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ABSTRACT: 2-(2"-Vinyloxyethoxy)- 1-naphthylmethylidenemalononitrile (2) was prepared
by the condensation of 2-(2'-vinyloxyethoxy)-1-naphthaldehyde (1) with malononitrile.
Bifunctional vinyl ether monomer 2 did not homo- or copolymerize with electron-rich ethyl
vinyl ether and electron-pooir benzylidenemalononitrile by free radical initiators due to the
steric hindrance. However, compound 2 polymerized well by cationic initiators to give polymer
3 having 2-oxy-1-naphthylmethylidenemalononitrile, which is presumably effective NLO-
chromophore for second order nonlinear optical applications. Polymer 3 was soluble in com-
mon solvents such as acetone and DMSQ, and the inherent viscosities of the polymers were in
the range of 0.25-0.30 dL/g. Films cast from acetone solution were cloudy and brittle. Poly-
mer 3 showed a thermal stability up to 300 'C with a 7, of 82 C in DSC thermogram.

Keywords: 2-(2'-vinyloxyethoxy)- I-naphthylmethylidenemalononitrile, bifunctional monomer,
steric hindrance, cationic initiator, NLO-chromophore.

INTRODUCTION polymerize with vinyl monomers of electron de-

ficient character such as vinylidene cyanide,' 2-

It is well known that electron-rich alkyl vinyl vinyleyclopropane-1,1-dicarbonitrile,? alkyl a-
ethers do not radically homopolymerize, but co- cyancacrylates,®® alkyl vinyl ketones® maleic
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anhydride,”® and others by radical initiation.
Cycloadditions frequently accompanied these
polymerizations and most of the cyclic adducts
are cyclobutane compounds. For example, alkyl
vinyl ethers readily form cyclobutane adducts
with a variety of electron-poor olefins such as
tetracyanoethylene® and tricyanoethylene.® 3,4~
Dihydro-2H-pyrans are formed in the reactions
of alkyl vinyl ethers with alkyl «-
cyanoacrylates, dimethyl dicyanofumarate,'! and
alkyl vinyl ketones.® These facile reactions pro-
ceed through an electron donor-acceptor (EDA)
complex, which generates zwitterion or diradical
tetramethylenes as initiating species.'? It has
also been reported that trisubstituted electron-
poor olefins such as benzylidenemalononitrile
and ethyl benzylidenecyanocacetate do not
homopolymerize, but copolymerize with vinyl
acetate, styrene, acrylonitrile, or methyl acrylate
by radical initiators.!*'® The captodative olefins
with geminal electron-withdrawing and elec-
tron-donating groups have a strong tendency to
polymerize spontaneously due to the resonance
stabilization of radical species.®®? The question
remains as to whether certain bifunctional mono-
mers composed of both electron-rich alkyl vinyl
ether and electron-poor trisubstituted olefin
moieties can be polymerized by radical initia-
tion. Recently we have prepared p-(2-
vinyloxyethoxy)benzylidenemalononitrile  and
methyl  p-(2-vinyloxyethoxy)benzylidenecyano-
acetate, and polymerized by radical initiators.?2%
These bifunctional ethyl vinyl ethers polym-
erized quantitatively with radical initiators to
give swelling polymers that were not soluble in
organic solvents due to cross-linking. Sterically
hindered 3,5-dimethoxy-4-(2’-vinyloxyethoxy)
benzylidenemalononitrile does not homo-
polymerize radically, but copolymerize with
ethyl vinyl ether by radical initiation.”® This
work is now extended with the synthesis and
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radical polymerizations of another sterically hin-
dered ethyl vinyl ethers containing electron ac-
ceptors. In this work we prepared 2-(2’-vinyl-
oxyethoxy)-1-naphthylmethylidenemalononitrile
(2) and investigated its polymerization behav-
iors.

EXPERIMENTAL

Materials. The reagent grade chemicals
were purchased from Aldrich and purified by ei-
ther distillation or recrystallization before use. 2-
Chloroethyl vinyl ether was distilled. Sodium io-
dide was dried for 4h at 100 C under vacuum.
Acetone was purified by drying with anhydrous
potassium carbonate, followed by distillation
under reduced  pressure. 2-Hydroxy-1-
naphthaldehyde was recrystallized from ethanol
and dried under vacuum. Malononitrile was re-
crystallized from water and distilled from phos-
phorus pentoxide. #-Butanol was dried with an-
hydrous magnesium suifate and distilled under
nitrogen. N, N-Dimethylformamide (DMF) was
purified by drying with anhydrous calcium sul-
fate, followed by distillation under reduced pres-
sure. Piperidine was dried with calcium hydride
and fractionally distilled. Dichloromethane was
dried with calcium chloride, distilled over anhy-
drous calcium sulfate, and stored in a brown
bottle  with
Butyrolactone was dried with anhydrous mag-
nesium sulfate and fractionally distilled under
nitrogen. a, @’ - Azobisisobutyronitrile (AIBN) was
recrystallized from methanol and dried under
reduced pressure at room temperature. Boron
trifluoride etherate was treated with a small
amount of diethyl ether and distilled under re-
duced pressure. 2-Iodoethyl vinyl ether was pre-

4A  molecular sieves. y-

pared according to the procedure previously de-
scribed.?®
Measurements. IR spectra were taken on a
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Hitachi Model 260-30 infrared spectrophoto-
meter. '"H NMR spectra were obtained on a
Varian EM 360L. NMR spectrometer (60 MHz).
Elemental analyses were performed using a
Perkin-Elmer 2400 CHN elemental analyzer.
The glass transition temperatures (T were
measured on a DuPont 910 differential scanning
calorimeter in a nitrogen atmosphere. DuPont
951 thermogravimetric analyzer with a heating
rate of 10 °C/min up to 700 °C was used for the
thermal degradation study of polymers under ni-
trogen. Melting points were measured in Buchi
530 melting point apparatus and are corrected.
Viscosity values were obtained by using a Can-
non-Fenske viscometer.
2-(2-Vinyloxyethoxy)-1-naphthaldehyde
(1). 2-Hydroxy-1-naphthaldehyde (17.2 g, 0.10
mol), anhydrous potassium carbonate (18.0 g,
0.13 mol), and 2-iodoethyl vinyl ether (25.7 g,
0.13 mol) were dissolved in 180 mL of dry DMF
under nitrogen. The mixture was refluxed in an
ol bath kept at 80 C for 10 h under nitrogen.
The resulting solution was cooled to room tem-
perature, diluted with 220 mL of water, and ex-
tracted with 300 mlL of diethyl ether three
times. The organic layer was washed with satu-
rated aqueous sodium chloride solution, and
dried with anhydrous magnesium sulfate. Rota-
ry evaporation of diethyl ether gave crude prod-
uct, which on vacuum distillation yielded 19.8 g
(82% yield) of pure product 1. Mp=68-69 °C. 'H
NMR (acetone-de) ¢ 3.92-4.69 (m, 6H, CH,=,
-0-CH,-CH,-0-), 6.35-6.77 (q, 1H, = CH-0-),
7.35-8.32 (m, 5H, aromatic), 9.09-9.33 (m, 1H,
aromatic), 10.83 (s, 1H, -CHO). IR (KBr) 3040
(w, =C-H), 2940, 2016, 2866 (m, C-H), 1666 (vs,
C=0), 1614, 1591 (vs, C=C) cm™.
2-(2-Vinyloxyethoxy)-1-naphthylmethyl-
idenemalononitrile (2). Piperidine (0.13 g, 1.5
mmol) was added to a solution of 2-(2'-
vinyloxyethoxy)-1-naphthaldehyde 1 (6.78 g, 28

walof A2l Al63 199749 119

mmol) and malononitrile {(1.98 g, 30 mmol) in 50
mL of #-butanol with stirring at 0 C under ni-
trogen. After stirring for 1 h at 0 'C, the product
was filtered and washed successively with cold
n-butanol (80 mL), water (30 mL), and cold -
butanol (20 mL). The obtained pale yellow
product was recrystallized from »-butanol to
give 6.50 g (80% vield) of 2. Mp=84-85C. 'H
NMR (acetone-d¢) & 3.94-4.69 (m, 6H, CH,=,
-0O-CH,-CH,-0-), 6.38-6.78 (q, 1H, = CH-0-),
7.39-8.28 (m, 6H, aromatic), 8.71 (s, 1H, Ph-
CH=). IR (KBr) 3018 (m, =C-H), 2928, 2875
(m, C-H), 2230 (s, CN), 1622, 1576 (vs, C=C)
cm™'. Anal Caled for CygH,(N,0y C, 74.47; H,
4.86; N, 9.65. Found: C, 74.56; H, 4.78; N, 9.74.
Cationic Polymerization of Monomer (2).

A representative cationic polymerization proce-
dure was as follows: A solution of 2 (0.75 g, 2.6
mmol) in dichloromethane (2.0 mL) was placed
in a rubber septum stopper capped glass ampule
under nitrogen. The resulting solution was
flushed with nitrogen for 20 min. The ampule
was then placed in an ethanol-acetone bath
kept at -60 'C under nitrogen, and 0.0029 mlL.
(0.026 mmol) of boron trifluoride etherate was
added to the solution. After 15 h the ampule
was taken out and the polymerization mixture
was poured into 500 mL of methanol. The pre-
cipitated  polymer was collected and
reprecipitated from acetone into methanol to
give 0.66 g (88% yield) of polymer 3; 7., = 0.28
dL/g (c 0.5 g/dL in acetone at 25 C). 'H NMR
(acetone-de) 6 1.33-2.35 (m, 2H, -CH,-), 3.33-
4.57 (m, 5H, -O-CH,-CH,-0-CH-), 6.90-8.03 (m,
1H, aromatic), 8.17-8.65 (m, 1H, aromatic). IR
(KBr) 3010 (w, =C-H), 2918, 2850 (s, C-H),
2222 (s, CN), 1612, 1585, 1556 (vs, C=C) cm™,
Anal. Caled for (CigH,4N,0,),: C, 74.47; H, 4.86:
N, 9.65. Found: C, 74.58; H, 4.82; N, 9.73.
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RESULTS AND DISCUSSION

Synthesis of Monomer 2. 2-lodoethyl vinyl
ether was prepared by the well known halogen
exchange reaction” from 2-chloroethyl vinyl
ether and sodium iodide, and reacted with 2-
hydroxy-1-naphthaldehyde to yield 2-(2'-
vinyloxyethoxy)-1-naphthaldehyde (1).7 2-(2-
Vinyloxyethoxy)-1-naphthylmethylidenemalono-
nitrile (2) was synthesized by the condensation
of 1 with malononitrile.?® The chemical struc-
ture of the compounds was confirmed by 'H
NMR, IR spectra, and elemental analysis. Mono-
mer 2 shows olefinic protons at 6=6.38-6.78 (q,
1H, vinylic) in their '"H NMR spectra.

Free Radical Polymerization of Monomer
2. 2-(2’-Vinyloxyethoxy)-1-naphthylmethyli-
denemalononitrile 2 did not homopolymerize
with free radical initiators probably due to the
steric hindrance. Compound 2 also did not copo-
lymerize with electron-rich ethyl vinyl ether or
electron-poor benzylidenemalononitrile by radi-
cal initiators such as AIBN, BPO, and DTBP
(Table 1). All the attempts to secure a copoly-
mer sample have failed so far. In contrast, we
have prepared a series of simple vinyl ethers
containing electron acceptors and polymerize
them with radical initiators to give highly cross-
linked poly(vinyl ethers).?? We also found that
sterically hindered 3,5-dimethoxy-4-(2-vinyl-
oxyethoxy)benzylidenemalononitrile did not
homopolymerized by radical initiators® as the
presently investigated compound 2. However, it
copolymerized radically with ethyl vinyl ether
to give cross-linked copolymers. The inability of
homo- or copolymerization of 2 by radical initia-
tor seems to be due to the higher sterically hin-
dered structure of 2.

Cationic Polymerization of Monomer 2.
Compound 2 polymerized well by cationic initia-
tors such as boron trifluoride to give polymer 3
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Table 1. Polymerizations of 2° Under Various
Conditions

monemer  initiator to . . b
temp. time vield  7im

monomer /solvent monomer . .
(mol/L L) (molt) )y () (% (dl/g
2 130, CH,Cl, BF;, 10 -60 15 88 028
2 100, CH,Cl, BF, 08 -30 12 & 02
2 100, CHCl, BFy, 15  -60 20 88 024

2 167, CHCl, BF;, 15 60 20 92 025

2+EVE' 1.30° ABN 10 6 12 il

2-EVE L.67* ABN 15 6 24 nl -
2+ BMN 1.30° ABBN, 10 65 12 i -
2+ BMN* 167° ABN, 15 6 24 i -

¢ 9=2-(2"-Vinyloxyethoxy)- 1 -naphthylmethylidenemalononitrile.
® Inherent viscosity of polymer: Concentration of 0.5 g/dL in
acetone at 25 C.

¢ EVE: Ethyl vinyl ether.

7 BMN: Benzylidenemalononitrile.

¢ Solvent: y-Butyrolactone.

having 2-oxy-1-naphthylmethylidenemalononitrile,
which is presumably effective NLO-chromo-
phore for second order nonlinear optical applica-
tions. Cationic polymerization was carried out in
dichloromethane solution with boron trifloride as
cationic initiator at -60°C. The polymerization
results are summarized in Table 1. Monomer 2
was very reactive toward cationic initiators and
polymerized readily. The chemical structure of
the polymers were confirmed by 'H NMR, IR
spectra, and elemental analyses. IR spectra con-
firmed the chemical structures, exhibiting all
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the absorption bands attributable to the func-
tional groups comprising the polymers. Spectral
data indicated that the terminal naphthylidenyl
group did not participate in the cationic vinyl
polymerization. In most cases, conversions were
quite high, but the molecular weights were
rather low as indicated by the inherent viscosi-
ties.

Properties of Polymers 3. The polymer 3
was soluble in common solvents such as ace-
tone, methyl ethyl ketone, dichloromethane,
chloroform, DMF, and DMSO, but was not solu-
ble in methanol, ethanol, and diethyl ether.
Polymer 3 was light yellow colored amorphous
mterial. The inherent viscosities of polymer 3
measured in acetone solution at 25 °C were in
the range of 0.25-0.30 dL./g indicating moderate
molecular weights. The thermal behavior of the
polymers were investigated by thermogravi-
metric analysis (TGA) and differential scanning
calorimeter (DSC) to determine the thermal
degradation pattern and glass transition temper-
ature (T,). The results are summarized in Table
2. Polymer 3 exhibited a thermal stability up to
300 C in TGA thermogram, which is acceptable
for electrooptic device applications. The glass
transition temperature (7,) of the polymer was
around 82 C in DSC thermogram. These T, val-
ues are higher than those for poly(ethyl vinyl
ether) (-43 C), probably due to the presence of
polar pendant group. Solution-cast films were
clear and brittle, which could be due to the

a2l A21H Ass 19973 11€

Table 2. Thermal Properties of Polymer 3

degradation temp, C° residue’ at
5%-loss 20-loss  40%-loss 700°C, %
3 82 298 343 389 33

% Determined from DSC curves measured on a DuPont 910 dif-
ferential scanning calorimeter with a heating rate of 10 C/min
under nitrogen atmosphere.
® Determined from TGA curves measured on a DuPont 951
thermogravimetric analyzer with a heating rate of 10 C/min
under nitrogen atmosphere.

polymer T, T

rather low molecular weight and/or high con-
centration of dipole moment, and therefore NL.O
activity has not been measured yet.

CONCLUSIONS

Bifunctional monomer 2-(2-vinyloxyethoxy)-
1-naphthylmethylidenemalo-nonitrile 2 did not
homo- or copolymerize with electron-rich ethyl
vinyl ether and electron-poor benzylidenemal-
ononitrile by free radical initiators presumably
due to the extensive steric hindrance. However,
it polymerized well by cationic initiators to give
amorphous polymer 3 having 2-oxy-1l-naph-
thylmethylidenealononitrile, which is a potential
NLO-chromophore for electrooptic device applica-
tions. The resulting substituted poly(vinyl ether)
3 was soluble in common organic solvents. Poly-
mer 3 showed a thermal stability up to 300 °C
with a T, of 82 'C. We are now exploring further
the polymerization of other donor-acceptor
systems and the results will be reported later.
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