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ABSTRACT: For the purpose of obtaining a polymer with a high dielectric con
stant, a new monomer, 2-(2, 2-dicyanoethylene)-2, 3-dihydropyran, was synthesized and 
polymerized with cationic initiators such as BFaOEt2, l2 and SnCl4 in dichloromethane, 
carbon tetrachloride or in diethyl ether at 25°C or at - 78°C. Also, related monomers, 
2-(2-cyano-2-carboethoxyethylene)-2, 3-dihydropyran and 2-(2, 2-dicarboalkoxyethylene)-
2, 3-dihydropyran were synthesized and polymerized with cationic initiators described 
above. Polymerization features were compared among these monomers and complex 
formation of the monomer with the catalyst was indicated in the case of 2-(2, 2-di
cyanoethylene)-2, 3-dihydropyran. The infrared spectra of the polymers indicated that 
the polymer had the tetrahydropyran ring and that the polymerization proceeded at the 
vinylic double bond. The dielectric constants (s) measured at 1 kHz were 5.25 .for 
poly[2-(2, 2-dicyanoethylene)-2, 3-dihydropyran], 4. 38 for poly[2-(2, 2-dicarboethoxyethy
lene)-2, 3-dihydropyran] and 8. 70 for poly[2-(2-cyano-2-carboethoxyethylene)-2, 3-dihydro
pyran], respectively. 
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In order to obtain a polymer with a high di
electric constant, it is necessary, according to 
Debye's "dipole theory," that the polymer has 
a large permanent dipole. The polar polymer 
may be classified largely into three categories: 1 

(1) a polymer with a permanent dipole parallel 
to the main chain, (2) a polymer with a per
manent dipole perpendicular to the main chain, 
(3) a polymer with flexible, polar side groups. 
Concerning the polymer in the first category, it 
is known that the dielectric relaxation is found 
at relatively low frequency regions and that the 
relaxation time is dependent on the degree of 
polymerization. On the other hand, with 
regard to the polymer belonging to the second 
and third categories, it is known that the di
electric relaxation is found at relatively high
frequency regions, the relaxation time being 

independent of the degree of polymerization. 
Our interest in the polymer belonging to the 

third category led us to the synthesis of a new 
polymer with dicyanoethylene moiety as flex
ible, polar side groups, since dicyanoethylene 
derivatives are known to have a large dipole 
moment. 2 This paper deals with the synthesis 
of 2-(2, 2-dicyanoethylene)-2, 3-dihydropyran and 
its polymerization by cationic initiators such as 
BF3OEt2 , 12 and SnC14. Also, the synthesis and 
polymerizations of related monomers, 2-(2-cyano-
2-carboethoxyethylene )-2, 3-dihydropyran and 2-
(2, 2- dicarboalkoxyethylene) - 2, 3 - dihydropyran 
are described. 

In addition, preliminary results of the di
electric properties of the polymers obtained are 
briefly described. 
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EXPERIMENTAL 

Materials 
Acrolein dimer was obtained commercially 

and purified by distillation, bp 61 °C (30 mm). 
Commercially available malononitrile of G. R. 
grade was dried by refluxing over calcium hy
dride and distilled under reduced pressure in a 
stream of dry nitrogen, bp 78°C (10 mm). 
Ethyl cyanoacetate, methyl malonate and ethyl 
malonate of G. R. grade were distilled under 
reduced pressure in a stream of dry nitrogen, 
bp 68°C (1 mm), 86°C (18 mm) and 98°C (24 
mm), respectively. /3-Alanine and sodium acetate 
of G. R. grade were used without further puri
fication. The polymerization solvent, dichloro
methane, carbon tetrachloride and diethyl ether 
were carefully purified and dried as usual and 
distilled immediately before use. The poly
merization catalysts, SnCl4 and BF3OEt2 , were 
purified by distillation under reduced pressure 
in a stream of dry nitrogen. 12 was purified by 
sublimation. 

Syntheses of Monomers 
2-(2, 2-Dicyanoethylene)-2, 3-dihydropyran. 

Freshly distilled acrolein dimer (12.5 g, 0.11 mol) 
and malononitrile (7.3g, 0.11 mol) were dis
solved in 50 ml EtOH in a three-necked flask 
equipped with a mechanical stirrer at room 
temperature. When sodium acetate (100 mg) 
was added to accelerate the condensation reac
tion, the temperature of the solution rose slight
ly and the solution became yellow. After thir
ty minutes, the solvent was removed in vacuo. 
The product obtained was dissolved in 100 ml 
benzene, washed with five 50 ml portions of 
aqueous solution saturated with sodium chloride, 

dried over anhydrous calcium chloride over
night and then distilled, bp 81.5-83°C (0.3 mm). 
The yield was 12.8 g (73 %), The results under 
various reaction conditions are listed in Table 
I. 

Mass spectrum: M+ = 160. (Calcd for C9H8N 2O 
=160.) 

Found: C, 67.08; H, 4.94; N, 17.73. 
Calcd for C 9H 8N 20: C, 67.48; H, 5.03; N, 

17.49. 
2-(2-Cyano-2-carboethoxyeth ylene )-2, 3-dih ydro

pyran. Freshly dislled ethyl cyanoacetate (16g, 
0.15mol) and acrolein dimer (24g, 0.15mol) 
were dissolved in 50 ml EtOH, to which was 
added 300 mg of sodium acetate. The reaction 
mixture was refluxed for 2 hr and then the 
solvent was removed in vacuo. The crude pro
duct was washed, dried over anhydrous calcium 
chloride, and distilled, bp l l0°C (0. 7 mm). The 
yield was 15 g (47%), 

Mass spectrum: M+=207. (Calcd. for C11H 13 

NO3=207.) 
Found: C, 63.58; H, 6.39; N, 6.91. 
Calcd for CuH13NO3; C, 63.75; H, 6.32; N, 

6.76. 

2-(2, 2-Dicarboethoxyethylene )-2, 3-dihydropy
ran. A similar procedure described above was 
followed. Ethyl malonate (16.5 g, 0.1 mol), 
acrolein dimer (12.3 g, 0.12 mol) and sodium 
acetate (500 mg) were dissolved in 50 ml EtOH 
and refluxed for 4hr. The product, bp 125°C 
(3 mm), was obtained in a 36% yield (9.3 g). 

Mass spectrum: M+ =254.(Calcd for C13H 18O5 

=254.) 
Found: C, 61.10; H, 7.20. 
Calcd for C13H 18O5 : C, 61.40; H, 7.14. 

2-(2, Dicarbomethoxyethylene)-2, 3-dihydropy-

Table I. Synthesis of 2-(2, 2-dicyanoethylene)-2, 3-dihydropyran 

Acrolein dimer, Malononitrile, Catalyst, Solvent EtOH, Reaction time, Reaction Yield, 
mol mol mmol ml min temp, °C % 

0. 165 0.165 1.2• 30 60 30 50 
0.24 0.24 2.4• 40 120 30 46 
0.11 0.11 1.0• 50 30 50 73 
0.28 0.28 1.6• 50 30 50 93 
0.14 0.14 I.Ob 50 120 Reflux 34 
0.11 0.11 1.25b 50 60 30 68 
0.22 0.22 8 drops 0 150 60 30 0 

• CH3COONa b p-Alanine 0 Piperidine 
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ran. The same procedure with the preparation 
of 2-(2, 2-dicarboethoxyethylene)-2, 3-hidropyran 
was followed. Yield 34%. Bp 104°C (0.35 mm). 

Mass spectrum: M+ =226. (Calcd for C 11H 140 5 

=226.) 
Found: C, 58.19; H, 6.38. 
Calcd for F 11H 1p 5 : C, 58.40; H, 6.24. 

Polymerization Procedure 
The monomer was redistilled in ampoules in 

vacuo in a stream of dry nitrogen immediately 
before use. The monomer was identified to be 
pure by means of gas chromatography. A 
solution of monomer was placed in a hard 
glass reaction tube of 1.5 cm diameter and de
gassed at 10-1 mmHg by means of several 
cycles of freezing and thawing. A solution of 
initiator was added dropwise to the frozen 
monomer solution under a nitrogen atmosphere 
and then the tube was sealed off. The reaction 
solution was allowed to stand for an appropri
ate time at a desired temperature. Then the 
reaction solution was poured into a large 
volume of a mixture of MeOH-water (1: 1). 
The polymer precipitated was collected by 
filtration, reprecipitated from acetone-water, 
drid in vacuo and weighed. 

Measurements 
The IR spectra were taken with a Hitachi 

EPI-G-2 infrared spectrophotometer. The NMR 

spectra were measured in carbon tetrachloride 
with TMS as an internal standard with a Japan 
Electron Optics Laboratory JNM-3H-60 spectro
meter. The molecular weight of the polymer 
was determined with a Mechrolab vapor pres
sure osmometer, Model-302, at 25°C in aceton
itrile or at 65°C in DMF. 

Measurements of the dielectric constant and 
loss were carried out with G. R. Capacitance 
Bridge Type 1615 A at room temperature. 
Sample of 10 mm diameter, 1.45 mm thick disc 
were submitted for measurements. 

RESULTS 

Syntheses of Monomers 
Four derivatives of 2, 3-dihydropyran, 2-(2,2-

dicyanoethylene )-2, 3-dih ydropyran(I), 2-(2-cyano-
2-carboethoxyethylene )-2, 3-dihydropyran (II) and 
2-(2, 2-dicarboalkoxyethylene )-2, 3-dihydropyran 
(Illa and Illb), were synthesized by Knoeven
agel reaction of acrolein dimer with malononi
trile, ethyl cyanoacetate and alkyl malonate in 
the presence of sodium acetate in 95% EtOH. 

o(:) o(:) o(:) 
I <CN I <CN I <COOR 

CH=C CH=C CH=C 
CN COO Et COOR 

I II III 
Illa, R=Et 
Illb, R=Me 

Table II. IR and NMR spectraa of compounds I, II, and III 

Compound I II Illa Illb 

bp 82.5°C(0.35 mm) ll0°C(0. 7mm) 125°C(3 mm) 104°C(0.35 mm) 

IR 

vC=N; 
vC=O; 

2220 cm-1 

1650cm-1 
vC=C; l620cm-1 
iJC=C; 730cm-1 

IJasC-O-C; 1240 cm-1 
v8C-O-C; 1080 cm-1 

NMR 

T2,75 d; H6 
T3,80 d-t; H1 
T 5.65 s; H2, Hs 
TS,60 m; Hs, H4 

a d, doublet; t, triplet; q, quartet; 
H111 H12) 

"'====/ 
o( )(:::: 
H~I HCii14) 

CHl6)=c(t 
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2230 cm-1 
1730 cm-1 

1640 cm-1 

740cm-1 
1250 cm-1 
1070 cm-1 

1730 cm-1 

1640 cm-1 

735 cm-1 
1250 cm-1 
1070cm-1 

T2.45 d; H6 T3,10 d; H6 
T 3. 70 d--t; H1 T 3. 70 d-t; H1 
T 5. 25 s; H2, Hs T 5. 30 s; H2, Hs 
d.70 q; H1 d.75 q; H1 
T 7 .90 m; Hs, H4 T 8.00 m; H3, H4 
T8.60t;H8 T8.70t;H8 

s, sextuplet; m, multiplet. 

I , R1=R2=CN 

1720cm-1 

1640cm-1 

725 cm-1 
1250 cm-1 
1070cm-1 

T 3.10 d; H6 
T3.80d-t; H1 
T 5. 40 s; H2, Hs 
T6.30d;H1 
T 8.05 m; Hs, H4 

II , R1=CN R2=COOCH2CHs 
17) 18) 

Illa, R1=R2=COOCH2CHs 
17) 18) 

IIIb, Ri=Rs=COOCHs 
17) 
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These new compounds were identified respec
tively by elementary analyses, IR, NMR and 
Mass spectra. The data of the IR and NMR 
of these compounds are given in Table II. 

Malononitrile readily reacted with acrolein dim
er at room temperature to give I in a good yield. 
However, when the reaction was conducted at 
a higher temperature than 60°C, the formation 
of large amounts of resinous products resulted. 
Also, when a relatively strong base such as 
piperidine was used as a catalyst, the reaction 
products were almost resinous ones. 2-(2, 2-Di
cyanoethylene)-2, 3-dihydropyran (I) is a viscous 
liquid at room temperature with an unpleasant 
smell, crystallizing below l0°C. By contrast, 
the condensation of ethyl cyanoacetate or alkyl 
malonate with acrolein dimer proceeded under 
reflux in EtOH and the formation of resinous 
products was not observed even in the presence 
of piperidine. These compounds are viscous 
liquids. 

Polymerization and Characterization of Polymers 
Polymerization of 2-(2, 2-dicyanoethylene)-2, 

3-dihydropyran. 2-(2, 2-Dicyanoethylene)-2, 3-di
hydropyran was found to polymerize with catio
nic intiators such as BF3OEt2 , I2 and SnC14 • 

The polymerization initiated by BFg0Et2 in di
chloromethane proceeded homogeneously. No
ticeably, a relatively high concentration of 
catalyst was required for the polymerization to 
occur at a low temperature (-78°C) and when 
the catalyst concentration was below 10 mol% 
to the monomer the polymerization occurred 
only very slightly. But, when carried out at 
25°C, the polymerization occurred to an appre-

ciable extent even with the catalyst concentration 
of below 10 mol% to the monomer. The poly
mer obtained was a white powder and decom
posed gradually above 140°C. It was easily 
soluble in acetone, soluble in acetonitrile, di
methylformamide (DMP) or pyridine, but in
soluble in benzene, chloroform or alcohol. The 
molecular weight was about 2600. 

In the case of the I2-catalyzed polymerization 
in diethyl ether, the polymer precipitated from 
the solution after ca. 60 hr. The conversion 
was very low. 

The resulting polymer was a yellow mass and 
decomposed above 200°C. In contrast to the 
polymer obtained by BF3OEt2 catalyst, it was 
insoluble in ordinary organic solvents. The re
sults of the polymerization initiated by BF3OEt2 

or I2 are summarized in Table III. 
When the polymerization was initiated by 

SnCl4 in dichloromethane or in carbon tetra
cloride at - 78°C or at 25°C, the polymerization 
rate was faster than that initiated by BFg0Et2 

or I2 , resulting in much higher conversions. In 
this case the polymer began to precipitate soon 
after the addition of SnCl4 to the monomer 
solution, and the polymer yield increased with 
the reaction time. The conversion at 25°C was 
higher than that at - 78°C and higher in di
chloromethane than in carbon tetrachloride. 
The polymerization was not affected by oxygen 
but retarded by the addition of HP. As a 
result of the examination of the dependence of 
the monomer and initiator concentration on the 
polymerization in dichloromethane and in carbon 
tetrachloride, it was found that the polymeriza
tion rate increased with the increasing monomer 

Table III. Polymerization of 2-(2, 2-dicyanoethylene)-2, 3-dinydropyran (I) 
with BFsOEt2 and l2 

No. 

2 
3 
4 
5 
6 
7 
8 
9 

220 

Monomer, 
mol// 

Initiator, 
mol// 

0.80 BF3OEt2 0.40 
0.80 II 0.40 
0.80 II 0.08 
0.80 II 0.08 
1.36 II 0.08 
1.36 l2 0.027 
1.36 II 0.136 
1.36 II 0.272 
1.36 II 0.272 

Solvent, Polymerization Polymerization Yield, MW 
ml time, hr temp, °C % 

CH2Cb 5 2 -50 19.9 1800 
II 5 2 -78 8.8 2600 
II 5 4 -78 1.3 
II 5 24 -78 2.4 
II 5 20 +25 19.5 

Ether 5 27 0 1.1 
II 5 72 0 6.0 
II 5 72 0 15.4 
II 5 24 0 1.4 

Polymer J., Vol. 3, No. 2, 1972 
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Figure 1. Effect of initiator concentration on 
polymerization of 2-(2, 2-dicyanoethylene)-2, 3-di
hydropyran in carbon tetrachloride at 25°C: mono
mer concentration, 1.36 mol/l; initiator (SnCJ4) 
concentration, O, 0.257 mo!//; (), 0.171 mo!//; e, 
0.086 mol/l. 

and initiator concentration respectively, as shown 
in Figures 1 and 2. It should be noticed that 
when the initiator concentration was lower than 
10 mo!% to the monomer the polymerization 
took place only slightly after a prolonged re
action time, although at 25°C the polymeriza
tion proceeded in a shorter period. The poly
merization results are listed in Table IV. The 
polymer obtained was a slightly yellowish white 
powder and gradually decomposed above 180°C. 
Its solubility was similar to the polymer obtain
ed by BF3OEt2 catalyst. The molecular weight 
of the polymer were in the range of 1500-
2600. 

§ 
.50.6 

., 

0 .~~--'------'-----'--' 
2 4 6 
Time ( hr) 

Figure 2. Effect of monomer concentration on 
polymerization of 2-(2, 2-dicyanoethylene)-2, 3-di
hydropyran in carbon tetrachloride at 25°C: ini
tiator (SnCJ4) concentration, 0.086 mo!//; mono
mer concentration, O, 1.36 mol//; O, 0. 75 mol/l; 
e, 0.68 mol//. 

In these polymerizations, the formation of 
oligomer (solid) which are soluble in alcohol, 
also took place. Where the conversion was 
relatively low, most of the monomer· was re
covered from the reaction solution. For ex
amples, in exptl no. 1 in Table IV, 16.6% of 
oligomers and 28.1% of monomer, and in exptl 
no. 4 in Table IV, 17.2% of oligomers and 
69% of monomer were isolated from the reac
tion solution. 

Polymerization of 2-(2-cyano-2-carboethoxy
ethylene)-2, 3-dihydropyran (II) and 2-(2, 2-di
carboalkoxyethylene)-2, 3-dihydropyran (Ill). The 

Table IV. Polymerization of 2-(2, 2-dicyanoethylene)-2, 3-dihydropyran 
(I) with SnCJ4 

No. Monomer, Initiator, Solvent, Polymerization Polymerization Yield, MW moI/l mol/l moI/l time, hr temp, °C % 

1.36 0.257 CH2Clz 5 6 -78 51 1500 
2 1.36 0. 171 II 5 24 -78 43 2600 
3 1.36 0.085 II 5 24 -78 0 
4 1.36 0.085 II 5 48 -78 7 
5 1.53 0.257 II 5 2 +25 91 
6 1.53 0.171 II 5 2 +25 77 

7 1.53 0.086 II 5 2 +25 43 
8 1.36 0.257 CCJ4 5 4 +25 58 
9 1.36 0.171 II 5 4 +25 55 2200 

10 1.36 0.086 II 5 4 +25 48 
11 1.00 0.257 CH2Clz 5 2 +25 11 

Water 2mol// 
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Table V. Polymerization of 2-(2-cyano-2-carboethoxyethylene)-2, 3-dihydropyran (II), 
2-(2, 2-dicarboethoxyethylene)-2, 3-dihydropyran (Illa) and 2-(2, 2-dicarbomethoxy-

ethylene)-2, 3-dihydropyran (lllb) 

No. Monomer, Initiator, Solvent, 
mo!// mo!// ml 

II 0.72 BF3OEt2 0.36 CH2Cb 5 
2 II 1.06 II 0.25 II 5 
3 II 1.03 II 0.077 II 5 
4 II 1.03 II 0.077 II 5 
5 II 1.12 SnCJ4 0.08 II 5 
6 II 1.12 II 0.08 II 5 
7 Illa 1.00 BF3OEt2 0.25 II 5 
8 Illa 1.00 II 0.25 II 5 
9 Illa 0.98 II 0.08 II 5 

10 Illa 0.72 II 0.36 II 5 
11 Illa 1.00 SnCJ4 0.08 II 5 
12 Illa 1.00 II 0.08 II 5 
13 Illb 0.71 SnCJ4 0.04 CCJ4 5 
14 Illb 0. 71 II 0.04 CH2Cb 5 
15 Illb 0. 71 II 0.04 II 5 

results of the polymerization of these monomers 
by BF3OEt2 or SnCl4 in dichloromethane are 
summarized in Table V. In sharp contrast to 
the monomer I, 2-(2-cyano-2-carboethoxyethylene )-
2, 3-hydropyran (II), and 2-(2, 2-dicarboethoxy
ethylene)-2, 3-dihydropyran (Illa) and 2-(2, 2-
dicarbomethoxyethylene)-2, 3-dihydropyran (lllb) 
could be polymerized to a conciderable extent 
at - 78°C by both BF3OEt2 and SnC14 of below 
IO mol% concentration to the monomer. At 
25°C the polymerization preceeded easily with 
both catalysts of below IO mol% concentration 
to the monomer. The molecular weight of the 
polymer was lower compared with the polymer 
derived from the monomer l. All these poly
mers were obtained as white powders. Poly[2-
(2-cyano)-2,3-dihydropyran] formed by SnCl4 at 
- 78°C or at 25°C softened at 130°C or at 156°C, 
respectively. The polymer formed by BF3OEt2 
at -78°C or at 25°C softened at ll7°C or at 
121 °C. They were soluble in benzene, chloro
form, acetone or DMF, but insoluble in alcohol. 

Poly[2-(2-cyano )-2, 3-dihydropyran] obtained by 
SnC14 at - 78°C or at 25°C softened at 250°C 
or at 141 °C, respectively. The polymer obtained 
with BF3OEt2 at - 78°C or at 25°C softened 
at ll8°C or at l02°C, respectively. They were 
soluble in benzene, acetone or DMF, but in
soluble in chloroform or alcohol. 

222 

Polymerization Polymerization Yield, MW time, hr temp, °C % 

4 -78 12.0 670 
20 -78 13.0 
20 +25 32.6 
20 -78 10.9 
20 -78 32.3 
20 +25 54.1 
20 -78 29.8 
20 +25 56.9 
20 -78 11.3 
2 -78 12.4 650 

20 -78 72.6 
20 +25 76.2 
20 +25 50.0 
20 -78 81.8 1900 
20 +25 88.5 

Poly[2-(2-cyano )-2,3-dihydropyran] obtained by 
SnCl4 at - 78°C or at 25°C softened at 210°C 
or at 176°C, respectively. Its solubility was quite 
similar to that of poly-2-(2,2-dicarboethoxy
ethylene )-2, 3-dihydropyran. 

Structure of the Polymers. In the infrar
ed spectra of all the polymers above prepared, 
the bands observed at 1650, 1240, and 730cm-1 

in the monomers, which are assignable to the 
C=C group of the vinyl ether moiety, dis
appeared, but the band at 1080 cm-1 due to the 
stretching vibration of the C-O-C linkage 
and the band at 1620 cm-1 due to the C=C 
stretching vibration of the dicyanoethylene 
moiety remained. It is thus indicated that the 
polymerization proceeded at the vinylic double 
bond of the vinyl ether moiety and that the 
polymer retained the tetrahydropyran ring, 
which is in accordance with the polymerization 
of dihydropyran and its derivatives reported by 
Potnis3 and by Tamura, 4 et al. 

NMR spectra of these polymers were meas
ured in hexadeutro acetone at an elevated tem
perature (46°C). Although the spectra were not 
well resolved, broad signals were observed at 
the positions which are expected from the 
structure of the polymers.· In poly[2-(2-cyano)-
2,3-dihydropyran], for example, the peaks ap
peared at arround 8.2, 5.3 and 2.4-r. 

Polymer J., Vol. 3, No. 2, 1972 
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Figure 3. Effect of initiator concentration on poly
merization of 2-(2, 2-dicyanoethylene)-2, 3-di
hydropyran in dichloromethane at 25°C: monomer 
concentration, 1.53 mol//; initiator (SnCl4) con
centration; O, 0.257 mol//; 0, 0.171 mol//; e, 
0.086 mol//. 

1.5 ,-------------------,0" 

/0 :::::: 

1.2 

"O 0 

·;. 0.9 I 

2 3 4 
Time (hr) 

Figure 4. Effect of monomer concentration on 
polymerization of 2-(2, 2-dicyanoethylene)-2, 3-di
hydropyran in dichloromethane at 25°C: initiator 
(SnCl4) concentration, 0.257 mol/1; monomer con
centration: O, 1.53 mol//; (), 0. 75 mol//; e, 0.51 
mol//. 

Dielectric Properties of the Polymers. The 
dielectric constants measured at 1 kHz were 
5.25 for poly[2-(2-cyano)-2,3-dihydropyran], 4.38 
for poly[2-(2,2-2-cyano )-2, 3-dihydropyran] and 
8.70 for poly[2-(2-cyano)-2,3-dihydropyran], re
spectively. Frequency versus dielectric con
stant (s) and dielectric loss (s") curves are shown 
in Figures 5 and 6. 

The dielectric constant of poly[2-(2-cyano)-
2,3-dihydropyran] was found to be relatively 
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Figure 5. Dielectric constant vs. frequency curves: 
x, 2-(2, 2-dicyanoethylene)-2, 3-dihydropyran; •, 
2-(2-cyano-2-carboethoxyethylene)-2, 3-dihydropy
ran; !::,., 2-(2, 2-dicarboethoxyethylene)-2, 3-dihydro
pyran. 

2 

~-
------x --, -x--,-, -·-·--·--~--·-.. 

,d 
f (Hz) 

Figure 6. Dielectric loss vs. frequency curves: 
x, 2-(2, 2-dicyanoethylene)-2, 3-dihydropyran; e, 
2-(2-cyano-2-carboethoxyethy lene )-2, 3-dihydropy
ran; !::,., 2-(2, 2-dicarboethoxyethylene)-2, 3-dihydro-
pyran. 

lower than expected. The lower value seemes 
to be due to the difficulty of rotation of the 
side groups in the polymer. The higher value 
of poly[2-(2-cyano )-2, 3-dihydropyran] than poly[2-
(2-cyano )-2, 3-dihydropyran] may be due to the 
presence of ionic impurities in the polymer, 
which is implied from the frequency vs. di
electric loss curves. 

DISCUSSION 

Only few data are available in the literature 
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concerning the polymerization of 2, 3-dihydro
pyran and its derivatives. It has been reported 
that 2, 3-dihydropyran and a few of its deriva
tives, e.g., 2-formyl-2, 3-dihydropyran, 2-acetyl-
6-methyl-2, 3-dihydropyran, 2-carbomethoxy-2-
methyl-2, 3-dihydropyran and 2-methyl-2-phenyl-
2, 3-dihydropyran, undergo cationic polymeriza
tion by BF3OEt2.3 ' 4 

In the present study a new derivative of 2,3-
dihydropyran, 2-(2, 2-dicyanoethylene )-2, 3-di
hydropyran (I), was synthesized and polymeriz
ed in view of the interest in the synthesis and 
the dielectric property of the polymer with flexi
ble, polar side groups. In addition, the related 
monomers, 2-(2-cyano-2-carboethoxyethylene )-2, 
3-dihydropyran (II) and 2-(2, 2-dicarboalkoxy
ethylene)-2, 3-dihydropyran (HI) were synthesiz
ed, and polymerization features of these mono
mers were compared. 

All these monomers polymerized by cationic 
initiators such as BF3OEt2, SnCl4 or 12, although 
they did not polymerize by benzoyl peroxide. 
Cationic nature of the polymerization was sup
ported by the retarding effect of HP and by 
the fact that the polymerization was not affect
ed by 0 2 • It was indicated from the IR spectra 
of the polymers formed that the polymerization 
proceeded at the double bond of the vinyl 
ether moiety, the tetrahydropyran ring being re
tained. The occurrence of the cationic poly
merization indicates that these monomers func
tion as the vinyl ether in spite of the presence 
of the electronegative dicyanoethylene, cyano
carboethoxyethylene or dicarboalkoxyethylene 
groups. 

Generally, the rate of polymerization was 
faster in more polar solvent, dichloromethane 
than in carbon tetrachloride, and faster at 25°C 
than at - 78°C. It increased with the increas
ing monomer and initiator concentration. SnC14 

was found to be a more effective catalyst than 
BF3OEt2. The average degree of polymerization 
was low. 

The characteristic feature was found in the 
polymerization of the monomer I. While II, 
and especially Illa and IIIb were easily poly
merized by catalytic amounts of BFaOEt2 or 
SnC14 even at - 78°C, relatively high concen
tration of the initiator was required for the 
polymerization of I to occur at - 78°C. In 
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fact, when the initiator concentration was low
er than l0mol% to the monomer, the polymer
ization occurred only very slightly, although at 
25°C the polymerization took place easily with 
both initiators of below 10-mol% concentration 
to the monomer. 

This may be explained mainly in terms of 
the complex formation of the nitrile group in 
the monomer I with the initiator. Although 
the carbon-carbon double bond, oxygen atom 
in the vinyl ether moiety or in particular, the 
ester group in the substituent can also be the 
complex-forming site in the monomers, the for
mation of a more stable co-ordination type 
complex between the nitrile group in the mono
mer I with the initiator may principally be re
sponsible for the characteristic polymerization 
feature found in the present study. Although 
the monomer II also contains one nitrile group, 
the complex formation may be unfavorable in 
this case, possibly due to steric problem, since 
the nitrile group and the pyran ring may lie in 
the cis-position to each other. 

The evidence of the complex formation was 
confirmed from the IR spectrum of the polymer 
derived from the monomer I with both BF3-

OEt2 and SnC14 • It was observed that the ab
sorption band due to the nitrile group splits 
into two absorptions at 2220 and 2290 cm-1 in 
the crude polymer obtained by pouring the re
action solution into MeOH, while when the 
polymer was purified by repeated reprecipitations 
from acetone-water, the band at the higher 
frequency disappeared. The pure polymer 
shows only a single absorption band at 2220 
cm-1• The band at the higher frequency ob
served in the crude polymer is assigned to the 
complexed nitrile group in the light of the re
port that the nitrile band generally shifts to a 
higher frequency by the complex formation. 5 ' 6 

Although the complex between the monomer 
and the initiator was not isolated in the present 
study, the finding that the polymer formed is 
complexed with the initiator strongly suggests 
the complex formation in the monomer state. 
In the crude polymer formed from II no split
ting of the nitrile band was observed. 

Since the complex appears to be more stable 
at lower temperature, the equilibrium may be 
more shifted toward the complex formation at 
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- 78°C than at 25°C. The characteristic feature 
that the relatively high concentration of the 
initiator is required for the monomer I to under
go the polymerization at - 78°C may well be 
explained by the resonable assumption that only 
the uncomplexed, therefore, free initiator is ef
fective for the initiation of the polymerization. 
Moreover, the complex appears to be rather 
unstable and dissociation may occur in polar 
solvents as has been observed in the complex 
between acrylonitrile and ZnCl2 , 6 which, to
gether with the acceleration of the propagation 
step in polar solvents, may be responsible for 
the faster polymerization rate in dichlorometh
ane than in carbon tetrachloride. 

The radical polymerization of vinyl monomers 
containing the ester or nitrile group has been 
reported to be accelerated by the complex for
mation with ZnC12 •6 It may be interesting to 
study in detail how the monomer reactivity is 
influenced by the complex formation in the 
cationic polymerization by Friedel-Crafts type 
catalysts of vinyl monomers containing a strong 
donating site which is capable of forming a 
complex such as a nitrogen atom. Related to this, 
it has been found in our laboratory that the 
complex formation occurs also in the polymer-

Polymer J., Vol. 3, No. 2, 1972 

ization of vinyl acridine with EtA1Cl2 or with 
TiC14 • 7 
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