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Synergistic Effect of an Ionic Liquid Catalyst with Two Kinds of
Basic Sites on Knoevenagel Condensation
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Abstract 1- 2-piperidyl-ethyl -3-methylimidazolium 2-morpholinyl-4-ethane sulfonate = Pemim Mes with
two basic groups individually located in cation and anion exhibited synergistically catalytic behavior for Knoeve-
nagel condensation. Under non-acidic conditions  Pemim Mes proved to be an active stable and universal
catalyst for Knoevenagel condensation between aromatic aldehydes and active methylene compounds. The
catalytic mechanism of Knoevenagel condensation synergistically catalyzed by the basic ion pair existing in
Pemim Mes was tentatively proposed.
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bmim Mes 1-
2- - -3-
Pemim Mes 1- -3-
bmim OTs
1
1.1
1.1.1 Pemim BF,
N, N- 22.6 g 0.275
mol 46.0 g 0.250 mol
250 ml 100 ml
75 C TCL
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Scheme 1 Structures of the synthesized basic ionic liquids
0.020 mol Pemim HCI CI 50 ml
0.024 mol  NaBF,
0.024 mol  NaOH
24 h CH,CL,

Pemim BF,.'H NMR Bruker Avance 500
500 MHz+ CDCl; 6=8.4 s 1H NCHN 7.4
s 1H CH;NCHCHN"® 7.2 s 1H CH;NCHC-
HN'" 4.1 t2H J=5Hz N'CH, 3.8 s 3H
NCH; 2.6 t2H J=5Hz N"CH,CH, 2.4
m 4H CH,NCH, 1.5 m 4H
CH,CH,NCH,CH, 1.4 m 2H CH,CH,-
NCH,CH, CH, . IR Nicolet NEXUS 670
cm Voex = 3078 m 2935 m 2852 m
1571 m 1455 m 1354 m 1302 m
1037 s . ESI-MS Agilent 1100 LC MSDVL
m' = 194 Pemim ' m =z 87 BF,
1.1.2

-1

bmim Mes
100 ml 2.130 g 0.010 mol
HMes H,O 0.480 g 0.012
mol NaOH 1.745g 0.010 mol 1- -3-
bmim Cl 20 ml
1h
50 ml

bmim Mes 2.1 g 60 % .
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'HNMR D,O 6=0.9 m 3H CH; 1.3 m HP-1
2H 1\1+ CH2CH2CH2CH3 1 8 m 2H N+ CHz— .
CH,CH,CH; 2.5 m 4H CH,CH,OCH,- GC-MS Agilent 6890 Series MS Agilent 5973 Net-
CH, 2.8 m 2H CH,CH,SO; 3.0 m 2H work
CH,SO; 3.7 m 4H CH,OCH, 3.8
s 3H NCH; 4.0 m 2H N'CH, 7.4 s 10 mmol
2H NCHCHN' . IR KBr em 'y =
3146 m 3086 m 2961 m 2851 m 2
1657 m 1570 m 1461 m 1307 m |
1212 s 1180 s 1116 s 1038 s . ESI-
Knoevenagel
MS m* 2139 bmim * m~ 2 194 Mes" .
1.3 ) bmim Mes
.1. Pemim Mes Pemim BF,
100 ml 2.70 g 0.01 mol
Pemim HCI CI 2.10 g 0.01 mol .
Pemim Mes
0.96 g 0.02 mol NaOH 30 ml
1h
SO5
30 ml
- 3
N | bmim OTs '
Pemim Mes. H NMR CDCl; 6=10.0 s 1H
bmim OTs Knoevenagel
NCHN 7.5 s 1H NCHCHN" 7.2 s 1H
NCHCHN' 4.4 ¢t 2H N'CH, 4.0 s 3H ! . cre Knoevenagel

NCH, 3.7 t 4H H,COCH, 3.0
m 2H NCH,CH,SO; 2.9 m 2H NCH,CH,-
SO; 2.7 t 2H NCH,CH,N' 2.5 m 4H

CH,CH,OCH,CH, 2.4 m 4H H,CN-
CH,CH,CH, 1.5 m 4H H,CCH,CH, 1.4

m 2H H,CCH,CH, . IR KBr cm !
Viax = 3437 s 2938 m 2850 m 2813
m 1660 m 1572 m 1457 m 1357
m 1305 m 1250 m 1214 s 1198 s
1181s 1117 s 1038 m 915 m 867 m
768 m 639 m ESI-MS  m " = 194
Pemim * m z 194 Mes

1.2 Knoevenagel
2ml 1- -3-
bmim BF, Pemim Mes
10 mmol
10 mmol

Argonaut Advantage Series'™ 2410

5 mlX3
GC  Shimadzu GC-14B

Table 1  The yield ofa-cyano ethyl cinnamate CEC by Knoevenagel
condensation of benzaldehyde and ethyl cyanacetate catalyzed

by different basic ionic liquids

O
(j)L Ho O o mm (CEC)
CO,Et  solvent CO,Et
No. Catalyst Catalyst Solvent Yield™ %
amount mmol

1 blank — bmim BF, 36
2 bmim OTs 0.10 bmim BF, 35
3 bmim Mes 0.10 bmim BF, 57
4 Pemim BF, 0.10 bmim BF, 50
5 Pemim Mes 0.10 bmim BF, 78
6 Pemim Mes 0.05 bmim BF, 71
7 DMAP 0.10 bmim BF, 65
8 DMAP 0.05 bmim BF, 47
9 blank — H,O 20
10 Pemim Mes 0.10 H,O 39
11 Pemim Mes 0.10 dioxane 37
12 Pemim Mes 0.10 CH;CN 42
13 Pemim Mes 0.10 Bdmim BF, 75

Reaction conditions benzylaldehyde 10 mmol cyanoacetic
acid ethyl ester 10 mmol solvent 2 ml temperature 70 C
reaction time 10 min.

* GC yield 1-dodecane as the internal standard .

Bdmim BF; — 1-butyl-2 3-dimethylimidazolium tetrafluo-

roborate prepared according to Ref. 16 .
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bmim Mes  SO;
70 € 10 min
1 mol% 3~5 17 Pemim Mes
Pemim Mes 78 %
0.05 bmim BF,
mmol Pemim Mes N1-N2
0.10 mmol H' 2

34 6. H
N N- DMAP 7 8 B-
Pemim Mes B-

¥t SN 8 K\m{ —

N=C NNy o N \{\’ e OR +HN1-N2—N=C R, _~HO N=C >_<

R (ion pair) R R3/C_O R; ’ EH R, NN

2

Knoevenagel

Scheme 2 A proposed mechanism for Knoevenagel condensation catalyzed by the basic ion pair existing in Pemim Mes
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Smlx3
2 bmim -
BF, Knoevenagel
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71%
2~10
50%
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0.05 mmol

Pemim Mes

3% .
Pemim Mes

Knoevenagel
19 20

nagel

Pemim

51%

Pemim Mes
74 %
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2 bmim BF,
Knoevenagel
Table 2 The yields of CEC by Knoevenagel condensation catalyzed
by the fresh and the deactivated basic ionic liquids in

3

Table 3

bmim BF, Pemim Mes
Knoevenagel
Knoevenagel condensation of aldehydes ketones with

active methylene compounds catalyzed by Pemim -

bmim BF, Mes in  bmim BF,
Yield* % Acti thyl
Catalyst 1e 2 No. Aldehyde Ketone clive methyiene Yield* %
Cycle 1 Cycles 2—10 compound
Fresh Pemim Mes” 71 51-46 /A CN
Fresh Pemim Mes® 80 8074 ! < >7CHO <(‘() E 7
— L t
Deactivated Pemim Mes? 54 55-48 :
4 . . - CN
Deactivated Pemim Mes 51 51-48 5 MCZNOCHO < 47
Deactivated bmim Mes' 42 not tested — CO,Et
Deactivated Pemim BF,® 39 not tested OH CN
Reaction conditions  Pemim Mes 0.05 mmol benzylaldehyde 10 3 <—§*CHO 58
mmol cyanoacetic acid ethyl ester 10 mmol  bmim BF, 2 ml — ’ CO,Et
temperature 70 C  reaction time 10 min. MeO OH CN
* GC yield 1-dodecane as the internal standard . 4 CHO CO,Et 36
> The condensation was carried out in air. . .
CI CN
¢ The analytic grade of benzylaldehyde was used and the condensa- 5 < 87
tion was carried out in N, atmosphere. & CHO CO,Et
4 Pemim Mes 0.05 mmol was mixed with benzoic acid 0.05 O,N CN
mmol before use and the reaction was carried out in N,. 6 < 100
. . . . L CHO CO,Et
Pemim Mes 0.05 mmol was mixed with benzoic acid 0.1
mmol before use. / \ CN
" Pemim Mes 0.1 mmol was mixed with benzoic acid 0.1 7 CHO < 66
CO,Et
mmol before use.
¢ bmim BF, 0.1 mmol was mixed with benzoic acid 0.1 "HO CN
mmol before use. 8 Bu < I <C02Et 100
0 CN
9 )T e < <10
. . _ CO,Et
bmim BF, Pemim Mes
K ! 7 -
noevenage 10 e <10
Me Me COZET
3.
CN
—NMe, —OH —-OMe 11 @ CHO < 100
CN
2~4 —Cl
an\ CN
-NO, 5 6 12 MeZNQCHO < 97
— CN
OH CN
13 94
s 8 LR
9 10 . Knoevenagel MeO OH oN
14 < 90
CHO CN
CI CN
B- 1 15 < 100
CHO CN
O.N CN
16

70 C
1~8
100 %

100
(Yo oy

Reaction conditions ~ Pemim Mes 0.1 mmol aldehyde ke-

tone

25T
* GC yield 1-dodecane as the internal standard . The product
was further confirmed by GC-MS.

10 mmol active methylene compound 10 mmol

bmim BF, 2 ml temperature 70 C  experiments 11 —16 at

reaction time 10 min.



776

29

Pemim Mes Knoevenagel

Pemim BF, bmim Mes
Pemim Mes  Knoevenagel
1+1>2
bmim BF,

Pemim Mes
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