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ABSTRACT : p-(2-Vinyloxyethoxy)-N-(4-nitrostilbenzylidene)aniline 5 was prepared by a reaction
between 2-idoethyl vinyl ether and p-hydroxy-N-(4-nitrostilbenzylidene)aniline 4. Monomer 5 was
polymerized with a cationic initiator to obtain a polymer with proxy-N-{4-nitrostilbenzylidene Jan-
iline, which is presumably an effective chromophore for second-order nonlinear optical applications
in the side chains. The resulting polymer & was soluble in DMSO and DMF. The inherent viscosities
of polymers were in the range of 0.20-0.30 dL/g in DMSO. Solution-cast films were cloudy and brit-
tle, which could be due to the rather low molecular weight and the presence of high dipole density of

the side chain.

Introduction

Functional materials of nonlinear optical (NLO)
properties based on organic compounds have long
been the subject of curiosity and are currently re-
ceiving considerable interest because of their po-
tential applications in the field of telecom-
munications, optical signal processing, optical
switching, etc.”” It is well known that organic and
polymeric materials with highly dipolar electronic
systems exhibit NLO properties. The organic ma-
terials appear to be superior because of their high-
er nonlinear optical activity and faster response
time than that of the inorganic ones. Among the or-
ganic systems, the NLO polymers are receiving
great attention, mainly because they offer many ad-
vantages such as mechanical
weight, chemical resistance and good processability
to form optical devices.” A potential NLO pely-
mer must contain a highly polarizable m-electronic
systems and these polymers have tc be mechan-
ically very strong. There are tremendous chal-
lenges in designing and the synthesis of pelymers
of large NLO effects. Various polymers with the
NLO-phores in the side chain such as poly(meth)

endurance, light

acrylates”™ and polystyrene” were reported. Poly-
esters,” * polyurethanes,” polyamides,”* and poly
(phenyleneethynylencs)®  containing the chro-
mophore in the main chain were also prepared.
Campbell etc.” prepared poly(ethyl vinyl ether)
partly grafted with azo dyes by the reaction of
poly(2-chloroethyl viny! ether) with 4'-amino-4-ni-
troazobenzene. Recently we have prepared poly
(ethyl vinyl ethers) containing the NLO-phores,
such as p-oxybenzylidenemalononitrile, methyl p-
oxybenzylidenecyanocacetate,®
stilbene,”  3',5'-dimethoxy-4'-0xy-2,4-dinitro-
stilbene, and poxy-N-{4-nitrobenzylidene )aniline®
in the side chain by cationic polymerization of the
corresponding monomers, However, examples of
NLO-polymers with the chromophoric side chain
composed of three conmjugated phenyl groups are
seldom found in the literature. Thus, it is of in-
terest to prepare poly(alkyl vinyl ethers) con-
taining p-oxy-N-(4-nitrostilbenzylidene)aniline,
which is presumably an effective chromophore for
second-order nonlincar optical applicaticns in the
side chain. The present report describes the syn-
thesis and polymerization of p-(2-
vinyloxyethoxy }-N- (4-nitrostilbenzylidene)aniline

4'-oxy-4-nitro-

cationic
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5. We now report the results of the initial phase of
the work.

Experimental

Materials. 2-Chloroethyl vinyl ether, p-tolu-
aldehyde, 4-nitrophenylacetic acid, 4-amino-
phenol (Aldrich) were used as received. Carbon
tetrachloride was refluxed with phosphorus pen-
toxide under nitrogen and then distilled. Sodium
iodide was dried for 4 h at 100 °C under vacuum.
Acetone was purified by drying with anhydrous
potassium carbonate, followed by distillation under
nitrogen. Dimethyl sulfoxide (DMSQO) was dried
over 4 A molecular sieves for several days and dis-
tiled under vacuum. N,N-Dimethylformamide
{DMF} was purified by drying with anhydrous cal~
cium sulfate, followed by distillation under reduced
pressure, Dichloromethane washed with con-
centrated sulfuric acid and then with water, dried
with anhydrous calcium chloride, refluxed with cal-
cium hydride, and distilled under nitrogen before
use. Toluene was washed with cold concentrated
sulfuric acid and then with water, aqueous 5% so-
dium bicarbonate, again with water, dried with
anhydrous calcium sulfate, refluxed with phos-
phorus pentoxide and then distilled. Boron tri-
flucride etherate was treated with a small amount
of diethyl ether and distilled under reduced pres-
sure.

Measurements. IR spectra were taken on a Hi-
tachi Model 260-30 infrared spectrophotometer. 'H
NMR spectra were obtained on a Varian EM 360L
NMR spectrometer {60 MHz). UV-VIS spectra
were obtained on a Kontron UVikon 860 spec-
trophotometer. Elemental analyses were per-
formed using a Perkin-Elmer 2400 CHN elemental
analyzer. The glass transition temperatures (7))
were measured on 2 DuPont 910 differential scan-
ning calorimeter in nitrogen atmosphere. DuPont
951 thermogravimetric analyzer was used at a heat-
ing rate of 10°C/min up to 700 °C for the thermal
degradation study of polymers under nitrogen.
Melting points were measured in Buchi 530 melt-
ing point apparatus and were corrected. Viscosity
values were obtained by using a Cannon-Fenske
viscometer,

Preparation of 2-Iodoethyl Vinyl Ether.
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Anhydrous sodium iodide (45.0 g, 0.30 mol) was dis-
solved in 320 mL of dry acetone contained in a 500
mL round-bottom flask fitted with a reflux con-
denser protected by a calcium chloride tube, and
heated on a heating mantle for 1 h with stirring. 2-
Chloroethyl vinyl ether {25.0g, 0.23 mol) was add-
ed to the mixture, and refluxed for an additional 25
h by stirring. The resulting solution was cooled to
room temperature, filtered and washed with 55
mL of acetone. The filtrate was concentrated by
distillation of about 260 mL of the solvent and the
residue was poured into 260 mL of water con-
tained in a separate funnel, which was shaken. The
lower layer was washed successively with 56 mL
of 10% sodium bisulfite solution, 55 mL of 5% so-
dium bicarbonate, and 30 mL of water. It was dri-
ed with anhydrous magnesium sulfate (1.8'g) and
fractionated under reduced pressure to give 32.8 g
(72% vield) of the product. Bp:50-52°C (20
mmHg). '"H NMR (CDCL) & 6.22-6.57 (g, =CH-0-),
3.50-4.37 (m, CH.= and -O-CH»-), 2.82-347 (4,
-CH,'I). IR (neat): 3105, 3034, 2960, 2922, 2845
{m, C-H}, 1635, 1612 {vs, C=C) cm™.

Preparation of 4'-Methyl-4-nitrostilbene (1).
Compound 1 was prepared by a known method®
from p-tolualdehyde and 4-nitrophenylacetic acid,
and recrystallized from ethanol. Mp:130-140°C.
'H NMR (acetone-ds} & 2.33 (s, benzylic 3H), 7.04-
7.95 (m, aromatic 8H), 8.05-8.35 (d, aromatic 2H).
IR (neat) 3075, 3015 {w, =C-H), 1626, 1592, (s, C=
(), 1512, 1347 (vs, N=0} cm™'. Anal. Caled for Cis
HiNO: C, 75.30; H, 5.47; N, 5.86. Found: C, 75.42;
H, 5.51: N, 5.90.

Preparation of 4'-Bromomethyl-4-nitro-
stilbene (2). 4'-Methyl-4-nitrostilbene (13.6g,
0.057 mol), N-bromosuccinimide (10.7 g. 0.060 mol),
and benzoyl peroxide (0.14 g} were dissolved in 90
mL of CCL under nitrogen atmosphere. The mix-
ture was refluxed at 85°C with vigorous stirring
for 12 h under nitrogen. The resulting solution was
cooled to room temperature, filtered with suction
and rinsed with 30 mL of CCl. The yeliow solid on
the filter was washed thoroughly with water to re-
move succinitnide. The product was recrystallized
from ethanol and yielded 14.1g (78% yield) of
pure product 2, Mp : 127-128 °C. 'H NMR (acetone-
de) & 2.33 (5, benzylic 3H), 7.04-7.95 {m, aromatic
8H), 8.05-8.35 (d, aromatic 2H}. IR (neat} 3020 {w,
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=(C-H), 1628, 1586 (s, C=C), 1508, 1328 (vs, N=0)
cm™'. Anal. Caled for Ci:H,BrNG:: C, 56.63; H, 3.80;
N, 4.40. Found: C, 56.56; H, 3.76; N, 4.45.

Preparation of 4'-Nitro-4-stilbenecarboxalde-
hyde (3). A mixture of 11.5g (0.036 mol) of 4'-
bromomethyl-4-nitrostilbene and 10.5 g (0.054 mol)
of potassium chromate in 55 mL of DMSQ was re-
fluxed with vigorous stirring at 115°C for 2 h un-
der nitrogen. Extraction was performed on the
resulting black solution three times with 250 mL
of diethyl ether. The organic layer was con-
centrated by distillation of the solvent. The re-
sidue was precipitated into 300 mL of water con-
tained in a round bottomed flask, which was stirr-
ed. The yellow precipitated product was filtered
with suction and washed successively twice with
160 ml. of water and 100 mL of »n-hexane. Thus ob-
tained product was recrystallized from ethanol and
yielded 7.3g {(80% yield) of pure product 3. Mp:
199-200 °C (dec). 'H NMR (acetone-ds) 8 9.99 (s,
-CHO), 7.18-8.37 (m. aromatic 10H). IR (neat)
1687 {vs, C=0), 1598, 1565 {vs, C=C}, 1505, 1334
{vs, N=0) em™. UV/Vis {chloroform) %...=354 nm,
€=23630. Anal. Caled for C.HuNO: C, 71.14; H, 4.
38: N, 5.53. Found: C, 71.21; H, 4.36; N, 5.56.

Preparation of p-Hydroxy-N-(4-nitrostilben-
zylidene)aniline (4). Compound 4 was prepared by
a known method"” from 4'-nitro-4-stilbenecarboxal-
dehyde and 4-aminophenol in absolute ethanol, and
recrystallized from acetone. Yield=90%; mp: 215-
216 °C (dec). 'H NMR (DMSO-ds) & 6.77-7.46 {m,
aromatic 4H), 7.66 (s, aromatic 1H), 7.76-8.19 (m,
aromatic 6H), 8.22-8.52 (d, aromatic 2H), 8.75 (s,
-N=CH-}, 9.48 (s, -OH); IR (KBr) 3420 (s, O-H),
1614, 1578 (C=C), 1498, 1338 (vs, N=0) cm™. UV/
Vis {chloroform} A..=356 nm, €=26300. Anal.
Caled for CaHsNOx C, 73.24; H, 4.68 N, 8.13.
Found: C, 73.28; H, 4.64; N, 8.16.

Preparation of p-(2-Vinyloxyethoxy)-N-(4-
nitrostilbenzylidene)aniline (5). p-Hydroxy-N-(4-
nitrostilbenzylidene)aniline (4,13 g, 0.012 mol),
anhydrous potassium carbonate (4.98 g, 0.036 mol),
and 2-iodoethyl vinyl ether (3.56g, 0.018 mol)
were dissolved in 30 mL of dry DMF under ni-
trogen. The mixture was heated in an oil bath kept
at 80 °C for 10 h under nitrogen. The resulting solu-
tion was cooled to room temperature, diluted with
150 mL of water, stirred and filtered with suction.
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The obtained product was washed successively
with 150 mL of water and 100 mL of cold ethanol.
Thus obtained product was recrystallized from
acetone and yielded 4.37 g (88% yield} of pure pro-
duct 5. Mp: 173-175°C. 'H NMR (DMSO-d:) 8 3.78-
4.38 (m, 6H, CH.=, and -O-CH.-CH,-Q-), 6.14-6.61
{m, 1H, =CH-O-), 6.62-8.31 (m, 15H, aromatic};
IR (KBr) 3040, 3015 (w, =C-H), 2910, 2850 (m, C-
H), 1645, 1613, 1591 (s, C=C), 1504, 1334 {vs, N=
Q) cm™ UV/Vis (chloroform) A..=355 nm, é=
16416. Anal. Caled for CosHoN204 C, 72.45; H, 5.35;
N, 6.76. Found: C, 72.54} H, 5.28 N, 6.72.

Cationic Polymerization of 5. A represen-
tative cationic polymerization procedure was as fol-
lows! A solution of 5 (0.83g, 20 mmol) in di-
chloromethane (3.0 mL} was placed in a rubber
septum stopper capped glass ampule under ni-
trogen. The resulting solution was flushed with ni-
trogen for 20 min. The ampule was then placed in
an ethanol-acetone bath kept at -30°C under m-
trogen and 0.0034 mL (0,030 mmol) of boron tri-
fluoride etherate was added to the sclution. In 10
h the ampule was taken cut and the polymer-
1zation muxture was poured into 500 mlL of
methanol. The precipitated polymer was collected
and reprecipitated from DMSO into methanol to
give 0.60 g (72% yield) of polymer 6 Mw=0.25 dL/
g (e, 0.05g/dL in DMSO at 30C). 'H NMR
(DMSO-ds) 8 2,66-4.45 (m, -CH.-, -CH-O-CH,-CH,-
0-), 6.40-8.46 (m, aromatic 15H}); IR (KBr} 2910,
2860 {m, C-H), 1613, 1588 (s, C=C), 1503, 1334
(vs, N=0) em . UV/Vis (chloroform) A...=354 nm.
Anal. Caled for (CxHaN:0.).: C, 72.45; H, 5.35; N,
6.76. Found: C, 72.58; H, 5.44; N, 6.65.

Results and Discussion

Synthesis of Monomer 5. 4 -Methyl-4-ni-
trostilbene 1 was synthesized by the condensation
of 4-nitrophenylacetic acid with p-tolualdehyde ac-
cording to a literature procedure,” and re-
crystallized from ethancl. Bromination of com-
pound 1 by N-bromosuccinimide (NBS) vielded 4'-
bromomethyl-d-nitrostilbene 2. 4'-Nitro-4-stil-
benecarboxaldehyde 3 was synthesized, according
to a known method,® by oxidation of bhenzyl bro-
mide 2. p-Hydroxy-N-{(4-nitrostilbenzylidene)an-
iline 4 was prepared by the reaction of 4'-nitro-4-
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stilbenecarboxaldehyde 3 with p-aminophenol. 2-
lodoethyl vinyl ether was prepared by the well
known halogen exchange reaction® from 2-
chloroethyl vinyl ether and scdium iodide, and
reacted with p-hydroxy-N-(4-nitrostilbenzylidene)
aniline 4 to yield p-{2-vinyloxyethoxy)-N-{4-
nitrestilbenzylidene)aniline 5.° The chemical struc-
tures of the compounds were confirmed by W
NMR (Figure 1a), IR (Figure 2a), UV-Vis (Figure
3a) spectrum, and elemental analysis. The 'H
NMR spectrum of monomer 5 shows vinyl proton
at A = 6.14-6.61 (m, =CH-O-). The same mono-
mer sample showed strong absorption bands at 15691
and 1338 cm'' indicating the presence of olefinic
and nitro groups, respectively. Compound 5 show-
ed strong uv absorption band near 355 nm by the
chromophores p-oxy-N-{4-nitrostilbenzylidene)an-
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Figure 1. 'H NMR spectra of p-{2-vinyloxyethoxy)-N-(4-
nitrostilbenzylidene)aniline 5 (a) and polymer 6 (b} taken
in DMSO-d; at room temperature.

VT

(b)

1 1 L i A L L e e [} ' | i L J 1. 1.
I/BOOG 3000 2000 1B 1300 000 70O
WEVENUMBER lem™)

Figure 2. IR spectra of monomer 5 (a} and polymer 6 (b).

iline in the side chain measured in chlorotorm.

Cationic Polymerization of Monomer 5. p-(2-
Vinyloxyethoxy)-N-{4-nitrostilbenzylidene)aniline 5
was polymerized in solution at -30°C with boron
trifluoride etherate as cationic initiator to obtain
the polymer 6 (Scheme [). The polymerization
results are summarized in Table . Monomer 5 was
quite reactive toward cationic initiator and poly-
merized readily at low temperature, The chemical
structure of the polymers was confirmed by 'H
NMR (Figure 1b}, IR (Figure 2b), UV-Vis spec-
trum (Figure 3b) and elemental analyses. The IR
spectrum confirmed the chemical structures, ex-
hibiting all the absorption bands attributable to the
functional groups comprising the polymer. The poly-
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mer 6 showed strong absorption bands at 1588 and
1334 cm™ in its IR spectrum indicating the pres-
ence of olefinic and nitro groups, respectively. The

ata
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Figure 3. UV-Vis spectra of monomer 5 (a) and polymer 6 (b},

same polymer sample showed strong uv absorption
bands near 354 nm by the chromophore p-oxy-N-(4-
nitrostilbenzylidene)armline i the side chain, as in
the monomer 5. Spectral data indicated that the in-
ternal double bonds in stilbene and imine moiety
did not participate in the vinyl polymerization. The
imine group was quite stable under the poly-
merization reaction conditions and was not hy-
drolyzed during the polymerization. In most cases,
conversions were quite high, but the molecular
weights were rather low and this was indicated by
the inherent viscosities. The polymer 6 was slightly
soluble in DMF and DMS0, hut was not scluble in
methanol and diethyl ether. The inherent viscos-
ities of polymers were in the range of 0.20-0.30 dL/
g. indicating moderate molecular weights.

The thermal behavior of the polymers were in-
vestigated by thermogravimetric analysis (TGA)
and differential scanning calorimetry (IJSC) to de-
termine the thermal degradation pattern and the
glass transition temperature {7,). The results are
summarized in Table II. TGA thermogram (Figure
4a) showed double phase degradation patterns,
probably due to the presence of two internal dou-
ble bends in the pendant group. The polymers did
not show any characteristic T, peak in their DSC
thermograms. Solution-cast films were cloudy and
brittle, which could be due to the rather low molec-
ular weight and/or the presence of high dipole den-
sity in the side chain.

In summary, we prepared clean poly{ethyl vinyl
ether} 6 containing the NLO phore p-oxv-N-(4-
nitrostilbenzylidene)aniline in the side chain by the
cationic polymerization of the corresponding vinyl

Table 1. Cationic Polymerization of 5° Under Various Conditions

monomer solvent monomer/solvent initiator” to temp. time yield Mot
{mol/1 L) monomer (T (h) {85} {dL/g}
(mol-56}
5 CH,Cl, 0.67 15 -30 1) 72 0.25
5 CH,Cl; 0.80 2.0 —30 20 82 0.28
5 CsH:CH, 0.67 L5 —60 20 74 0.22
b CH:CH, 0.80 2.0 —60 20 80 0.23

? 5=pr (2-Vinyloxyethoxy)-N-(4-nitrostilbenzylidene Janiline.
* Initiator: Boron trifluoride etherate.

“ Inherent viscosily of polymer: Concentration of 0.05 g/dL in DMS0 at 30 °C.
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Table II. Thermal Properiies of Polymers &

polymer 7,", ‘C  degradation temp. in “C* residue’ at
10%-Toss 20%-loss 40%-loss 100 Cr %
6 - 290 408 557 6.1

Determined from DSC curves measured on a DuPont 910
differential 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.

wr]

LT

750 08 B0D a00
emporature {°CH 160 RL DS 0Nt 3904

Figure 4. TGA thermogram of polymer 6 (10 °C/min, N;}.

monomer 5. The resulting substituted poly(ethyl
vinyl ether) 6 was soluble in DMF and DMS0, but
was not soluble in methanol and diethy! ether. Co-
polymerization with other monomers to increase
the 7, values and measurements of NLO activity
are in progress, and the results will be reported
later.
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