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2.3-Di-(2"-viny loxyethoxy)benzy lidenemalononitrile (1a). methyl 2.4-di-(2"-vinyloxyethoxy)benzy lidenecy -
anoacetate (1b). 3.4-di-(2-vinvloxvethoxy)benzylidene malononitrile (2a), methyl 3.4-di-(2'-vinyloxy-
ethoxy)benzy lidenecyanoacetate (2b). 2.5-di-(2-vinvloxyethoxy)benzylidenemalononitrile (3a). methyl 2.5-di-
(2'-vinvloxyethoxy)benzylidenecyvanoacetate (3b). 2.3-di-(2"-vinvloxyethoxy )benzylidenemalononitrile (4a).
and methy] 2.3-di-(2-vinvloxyethoxy )benzy lidenecyanoacetate (4b) were prepared by the condensation of 2.4-
di-(2-vinvloxyvethoxy)benzaldehvde. 3.4-di-(2~vinyloxyvethoxy)benzaldehvde. 2.5-di-(2-vinyloxyethoxy)
benzaldehvde. and 2.3-di-(2-vinyvloxyethoxy)benzaldehyde with malononitrile or methyl cyanoacetate, re-
spectively, Trifunctional divinyl ether monomers 1-4 were polymerized readily with boron trifluoride etherate
as a cationic initiator to give optically transparent swelling poly(vinyl ethers) 3-8 having oxybenzylidenema-
lononitrile and oxycyanocinnamate. which is presumably effective chromophore for second-order nonlinear
optical applications. Polyimers 3-8 were not soluble in common organic solvents such as acetone and DMSO
due to crosslinking. Polvmers 5-8 showed a thermal stability up to 300 °C in TGA thermograms. which is ac-
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ceptable for electrooptic device applications.

Introduction

Functional materials exhibiting nonlinear optical (NLO)
activity based on organic compounds have long been the
subject of curiosity and extensively studied because of their
potential applications in the field of teleconununications,
optical signal processing. optical switching, etc.” = It is well
known that organic and polymeric materials with highly
dipolar electronic svstems exhibit NLO properties.® The
organic Imaterials seem to be superior to the inorganic ones
because of their higher nonlinear optical activity and faster
response time.** Among organic materials. NLO polvmers
are receiving great attention. mainly because thev offer
many advantages such as mechanical endurance. light
weight. chemical resistance. and good processability to form
optical devices.” Potential second-order NLO polymers must
contain a highly polarizable dipolar electronic structure and
these polymers have to be mechanically very strong with a
high 7. There are tremendous challenges in designing poly-
mers of large NLO effects. Polvesters.* '~ polyurethanes.'?
polvamides.'*'* and pols(phenyleneethynylenes)'® contain-
ing the chromophoric main chain were prepared. Various
polymers with the NLO-chromophores in the side chain
such as poly(meth)acrvlates'*~* and polystyrene=* were also
reported. Recently we have explored utilizing poly(viny]
ethers) as a new optical polvmer system for second-order
NLO applications. We prepared poly(alky] vinvl ethers)="3=
containing various NLO-chromophore in the side chain.
These polv(vinyl ethers) exhibited a thermal stability up to
300°C with a 7, of 60-90 °C. which is rather low for elec-
trooptic applications. However. examples of crosslinked
polv(vinyl ethers) containing a chromophoric side chain pre-
pared directly by polymerization of monomeric vinyl ethers

are not shown in the literature. Thus. it is of interest to pre-
pare crosslinked poly(viny] ethers) having a NLO-phore in
the side chain. To explore these problems. we have prepared
a series of trifunctional divinyl ether compounds 1-4 con-
taining oxybenzylidenemalononitrile and oxycyanocinna-
mate in the side chain. which is presumably effective chro-
mophore for second-order nonlinear optical applications.
These menomeric divinyl ethers were polymerized readily
by cationic initiators to yield crosslinked poly(viny| ethers)
5-8 having NLO-phore in the side chain with high vields.
The present report describes the syvnthesis and their cationic
polvimerizations of 2.4-di-(2’-vinvloxyethoxy)benzylidene-
malononitrile (1a), methy| 2.4<di-(2"-viny loxyvethoxy)benzyli-
denecyancacetate (1b). 3.4-di-(2-vinyloxyethoxy)benzyliden-
emalonenitrile (2a). methyl 3.4-di-(2~vinyloxyethoxy)ben-
zylidenecyvanocacetate (2b). 2.5-di-(2"-vinyloxyethoxy)benzy |-
idenemalononitrile (3a), methy! 2.5-di-(2"-vinyloxyethoxy)
benzylidenecyvanoacetate  (3b).  2.3-di-(2-vinyloxvethoxy)
benzylidenemalononitrile (4a), and methyl 2.3-di-2-viny-
loxyethoxy)benzy lidenecyanoacetate (4h).

Experimental Section

Materials. The reagent grade chemicals were purchased
from Aldrich and purified by either distillation or recrvstalli-
zation before use. 2-Chloroethyl vinvl ether was distilled
under vacuum. Sodium iodide was dried for 4h at 100 °C
under vacuum. 2 4-Dihvdroxybenzaldehvde. 3.4-dihydroxy-
benzaldehvde. 2.3-dihvdroxvbenzaldehvde. and 2.3-dihy-
droxybenzaldehvde were used as received. Malononitrile
was recrvstallized from water and distilled from phosphorus
pentoxide. #»-Butanol was dried with anhydrous magnesium
sulfate and distilled under nitrogen. N .N-DimethyIforma-
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mide (DMF) was purificd by dn ing with anhy drous calcium
sullatc. followed by distillation under reduced pressurc.
Piperidine was dricd with calcium hyvdride and fractionally
distilled. Dichloromethane was dried with calcium chloride.
distilled over anhydrous calcium sulfatc. and stored in a
brown bottle with 4A molecular sicves. 2-lodocthyl vinyl
cther was prepared according to the procedure previously
described.*? 2.4-Di-(2 ~viny loxycthoxy)benzaldehyde. 3.4-di-
(2-vinyloxycthoxy )benzaldehyde.  2.5-di-(2-vinyloxyethoxy)
benzaldchyde. and 2.3-di-(2-vinyloxycthoxy)benzaldehyde
were prepared by the reaction of 2-iodocthy] vinyl cther
with the corresponding dihvdroxybenzaldchydes. respec-
tively.

Measurements, IR spectra were taken on a Shimadzu FT
IR-8201PC infrared spectrophotometer. 'H NMR spectra
were obtained on a Varian EM 360L NMR (60 MHv») and
Varian 300 MH. spectrometer. Elemental analyscs were per-
formed using a Perkin-Elmer 2400 CHN clemental analyzcr.
The glass transition temperatures (7,) were mecasurced on a
DuPont 910 diflerential scanning calorimeler under nitrogen
atmosphere. DuPont 931 thermogravimetric analyzer with a
heating rate of 10 °C/min up to 700 °C was used for the ther-
mal degradation study of polvmers under nitrogen. Mclting
points were measurcd m Buchi 330 melting point apparatus
and arc correcled. Viscosily valucs were obtained by using a
Cannon-Fenske viscometer,

2,4-Di-(2'-vinyloxycthoxy)benzylidenemalononitrile (1a).
Piperidine (0.13 g. 1.3 mmol) was added to a solution of 2.4-
di-(2'-vinvloxyvcthoxy)benvzaldehyde (835 g. 30 mmol) and
malononilrile (2.18 g. 33 mmol) in 170 mL of »-butanol
with stirring at 0 °C under nitrogen. Afier stirring for 4 hat 0
°C. the reaction mixture was cooled to -10°C lor crystalliza-
tion. The product was fillered and washed successively with
cold n-butanol (80 mL). walcr (30 mL). and cold »-butanol
(20 mL). The obtained pale yellow product was recrystal-
lized from #-butanol o give 9.01 g (92% vicld) of 1a.
Mp=80-81 °C. 'H NMR (CDCly) § 4.02-4.40 (m. 12H. 2
CH:=. 2 -O-CH;-CH--0-). 6.43-6.71 (m. 4H. 2 =CH-O-.
aromatic). 8.17-8.34 (t. 2H. aromatic). IR (KBr) 3117, 3037
(w. =C-H). 2943. 2887 (m. C-H). 2222 (s. CN). 1611 (s.
C=0). 1566 (vs, C=C) cm '. UV/Vis (chloroform) Amx=369
. =26960. Anal. Caled for CsHsN:Oy: C. 66.23; H, 3.56;
N. 838 Found: C. 66.38: H. 3.65. N. 8.46.

Mcthyl 2.4-di-(2'-vinvloxyethoxy)benzylidenecyanoac-
ctate (1b). Piperidine (0.13 g. 1.5 munol) was added to a
solution of 2.4-di-(2'-vinvloxyethoxy)benzaldehvde (8.35 g.
30 mmol) and methyl cyanoacetate (3.27 g. 33 mmol) in 200
mL of n-butanel with stirring at 0 *C under nitrogen. After
stirring for 3 h at 0°C. the reaction mixture was cooled to -10
°C for crvstallization. The product was filtered and washed
successively with cold »-butanol (80 mL). water (30 mL).
and cold »-butanol (20 mL). The obtained pale vellow prod-
uct was recrvstallized from #-butanol to give 9.49 g (88%
vield) of 1b. Mp=96-97C. '"H NMR (CDCl) & 3.89 (s. 3H.
-CO-CHs). 4.02-4 34 (m. 12H. 2 CH~=. 2 -O-CH--CH»-O-).
6.46-6.65 (m. 4H. 2 =CH-O-. aromatic). 8.36-8 428 (d. 1H.
aromatic). 8.70 (s. 1H. aromatic). IR (KBr) 3044 (w. =C-H).
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2954. 2943 (m. C-H). 2222 (5. CN). 1705 (vs. C=0). 1622.
1611, 1394, 1583 (vs. C=C) em . UV/Vis (chlorolorm)
Amax=363 nm. =20410. Anal. Calcd lor CoH-)NQ;: C.
63.50: H. 5.89: N. 3.90. Found: C. 63.62: H. 5.82: N.3.83.
3,4-Di-(2'-vinyloxyethoxy)benzylidenemalononitrile (2a).
Piperidine (0.13 g. 1.5 mmol) was added to a solution of 3.4-
di-(2'-vinyloxycthoxy)benzaldchvde (5.537 g. 20 mmol) and
malononitrile (1.43 g. 22 mmol) in 140 mL of n-butanol
with stirring at 0 °C under nitrogen. Afier stirring lor 4 hat 0
°C. the reaction mixture was cooled to -10°C for crystalliza-
tion. The product was filtered and washed sucoessively with
cold »-butanol (60 mL). water (20 mL). and cold »-butanol
(15 mL). The obtaincd pale vellow product was recrystal-
lized from s-butanol to give 3.35 g (83% vicld) of 2a.
Mp=64-65 *C. 'H NMR (CDCl3) & 4.02-4.38 (m. 12H. 2
CH:=. 2 -O-CH:-CHx-0-). 6.47-6.58 (m. 2H. 2 =CH-O-),
6.93-7.02 (d. 1H. aromatic). 7.38-7.44 (d. LH. aromatic).
7.60-7.69 (d. 2H. aromatic). [R (KBr) 3033 (w. =C-H).
2943, 2876 (m. C-H). 2233 (s. CN). 1637, 1614 (5. C=C).
1383, 1566. 1510 (vs. C=C) cm '. UV/Vis (chloroform)
Amax=369 nm. =25020. Anal. Caled for CjsHxN-QOy: C.
66.25. H. 5.36: N. 8.58. Found: C. 66.36: H. 5.66. N. 8.67.
Mcthyl 3,4-di-(2'-vinyloxvethoxy)benzylidenecyanoac-
ctate (2h). Piperidine (0,083 g. 1.0 mmol) was added o0 a
solution of 3.4-di-(2'-vinyloxycthoxy)benzaldehyde (5.57 .
20 mmol) and mcthy] cyanoacctate (2.18 g. 22 mmol) in 140
mL of #-butanol with stirring at 0 °C under nitrogen, After
stirring for 4 h at 0 °C. the rcaction mixturc was cooled to
-10 ©C for crystallization. The product was filicred and
washed successively with cold n-butanol (60 mL). water (20
mL). and cold s-butanol (15 mL). The obtained pale vcllow
product was recrystallized from s-butanol to give 6.18 g
(86% vicld) of 2b, Mp=86-87°C. 'H NMR (CDCl;) & 3.92
(s. 3H. -CO:CHj;). 4.02-4.38 (m. 12H. 2 CH2=_ 2 -O-CH:-
CHz-0-). 6.48-6.60 (m. 2H. 2 =CH-0O-). 6.95-7.02 (d. 1H.
aromatic). 7.47-7.534 (m. IH. aromatic). 7.75-7.79 (m. |H.
aromatic). 8.11-8.16 (m. [H. aromatic). [R (KBr) 3113 (w.
=C-H). 2934, 2934, 2876 (m. C-H). 2222 (5. CN). 1720 (vs.
C=0). 1638 (s. C=C). 1391. 1519 (vs. C=C) e '. UV/Vis
(chloroform) Am=339 nm. =24330. Anal. Caled for
C1oHaNOy: C. 63.530: H. 5.89: N. 3.90. Found: C. 63.62: H.
3.84:N. 3.82.
2,5-Di-(2"-vinvloxycthoxy)benzylidenemalononitrile (3a).
Piperidine (0.13 g. 1.3 mumol) was added to a solution of 2.3-
di-(2"-vinvloxyvethoxy)benzaldehvde (9.74 g. 33 mmol) and
malononitrile (2.38 g. 39 nuuol) in 130 mL of n-butanol
with stirring at 0 °C under nitrogen. After stirring for 4 h at 0
°C. the reaction mixture was cooled to -10°C for crvstalliza-
tion. The product was filtered and washed successively with
cold m-butanol (80 mL). water (30 nL). and cold n-butanol
(20 mL). The obtained pale vellow product was recrvstal-
lized from r-butanol to give 9.37 g (82% vield) of 3a.
Mp=64-65 °C. '"H NMR (CDCl:) & 3.95-434 (m. [2H. 2
CH-=. 2 -O-CH>-CH~-O-). 647-6.38 (m. 2H. 2 =CH-O-).
6.92-6.98 (d. 1H. aromatic). 7.17-7.23 (m. LH. aromatic),
7.74 (s. 1H. aromatic). 8.28 (s. 1H. aromatic). IR (KBr) 3039
(w. =C-H). 2938. 2867 (m. C-H). 2222 (s. CN). 1623 (s,
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C=0). 15383 (5. C=C)cm . Anal. Caled for CgH sN-Oy: C.
06.25. H. 5.56: N. 8.538. Found: C. 66.36: H. 5.64: N. 8 48.

Methyl 2,5-di-(2"-vinyvloxyethoxy)benzylidenecyanoac-
ctate (3b). Piperidine (0.13 g. 1.5 mmol) was added to a
solution of 2.3-di-(2"-vinyloxycthoxy)benzaldchyde (8.35 g
30 mmol) and methyv1 ¢y anoacctate (3.27 g. 33 mmol) in 170
mL of #-butanol with stirring at 0 °C under nitrogen. Afier
stirring for 4 h at 0 °C. the rcaction mixturc was cooled to
-10 *C for crystallization. The product was filicred and
washed successively with cold #-butanol (80 mL). water (30
mL). and cold #-butanol (20 mL). The obtained pale yellow
product was reenvstallized from #-butanol 1o give 9.27 g
(86% vicld) of 3b. Mp=65-66 °C. 'H NMR (CDCl;) & 3.88
(s. 3H. -CO-CHs). 4.01-4.33 (m. 12H. 2 CH:=. 2 -O-CH--
CH:-0-). 6.46-6.58 (m. 2H. 2 =CH-0-). 6.93-6.98 (d. 1H.
aromatic). 7.12-7.18 (m. 1H. aromatic). 7.83 (s. 1H. aro-
matic). 8.73 (s. 1H. aromatic). IR (KBr) 3043 (w. =C-H).
2930, 2862 (m. C-H). 2220 (m. CN). 1733 (vs. C=0). 1625.
1617. 15394 (vs. C=C) cm . Anal. Caled (or CsH-)NO: C.
63.30: H. 3.89:N.3.90. Found: C. 63.6]1: H. 53.84: N.3.96.

2,3-Di-(2"-vinyloxycthoxy)benzylidenemalononitrile (4a).
Piperidine (0.13 g. 1.3 mmol) was added to a solution of 2.3-
di-(2'-vinvloxycthoxy)benzaldehyde (9.74 g. 35 mmol) and
malononilrile (2.38 g. 39 mmol) in 130 mL of »#-butanol
with stirring at 0 °C under nitrogen. Afier stirring for 4 hat 0
°C. the reaction mixture was cooled to -10°C lor crystalliza-
tion. The product was filicred and washed successively with
cold n-butanol (80 mL). walcr (30 mL). and cold #-butanol
(20 mL). The obtained pale yellow product was recrystal-
lized [rem s-butanol o give 8.00 g (70% yicld) of 4a.
Mp=61-62 °C. '"H NMR (CDCl3) § 3.87-4.42 (m. 12H. 2
CH:=. 2 -O-CH:-CH--0-). 6.44-6.37 (m. 2H. 2 =CH-0-).
7.13-7.21 (m. 2H. aromatic). 7.78-7.89 (m. 1H. aromaltic).
846 (s. 1H. aromatic). IR (KBr) 3038 (w. =C-H). 2937.
2881 (m. C-H). 2223 (s. CN). 1618 (vs. C=C). 15371 (s.
C=C) cm ', Anal. Calcd lor CsH)sN-Oy: C. 66.23: H. 3.56:
N. 8.38. Found: C. 66.36: H. 3.64: N. 8.48.

Mecthyl 2,3-di-(2'-vinyloxyethoxy)benzylidenecyanoac-
ctate (4b). Piperidine (0.13 g. 1.5 munol) was added to a
solution of 2.3-di-(2'-vinyloxyethoxy)benzaldehyvde (8.35 g.
30 mmol) and methyl cyanoacetate (3.27 g. 33 mmol) in 170
mL of #-butanol with stirring at 0 *C under nitrogen. After
stirring for 4 h at 0 °C. the reaction mixture was cooled to
-10 °C for crvstallization. The product was filtered and
washed successively with cold #-butanol (80 mL). water (30
mL). and cold #-butanol (20 mL). The obtained pale vellow
product was recrystallized from n-butanol to give 8.19 g
(77% vield) of 4b. Mp=52-34 *C. "H NMR (CDCl3) & 3.88
(s. 3H. -CO>CH3). 4.01-4.38 (m. 12H. 2 CH»=. 2 -O-CH--
CH:-0-). 6.47-6.37 (m. 2H. 2 =CH-0-). 7.10-7.19 (m. 2H.
aromatic). 7.89-7.97 (m. 1H. aromatic). 884 (s. 1H. aro-
matic). IR (KBr) 3041 (w. =C-H). 2934. 2872 (m. C-H).
2223 (m. CN). 1733 (vs. C=0). 1624. 1613. 1591 (vs. C=C)
cm'. Anal. Caled for C1sHNOg: C. 63.530; H. 5.89: N3 90.
Found: C. 63.61: H. 3.84: N. 3.96.

Cationic Polymerization of Monomers 1-4, A represen-
tative cationic polymerization procedure (the case of 1a) was

as follows: A solution of 1a (0.98 g. 3.0 mmol) in dichlo-
romcthane (4.0 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 cthanol-acctone bath kept at -60 <C by immer-
sion cooler under nitrogen. and 0.0034 mL (0.03 mmol) of
boron trifluoride ctheratc was added 1o the solution. Alter 2
h the ampule was taken out and the polymerization mixturc
was pourcd into 300 mL ol methanol and stirred. The precip-
itated polymer was collected and dricd under vacuum 1o give
0.96 g (98% vicld) of polvmer Fa. IR (KBr) 2962. 2940 (m.
C-H). 2223 (s. CN). 1617. 1565 (vs. C=C). 1498 (s. C=C)
cm!. Anal. Caled for (CsHjsN2Oy)y: C. 66.25: H. 5.56: N,
8.38. Found: C. 66.33: H. 3.65: N. 8.51. 5b: IR (KBr) 2946.
2882 (m. C-H). 2222 (m. CN). 1722 (s. C=0). 1612. 1572.
1360. 1510 (vs. C=C) ecm ', Anal. Caled lor (CoH:NOgy:
C. 63.30: H. 3.89: N. 3.90. Found: C. 63.61: H. 581: N.
3.83. 6a: IR (KBr) 2932, 2883 (m. C-H). 2224 (s. CN).
1383, 1363 (s. C=C). 1310 (vs. C=C) cm '. Anal. Calcd for
(C1sHsN-Oy): C. 66.25: H. 5.36: N 8.58. Found: C. 66.36:
H. 5.66: N. 8.64. 6b: IR (KBr) 2934, 2875 (m. C-H). 2222
(. CN). 1722 (vs. C=0). 1581 1512 (vs. C=C) cm '. Anal.
Caled for (CoHx NOg)y,: C. 63.50: H. 5.89: N. 3.90. Found:
C. 63.62: H. 5.84: N. 3.97. 7a: IR (KBr) 2924, 2863 (m. C-
H). 2218 (s. CN). 1582, (s. C=C). 1496 (vs. C=C) cm .
Anal. Caled for (CisHsN-Os)y: C. 66.25. H. 5.56: N. 8.38.
Found: C. 66.35: H. 5.63: N. 8.66. 7h: IR (KBr) 2935, 2808
(m. C-H). 2218 (m. CN). 1730 (vs. C=0). 1395 (5. C=C).
1498 (vs. C=C) em ', Anal. Calcd Tor (C1sH-NOy),: C.
63.50: H. 3.89: N. 3.90. Found: C. 63.60: H. 582: N. 3.96.
8a: IR (KBr) 2924. 2870 (m. C-H). 2224 (m. CN). 1572. (s.
C=C) cm ', Anal. Caled for (CigH;sN-Qy),: C. 66.25: H.
3.56: N. 8.58. Found: C. 66.35. H. 5.63: N. 8.66. 8b: IR
(KBr) 2934. 2872 (m. C-H). 2220 (w. CN). 1726 (x5, C=0).
1604 (m. C=C). 15372 (3s. C=C) em . Anal. Caled for
(C1oHNOy)y: C. 63.50: H. 5.89: N. 3.90. Found: C. 63.60:
H. 3.82: N. 3.96.

Results and Discussion

Synthesis of trifunctional monomers 1-4, 2.4-Di-(2'-
vinvloxyvethoxy )benzaldehvde, 3. 4-di«(2'-vinyloxyvethoxy)benz-
aldehyde, 2.5-di-(2'-vinyloxyvethoxy)benzaldehvde. and 2.3-
di-(2"-vinvloxyethoxy)benzaldehyde were prepared from 2-
iodoethyl vinyl ether and 2.4-dihvdroxybenaldehyvde. 3.4-
dihvdroxybenzaldehyvde. 2.3-dihvdroxybenaldehvde. and 2.3-
dihvdroxybenaldehvde. repectively, and were reacted with
malononitrile or methyl cvanoacetate to give trifunctional
monomers 2 3-di-(2’-vinvloxyvethoxy)benzy lidenemalononirile
(1a). methy1 2 4-di-(2'-vinyvloxyvethoxy)benzylidenecyanoac-
etate (1b). 3.4-di-(2-vinyloxyethoxy)benzylidenemalononi-
trile (2a). methyl 3 4-di-(2"-vinyloxyvethoxy)benzy lidenecvano-
acetate (2h). 2.53-di-(2-vinvloxyethoxy)benzy lidenemalono-
nitrile (3a). methyl 2.3-di-(2-vinvloxvethoxy)benzylidene-
cvanoacetate (3b). 2.3-di-(2-vinvloxvethoxy)benzylidene-
malononitrile (4a). and methyl 2.3-di-(2’-vinvloxvethoxy)
benzylidenecyanoacetate (4b). Compounds 1-4 were obtain-
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ed in high yield and were purified by recrystallization in #-
butanol for polymetization. The chemical structure of the
compounds was identificd by proton-NMR (Figure 1), IR
spectra, and elemental analysis. All the analytical data con-
firmed the expeeted chemical structure. Compounds 1-4
showed strong uv absorption bands near 360-370 nm by the
chromophore oxybenzylidenemalononitrile or oxyeyanocin-
namate in the side chain measured in chloroform.

Cationic Polymerization of Monomers 1-4. [somcric
divinyl cther compounds 1-4 were polymerized in solution
at -60 °C with boron trifluoride ctherate as cationic initiator
1o obtain the polymers 5-8. The polymerization results are
summarized in Table 1. Monomers 1-4 were quite reactive
toward cationic initiators and polymerized readily with high
yiclds. The chemical structures of the polymers were identi-
fied by [R spectra and elemental analyses. The [R spectra
confirmed the chemical structures, exhibiting all the absorp-
tion bands attributable to the [unctional groups comprising
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Figure 1. 'H NMR spectrum of 2.4-1)i-(2 “vinyloxyethoxy)benzy |-
idencmalononitrile (1a) taken in CDClL at room temperature,
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Table 1. Cationic polymerizations of 1-47 by BF; in ClH:Clhat -
60 °C

Monomer/Solvent Initator 0 Time  Yield

Monomer (mol/1 1.) Monomer (h) (:10]
(mol%)

la 1.00 0.6 1 95
la 0.75 1.0 2 98
Ib 1.00 0.6 1 97
Ib 0.75 0.8 2 98
2a 1.00 0.8 2 92
2a 0.75 1.0 2 94
2b 1.00 0.8 1 91
2b 0.75 1.0 1 92
3a 1.00 0.6 2 97
3a 0.75 0.8 2 99
3b 1.00 0.6 1 97
3b 0.75 0.8 1 98
4a 1.00 0.8 2 93
4a 0.75 1.0 2 95
4b 1.00 0.8 2 90
4b 0.75 1.0 2 93

“la — 2.4-Di- 2-vinyloxyethoxy bengylidenemalononitrile: 1h — Methyl
2,4-di-(2-vinyloxyethoxybenzylidenccyanoacctate: 2a = 3.4-1i-(2-vinyl-
oxycethoxylhenzylidenemalononitrile: 2b = Methyl 3.4-di-(2'-vinyl-
oxyethoxy thenzy lidenecyanoacetate: 3a — 2.5-Di-(2'-vinyloxyethoxy)
benzylidenemalononitrile: 3b — Methy] 2,5-di-(2'-vinyloxyethoxy dbenzyl-
idenceyanoacetate: 4a = 2 3-Di-(2-vinyloxyethoxy)benzylidenemalono-
nitrile; 4b = Methyl 2,3-di-(2'-viny loxycthoxy )benzylidenceyanoacetate.

the polymers. The two vinyl ether group participated in the
vinyl polymerization. and cationic polymerization of 1-4 led
only to optically trasparent swelling poly(vinyl ethers) 5-8
containing oxybenzylidenemalononitrile and oxycyanocin-
namate in the side chain, which is presumably etfective
chromophore for second-order nonlinear optical applica-
tions. The trisubstituted electron-poor terminal olefin did not
participate in the cationic viny! polymerization. Polymers 5-
8 were not soluble in any organic solvents due to cross-link-
ing. Thus, we have found a unique polymerization systermn
that leads to cross-linked poly(alkyl vinyl cthers) having
NLO-phore in the side chain by cationic initiators. These
polymerization systems can be applicd to the synthesis of
new crosslinked NLO polymers. Previously we have pre-
pared bifunctional vinyl cthers containing p-oxybenzyliden-
emalononitrile and p-oxycyanocinnamate and polymerized
them with cationic initiators to give poly(vinyl cthers).
Cationic polymerizabilities of trifunctional divinyl cther
compounds 1-4 arc higher than those of p-substituted
bifunctional vinyl cther compounds.

Properties of Polymers. The polymers 5-8 were not solu-
ble in common solvents such as methanol, ethanol, dicthyl
cther., benzene, toluene, acetone, methyl ethyl ketone, cyclo-
hexanone, dichloromethane. chlorolorm, DMF, and DMSO
duc to crosslinking. Polymers 5-8 isolated from methanol
were amorphous materials. The thermal behavior of the
polymers were investigated by thermogravimetric analysis
(TGA) and differential scanning calorimeter (DSC) to detet-
mine the thermal degradation pattern and glass transition
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Table 2. Thermal Properties of Polymer 5-8

Degradation temp. *C* Residuct at

Polymer 7. °C

S%-loss  20%-loss  40%-loss 00°C. %
52 - 329 389 497 13
- 332 367 415 43
6a - 300 343 385 23
6 - 299 342 364 20
Ta - 327 386 488 1.7
- 328 367 414 23
8a - 299 366 444 40
8 - 291 357 376 20

“Determined tfrom DSC curves measured on a DulPont 910 differential
scanning calorimeter with a heating rate of 10 ¢Cémin under nitrogen
atmosphere. *Determined from TGA curves measured on a DuPont 951
thermogravimetric analvzer with a heating rate of 10 °Cimin under
nitrogen atmosphere,

=20

100

80+

80+

Weight (%)

404

204

200 400 o 600 800
Temperature (" C)

Figure 2. TGA thermogram of cross-linked polymer Sa (10 °C/
min, Na),

temperature (7). The results are summarized in Table 2.
Polymers 5-8 showed a good thermal stability and did not
decompose below 300 °C as shown in Table 2. The polymers
show a double phase degradation pattern in theit TGA ther-
mograms (Figure 2). probably duc to cross-linking. Cross-
linked polymers 5-8 showed broad cndothermic bands
around 100-200 °C without any characteristic 7, peaks in
DSC thermograms.

Conclusions

We pepared cight isomeric divinyl cther compounds 1-4
having highly polarizable m-conjugated dipolar clectronic
system. The divinyl cther compounds were polymetized by
cationic initiator to obtain crosslinked poly(vinyl cthers) 5-8
confaining oxybenzylidenemalononitrile or oxycyanocin-
namate, which was potential elfective NLO-chromophore
for second-order nonlincar optical applications in the side
chain. Monomers 1-4 were quite reactive toward cationic
initiators and polymerized readily in high yiclds within 3 h.
Cationic polymerizabilities of trifunctional divinyl ether
compounds were higher than those of p-disubstituted bifunc-
tional dcrivatives. Polymers 5-8 were not soluble in any

Ju-Yeon Lee et af.

organic selvents due to cross-linking. The polymers showed
a thermal stability up to 300 °C in TGA thermograms, which
is acceptable for electrooptic device applications. We are
now in the process of extending the polymerization svstem
to the synthesis of other type of crosslinked NLO polymers,
and the results will be reported at a later date.
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