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WE AT 14-2FEIIF2.2.2]F 5t (DABCO)IHT AL 2 B T RE AL & T-IRUARAE S AL FFE I T2 P K P S S
L TR Y 2,4-ME M5t — A ) Knoevenagel 46 UM, TEIRANR BT, BT DL i 7= 2600 B 3] -2 Fs -0 HEETH
JRIR ZER(=99%) R 5-2K Z MG 5E-2,4- WMo i (92%). X Lefi b e BHRAE T 5, =0 m] R BEVR & W B B 1S 2,
It BAEAIRI MBI EE R AR, CERER NP RERR AR, JFdAT 7RIS,
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Synthesis of Novel Hydroxyl-Functionalized lonic Liquids and
Application in Knoevenagel Condensation

Liu, Yuting” Li, Rong” Xing, Yanjun**“*
(“ Key Laboratory of Science & Technology of Eco-Textile, Ministry of Education, Chemistry Chemical
Engineering & Bio-engineering Institute, Donghua University, Shanghai 201620)

(® National Engineering Research Center for Dyeing & Finishing of Textiles, Shanghai 201620)

Abstract Knoevenagel condensation of benzaldehyde with active methylene compounds, such as ethylcyanoacetate and
2,4-thiazolidinedione proceeded very smoothly in novel hydroxyl-functionalized ionic liquids based on 1,4-diazabicyclo-
[2.2.2]octane (DABCO) under solvent-free conditions and these ionic liquids afforded the products in excellent yields
[B-benzyl-a-cyanoacrylicacidethylester (=99%) and 5-benzylidene-2,4-thiazolidinedione (92%)]. These reactions were oper-
ated simply, and the desired products were separated directly from the reaction mixture without further purification. In addi-
tion, the ionic liquids used were regenerated and recycled several times without significant loss of activity. Finally, a plausible
reaction mechanism was proposed, and the relevant evidence was given.

Keywords ionic liquids; hydroxyl-functionalized; Knoevenagel condensation
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SRR E] K, B 5 ) AR AR 7R B R4 F A e B 4%
UF ORI 1% DI 4- R TIR[2.2.2] % Kt (DAB-
CO) N BHES T BEARTE BRI Bs 1 F2 2L Th R AL &5 T A AL
Knoevenagel4i & [ N.(PAZKCATER]), BARTE RS2
RS2 T BT AR, (E 2% B TR 75 A DA
RNy oS IN SSi  11) rl  AN= 2 R mak TR S e
H AR BT, I BT B 7R R 002 2 5 ) fef 7 L
A3 B AR EL A DR 2,

T ¥R T Dy e Al B8 - VR 1) 9 B /3 TR AL RN,
UL )2 DABCO HIagbki%:, fE43CH, UL DABCO. 2-# &
I 2R 3R ONJERL, I —25 RN A  T PR
RGN E T, hEMEHWER 1 s, 871
WK S R R oh, B R Rai B s, A S L%k
EINReE T N, EHFERS 5/
S 5E I R OEE . 2,4-8Me ) — i % 4= Knoevenagel
HERPL, FUEI AR T B- R EE-a- T IH R LB
N 5-2K LM -2, 4-WE M — R AP AL B4, FEXS BE
AT RENLEEAEAT T R0

‘N OH ‘N OH
[rﬁ*? [KJ
[DABCO-HEE]CI [DABCO-HPP]Br

B 1 REDIRE TR S5
Scheme 1  Structures of hydroxyl-functionalized ionic liquids

1 ERSiHR
1.1 BENRUEFRIANER

WER 2 foR, i — 0 R R T i) 15 2R AL T
REb B PR, FEFRIETh el B8 M &% vh, A% I
LW, 5KRMY DABCO (6: 2.61, 6H)HIEL, [ 5
DABCO ¥ IS R A T BKAR L, 34 AT
BAMEN KA S, X2 ET DABCO # L
) N JETAE BRI NY, W3R B 7 T =
BRI EL

[I\G\IJ + ™0 oy — [NAI\V

[DABCO-HEE]CI

Br~
a A~
N/ + B "ToH —= [N"i? OH

[DABCO-HPP]Br

Reaction conditions:
[DABCO-HEE]CI: Refluxing in methylbenzene at 80 °C for 24 h
[DABCO-HPP]Br: Stirring in ethyl acetate at r.t. for one day

B2 BEIGBELE TRER SRR R

Scheme 2 Synthesis of hydroxyl-functionalized ionic liquids
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55k DABCO #HELPY, & 2 5L ThRg b B il
PRI AN A B 3300 em ™' A FRFE IR IS, T 2-E L
Ak 2 EE R RIE N 3400~3500 ecm !, JEHHELT
NI, Xy 2-F 28R 20 5 DABCO B4 &M, T
A RFALE A, DABCO f C—N BE{E N o o fE AR
N, BRABNIGIE, 3 MEEDT C—N #5518
1445 F1 1329, 1465 A1 1329, 1465 11329 cm™'. M
&, FHEFHEUREE | C—0—C B 5 RN 2-R o 3=
L) C—O0—C BEAELAR LI /DN,

1.2 REMEMTIFT Knoevenagel 486 K K HIFZNT

TR 2R S S M R S A A (2,4- MR I
i ol L 1R B8 BT I R A, AN — 2 BRI
FETNRAL B TIAARE N AT, 7RI I 204 T AL
HZ M. ARG, I ZETRK B A] s A4 =4 5
BPAR B, [ JEK ZREE A AR Y. [F,
BT RAAR TR 2 BA5 BI SRR R 25 R R 2K A BB
T TR B

Active methylene compounds

i
CH
CN Catalyst CN
— pPh—Cc=<
CO,Et H  "CO,Et
(0]
1
CH 1)
s Catalyst M
> Ph
O I o
07N \\(
H o

BX 3 FILDIREIE TR Knoevenagel 45 & S
Scheme 3 Knoevenagel condensation catalyzed by hydroxyl-
functionalized ILs

N 1 PR, KBRS HCN 20% 15T Rgtb
TR R SEIE LR OHE . 2.4-BEM e — i &
AN R, RS EAE LR ORIV 20 min B
AL 90%~94% /= 245 8 H AR &4, K4k be Ut
1] DABCO 14 &5 & (Bl & +% Br, BE )fE
100 “CHY A I H B U 1y 12, el i, #4753
MIFRFEThREAL & P M b C4RIE ) DBU HIA 110
BRI AL RO R B i X — PR T RE A
T B TR R T 52K S T R, [Pk
FERR AR o P B NP, T 2 3 2 R S 9 I P 3
BN

SRR SFECR OERNAL, BT 2,4-HE0:
Bt B CH, R MELER I 4R LB CH, AR
PESY, BT AL IR S S 2,4-WEM b — H S N
TTE 60 C RN AREIAT. Wik 1 fow, oHrEdE &
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K1 IR R TAAEAF % T AR Knoeve-
nagel 45 A =

Table 1 Effect of different reaction conditions on Knoevenagel
condensation catalyzed by hydroxyl-functionalized ILs

Active methylene

IL* 7/°C Time/min Yield/%
compound
[DABCO-HEE]CI r.t. 20 94
[DABCO-HPP]Br r.t. 20 90

Ethyl cyanoacetate [DABCO-HEE]C] 40 20 =99
[DABCO-HPP]Br 40 20 =99

— 40 20 30
[DABCO-HEE]CI 60 10 85
[DABCO-HPP]Br 60 10 30
[DABCO-HEE]CI 60 60 92
2,4-Thiazolidinedione[ DABCO-HPP]Br 60 60 90
[DABCO-HEE]CI 80 10 94
[DABCO-HPP]Br 80 10 91
— 80 60 0

“ The molar ratio of IL : benzaldehyde=1 : 5.

Hl, BT A[DABCO-HEE]C] &8 i tk[DABCOHPP]-
Br B 47 FIEARCR, X AR 5[DABCO-HEE]CI ¥ 5 1)
SV, W H BB b A SR A DL BRI A R
5.5 4 ) B 25 - F ok e 78 88 34 (41 [bnmim] C1P)
Cs[mim],2[Br]P) AL FR S 5 2,4-1EMJor — i S B AR
b, SCHET G LR S DhRe A B R B AT R AL
ROR. EARFEERZ, NI, 75 [ 1) R R
[N, 2 F S 5 2 2R LRI S N P= AR 30%,
MR RS 2,4-MEMe b — W 2 LT3 B ATl =9 AR
FX.
1.3 ELFIAEX Knoevenagel fi& Kk M AISZH

N T X Knoevenagel 46 [ N 25T AL, i
AT B L RIS AT TR Y, 20301 SR i EE 2R 3 4
N 10%. 15%- 20%F1 50% 1B TR AL FIfEL L
RBEAT, SIS RuE 1 frs. Joie & [DABCO-HEE]
Cl i&/£[DABCO-HPP]Br, Pifl & T AN HHE 4R &
B 2,4-MEmR e — i J o7 Ak 28 240 3 B0 HE B v A AL T
B TR R BE IR 0 BOAE 0~ 20% 1IN, (i 4k 25U R b
B TR S R R RGN, 2R IR EE AR A B
20%I8 I E) 50%HF, e SR TG B AR AL
1.4 RIREX Knoevenagel 454 & N AYS. M

FE)JE, WA T NI S AR fE{L Knoeve-
nagel 456 RIS, iR WR 1 s, KPS F
IR BRI, 24 [ SR FE = IR T = 2] 40 CHY,
R TLT- 56 A THFE, WEik 99% LA b e 2K F g
5 2,4-WEMe e R B OB, ROSHRBEM 60 C i E)
80 C, [DABCO-HEE]CI A1 SR 2 M 92%3 in £
94%, [DABCO-HPP]Br fEMI S BI=3 M 90%3 hin )
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96

[DABCO-HEEICH
94+ ﬁ[rbgébarl;lEE]QI:g” N
92 / ~ [DABCO-HPPIBI-1
0] < //‘
88

/
86 % [DABCO-HPP]Br-2

84

Yield/%

10 20 30 40 50
Amount/% of IL

B 1 EFIHEXT Knoevenagel 46 N 52 ¢
Figure 1 Effect of dosage of catalyst on Knoevenagel conden-
sation reaction
(a) 1) Knoevenagel condensation of benzaldehyde and ethyl cyanoacetate

at room temperature; 2) Knoevenagel condensation of benzaldehyde and
2,4-thiazolidinedione at 60 ‘C

91%, HJMHEEM 60 min 6552 10 min. HHEAT I,
T iR X $ B Knoevenagel 4 & [ M P2 6 B AT A &2
KR
1.5 {E57E Knoevenagel 454 K N A BYTEIFFI)
BT WA E A —Fh e B A7), BT AR H %
MR T — AL Gl A7), BRI A ST X BT A 72
BRI AR AT 7RSS, BRI
% 5-TK )G E-2, A-E M e — A b i B A . BT
HOO AR AT BSOS TR TN — R R R Y
W, SO AP A [DABCO-HEE]CI fI[DABCO-
HPPIBr il EEFIH 5 IROXMIRE 60 C, VT [H
60 min, AR R 3E0C8 20%) B fs 2 I EA =4
FEE SN [DABCO-HEE]CL: 92%. 91%-. 89%-. 87%
H1 85%, [DABCO-HPP]Br: 90%- 89%- 86%- 83%%1 83%.
XA FAARTE R R, BT S tali &l
RIS TR IRAT K, TS TR SR A TR, (H
AT B B S . SRS AT, H
AT A RSO AR . BAF B R R, A O — FhER
TREL L.
1.6 Knoevenagel 454 Kk R #1318
FRIETNREAL B TR M AL 2K R S5 R 2R 4B
AR H S 2,4-MEME S5 — i 1) Knoevenagel 46 £ [ B 1]
R RIALER G (] 2 firzs (X BA[DABCO-HEE]CI itk
1THHR). AR E FA[DABCO-HEE]CI [1JFH 2
FHIFH 2 1% Knoevenagel 4 A [ v 43 7l ES B2 34 FH .
—J51f, HT[DABCO-HEE]CI A% PH & T4 N &7
RPN BT DA B 2R TR (B 2,4-Emk e —
]y P A SRR R B SR, AT A R R A R — AN
PEBRBA B 1, X7 KB R ES T4 Knoevenagel 4
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A RO R B BGIERT; 53— J7 H[DABCO-HEE]C] H ()
BRES R AR IE R, TR, PRICHRIE B
T, Ra AR P ERERTE R, B4, BT
TR T ClU BN AR RIS I B A7 1, A
T 58I CEEEL 2,4-MEM e ) _E A 45 1E BT
VAR AR, TR T s . BT
A P B BH S PR30 43 43 a4 T IRSE), AT e A6 4
B L = BT
P I R A R R A IS IS )
Knoevenagel #i& 5B A LR s EE AR F i 5
7K H % -[DABCO-HEE]CI(2% [DABCO-HPP]Br) & &4 11
BC NMR RIGIE, HALZEM B 2 Pon. £ 2 BdEg
W, KR E iR AR I K% 5, JUH DLBRAE AR
A AL RS AR A K. 2R % 5 [DABCO-HEE]CH (1R
BV IRER WE3AFE B T 6 0.43, 17 H i 5 [DABCO-
HPP]Br R &YKL FRIAFE SN T 6 0.44. X T
DA R 2 B D e A B8 Y 4 v 1) ¥4 25 5 e ik e ok B A
F, BEART BREER LT %, e

2 g

AL VAP A e FAREE T PR B O T REAL 8 1T
PRNMEALT, FETCHRTIZE A T AR L 3 I

&P Knoevenagel 4G M. T FHES A B+
I EAE R, XRBEY) o AT S A, AR R T A
B AR S OB (1) B VA4 AH BL 3R I HS B 47 ) e
. SCH ) Knoevenagel 4667 [N NI [A]AE 4%
PR 7 et A vy, I I T B ) ) B SIS T
REEI R, fF& stk R EER.

3 SRRy

3.1 UE5EHH

Bruker Avance DRX 400MHz TAZrZ3LHRA(E £
Bruker 24 #]); Nicolet NEXUS-670 4L 4h i 4% (3£ [H
Nicolet 24 7]); Agilent 1100 LC/MSD FH 1% 55 it 343 (€ [
Agilent B A ]); 204F1-DSC B 2 7R 47 B A (1 [
T} Bt A5 25 il 35 A 71).

1,4- Z BB I [2.2.2] 3 i (DABCO, 99%, Filikis
#r); 2-5 L5, 2 WE(HEE, 98%+, Bilik ¥ i), 3-7R P i
(HPP, 98%+, Bilik i), 2K HI (o #ral, Pk i),
H I LW L TE(98% -, TCI); 2.4-WEME ke — i (98% +
Ta)ama%(W%El?%l%%ﬁUﬁmﬁax
HZE (o bra, B2 R0 R AR, Tk Lk
(Grifrat, EZEBERFIERAR); ArimEkor i,
5] 25 4 AL ARG BR A 7).

c
N
N -H,0
H —_— — /
rH A EtO,C EtO,C EtO,C
Et0,C—C—H — Et0,C—CH 2 2 > N

CN \CN

; HO,
cl -
le) o) (0] N (0}
[@N ~on — Oy — ¥ Y
N 0= HN HN
CH HN

o O

B4 [DABCO-HEE]CI AL 5 AR f- KB -a- I PUIRTR LR 5- ZJ 2 -2, 4-WE M e — I ) S AL B

Scheme 4 Plausible mechanism for the synthesis of f-benzyl-a-cyanoacrylicacidethylester and 5-benzylidene-2,4-thiazolidinedione

catalyzed by [DABCO-HEE]CI

2 ORTEESHETPR-EFRARAYM PC NMR #di ¢
Table 2 '*C NMR data of benzaldehyde and the mixtures

0
Structure Carbon number 5 5 : 5
Benzaldehyde Mixture Mixture
1 193.23 193.66 193.67
. o] 2 136.17 136.57 136.56
. 2-~H 3 129.48 129.88 129.88
5 7 4 129.14 129.54 129.55
6
5 134.57 134.97 134.98
“ DMSO-dj; ° benzaldehyde +[DABCO-HEE]CI; © benzaldehyde+[DABCO-HPP]Br.
Chin. J. Org. Chem. 2015, 35, 1520~1525 © 2015 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 1523
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3.2 HBEREDRUBSFRENEGRSRIE

Sb 2B O LR 4R I 2.2.2) 3 i
([DABCO-HEE]C) il £ ¥4 1.12 g (10 mmol) 1,4- %5
Ze IR 22 HEVA R T 20 mL HZEAF, g0 1.24
g (10 mmol) 2-F LB FE 4, WA 80 CE&AF T
RNE24 h, RIIEEHR, FE, 2. BUFERERIE,
FEZZ VR BRIET, IMNTE/K LBk S IR Ve, BTk
FERAAT 100 CHRZ T 24 h, HREEARA2.13 ¢,
2% 90%. '"H NMR (D,0, 400 MHz) J: 3.98 (s, OH),
3.82~3.87 (br, 2H), 3.55~3.57 (t, J=4 Hz, 2H), 3.45~
3.50 (m, 2H), 3.33~3.39 (t, J=8 Hz, 8H), 3.03 (t, /=8
Hz, 6H); FT-IR (KBr) v: 3360 (O—H), 2950 (N"), 2861
(C—H), 1650 (N=C), 1445, 1329 (N—C), 1123, 1062
(C—0) cm™'; MS m/z: 201.2 (M.

RBAb 3-FR T -14- A A = [22.2] F ki #h
([DABCO-HPP]Br) il % # 1.12 g (10 mmol) 1,4- %
F T IRR221EREEMT 20 ml LFR LB, BN
1.39 g (10 mmol) 3-¥RNRE, FEiRP1d. RVLEHR, H#
B, . BN EFL A EOE AR, Dk 28T e BRI ),
IINTC/K kR 75 4k 5 v s, Frffl kT 100 CH
T 24 h, BEIAAREL 244 ¢, 775 97%. 'H NMR
(D,0, 400 MHz) &: 3.88 (s, 1H), 3.51 (t, J=8 Hz, 2H),
3.25 (t, J=8 Hz, 6H), 3.19 (t, J=8 Hz, 2H), 3.03 (t, /=8
Hz, 6H), 1.80~1.87 (m, 2H); FT-IR (KBr) v: 3319 (O—
H), 2950 (N"), 2895 (C—H), 1636 (N=C), 1465, 1329
(N—C), 1103, 1055 (C—O) cm ™ '; MS m/z: 171.1 (M").
3.3 Knoevenagel F&& & R X F=HFRAE

B IR LR T FISRAE: K 1.06 g
(10 mmol) 5 1.13 g FHE 4R LBE(10 mmol)iR &
%151, M 0.47 g [DABCO-HEE]CI (2 mmol). A& T
40 CKM, TLC [M(LBRER) - VCATHED)=1 : 3]
SN ONEE SRS, INZERAEK, BT FEA. g, sEPER
FHZE TP, T MR TOK O E 45, 153
F A, % 99%. m.p. 49~50 CCCEMERY m.p.
48~49 C); '"H NMR (DMSO-ds, 400 MHz) o: 8.43 (s,
1H, CH), 8.06 (m, 2H, ArH), 7.59~7.66 (m, 3H, ArH),
431~4.36 (q, J=7.2 Hz, 2H, CH,), 1.30 (t, J=7.2 Hz,
3H, CHs).

5-TR M H=-2,4-WE M e R P 1) 45 R SR AIE: K 1.06
g ZKHEE(10 mmol)5 1.17 g 2,4-MEMEkE —Ed(10 mmol))
RE1%], I 0.47 g [DABCO-HEE]CI (2 mmol). & &
T80 CBi, TLC [N LBRZMER) © V(A HEE)=1 : 3]k
RN NG, 7&K, i E k. g, sE
K ZEMKBe s, TE. MR oK Ol E L &, 19
By, Ak, WE 99%. mp. 241~242 COCHR

1524 http://sioc-journal.cn/
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2 m.p. 241~242 C); '"H NMR (DMSO-ds, 400 MHz)
8:12.65 (s, 1H, NH), 7.81 (s, 1H, CH), 7.60~7.62 (m, 2H,
ArH), 7.49~7.56 (m, 3H, ArH).

#Bh#4 #(Supporting Information) 4] 'H NMR
() S e i P 5 800, DR TR A ISR e
NMR 5. 3% 2ef k) a) DL G 3 AT 3 (http://sioc-
journal.cn/) | N,
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