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ABSTRACT: The Wittig reactions of 2,5-bis(dodecyloxy)-p-xylylenebis(triphenylphosphonium bromide) 
(6c) with thiophene-2,5-dicarbaldehyde (la), selenophene-2,5-dicarbaldehyde (lb), tellurophene-2,5- 
dicarbaldehyde (IC), and benzo[c]thiophene-1,3-dicarbaldehyde Cld) were carried out to obtain poly(2,5- 
thiophenediylvinylene- (7ac), 2,5-~elenophenediylvinylene- (7bc), 2,5-tellurophenediylvinylene- (~cc), and 
1,3-benzo[c]thiophenediylvinylene-aZt-2,5-bis(dodecyloxy)-1,4-phenylenevinylene)s (7dc), respectively. 
These polymers were characterized by 'H NMR, IR, W-vis, and elemental analysis. Their voltammetric 
and optical third-harmonic generation (THG) measurements were carried out. 

Introduction 

Poly(aryleneviny1ene)s are considered to be promising 
candidates for electrical andor optical materials. Most 
of these polymers are neither fusible nor soluble in 
common solvents, making it difficult to process them 
into shaped articles. Several attempts have been made 
to prepare poly(aryleneviny1ene) films, including poly- 
(1,4-~henylene-,l-~ 2,6-di~ubstituted-l,4-phenylene-,~-~ 
1,4-na~hthalene-,~ 2,5-thien~lene-,~-l~ 2,5-f~rylene- ,~~J~ 
2,5-se1enophenediyl-,l3 4,7-benzo[bl thiophenediyl-,14 and 
4,7-benzo[blfurandiylvinylene)s. l4 They were prepared 
successfully by the so-called sulfonium salt method. 
(Arylenedimethylene)bis(dialkylsulfonium halide) was 
reacted with base in aqueous solution to give a soluble 
precursor polymer. It was cast into film and converted 
to poly(aryleneviny1ene) by a thermal elimination reac- 
tion. 

We were interested in a more general approach to 
prepare poly(aryleneviny1ene)s bearirlg various arylene 
units. Our idea was to  use the Wittig reaction of 2,5- 
bis(alky1oxy)-pxylylenebis(tripheny1phosphonium bro- 
mide) with heterocyclic dialdehyde compounds. This 
work describes the Wittig reactions between 2,5-bis- 
(dodecy1oxy)-pxylylenebis(tripheny1phosphonium bro- 
mide) (642) and four heterocyclic dialdehyde compounds 
1 (Scheme 1). 

Experimental Section 
General Procedures. 'H NMR spectra were measured 

with a JEOL EX-270 (270 MHz) nuclear magnetic resonance 
spectrometer using tetramethylsilane as an internal standard. 
IR spectra were measured with a Jasco IR-700 infrared 
spectrophotometer. UV-visible spectra were measured with 
a Jasco WIDEC-403B spectrophotometer. Melting points 
were measured with a Biichi 510 capillary melting point 
apparatus. Gel permeation chromatography (GPC) was car- 
ried out with a set of Tosoh TSK-gel G3000H and G2500H 
using tetrahydrofuran (THF) and standard polystyrenes as 
eluent and references, respectively. Elemental analysis was 
performed on Yanaco MT-2 CHN CORDER. Voltammetric 
measurement was carried out in dichloromethane containing 
tetrabutylammonium perchlorate (0.1 moVL) at room temper- 
ature. AgIAgC1, glassy carbon, and platinum wire were used 
as the reference, working, and third electrodes, respectively. 
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Scheme 1 

Thiophene-2,5-dicarbaldehyde (la). Compound la was 
prepared from thiophene according to the method of Fringa 
et al.:15 yield, 68%; mp 108-111 "C (lit.15 mp 109-112 "C). 
Selenophene-2,5-dicarbaldehyde (lb). To the mixture 

of selenophene16 (7.2 g, 52 mmol), N,N,","-tetramethyleth- 
ylenediamine (TMEDA) (14.0 g, 120 mmol), and 30 mL of 
hexane was added 83 mL of 1.6 M butyllithium in hexane 
dropwise below 40 "C, and the reaction mixture was heated 
under reflux for 30 min. I t  was cooled to -40 "C, and N,N- 
dimethylformamide (DMF) (11.3 g, 155 mmol) was added via 
an air-tight syringe. The reaction mixture was allowed to 
warm to  room temperature and poured into 300 mL of 10% 
hydrochloric acid solution. The mixture was neutralized with 
saturated sodium bicarbonate solution to separate the organic 
layer. The aqueous layer was extracted with chloroform, and 
the combined organic layer was dried over anhydrous mag- 
nesium sulfate and placed under reduced pressure to remove 
the solvents. The residue was recrystallized from a mixture 
of benzene and hexane to give 5.3 g (51%) of lb as orange 
needles: mp 83.5-84.0 "C (lit.17 mp 83 "C). 
Tellurophene-2,S-dicarbaldehyde (IC). The synthesis 

procedure for IC was almost identical with the procedure for 
compound lb. To the mixture of tellurophene18 (13.5 g, 75 
mmol), TMEDA (20.0 g, 172 mmol), and 30 mL of hexane was 
added 100 mL of 1.6 M butyllithium in hexane dropwise below 
40 "C, and the reaction mixture was heated under reflux for 
30 min. I t  was cooled to -40 "C, and DMF (12.4 g, 170 mmol) 
was added via an air-tight syringe. The final product was 
recrystallized from a mixture of benzene and hexane to give 
7.7 g (43%) of IC as orange needles: mp 86-87 "C; 'H NMR 
(CDC13) 6 9.84 ( s ,  2H), 8.65 ( s ,  2H); IR (KBr, cm-') YC-o 1608. 
Anal. Calcd for CeHdOzTe: C, 30.58; H, 1.71. Found: C, 30.67; 
H, 1.64. 
Benzo[c]thiophene-l,3-dicarbaldehyde (Id). The syn- 

thesis procedure for Id was almost identical with the proce- 
dure for compound lb. To the mixture of freshly prepared 
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benzo[~]thiophene'~ (2.1 g, 15 mmol), TMEDA (4.2 g, 36 mmol), 
and 20 mL of hexane was added 22 mL of 1.6 M butyllithium 
in hexane dropwise below 40 "C, and the reaction mixture was 
heated under reflux for 30 min. It was cooled to -40 "C, and 
DMF (3.0 g, 42 mmol) was added via an air-tight syringe. The 
final product was recrystallized from hexane to give 2.3 g (78%) 
of Id as yellow needles: mp 157-158 "C; lH NMR (CDC13) 6 
10.40 (s, 2H), 8.4-8.3 (m, 2H), 7.6-7.5 (m, 2H); IR (KBr, ern-') 
VC-0 1607. Anal. Calcd for CIOH~OZS: C, 63.14; H, 3.18. 
Found: C, 63.00; H, 3.15. 
Diethyl 2,5-Bis(alkyloxy)terephthalate (3). The mix- 

ture of diethyl 2,5-dihydro~yterephthalate~~ (2) (2.0 g, 8.0 
mmol), potassium carbonate (5.5 g, 40 mmol), 100 mL of DMF, 
and 1-bromohexane (3.0 g, 18 mmol), 1-bromooctane (3.5 g, 
18 mmol), or 1-bromododecane (4.5 g, 18 mmol) was stirred 
for 5 h at 80 "C. It was poured into water and extracted with 
ethyl acetate. The organic layer was dried over anhydrous 
magnesium sulfate and placed under reduced pressure. The 
residue was recrystallized from ethanol to  give diethyl 2,5- 
bis(hexy1oxy)terephthalate (3a), diethyl 2,5-bis(octyloxy)- 
terephthalate (3b), or diethyl 2,5-bis(dodecyloxy)terephthalate 
(3c). 
3a: yellow needles; yield, 83%; mp 33-34 "C; 'H NMR 

(CDC13) 6 7.34 (s, 2H), 4.37 (9, J = 7.2 Hz, 4H), 4.00 (t, J = 
6.6 Hz, 4H), 1.9-1.3 (m, 22H), 0.90 (t, J = 6.6 Hz, 6H); IR 
(KBr, cm-l) vc-0 1697. Anal. Calcd for C24H3806: C, 68.22; 
H, 9.06. Found: C, 68.42; H, 9.15. 
3b: yellow needles; yield, 89%; mp 38-40 "C; lH NMR 

(CDC13) 6 7.33 (s, 2H), 4.37 (9, J = 7.2 Hz, 4H), 4.00 (t, J 1 

6.6 Hz, 4H), 1.9-1.3 (m, 30H), 0.88 (t, J = 6.6 Hz, 6H); IR 
(KBr, cm-') vc-0 1698. Anal. Calcd for C28H4606: C, 70.26; 
H, 9.69. Found: C, 70.18; H, 9.60. 
3c: white needles; yield, 55%; mp 58-59 "C; lH NMR 

(CDC13) 6 7.34 (s, 2H), 4.37 (9, J = 7.2 Hz, 4H), 4.00 (t, J = 
6.6 Hz, 4H), 1.9-1.3 (m, 46H), 0.88 (t, J = 6.6 Hz, 6H); IR 
(KBr, cm-l) vc-0 1659. Anal. Calcd for C36H6206: C, 73.18; 
H, 10.58. Found: C, 73.32; H, 10.49. 
2,5-Bis(alkyloxy)-p-xylylene Alcohol (4). Into a suspen- 

sion of lithium aluminum hydride (0.47 g, 12 mmol) in 10 mL 
of ether was added 3a (2.5 g, 6.0 mmol), 3b (2.9 g, 6.0 mmol), 
or 3c (3.5 g, 6.0 mmol) in 60 mL of ether dropwise and heated 
under reflux for 30 min. The reaction mixture was cooled to 
0 "C and water was added slowly. The mixture was repeatedly 
extracted with ether, and the extract was dried over anhydrous 
magnesium sulfate and placed under reduced pressure to give 
2,5-bis(hexyloxy)- (4a), 2,5-bis(octyloxy)- (4b), or 2,5-bis(dodec- 
y1oxy)-p-xylylene alcohol (4~). 
4a: white needles; yield, 90%; mp 97 "C; 'H NMR (CDC13) 

6 6.84 (s, 2H), 4.67 (s, 4H), 3.98 (t, J = 6.6 Hz, 4H), 1.9-1.3 
(m, 16H), 0.90 (t, J = 6.6 Hz, 6H); IR (KBr, cm-'1 VOH 3260. 
Anal. Calcd for C20H3404: C, 70.97; H, 10.12. Found: C, 
71.06; H, 10.27. 
4b: white needles; yield, 86%; mp 99-100 "C; lH NMR 

(CDC13) 6 6.84 (s, 2H), 4.67 (s, 4H), 3.98 (t, J = 6.6 Hz, 4H), 
1.9-1.3 (m, 24H), 0.89 (t, J =  6.6 Hz, 6H); IR (KBr, cm-'1 VOH 

3258. Anal. Calcd for C24H4204: C, 73.05; H, 10.73. Found: 

4c: white needles; yield, 94%; mp 109-110 "C; 'H NMR 
(CDC13) 6 6.84 (s, 2H), 4.67 (d, J = 8.4 Hz, 4H), 3.98 (t, J = 
6.6 Hz, 4H), 1.9-1.3 (m, 40H), 0.88 (t, J = 6.6 Hz, 6H); IR 
(KBr, cm-') VOH 3320. Anal. Calcd for C32H5804: C 75.84; H, 
11.53. Found: C, 75.77; H, 11.45. 
2,5-Bis(alkyloxy)-p-xylylene Bromide (5). Into a sus- 

pension of 4a (1.7 g, 5.0 mmol), 4b (2.0 g, 5.0 mmol), or 4c 
(2.5 g, 5.0 mmol) in 200 mL of benzene was added phosphorus 
tribromide (0.95 g, 3.5 mmol) in 10 mL of benzene and stirred 
for 5 h. The reaction mixture was washed with water, dried 
over magnesium sulfate, and placed under reduced pressure 
to remove the solvent. The residue was recrystallized from 
hexane to give 2,5-bis(hexyloxy)- (5a), 2,5-bis(octyloxy)- (5b), 
or 2,5-bis(dodecyloxy)-p-xylylene bromide (5~). 
5a: white needles; yield, 88%; mp 88-86 "C; 'H NMR 

(CDC13) 6 6.85 (s, 2H), 4.53 (s, 4H), 3.98 (t, J = 6.6 Hz, 4H), 
1.9-1.3 (m, 24H), 0.88 (t, J = 6.6 Hz, 6H). Anal. Calcd for 
C20H32Br202: C, 51.74; H, 6.95. Found: C, 51.78; H, 7.02. 

c, 73.23; H, 10.81. 

Scheme 2 

2 3 

R , O  
5 

5b: white needles; yield, 76%; mp 85-89 "C; lH NMR 
(CDC13) 6 6.85 (s, 2H), 4.53 (s, 4H), 3.98 (t, J = 6.6 Hz, 4H), 
1.9-1.3 (m, 16H), 0.91 (t, J = 6.6 Hz, 6H). Anal. Calcd for 
C24H40Br202: C, 55.39; H, 7.75. Found: C, 55.53; H, 7.85. 
5c: white needles; yield, 92%; mp 93-94 "C; 'H NMR 

(CDC13) 6 6.85 (s, 2H), 4.53 (s, 4H), 3.98 (t, J = 6.6 Hz, 4H), 
1.9-1.3 (m, 40H), 0.88 (t, J = 6.6 Hz, 6H). Anal. Calcd for 

2,5-Bis(alkyloxy)-p-xylylenebis(triphenylphosphoni- 
u m  bromide) (6). A mixture of triphenylphosphine (2.4 g, 
9.2 mmol), 70 mL of ethanol, and 5a (1.9 g, 4.0 mmol), 5b (2.1 
g, 4.0 mmol), or 5c (2.5 g, 4.0 mmol) was stirred at room 
temperature for 15 h. It was placed under reduced pressure 
to remove the solvent, and the residue was recrystallized from 
benzene to give 2,5-bis(hexyloxy)- (6a), 2,5-bis(octyloxy)- (6b), 
or 2,5-bis(dodecyloxy)-p-xylylenebis(triphenylphosphonium bro- 
mide) (6c). 
6a: white plates; yield, 86%; 'H NMR (DMSO-&) 6 7.9- 

7.6 (m, 30H), 6.50 (s, 2H), 4.87 (d, J = 13.9 Hz, 4H), 2.97 (t, J 
= 6.6 Hz, 4H), 1.3-1.0 (m, XH), 0.84 (t, J =  6.6 Hz, 6H). Anal. 
Calcd for Cz4H38BrzOzPz: C, 68.02; H, 6.32. Found: C, 68.23; 
H, 6.25. 
6b: white plates; yield, 78%; 'H NMR (DMSO-&) 6 7.9- 

7.6 (m, 30H), 6.52 (s, 2H), 4.88 (d, J = 13.9 Hz, 4H), 3.00 (t, J 
= 6.6 Hz, 4H), 1.3-1.0 (m, 24H), 0.88 (t, J =  6.6 Hz, 6H). Anal. 
Calcd for C60H70BrzOzP2: C, 68.96; H, 6.75. Found: C, 68.88; 
H, 6.79. 

6c: white plates; yield, 76%; 'H NMR (DMSO-&) 6 7.9- 
7.6 (m, 30H), 6.51 (s, 2H), 4.88 (d, J =  13.9 Hz, 4H), 2.99 (t, J 
= 6.6 Hz, 4H), 1.3-1.0 (m, 40H), 0.86 (t, J =  6.6 Hz, 6H). Anal. 
Calcd for C&8&rzO2Pz: C, 70.58; H, 7.49. Found: C, 70.54; 
H, 7.33. 
Polymerization. To a solution of 6c (0.579 g, 0.50 mmol) 

and la (70.1 mg, 0.50 mmol), lb (93.5 mg, 0.50 mmol), IC 
(117.8 mg, 0.50 mmol), or Id (95.1 mg, 0.50 mmol) in 10 mL 
of THF was added 0.75 mL of 1.6 M of butyllithium in hexane, 
and the reaction mixture was stirred for 5 h at room temper- 
ature. The mixture was poured into ethanol to precipitate the 
polymer. It was dissolved in THF and poured into ethanol to 
precipitate the polymer again. The product was dried under 
reduced pressure to constant weight. 

Results and Discussion 
Effect of Alkyloxy Group on the Solubility of 6. 

Our idea for the  preparation of soluble poly(ary1enevi- 
ny1ene)s was  to  use the Wittig reactions of 2,5-bis- 
(alkyloxy)-pxylylenebis(tripheny1phosphonim bromidels 
6 with heterocyclic dialdehyde compounds. Through the 
addition of an appropriate side group of compound 6, 
the resulting polymers are expected to  be soluble in 
organic solvents. Three phosphonium salts were pre- 
pared to  investigate the effect of the  alkyloxy group on 
solubility (Scheme 2). The solubilities of 6a, 6b, and 
6c in various solvents are summarized in Table 1. 
Compound 6c is the most soluble, even dissolving in 
THF. Thus, we used compound 6c for the Wittig 
reaction. 

Characterization. The polymerization results are 
summarized in Table 2. All reactions took place in a 
homogeneous state. The polymers obtained are soluble 

C32H56BrzOz: C, 60.76; H, 8.92. Found: C, 60.88; H, 8.98. 
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Table 1. Solubilities’ of 6a, 6b, and 612 

solvent 

Synthesis of Poly(aryleneviny1ene)s 8365 

compound alkyloxg ethanol DMSO chloroform THF ether 
- - 6a hexyloxy + + + 

6b octyloxy + + + 
6c dodecyloxy + + + + -  

- - 

a +, soluble; -, insoluble. 

Table 2. Polymerization Results 

anal. found (calcd) 

C H 
pro- yield reactants entry - duct (%) 10-4M,a 

1 la  6c 7ac 52 1.2 78.79 (78.84) 9.89 (10.10) 
2 lb 6c 7bc 56 1.1 73.09 (72.93) 9.49(9.34) 
3 IC 6c 7cc 65 0.7 67.49 (67.67) 8.85 (8.67) 
4 Id 6c 7dc 78 2.9 80.55 (80.20) 9.96(9.61) 
a Determined by GPC. 

L I I 1 L 
4000 3000 2000 1500 1000 500 

Wavenumber (cm-i) 

Figure 1. IR spectra of poly(aryleneviny1ene)s 7 (KBr). 

in chloroform and THF. Dissolution of 7ac, 7bc, and 
7cc in THF produced a red solution and dissolution of 
7dc in THF produced a purple one. Elemental analyses 
were in good agreement with those for the expected 
structures. The lH NMR spectra of 7 exhibit absorption 
peaks at 7.5-6.5 (m, vinylene and aromaticheterocyclic 
protons), 3.8 (br s, OCHz), and 2.0-0.8 (m, CH2 and 
CH3). The molecular weights of compounds 7 were 
found to be 7000-29000 as polystyrene standards. 
Since the lH NMR spectra of 7 show no peaks assignable 
to terminal groups (aldehyde or triphenylphosphonio- 
methyl groups), the degree of polymerization of these 
polymers was considered to  be more than 50. The IR 
spectra of 7ac, 7bc, 7cc, and 7dc are shown in Figure 
1. The products exhibit absorption bands around 935 
cm-l due to the C-H out-of plane bending of the trans- 
vinylene. It was concluded that the Wittig reactions 
between 1 and 6 gave corresponding poly(ary1enevi- 
ny1ene)s 7. 

UV-vis Spectra. The UV-visible spectra of 7ac, 
7bc, 7cc, and 7dc were measured in THF solution, as 
shown in Figure 2. The W-vis spectrum of a thin film 
of poly(l,4-phenylenevinylene) (PPV) prepared accord- 

I / PPV I 

Wavelength (nm) 

Figure 2. UV-visible spectra of poly(aryleneviny1ene)s 7 in 
THF and of PPV thin film. 

ing to the method of Gagnon et al.3 is also shown in 
Figure 2. The optical bandgaps of 7ac, 7bc, 7cc, 7dc, 
and PPV were found to be 2.4, 2.3, 2.2, 1.7, and 2.7 eV, 
respectively, as summarized in Table 3. Poly( arylenevi- 
ny1ene)s 7 were found to have smaller bandgaps than 
PPV. The optical bandgap decreased in the order 7ac 
> 7bc > 7cc >> 7dc. This trend is probably a reflection 
of the electronegativity of the heterocycles. The pKa)s 
of the 2-carboxylic acids of thiophene, selenophene, and 
tellurophene are reported to be 3.53, 3.60, and 3.97, 
respectively.21 Poly(benzo [cl thiophene) has the smallest 
bandgap ( ~ 1  eV) of any known conjugated organic 
polymer.22 It was concluded that the introduction of the 
benzo[cl thiophene unit is effective in reducing the 
optical bandgap of the resulting poly(aryleneviny1ene). 
Very thin films (0.02-0.06 mm) of 7 were cast onto silica 
glass and kept under air at room temperature for 45 
days, and their absorbances were measured. It was 
found that these films were stable under these condi- 
tions. 

Electrochemical Properties. The voltammetric 
measurements of poly(aryleneviny1ene)s 7 were carried 
out in dichloromethane solution containing tetrabutyl- 
ammonium perchlorate (0.1 moVL) at room tempera- 
ture. The voltammograms are shown in Figure 3. 
These polymers exhibit an oxidation peak, as sum- 
marized in Table 3. Obviously, a poly( arylenevinylene) 
with a smaller bandgap exhibits lower oxidation poten- 
tial. 

Optical Third-Harmonic Generation. Third- 
harmonic generation (THG) measurements were per- 
formed at 1.90 pm using difference frequency generation 
of a Q-switched Nd:YAG laser and a tunable dye laser.23 
The measured third-harmonic intensity at 1.90 pm for 
the 7ac film as a function of the incident angle is shown 
in Figure 4, together with that for a silica glass 
substrate of 0.5 mm thickness. The third-harmonic 
intensity from the glass substrate shows the so-called 
Maker fringe pattern, corresponding to consecutive 
optical path length variations (Figure 4a). The intensity 
from the 7ac thin film shows a monotonic function of 
the incident angle (Figure 4b). The third-order suscep- 
tibility, ~ ( ~ 1 ,  of the thin-film sample was calculated by 
the following equation:23 

where 1 is the sample thickness, xJ3) and are the 
third-order susceptibility and the coherence length of 
the fused silica glass substrate, respectively, and 4, and 
13w,s are the measured peak intensity values in the THG 
patterns of the sample and the fused silica glass, 
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1 I I I 
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Figure 3. Cyclic voltammograms of poly(aryleneviny1ene)s 
7 in dichloromethane at a scan rate of 100 mV/s. 

Table 3. Physical Properties of 7ac, 7bc, 7cc, and 7dc 

polymer bandgap (eV) potential" (V) 1011x'3) (esuIb 
oxidation 

7aa 2.4 0.72 0.9 
7 b C  2.3 0.70 
7cc 2.2 0.69 1.1 
7dc 1.7 0.52 1.5 
PPV 2.6 0.7' 

a Versus Ag/AgCl. At 1.9 pm wavelength. Value from ref 25. 

respectively. For the calculation, a x J 3 )  of 2.8 x 
esu was used for fused silica glass, as reported by 
Meredith et al.24 The refractive index difference be- 
tween 7 and silica glass was neglected. The values 
obtained for poly(aryleneviny1ene)s 7 are summarized 
in Table 3, together with that of PPV.25 In the case of 
7bc, an accurate ~ ( ~ 1  was not obtained because of film 
roughness. Since 7dc has high absorption in the 
wavelength region of the third harmonic (A = 633 nm), 
the third-order susceptibility at the nonresonant wave- 
length cannot be properly estimated in this experiment. 
The evaluated susceptibilities of 7ac and 7cc are higher 
than that of PPV film, indicating that poly(ary1enevi- 
ny1ene)s 7ac and 7cc are effective for nonlinear optical 
materials with easy processing. 

It is said that ~ ( ~ 1  of a x-conjugated polymer is 
enhanced through lengthening of the delocalized length. 
That is, x(3)  has been reported to  be proportional to the 
sixth power of the delocalization length, which is 
exhibited as WIE,, where W is the bandwidth and E ,  is 
the bandgap of the polymer.26 Thus, the high suscep- 
tibilities of 7ac and 7cc can be explained by their small 
bandgaps. 

Conclusions 
Various heterocycles were successfully fused onto a 

poly(aryleneviny1ene) backbone by the Wittig reactions 

I " I  

-0 20 

I 
I 

! I 1 L , I , 2 

'-40 -20 0 20 40 

incident angle (deg) 

Figure 4. Measured third-harmonic intensities at 1.90 pm 
as a function of incident angle for (a) silica glass substrate of 
0.5 mm thickness and (b) 7ac thin film of 3 pm thickness. 

of 2,5-bis~dodecyloxyl-p-xylylenebis(triphenylphospho- 
nium bromide) with heterocyclic dialdehyde compounds. 
It was found that the bandgap of the resulting poly- 
(arylenevinylene) is dependent on the nature of the 
heterocycle moiety. Polymers 7ac and 7cc are consid- 
ered to be effective for nonlinear optical materials with 
easy processing. Although polymer 7dc has small 
bandgap, the large absorbance around the third har- 
monic restricts its application as a third-order nonlinear 
optical material at 1.9 pm wavelength. Finally, this 
synthetic approach has the advantage of being able to 
introduce various heterocycles into poly(ary1enevi- 
nylenels. 
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