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Scheme 1 Preparation of PG resin

Table 1 Typical properties of the resins

Hydrous capacity  Total base exchange

Strong base exchange

C/H/N analyses Surface area Average pore

Resin
(% ) capacity (mmol/g) capacity (mmol/g) (% ) (m?/g) diameter( nm)
PCH,NH, 51.1 5.12 0.12 C81.96, H8.86, N7.24 150 50
PG 53.7 5.10 3.54 C73.16, H7.65, N 17.25 135 52
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Fig. 1 FTIR spectra of PCH,NH, and PG resins
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Fig. 2 Scanning electron micrographs of PG resin:

(a) exterior and (b) interior
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Fig. 3  Effect of pH value on the reaction
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on the reaction
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Table 2 Effect of temperature on the reaction

Strong base exchange

Entry Temperature (°C)
capacity (mmol/g)
1 80 1.90
2 90 2.31
3 100 3.09
4 110 3.54
5 120 3.57
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Scheme 2 Knoevenagel condensation reaction
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Table 3 Effect of the amount of catalyst for Knoevenagel

condensation reaction

Entry n(catalyst): n(benzaldehyde) Yield (% ) Time" (h)
1 1:20 75.2 10
2 1:10 89.4 8
3 1:5 95.3 5
4 1:3 95.4 4
5 1:2.5 95.5 2

* Reaction time required when the yield of reaction reaches the

maximum
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Fig. 6 Effect of time on the Knoevenagel condensation

% RV IR S 5 b
234 REIK )R 5T
8 06 40 0 5 A A0 10 5235 400 4, %
S N 90 0 T8 60 R, I 2 SR 7
R WA 5 ) 2 2 BV R 0 T
YL, T LA S S U2 I HAE AL T
LTI
100
951
90
85
80
751
701
651
60

S5
50

4th
94.2

1st ond
[=Yield (%) 953 96

3rd
95.2

5th
92.3

Fig. 7 Reusability of the PG resin

2.3.5

AR SN Y Knoevenagel 4 & [ v BY 7=

DL 2R R B AT S5, IR i Sk i Ak 5], AR
U 52 8 T Knoevenagel 45 7 [ (78 i &l 3) , 5
a4 fs.

Rl
< QL Ren=<
RZ

R,

RCHO R,

or +
@O
Scheme 3 Knoevenagel condensations catalyzed by PG resin

M 4 el DUE W W 2R S W A
[, B H 7 ARA AR K 2250 TN I T P TR
B LR O MG 3% I i T 305 1 T L BE ) L R 2
SiR, FT TR B T R P R R LR L TR Y



9 3 A T A T RO A 50 AR IS 5 B 5 R AR B HLAE Knoevenagel 45 SR H I HE AL AT T

1209

Table 4 Knoevenagel condensation with different substrates catalyzed by PG resin

Bty c=0 R,CH,R, Temperature Time Yield
(aldehyde or ketone) R, R, (c) (h) (%)

1 QC HO CN CN .t 1 94. 4

2 QCHO CN CO, Et rot 5 95.3
3 HO—QCHO CN CO, Et .t 5 91.2
4 OZNOCHO CN €O, Et et 0.5 93.5
5 QCHO COCH, €O, Et 70 4 83.1
6 O‘O CN CN 70 1 89.8
7 <:>=O CN CO, Et 70 5 86. 4
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SYNTHESIS , CHARACTERIZATION OF STRONG BASE RESIN WITH
GUANIDYL GROUPS AND THE APPLICATION AS CATALYST
IN THE KNOEVENAGEL CONDENSATION

Hui-ning Zan, Zhi-ai Hou, Li-xuan Zhang, Rong-fu Shi, Chun-hong Wang
(Institute of Polymer Chemistry, The Ministry Key State Laboratory of Functional Polymeric Materials,

Nankai University, Tianjin 300071 )

Abstract The strongly basic polymer-supported catalyst containing guanidine functional group has been
synthesized. In order not to increase the complexity or cost of the synthetic process, macroporous polystyrene
amine resin has been allowed to react nucleophilic addition with cyanamide in situ to generate strong basic
guanidine resin from weak basic amine resin designated as PG. PG resin is characterized by FTIR and SEM,
and the contents of the strongly basic functional groups bound to the PG resin are determined by acid-base
titration and elemental analysis. The effects of pH value, material ratio and reaction temperature on the in situ
reaction are also studied. The experimental results show that when pH value of solution is 2 ,the molar ratio of
amine functional groups on the macroporous to cyanamide is 1:3, and reaction temperature is 110 °C , the
strong base exchange capacity is 3. 54 mmol/g. The Knoevenagel condensation has been selected to investigate
the catalytic activity of the synthesized solid-supported guanidine catalyst. The Knoevenagel condensation is an
effective carbon-carbon bond-forming reaction between a carbonyl compound and any compound having an
active methylene group. The obtained PG resin has been found to be efficiently catalyze the Knoevenagel
condensation reactions with remarkably high yields,and even the reactions of relatively inactive substrates such
as ketones can be accomplished at higher temperatures. The effects of the amount of PG resin,reaction solvent
and reaction time on the Knoevenagel condensation reactions between benzaldehyde and ethyl cyanoacetate
(molar ratio 1: 1) are investigated. Optimum reaction conditions are obtained as follows:in ethanol media,
reaction time 5 h,n( guanidine functional groups immobilized on the anion exchange resin): n ( substrate) =
1:5 ,the yields of 83. 1% ~95.3% are gained. Lastly, the PG resin has been reused under identical reaction
conditions remaining basically the efficiency in catalytic activity at the fifth cycle.
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