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ABSTRACT: Some polymers with carbon-,carbon chains were synthesized by reaction ofm- or 
p-xylylene dihalides with active methylene compounds such as malononitrile, methyl cyanoacetate, 
and dimethyl malonate using 1,8-diazabicyclo[5.4.0]undecene-7 (DBU) in aprotic polar solvents 
under relatively mild conditions. The viscosity of the resulting polymer increased with increasing 
monomer concentration and reaction temperature. However, the polymer was not obtained when 
the reaction was carried out using triethylamine, l,5-diazabicyclo[4.3.0]nonene-5, or 1,4-diaza
bicyclo[2.2.2]octane. 
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Phase transfer catalysts are widely used for 
polymer synthesis 1 and chemical modification 
of polymers2 containing pendant chloromethyl 
groups as well as for organic synthesis. 3 The 
authors4 recently reported substitution reac
tions of poly(chloromethylstyrene) with active 
methylene compounds such as malononitrile 
and diethyl methylmalonate to give the corre
sponding polymers using quaternary onium 
salts or crown ethers as phase transfer catalysts 
(PTC)s. Imai and Ueda reported5 - 7 the 
synthesis of polymers with carbon-carbon 
chains by reaction of p-xylylene dichloride with 
t-butyl cyanoacetate and phenylacetonitrile 
(PAN) using PTCs. That is, PTC is a very 
simple and convenient for reaction between 
polymeric electrophile and low molecular 
weight (LMW) nucleophilic reagents. How
ever, reaction between LMW electrophilic 
reagents and pendant nucleophiles such as 
carboxylate or phenol groups in polymers did 
not proceed in high conversion8 ·9 even in the 

* To whom all correspondence should be addressed. 

presence of phase transfer catalysts. 
The reaction of poly(methacrylic acid) or 

poly( 4-hydroxystyrene) with alkyl halides such 
as propargyl bromide, nitrobenzyl bromide 
and 4-bromo-2-cyclohexanone proceeded very 
smoothly under mild conditions using 1,8-
diazabicyclo[ 5.4.0]undecene-7 (DBU) in apro
tic polar solvents such as DMSO and DMF. 
We also reported 13 the synthesis of polyesters 
by reaction of alkylene dihalides with dicarbox
ylic acids using DBU. 

This paper reports the synthesis of polymers 
with carbon-carbon chains by reaction of 
xylylene dihalides with active methylene com
pounds using DBU in aprotic polar solvents 
as a promising application ofDBU method for 
polymer synthesis. 

EXPERIMENT AL 

Materials 
DBU, triethylamine (TEA), 1,5-diazabicy-
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clo[ 4.3.0]nonene-5 (DBN), l,4-diazabicyclo
[2.2.2]octane (DABCO), PAN, methyl cya
noacetate (MCA), malononitrile (MN), and 
dimethyl malonate (DMM) were used after 
distillation using CaH2 . m-Xylylene dichloride 
(MXDC) and 1,4-diiodobutane (DIB) were 
purified by distillation before use. p-Xylylene 
dichloride (PXDC) was recrystallized from 
acetone before use. Reagent grade benzyl 
bromide (BzBr) was used without further 
purification. m-Xylylene dibromide (MXDB) 
and p-xylylene dibromide (PXDB) were pre
pared by reaction of the corresponding xylenes 
with N-bromosuccinimide according to the 
method reported previously. 14 

Apparatus 
GLC analysis was carried out on a Shimadzu 

Model GC-9AM gas chromatograph with a 
3 mm x 2.6 m column packed with 3% Silicon 
OV-101 on Shimalite W (AW-DMCS). IR 
spectra were measured on a JASCO Model 
IR-700 spectrophotometer. 1 H NMR spectra 
were recorded on a JEOL Model JNM EX-90 
(90 MHz) instrument in CDCl 3 with Me4Si as 
the internal standard. 

Typical Procedure for Model Reaction of Benzyl 
Bromide with Methyl Cyanoacetate Using 
DBU 
BzBr [3.421 g (20mmol)] dissolved in 3ml 

of DMF and 3.045 g (20 mmol) of DBU 
dissolved in 2 ml of DMF were dripped 
separately into the DMF solution (5 ml) of 
0.991 g (l0mmol) of MCA kept at 30°C for 
1 h, after which the reaction was allowed to 
continue for another 3 h at 30°C. The degree 
of conversion of BzBr was 90%, as determined 
by GLC analysis. The reaction mixture was 
poured into water, and the precipitated product 
was filtered, washed with water, and dried. The 
crude product was recrystallized twice from 
methanol. Yield of methyl a,a'-dibenzylcya
noacetate (1) was 75%. mp 79.5-80.5°C. IR 
(KBr): 2242 (C = N), 1734 (C = 0), and 
1234cm- 1 (C-O-C). 1H NMR (CDC13): 
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<5=3.15 (2H, d, 1= 13.4Hz, CH 2), 3.42 (2H, 
d, 1 = 13.4 Hz, CH2), 3.52 (3H, s, CH3), and 
7.37ppm (l0H, s, Ar-H). 

Anal. Calcd for C18H 1 7NO2 : C, 77.40%; H, 
6.13%; N, 5.01 %. Found: C, 77.70%; H, 
6.43%; N, 4.95%. 

Typical Procedure for the Reaction of Xylylene 
Dihalide with Active Methylene Compound 
Using DBU 
To the DMF solution (1 ml) of 0.495 g 

(5mmol) of MCA, 1.320 g (5mmol) ofMXDB 
dissolved in 2.5 ml of DMF and 1.522 g 
(lOmmol) of DBU dissolved in I ml of DMF 
were dripped separately at 30°C for 1 h. The 
reaction mixture was stirred at 30°C for 3 h, 
and poured into 150 ml of methanol. The re
sulting polymer (3) was purified by repre
cipitating twice from dichloromethane solu
tion into methanol, and drying at 60°C in vacuo. 
The yield of polymer 3 was 78%. Reduced 
viscosity, 0.26 di g- 1 (0.5 gd 1- 1 in DMF at 
30°C). IR (film): 2244 (C = N), 1744 (C = 0), 
and 1234cm- 1 (C-O-C). 1H NMR (CDCl3): 

b=3.06 (2H, d, 1= 13.4Hz, CH 2), 3.33 (2H, 
d, 1 = 13.4 Hz, CH2), 3.54 (3H, s, CH3), and 
7.23 ppm (4H, s, Ar-H). 

RESULTS AND DISCUSSION 

Model reactions of BzBr with MCA and MN 
were carried out using DBU in DMF at 30°C 
(Scheme 1). The reactions proceeded very 
smoothly to give the corresponding methyl 
a,a' -dibenzylcyanoacetate (1) and a,a' -diben
zylmalononitrile15 (2) in 90 and 100% yields, 
respectively, under mild conditions. These 
results suggest high-yield reactions of the alkyl 
halide with MCA and MN using DBU as a 
base may be applicable to the synthesis of 
condensation polymers with carbon--carbon 
chain. 

Since the model reactions of BzBr with active 
methylene compounds proceeded very smooth
ly using DBU at 30°C in DMF, the reaction 
of MXDB with MCA was carried out in the 
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Table I. Effects of reaction solvent on the 
polycondensation of MXDB with MCA using DBU" 

Yieldb '7red 
C 

Run Reaction 
No. solvent 

% dig-! 

Anisole 58 0.15 
2 DMF 78 0.26 
3 DMAc 75 0.19 
4 NMP 66 0.16 
5 DMSO 77 0.24 
6 HMPA 66 0.21 

• Reaction was carried out with 5 mmol of MCA and 
5mmol of MXDB using !0mmol of DBU in 5ml of 
solvent at 30°C for 3 h. 

b Methanol insoluble part. 
0 Measured at 0.5 g dl- 1 in DMF at 30°C. 

presence of equivalent amounts of DBU in 
various solvents at 30°C. As summarized in 
Table I, the corresponding polymer (3) with 
reduced viscosity of about 0.25 was prepared 
when the reaction was carried out in DMF or 
DMSO. Polymer 3 with reduced viscosities of 
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0.16-0.21 was obtained using anisole, DMAc, 
NMP and HMPA as solvents under the same 
conditions (Table I). This indicates that DMF 
and DMSO are suitable solvents to obtain the 
polymer with carbon-carbon chains by reac
tion of xylylene dihalide with active methylene 
compound. 

The reaction ofMXDB with MCA was also 
examined using various bases. The polymer 
was not obtained when other organic bases 
such as DBN, TEA (pK. = 10.8), or DABCO 
(pK.=8.7) were used. This means that DBU 
(pK. = 11.5) is an excellent organic base for the 
synthesis of polymers with carbon-carbon 
chains by reaction of alkylene dihalide with an 
active methylene compound, because DBU has 
higher pK. than other organic bases. 

Reactions of MCA with MXDB or PXDC 
were conducted at various monomer con
centrations at 30°C for 3 h. As shown in Figure 
1, inherent viscosities of the corresponding 
polymers 3 and 4 increased with monomer 
concentration in each reaction. These results 
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Figure I. Effects of monomer concentration on reaction 
ofalkylene dihalide with MCA using DBU in DMF at 30°C 
for 3h: (e), with MDXB; (A), with PXDC; (.), with 
PXDC at 60°C. 
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Figure 2. Effects of temperature on reaction of alkylene 
dihalide (5mmol) with MCA (5mmol) using DBU (10 
mmol) in DMF (5 ml) for 3 h: ( e ), with MXDB; (A) with 
PXDC. 

show that polymer 4 prepared by the reaction 
with PXDC has higher viscosity than polymer 
3 obtained by reaction with MXDB at the same 
monomer concentration, though the reactivity 
of PXDC was thought to be lower than 
MXDB. Reaction with PXDC was also carried 
out at 60°C for 3 h in DMF, and polymer 4 
with higher viscosity was obtained. 
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Figure 3. Effects of time on reaction of alkylene dihalide 
(5mmol) with MCA (5mmol) using DBU (IOmmol) in 
DMF (5 ml) at 30°C: ( e ), with MXDB; (A), with PXDC. 

The effect of temperature on the reaction of 
MCA with MXDB and PXDC in DMF for 
3 h was examined. As shown in Figure 2, 
polymer 3 with the highest viscosity was 
obtained by reaction with MXDB at 30°C. 
Polymer 4 with the highest viscosity was 
obtained, when reaction with PXDC was 
carried out at 70°C. It seems that the oxidation 
of the bromomethyl group 16 in MXDB occurs 
as a side reaction in this reaction, as well as in 
the reaction of dicarboxylic acid with MXDB 
using DBU-DMF at higher temperatures, 13 

because MXDB has higher reactivity than 
PXDC. These results also demonstrated that 
reaction with PXDC produces the correspond
ing polymer 4 with higher viscosity than 
reaction with MDXB under the same condi
tions. 

Correlations between viscosities of the 
resulting polymers and reaction times are 
shown in Figure 3. The viscosity of polymer 3 
was independent of the reaction time, when 
reaction with MXDB was carried out at 30°C. 
The viscosity of polymer 4 increased slightly 
with time, when reaction with PXDC was 
carried out under the same conditions. This 
means that reactions of MCA with MXDB and 
PXDC proceed very smoothly for a short 
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Table II. Reactions of various active methylene compounds with alkylene dihalides using the DBU method• 

Methylene Yieldb '1red 
C 

Run Alkylene Polym. 
No. 

comp. 
dihalide 

(pK.) 
no. 

% dlg- 1 

2 MCA (9) MXDB 3 78 0.26 
10 MCA MXDC 3 77 0.21 
II MCAd PXDB 4 89 o.43e 

12 MCA PXDC 4 66 O.W 
13 MCA DIB 0 
14 MCA' DIB 0 
15 MN (II) MXDB 5 81 0.23 
16 DMM (13) MXDB 6 54 0.03 
17 PAN (19) MXDB 0 

• Reaction was carried out with 5mmol of each monomer using lOmmol of DBU in 5ml of DMF. 
h Methanol insoluble part. 
c Measured at 0.5gdl- 1 in DMF at 30°C. 
d 20 ml of DMF was used. 
e Measured at 0.5gdl- 1 in m-cresol at 30°C. 
f Reaction was carried out at 60°C. 

Table III. IR and 1 H NMR spectral data of the polymers 

Polym. 
no. 

JR• 

ppm 

3 2244 (C = N), 3.06 (2H, d, J = 13.4 Hz, CH2), 

1744 (C = 0), 3.33 (2H, d, J = 13.4 Hz, CH2), 

1234 (C-0-C). 3.54 (3H, s, CH3), 

7.23 (4H, s, Ar-H). 
4 2242 (C=N), 3.07 (2H, d, J=l3.2Hz, CH 2), 

1744 (C=O), 3.30 (2H, d, J=l2.7Hz, CH 2), 

1234 (C-0-C). 3.40-3.62 (3H, brs, CH 3), 

7.24 (4H, s, Ar-H). 
5 2248 (C=N). 3.15-4.05 (4H, hrs, CH 2), 

7.46 (4H, s, Ar-H). 

• Measured on KRS plate. 
h Measured in CDC13 • 

reaction time using DBU under mild condi
tions, and PXDC is a more suitable monomer 
for this polymerization. 

The reactions of some active methylene 
compounds such as MCA, MN, DMM, and 
PAN with alkylene dihalides such as MXDB, 
MXDC, PXDB, PXDC, DIB were performed 
using DBU in DMF at 30°C for 5 h (Table III). 
IR and 1 H NMR spectral data of typical 
resulting polymers are summarized in Table 
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IV. Each reaction of MCA with xylylene 
dihalides proceeded very smoothly to give the 
corresponding polymers 3 and 4. However, 
reaction of MCA with DIB did not proceed 
even at 60°C, because the reactivity ofDIB was 
much lower than that of the above xylylene 
dihalides. 

Polymer 5 with reduced viscosity of 0.23 was 
obtained in good yield by reaction of MN with 
MXDB using DBU. However, the yield and 
viscosity of polymer 6 obtained by the reaction 
ofDMM with MXDB were very low. The 1H 
NMR spectrum of polymer 6 with low viscosity 
showed additional proton signals due to the 
DBU residue and -CH2- of the benzyl
ammonium group at 1.50-2.38 and 4.84ppm, 
respectively. This means that an addition 
reaction between the terminal bromomethyl 
group in the polymer chain or in the MXDB 
and the DBU occurs as a side reaction during 
the reaction ofMXDB with DMM using DBU. 

The reaction of PAN with PXDC using 
inorganic base such as KOH and NaOH in the 
presence of phase transfer catalysts proceeds 
very smoothly to give the corresponding 
polymer. However, the reaction of PAN with 
MXDB did not occur in the presence of DBU 
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in DMF at 30°C. 
From the above results, it is concluded that 

corresponding polymers with carbon-carbon 
chains are synthesized by reactions between 
xylylene dihalides and active methylene com
pounds with pKa below 11 using the DBU 
method under mild reaction conditions. How
ever, similar polymers with carbon-carbon 
chain could not be synthesized by reaction 
between xylylene dihalides and active meth
ylene compounds with pKa above 13 using 
the DBU method. That is, the production of 
polymers with high viscosity by the above 
reaction is strongly affected by pKa of the active 
methylene compounds and pKa of the base 
used. 
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