7E 140°C i

100 |-

60 -

40 -

Yield (%)

20+

N7/ M7/ W MM

0 1 2 3 4 5 6
Recycle time

& 4 [bmim]OAc LTI B E M 14 RE
Fig. 4. Reusability of [bmim]OAc catalyst. Reaction conditions:

aniline 10 mmol, propylene carbonate 50 mmol, [bmim]OAc 0.5
mmol, 7 h, 140 °C.

N7 h BT, B W R [bmim]OAc v 1 3 18 H
5 K, 5-FH 2k -3- 2% FEIE M Jo - 2- Jl] PR USC 26 43 1) 2 99%,
98%, 98%, 97% FI 94%. K K1 &, & T Wk
[bmim]OAc 7E 2K [tz 5 Bk R 174 4 I B B rh ks e, w]
PAYE A8 FH 2 1.
22 AT EBFRAEELEIE SRR HEER M
TR T AR B B S T 0 2 ke ik R T A
it 5 PR 52 M), A SR FH AN [ 7R B8 1 VR Ak gk AT 1B 4k
P, ERB TR L AR H, 4 E AR
[bmim]OAc, [bmim]Cl A1 [omim]Br & i 1k 7 i, 5-
FH 5k -3- 25 kR W 5 - 2- Bl WAz 26 43 il A& 99%, 32% Al
24%. MULBKIERH 7 2 A7 H B R U S 108 1
A& [bmmim]OAc, [bmmim]CI A1 [ommim]Br Jy fi
FRFRNIF, 7= 0I5 S0l 2 47%, 5% A1 3%, 55 AH 7] [
2T [bmim] 22 B 7 A A7 EE, [bmmim] 28 & 1)
PR AL 35 T B S B AEAR R 261 R, mkme 2%

® 1 TREIBFREELERRSTREE R G R R AT E
Table 1 Reaction performance of aniline with propylene carbonate
catalyzed by various ionic liquids

lonic liquid Yield (%)
[bmim]OAc 99
[bmim]CI 32
[bmim]Br 24
[bmmim]OAc 47
[bmmim]CI 5
[bmmim]Br 3
[bpy] CI 0
[bmim]BPh, 0

Reaction conditions: aniline 2 mmol, propylene carbonate 10 mmol,
[omim]OAc 0.1 mmol, 140 °C, 7 h. [bmmim]OAc—1,2-dimethyl-
3-butyl imidazolium acetate; [bpy]Cl—1-butyl-pyridinium chloride.
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BT 1-T Bt ne S&0EL ([bpy]Cl) T A 10 3
PE. X U0 KM PH B 1 2 A7 H O b R S B R TR
I G S N T A BB VE . WKW PH B 2 4 H 7R
A3 2 o AT DAAE Sy S 0 A 5 R S A 0 T e ik R
FREVEE, AT B 58 T B R A IR SR B, B TR
4 147 BH B8 - B Ak 35 M S 8 [bmim] > [ommim] >
[bpy], 55 BH 5 76 ff b i 72 b 3R A S B 1 e ) — 2K
55 IR, B A 1R B B 5 e R s e AR K, 7R
FHIEBH B 7 I 2640 T, B TR 91 55 1 OAc i)
T T A e, B VA IR B B A TE DU 9 OAC
> Cl > Br > BPh,, 51 & 742 2816 /1 — 5

Zr BT, BT VAR A A AR R 5 R R T A T
SRLE, DRI BH B 1 2 A7 1) H 5 85 BR T 0 8 11 o Jk
SAUE BCEUEE, AT VS A B R TR A T ) T R TR
RLRE 22, AR T R BT, 50 E R, B A
B2 PR S B 2 ik, 5 R e sk F AR 7 E
PRV, WEAGIR . [ B  RT BH B X N R A 1)
TEACAE R — AT B A 9T BH S R 4 A 2R
¥ 5 Tk 2 PR 0 T s (R AL B DL P =K 2.

B 7 WA [bmim]OAc (i) H Bk M [H B 13 it 2
L H SRR 9 M s A B, T3 7 5 2R A AR
FATE B TR A (i), 9 A 110 25 e 5 A% 33 8035 A 1 B
TR TR 475 TG % ) b TE) A (i), A e A (i) B 25— AN K

o)
o)ko
NH,

(+) -
Me/N\‘ﬁN\Bu OAc

(i)

Sy

O T IR TE B R R (iv), A (iv) B2 PR R
BB TR EN R — A AL 3E.
2.3 BFiRIAF[bmim]OAc LB KB SHRERTA
1 lE R R

N T BB T AR [bmim]OAC i 1L 75 & ik 5
Bt R 7R3 04 T S 7 1) 58 o, AN 7 T BUAR R ik 5
BRI PR I TG 1 B, 45 SR % 3K 2. TLE Y, &7
AR [omim]OAC AT A4 X F L 2R fide . %of B AR 3 2
i KA 5 e o w2 e 5 T T A I D RO, A
%2 BFRE[bMIMIOAC H B 3 Bk 5 BB 7 % B
& R

Table 2 Reaction of aryl amines with propylene carbonate catalyzed
by ionic liquid [bmim]OAc

Substrate Product Yield (%)
Q
Me@mz Me@“c)k 80
Q
Q

Q
N\
O oY

Reaction conditions: aryl amine 2 mmol, propylene carbonate 10
mmol, [bmim]OAc 0.1 mmol, 140 °C, 7 h.
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. [ -73\
” (] _
(i) Me/N‘v.‘N\Bu OAC
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hae
e O
L+, —
Me— NN~y 0AC HO—
| (iii)

H

Nio H0
Ol

(iv)

BN 2 BT REECERSHRIRAKEENREHE

Scheme 2. Reaction mechanism of aniline with propylene carbonate catalyzed by ionic liquid.
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