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Abstract: The synthesis and characterization of the basic ionic liquid, 1-butyl-3-methylimidazolium imidazolide ([Bmim]Im), were
reported intensively. [Bmim]Im has strong basicity and relatively good thermal stability, and it was used as a novel catalyst for the
Knoevenagel reactions in aqueous media. [Bmim]Im acted as both a base catalyst and a phase transfer catalyst in the Knoevenagel
reaction. In addition, [Bmim]Im together with aqueous media had good recycle ability. Aqueous media, low catalyst concentration,
simple separation workup, ambient temperature, and high yield are the characteristic features of the present catalytic protocol.
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K5 RAL, RGBS T [Bmim]Im 46 7K A 57
Knoevenagel [ IV [ 46 P e S A FHATLEE.

1 KWED

1.1 [Bmim]Im 89 & B

5 0.05 mol PK M (Acros, AR) il A FJ 45 B /K
NaOH (AR) [ FBE ¥ M P, = il [ B 30 min J5 74 3
I I 2y FE 29598, K5 0.05 mol [Bmim]Br ¥ - 10 m1 Y
B B T 100 ml — 5 I Be i, 261 ) B FE s
I I IO A PR (5 K 44 0.05 mol) 7 1 h P 3
I 2 [Bmim]Br FRE W P, SR 5 iR TR B 3
h, FE AN TE K 4T 20 ml, =3 R 4k 4: 68 P 20 h, 15 2
Tt . oL P Bk 2 NaBr, ¥ 159 21 (1 € W E 45 °C Jig
BEZEIZ 30, oK LTk (10 ml x 3) YEi = 1), 1 i % 2%
K, B2 1 0 0 AR [Bmim]Tm, W2 IE 93%. FIT
TR LLA . R MG IR S vl R AR S 25 1.

IR: 622, 652, 754, 881, 1169, 1455, 1573, 2874,
2935,2960,3079, 3144,3434 cm ™. "H NMR (400 MHz,
DMSO-dg): §0.88 (t, J = 7.2 Hz, 3H), 1.28-1.19 (m,
2H), 1.77-1.70 (m, 2H), 3.81 (s, 3H), 4.12 (t,J=7.2 Hz,
2H), 6.77 (s, 2H), 7.26 (s, 1H), 7.67 (d, J=2.0 Hz, 1H),

7.75 (d, J = 2.0 Hz, 1H). "“C NMR (400 MHz,
DMSO-dg): 613.3,18.8,31.4,35.7,48.5,122.2, 123.6,
136.7, 140.0. LRMS (ES): 1E & T8, m/z (%) =139
(100) [CsH;sN,], 140 (10); $ 8 7B, m/z (%) = 67
(100) [C3H3N,].

UE Ak, FATTIE M 4 SCRR[10,19]75 45, A i T A4
B 1- T 5E-3- F LK M ([Bmim]OH) 5 Z R AR 1- T %
-3- LK M ((Bmim]CH;COO) 1 S 24 (R if 1 251
WA
1.2 7K 9B Knoevenagel 52 [

% 0.20 mmol f¥)[Bmim]Im ¥ fi# T 25 ml 2818 K,
10 mmol & % 5 10 mmol A Z 5 IR ST A4 =
M AEFE 10 min, 28 J5 K &R [Bmim]Im 7K %5 80N 2]
AR 5 Y IR RR A R, S T HEEE 20 min,
PG YR Ay B, A EOKUE, B n B TR M
7 b FH A AT A4k S, S 20 AR AZ G 23 Bl
€. B s Hbw =Y (B2 1) 55 1% & 51 Knoevenagel
SN AR HL 5 STk [42~46]{EAH— K.

CN
X
Ao + [ AN 10
z H,0 z

1 2 3

3a: Ar=C¢Hs, Z=CN 3b: Ar=C4;H3;0,Z=CN

3c¢: Ar=C4H;0, Z=CO,Et 3d: Ar=C¢Hs, Z = CO,Et

E=X 1 [Bmim]Im &7k 5 # B9 Knoevenagel & [

Scheme 1. Knoevenagel reactions catalyzed by [Bmim]Im in aqueous

CN .t [Bmim]Im
_ >

media.

Knoevenagel < N ;= ¥ 48 ¥ 1 5 21 AR AL, Bk
e,

3a. IR(KBr): 615, 675,755,958, 1214, 1448, 1561,
1589, 2220, 3033 cm™'. '"H NMR (400 MHz, CDCl;): &
7.55(t,J=8.0 Hz, 2H), 7.63 (t,J= 7.6 Hz, 1H), 7.78 (s,
1H), 7.91 (d, J = 7.6 Hz, 2H). *C NMR (400 MHz,
CDCl3): 082.9,112.5,113.6,129.6,130.7,134.6,159.9.

3b. IR (KBr): 582, 766, 937, 1020, 1149, 1294,
1454, 1606,2226, 3043 cm™'."H NMR (400 Hz, CDCl;):
56.71(q, 1H), 7.37(d,J=3.6 Hz, 1H), 7.51 (s, 1H), 7.80
(d,J=1.6 Hz, 1H). *C NMR (400 Hz, CDCl5): ¢ 30.8,
112.5,113.6,114.3,123.2,142.9,148.0 149 4.

3c. IR (KBr): 588, 760, 1020, 1260, 1370, 1460,
1540, 1620, 1720, 1920, 2220, 2990, 3040, 3130, 3420
cm ™. "H NMR (400 Hz, CDCl;): § 1.38 (t,J=7.2 Hz,
3H), 4.35 (q, 2H), 6.66 (q, 1H), 7.39 (d, J=4.0 Hz, 1H),
7.75(d,J=1.6 Hz, 1H), 8.01 (s, 1H). *C NMR (400 Hz,



www.chxb.cn

Bregdh A DR IR BT 5 59 A £E 7K A1 i Knoevenagel Jx B A AL AT H 695

CDCl3): 6 14.1,62.8,98.8, 113.8, 115.3, 121.7, 139.4,
148.5,149.0,162.5.

3d.IR (KBr): 482,582,683,768,1010, 1090, 1200,
1260, 1300, 1440, 1600, 1730, 2220, 2980 cm™'. 'H
NMR (400 Hz, CDCl3): § 1.40 (t, J= 7.2 Hz, 3H), 4.39
(q, 2H), 7.51 (t,J= 7.2 Hz, 2H), 7.56 (t,J =7.2 Hz, 1H),
7.99(d,J=7.6 Hz, 2H), 8.26 (s, 1H). *C NMR (400 Hz,
CDCl3): 614.1,62.7,103.0, 115.5,129.2, 131.0, 131.4,
133.2,155.0,162.4.

1.3 (BT TEINE A

IR BN E L, B [Bmim]Im R 7K
A AR A AR BE, N ) 10 mmol 2K 1 5
10 mmol P fif AR & ) P JEAT TR — R 0 S B

2 ZFER511E

2.1 [Bmim|Im BIRAE

[Bmim]Im [¥] "H NMR i o, K W B 251 (1) C(2)
TR AR B AT B, X T g T R M BH T
CQ2) AR F I X BR T (pKa=21~23)17*%) ok e A 1)
SERBRPE PR B I T g Uk SR S AR R R R
WK A RS e, M B, 223 A [Bmim]Im A
N B E IR (1) LT, 45 9% 0 T 0 T 320 5k T ke ek B 85 1
C(2) & T IRz v W 253 v A7 B (L P4 1), Lk e

SR T I A 24 B LK PR B 25 1 A N AR R A 2
PN, 10 3 B8 8y, 3K 2 H 1K e i s 471 FL A A
FEL 1 JF W0 38 it ()N, E IR P AR L R
B, A EUR 7 BT AR SRS AR RL, F 3 C(4) H C(5) AR
TAL IR BT AL, AT A C(4) 5 C(5) &R F B A M
A Ak 2 1

1 [Bmim|Im 5ZER& A 'H NMR iZ
Fig. 1. '"H NMR spectrum of [Bmim]Im/C,HsOH mixture.

KT WS AR [Bmim] Im (1) 14 B, 0 it
SR )i i B AR S AT S A il e 1T
HE-3- PR M B 2 1 55 G4 L K AR K L TR AR 4%
TC 117 RS PR = T i 2R i e 12 A 1 RS E 1 (1] 2).
SR . RMEAR B TR AR — P B S 1 1A S Ay
WA —1.7,-0.51155 9 25 5 B K AR (1 i 1 b A4
HRIT (ApKy=1.2) T4 59, A& — S omBg k91 25 -, HLz o
T LM (ApKy, =—9.75). 55— J5 1, [Bmim]Im F1
[Bmim]CH;COO H A7 — 2 iy H. 48 it Ae e 14, 76 190
°C N Al LR FASE ; M [Bmim]OH [ € M 2, 76
90 °C "~ 4G W] W AR . B, [Bmim]Im 2 H A7 SR 5
55 80l AR e M I 5 A

(1) [Bmim]CH;COO
(2) [Bmim]Im
(3) [Bmim]OH

100

80
g L
2z 60
<
>
40 |
anions K.
CH;COO™ 9.25
20 I -0.5
L OH" -1.7

50 100 150 200 250 300 350
Temperature (°C)

2  [Bmim]CH3;COO. [Bmim]Im #1[Bmim]OH & F &K
Ry AR E
Fig. 2. Thermal stability of [Bmim]CH;COO, [Bmim]lm, and
[Bmim]OH.

2.2 [Bmim]Im & F i &4 £ 7K /v it Knoevena-
gel &2 7

TSR, 2K S N i 22 18] /) Kno-
evenagel Jx WV AE 5 18,25 °C &, 1 h I s N ICRAN Ky
6% (K 1, 52565 1), 783 L84k 45 {1+~ Knoevenagel [
R DLAE 7K A R R AT 2 B A mT LR i 4k
FOL Bigi A UOHRIE T KA T Hh G AR AR AR IR 5 B
5 1 2 8] (] Knoevenagel 2 I, 2R 1M 1% Jx N 75 %
IR S A IR B I I ]

AR 24T, [Bmim]Im 44 751 H 22506 i 40 K H
P L5 DA I I R ) 2 S R (BR 1, SR 2~6) K
B, 20 min P, [ 3 IT 26 B8 A5 i A 770 FH 2 184 i B K
2 [Bmim]Im M 0.05 mmol 4 5% 0.20 mmol I, 2 3 ]
W% 58% 9 42 92%; 30 G I AL U e, B .
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Fz1 KNFRPEFESH BB Knoevenagel &L
Table 1 Knoevenagel reaction of benzaldehyde and malononitrile in

aqueous media

S CN o CN
oL + H0
CN HO CN

n(IL)/ . Isolated
Entry ILs 7/°C  t/min .
mmol yield (%)
1 None — 25 60 6
2 [Bmim]Im 0.05 25 20 58
3 [Bmim]Im 0.10 25 20 80
4 [Bmim]Im 0.20 25 20 92
5 [Bmim]Im 0.30 25 20 93
6 [Bmim]Im 0.40 25 20 94
7 [Bmim]Im 0.20 25 40 94
8 [Bmim]Im 0.20 40 20 94
9 NaOH 0.20 25 20 —
10 [Bmim]OH 0.20 25 20 93
11 [Bmim]CH;COO 0.20 25 20 69
12 [Bmim]CH;COO 0.20 25 120 85
13 [Bmim]Cl 0.20 25 20 18
14 [Bmim]Cl 0.20 25 120 79
15 [Bmim]Br 0.20 25 20 6
16 [Bmim]Br 0.20 25 120 78
17 [Bmim]BF, 0.20 25 20 4
18 [Bmim]BF, 0.20 25 120 76
19 [Bmim]PF¢ 0.20 25 20 —
20 [Bmim]PFg 0.20 25 60 13
21 [Bmim]PF, 0.20 25 120 70

WS INAN B . Ty A, JE K S R I ) DA R 4 v S
T 2 R0 S B WA S R AL (6 1, S8R 7 5 8). BRI,
[Bmim]Im f# A28 H I 5 T i 22 8] ) Knoevenagel
SN e A2 A b - AR R FH & 24 0.20 mmol, 25 °C
76 25 ml ZK VW0 SN 20 min. B8R 1% RS AR T
Ranu 25 B0 F 20 mol% A [Bmim]OH 1k 71, 4K 1M
AHFF A, M FH AR 2 mol%, HL R W AE KA
AT, P Y oy

h T WM T f# [Bmim]Tm R4 4k P BE, A B
50T NaOH K HoAth iy 1-77 33 FF L 10k s B 25 1 Al
OH ,CH;COO ,Cl ,Br ,BF, 5 PF¢ [ 1 ¥ 1)
WA T G 5 R 1Y) Knoevenagel MY, 45
W], NaOH )AL 35 P ARA, JU-F- AT SN 4
HIL; 17 [Bmim]OH H AT 55w 1 Ab 35 1, S W i
Hh93% (K 1, LK 9 Al 10). B 1 W & [Bmim]-
CH;COO 7t 20 min 5 [8] P, W] 313 69% MWL, IE K
SN [E] 2] 120 min, HCE 3 N 21 85% (3R 1, SE4 11
5 12); B 7 AA[Bmim]Cl #£ 20 min 5 18] ), H 54K
M I W K% (18%), 120 min J5 R K 79% (3K 1, SE 5

13 1 14); [Bmim]Br 5 [Bmim]Cl #1 kb, 120 min J5 3%
PEILARBIT (K 1, L5 16); [Bmim]PFg 7£ 20 min
B W I, 60 min 5 WF 5 B 13%, 120 min J5 i
HKIE B T0% (R 1, S5 17~21). L& R A B AR
AL 3 P R ;. [Bmim]OH, [Bmim]Im > [Bmim]-
CH;COO > [Bmim]CI > [Bmim]Br > [Bmim]-BF, >
[Bmim]PFq. B 1 25 1 ¥ 4460 N JiF 55 28 F % Kno-
evenagel [ M. (1) i A5 P55 e AT IR AH S6F B0 PR AH G
B A, B 1 VA TR A TS PR 7 5 A DR 21 DL T AR
& F[Bmim]Cl, [Bmim]Br, [Bmim]BF, 5 [Bmim]- PF
A S TR 975 6 1 45 B PO — 35, 1 5 Dong 25 141
SERAE SRR R

FE KW T, SR B P [Bmim]OH 2 1 A4 B A 45
U B HEALE BE (0 93%), 1 5 Bk P (1) NaOH A1 JL T
BeAT A AE FH . 0 B A 11 R M A A e R
HAT SR I B - AR A F A A SOk A
B4 K, B dn, A Pk R Ak BB B AR A
ISR BEAT N HR P AT SR R T RE AL Y
T L8 APl SR B A 4 NaOH
AP, i fh B R % S8 3 R AR AR AR S
BH T B8 1 VA R AT T R R R R, R T A
R AR T, 3800 7 865 B N ) A5 7K 5 W )
B e, T A e I A 328 47 P79 [T, £E Knoeve-
nagel [ N A 3 TR AR fE AL ) [Bmim]Im &5 T ik 4
A4 570 5 R 2 B A A R R XU AR

WA, A SCHE 2 52T A AGR [Bmim]Tm 9 PR 4
GO (K] 3). NS5, 400 i v, & 85 AR 1

95

90 |-

Isolated yield (%)

80- 1 1 1 1 1 1 1
1 2 3 4 5 6 7

Reuse time

B 3 ZFHES5H_ZF Knoevenagel & & [Bmim|Im 7K ;&
TREITEIRE A 1t e

Fig.3 Reuse of [Bmim]Im aqueous solution in the Knoevenagel
reaction of benzaldehyde and malononitrile. The 7th data is based on
average yield for the latter six times of reuse.
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IK A JE AN G AT A 5 A B 4, HEEH T F — Ik
¥ e N2, &5 SRR, B 'k 25 7 WA [Bmim]Tm 7K ¥
HA B 046 H A8 F Pk B, mT DL S A8 12 ko
AT PE A CR R AR

I3 S, X [Bmim]Im HE AL 7K A 5T b 2 5103 P
ALY 5 B 1) Knoevenagel N BEAT T 05T (58
2). U5 A EIUARIE XS S Y IR 38 2 AT AR K5 e TR g
P v T 4 i 5 9 PR WO P, P e A e ke 114 1
HAL PR 38 I, A7 R T R R AL S W 1 e B R 1
A, A1 77 PO g P 7 i 2 b 2 R R DA R S0 8 6 R T
TR K S RO LR SR AE TRVRE I RO 4k 1
', 40 min Ji5 J5 1] 3R A3 BRI IR (86%). B TR
(R W, e 0 BT 55, P DL RUEE R £ 1R UK
V. FPRE BRI T IR AR, O N IR TR G Bk
a5 LR, B 2 F W AR [Bmim]Im &2 {1k Knoeve-
nagel % NV [ R 35 R A0 771, AR FSOAH I 995 Js IR 26 e ik
86%~95%.

% 2 [Bmim]Im 1 &% Knoevenagel & [
Table 2 A series of Knoevenagel reactions catalyzed by [Bmim]Im
Entry Ar Z Time (min) Isolated yield (%)
1 2-fural CN 20 95
2 2-fural  CO,Et 20 92
3 Ph CO,Et 40 86

Reaction conditions: 10 mmol aldehyde, 10 mmol methylene, 0.20
mmol [Bmim]Im, 25 ml water, 25 °C.

3 4t

A SCVERARIE T P B 1 AR [Bmim]Im 15
5 FRAE . R GEHEST T 5 M AR [Bmim]Im X
Knoevenagel < N 1 A6 P B S AF WL, 45 Sk
BH 12 BPE B F MA E R R ) 4% 1 T BE A AL
Knoevenagel & NV H HAT R G PERE. 25 14
[Bmim]Im & 44 T B M A6 71 55 AH % 7% A 40 77 3 A
FH, FEARE AR TG 58 - IR A O
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