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Summary 
4 {1' (2" Methacryloytoxyethoxy)-5'-naphthytiminomethylidene)-4'-nitro- 
stilbene 6 was prepared by the reactions of methacryloyl chloride with 
4 {1 '-(2" hydroxyethoxy)-5 '  naphthyliminomethylidene} 4' nitrostilbene 5. 
Compound 5 was synthesized from 4'-methyl 4-nitrostilbene by several 
reaction steps. Monomer 6 was polymerized with DTBP as a radical initiator 
to obtain polymer with 4-(1 '  oxy-5'-naphthyliminomethylidene) 4' nitrostilbene, 
which is presumably effective chromophore for second-order nonlinear optical 
applications in the side chain. The resulting polymethacrylate 7 showed a 
thermal stability up to 300~ in TGA thermogram, and the T~ value obtained 
from DSC thermogram was 120~ which is acceptable for NLO device 
applications. 

Introduction 
Functional materials of nonlinear optical (NLO) activity based on organic 
compounds have long been the subject of curiosity and have caused recent 
intrest because of their potential applications in the field of telecommunications, 
optical signal processing, optical switching, etc (1-6). It is well known that 
organic and polymeric materials with highly dipolar electronic systems exhibit 
NLO properties. The organic materials seem to be superior because of their 
higher nonlinear optical activity and faster response time than the inorganic 
ones. Among the organic materials the NLO polymers are receiving great 
attention, mainly because they offer many advantages such as mechanical 
endurance, light weight, chemical resistance, and good processability to form 
optical devices (7). A potentially NLO polymer must  contain a highly 
polarizable Jr-electronic systems and these polymers have to be mechanically 
very strong. There are tremendous challenges in designing and synthesis of 
polymers of large NLO effects. Polyesters (8-12), polyurethanes (13), 
polyamides (14 15), and poly(phenyleneethynylenes) (16) containing the 
chromophoric main chain were prepared. Various polymers with the 
NLO-phores in the side chain such as poly(meth)acrylates (17-22), polystyrene 
(23), and poly(alkyl vinyl ethers) (24-27) were also reported. Robello (17) 
prepared polyacrylates bearing aminonitrostilbene and azo dyes in the side 
chain. Recently polymethacrylates containing mesogenic (carbazoylmethylene)- 
aniline and 4-nitrobenzylideneaniline groups in the side chain were also 
reported by Uryu etc (28). Recently we have prepared polymethacrylate 
containing NLO-phore composed of three conjugated phenyl groups in the side 
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chain  (29) and these po lymers  show a thermal  s tab i l i ty  up  to 300~ with  a Tg 
of  165~ which  is a promising mater ia l  for NLO dev ice  applications.  However ,  
e x a m p l e s  of N L O - p o l y m e r s  with the chromophor ic  s ide chain composed  of four  
con juga t ed  phenyl  g roups  are seldom found in the  l i terature.  Thus,  it is  of  
in te res t  to p repa re  po lymethacry la te  conta in ing  four con juga ted  phenyl  g roups  
as  the N L O - p h o r e  in the side chain. In  this  work we  prepared  
p o l y m e t h a c r y l a t e  wi th  the  NLO-phore  4 ( 1 ' - o x y - 5 ' - n a p h t h y l i m i n o m e t h y l i d e n e ) -  
4 ' - n i t r o s t i l b e n e ,  which is p resumably  effect ive ch romophore  for s econd -o rde r  
nonl inear  opt ical  appl icat ions in the side chain. The  present  report  desc r ibes  
the  s y n t h e s i s  and radical  polymerizat ion of 4 -{1 '  ( 2 " - M e t h a c r y l o y l o x y e t h o x y ) -  
5 ' -naph thy l iminomethy l idene}  4 ' -n i t ros t i lbene  6. W e  now report  the resu l t s  of 
the  init ial  p h a s e  of the  work. 

Experimental 

Materials 
2-Iodoe thanot ,  p - to lua ldehyde ,  4 -n i t ropheny lace t i e  acid, 5 - a m i n o - l - n a p h t h o l  
(Aldrich)  were  used  as  received.  Carbon te t rach lor ide  w a s  ref luxed wi th  
phosphorus  pen tox ide  under  ni t rogen and distil led. Sod ium iodide was  dried for 
4 h at 100~ under  vacuum.  Ace tone  w a s  purif ied b y  d ry ing  with anhydrous  
p o t a s s i u m  carbonate ,  followed by disti l lation under  ni t rogen.  Dimethyl  sulfoxide 
(DMSO) w a s  dr ied ove r  4 A ~ molecular  s ieves  for  severa l  days  and dist i l led 
under  vacuum.  N,N-Dimethy l fo rmamide  (DMF) w a s  purif ied by drying wi th  
a n h y d r o u s  ca lc ium sulfate,  followed by dis t i l la t ion under  reduced pressure .  
Chloroform w a s  washed  with wa te r  to r e m o v e  the ethanol, dr ied wi th  
a n h y d r o u s  po ta s s ium carbonate,  refluxed with anhydrous  calcium chloride, and  
disti l ied.  Methacry loy l  chloride was  dis t i l led and used immedia te ly .  
T r i e t h y l a m i n e  was  refluxed over  po t a s s ium h y d r o x i d e  and distilied. Y 
- B u t y r o l a c t o n e  was  dried with anhydrous  m a g n e s i u m  sulfate and f ract ional ly  
dist i l led under  nitrogen.  Piperidine w a s  dr ied  wi th  calc ium hydride and 
f rac t ional ly  disti l led,  a,a'-Azobisisobutyronitrile (AIBN) w a s  recrys ta l l ized f rom 
methanol  and  dr ied under  reduced p ressu re  at  room tempera ture .  D i - t e r t - b u t y l  
peroxide  (DTBP)  w a s  washed  success ive ly  wi th  aqueous  s i lver  nitrate,  water ,  
and  dr ied wi th  anhydrous  magnes ium sulfate. 
Measurements 
IR spec t r a  w e r e  taken  on a Hitachi Model  260-30 infrared spect rophotometer .  
1H N M R  spec t r a  were  obtained on a Var ian  EM 360L NMR spec t romete r  (60 
MHz) .  U V - V I S  spect ra  were  obtained on  a Kont ron  UVikon 860 
spec t rophotometer .  E lementa l  ana lyses  were  pe r fo rmed  us ing  a P e r k i n - E l m e r  
2400 CHN elementa l  analyzer .  The  g lass  t rans i t ion  t empera tu res  (Tg) we re  
m e a s u r e d  on a DuPont  910 differential s cann ing  ca lor imeter  in a n i t rogen 
a tmosphere .  DuPont  951 thermograv imet r ic  ana lyze r  wi th  a heat ing ra te  of 
10~ up to 700~ was  used for the the rmal  deg rada t ion  s tudy of po lymers  
u n d e r  n i t rogen.  Mel t ing points were  m e a s u r e d  in Buchi 530 mel t ing poin t  
appa ra tu s  and are corrected.  ViscosiW values  we re  obta ined by us ing a 
C a n n o n - F e n s k e  viscometer .  
4"-Methyl-d-nitrostilbene (1) 
Compound  1 w a s  prepared  by  a known me thod  (30) f rom p - to lua ldehyde  and 
4 -n i t ropheny lace t i c  acid, and recrysta l l ized f rom ethanol .  Mp: 139-140~ 1H 
N M R  (acetone-d~)  5 2.33 (s, benzyl ic  3H), 7.04 7.95 (m, a romat ic  8H), 8.05-8.35 
(d, a romat ic  2H). IR (neat) 3075, 3015 (w, =C-H) ,  1626, 1592, (s, C=C), 1512, 
i347 (vs, N=O) cm 1. Anal. Calcd for Ct~IIlaNO2: C, 75.30; H, 5.47; N, 5.86. 
Found:  C, 75.42; H, 5.51; N, 5.90. 
4"-Bromomethyl-4-nitrostilbene (2) 
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4'-Methyl-4-nitrostilbene (13.6 g, 0.057 tool), N-bromosuccinimide (10.7 g, 0.060 
mol), and benzoyl peroxide (0.14 g) were dissolved in 90 mL of CC14 under a 
nitrogen atmosphere. The mixture was refluxed with vigorous stirring at 85~ 
for 12 h under nitrogen. The resulting solution was cooled to room 
temperature, filtered with suction, and rinsed with 30 mL of CC14. The yellow 
solid on the filter was washed thoroughly with water to remove succinimide. 
The product was recrystallized from ethanol yielded i4..1 g (78% yield) of pure 
product 2. Mp: 127-128~ 1H NMR (acetone-ds) 8 4.72 (s, benzylic 2H), 
7.42-8.55 (m, aromatic 10H). IR (neat) 3020 (w, =C-H), 1628, 1586 (s, C=C), 
1508, 1328 (vs, N=O) cm 1. Anal. Calcd for ClsH12BrNO2: C, 56.63; H, 3.80; N, 
4.40. Found: C, 56.56; H, 3.76; N, 4.45. 
4"-Nitro-4 stilbenecarboxaldehyde (3) 
A mixture of 11.5 g (0.036 mo) of 4' bromomethyl-4 nitrostilbene and 10.5 g 
(0.054 tool) of potassium chromate in 55 mL of DMSO was refluxed with 
vigorous stirring at 115~ for 2 h under nitrogen. Extraction was performed 
on the resulting black solution thrice with 250 mL of diethyl ether. The 
organic layer was concentrated by distillation of the solvent. The residue was 
precipitated into 300 mL of water contained in a round bottomed flask, which 
was stirred. The precipitated yellow product was filtered with suction and 
washed successively twice with 100 mL of water and 100 mL of n-hexane. 
Thus obtained product was recrystallized from ethanol yielded 7.3 g (80% 
yield) of pure product 3. Mp: 199-200~ (dec). 1H NMR (acetone-k)  5 9.99 
(s, CHO), 7.18-8.37 (m, aromatic 10H). IR (neat) 1687 (vs, C=O), 1598, 1565 
(vs, C=C), 1505, 1334 (vs, N=O) cm ~. UV/Vis (chloroform) ~.max=354 rim, 
=23630.Anal. Anal. Calcd for ClsHllNOs: C, 71.14; H, 4.38; N, 5.53. Found: C, 
71.21; H, 4.36; N, 5.56. 
4 (l"-Hyroxy-5"-naphthylirninomethylidene)-4"-nitrostiIbene (4) 
Compound 4 was prepared by a known method (28) from 
4'-nitro-4-stilbenecarboxaldehyde and 5-amino-l-naphthol in absolute ethanol, 
and recrystallized from acetone. Yield=90%; mp: 245-246~ (dec). IH NMR 
(DMSO d6) 5 6.63-8.68 (m, aromatic 17H); IR (KBr) 3400 (s, O-H), 1613, 1592 
1583(s, C=C), 1497, 1330 (vs, N=O) cm -1. UV/Vis (chloroform) Xma• nm, 
=17940. Anal. Calcd for Czd-IlsNzO3: C, 76.13; H, 4.60; N, 7.10. Found: C, 
76.24; H, 4.68; N, 7.16. 
4 (l"-(2"'-Hydroxyethoxy)-5" naphthyliminomethyliclene} 4'-nitrostilbene (5) 
4 - ( l ' - H y r o x y  5'-naphthyliminomethylidene)-4'-nitrostilbene (5.52 g, 0.014 mol), 
anhydrous potassium carbonate (5.80 g, 0.042 mol), and 2-iodoethanol (3.58 g, 
0.021 mol) were dissolved in 25 mL of dry DMF under nitrogen. The mixture 
was refluxed in an oil bath kept at 80~ for 10 h under nitrogen. The 
resulting solution was cooled to room temperature, diluted with 100 mL of 
water, stirred, filtered, and the obtained brown product was washed with 100 
mL of water. Thus obtained product was recrystallized from ethanol yielded 
4.60 g (75% yield) of pure product 5. Mp: 204-205~ (dec). 1H NMR 
(DMSO d6) 8 3.63-3.95 (m, 2H, -CH2-O-), 3.95-4.38 (m, 2H, Ph-O-CH2-) ,  
6.43-8.77 (m, 17H, aromatic); IIR (KBr) 3530 (w, O-H), 1618, 1592 (s, C=C), 
1508, 1343 (vs, N=O) cm 1. UV/Vis (chloroform) Xmax=362 nm, ~=38575. Anal. 
Calcd for C27H22N204: C, 73.96; H, 5.05; N, 6.39. Found: C, 73.88; H, 5.13; N, 
6.34. 
4-(1"-(2" Methacryloyloxyethoxy)-5"-naphthyliminomethylidene} 4"-nitrostilbene 
(6) 
A solution of methacryloyl chloride (2.09 g, 20 retool) in 10 mL of chloroform 
was slowly added dropwise to a solution containing 4 - { l ' - ( 2 " - h y d r o x y e t h o x y ) -  
5'-naphthyliminomethylidene }-4'-nitrostilbene (2.19 g, 5.0 retool) and 
triethylamine (2.53 g, 25 mmol) in 25 mL of chloroform at 0~ under nitrogen 
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atmosphere. The mixture was stirred for 24 h at room temperature under 
nitrogen. The resulting solution was cooled to room temperature and 
concentrated by distillation of the solvent. The residue dissolved in 60 mL of 
water, stirred, and filtered with suction. The yellow solid on the filter was 
washed thoroughly with water to remove salts. Thus the obtained product 
was recrystallized twice from ethanol/acetone (90/10, vol/vol) yielded 1.72 g 
(68%o yield) of pure product 6. Mp: 130-131~ (dec). 1H NMR (DMSO-d6) 5 
1.47-2,20 (m, 3H, -CH3-), 3.96 4.93 (m, 4H, -O-CH2-CH2-O-),  5.43-5.83 (s, 1H, 
vinylic), 5.83-6.14 (s, 1H, vinylic), 6.56-8.43 (m, 17H, aromatic); IR (KBr) 3020 
(w, =C H)f 2918 (w, C-H), 1714 (s, C=O), 1618, 1593 (s, C=C), 1509, 1339 (vs, 
N=O) cm- .  UV/Vis (chloroform) kma• rim, r Anal. Calcd for 
C31H26N2Oa: C, 73.50; H, 5.17; N, 5.53. Found: C, 73.60; H, 5.24; N, 5.46. 
Radical polymerization of monomer 6 
A representative radical polymerization procedure was as follows: In a 
polymerization tube were placed 0.76 g (1.5 mmol) of 6, 2.2 mg (0.015 mmol) 
of DTBP, and 3.6 mL of Y-butyrolactone under nitrogen. The resulting 
solution was degassed by a freeze-thaw process and sealed under vacuum. 
The polymerization tube was placed in an oil bath kept at 120~ After 24 h 
the polymer solution was poured into 300 mL of methanol and stirred for 1 h. 
The precipitated polymer was collected by filtration with suction, followed by 
washing with 50 mL of methanol. Thus obtained polymer was dried under 
vacum to give 0.70 g (92% yield) of polymer 7. IR (KBr) 2930 (m, C-H), 
1715 (s, C=O), 1588 (s, C=C), 1337 (vs, N=O) cm 1. UV/Vis (chloroform) X 
max=354 nm. Anal. Calcd for (C31H2dq2Os),: C, 73.50; H, 5.17; N, 5.53. Found: 
C, 73.62; H, 5.26; N, 5.62. 

R e s u l t s  and  D i s c u s s i o n  

Synthesis of monomer 6 
4 ' -Methyl -4-n i t ros t i lbene  1 was synthesized by the condensation of 
4-nitrophenylacetic acid with p-tolualdehyde according to a literature procedure 
(30) and recrystallized from ethanol. Bromination of compound 1 by 
N-bromosuccinimide (NBS) yielded 4 ' -b romomethy l -4 -  nitrostilbene 2. 
4 ' -Nitro-4-s t i lbenecarboxaldehyde 3 was synthesized, according to a known 
method (31) by oxidation of the corresponding benzyl bromide 2. 
4 - ( l ' -Hyroxy-5 ' -naphthy l iminomethyl idene) -4 ' -n i t ros t i lbene  4 was prepared by 
the reaction of 4 ' -ni t ro-4-st i lbenecarboxaldehyde 3 with 5-amino- l -naphthol ,  
and reacted with 2-iodoethanol to yield 4 - { l ' - ( 2 " - h y d r o x y e t h o x y ) - 5 ' - n a p h t h y l -  
iminomethylidene}-4'-nitrostilbene 5. The methacrylate 6 was synthesized 
from methacryloyl chloride and compound 5 following established literature 
procedure (28). In dilute chloroform solution, the title compound was obtained 
in moderate yield (Scheme 1). The chemical structures of the compounds were 
confirmed by IH NMR, IR, UV-Vis, and elemental analyses. The IR spectra 
confirmed the chemical structures, exhibiting all the absorption bands 
attributable to the functional groups comprising the compounds. Monomer 6 
shows olefinic protons at 5 = 5.43-5.83 (broad singlet, 1H, vinylic) and 5 = 
5.83-6.14 (broad singlet, 1H, vinylic) in its IH NMR spectrum. The same 
monomer sample showed strong absorption bands at 1714, 1593, and 1339 cm 1 
indicating the presence of carbonyl, olefinic, and nitro groups, respectively. 
Compound 6 showed strong uv absorption bands near 359 nm by the 
chromophore 4 - ( l ' - o x y  5 '-naphthyliminomethylidene)-4 '-ni trost i lbene in the 
side chain measured in chloroform. Monomer 6 is soluble in common organic 
solvents such as acetone and DMSO, but is slightly soluble in ethanol and 
diethyl ether. 
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Free  radical polymeri2ation of monomer 6 
4-  { 1' - (2"  -Methacryloyloxyethoxy ) -5 '  - naphthyl iminomethyl idene } - 4 '  - ni tro-  
st i lbene 6 was polymerized with DTBP as radical initiator to obtain the 
polymer 7 (Scheme 2). Polymerizations were carried out in v-butyrolac tone  
solution at I20~ The  polymerization results  are summarized in Table  1. 
Monomer  6 was quite reactive toward radical initiator and polymerized readily 
by  DTBP.  In most  cases, conversions were quite high (>90%) as shown in 
Tab le  1. However, polymerization of mononmer  13 with AIBN only gave a low 
polymer yield. The chemical s tructure of the polymer 7 was  identified by IR, 
U V - V i s  spectra and elemental analyses. The  IR spectrum confirmed the 
chemical structures, exhibit ing all the absorption bands  at tr ibutable to the 
functional  groups comprising the polymer. The  polymer 7 showed strong 
absorpt ion bands at 1717, 1584, and 1333 cm I in its IR spectrum indicating the 
presence of carbonyl, olefinic, and nitro groups, respectively. The  same 
polymer sample showed strong uv  absorption bands  near  354 nm by the 
chromophore 4 - ( l ' - o x y - 5 ' - r l a p h t h y l i m i n o m e t h y l i d e n e ) - 4 ' - n i t r o s t i l b e n e  in the 
side chain as in the monomer  6. These  spectral evidences indicate that  the 
radical polymerization proceeded cleanly via vinyl  type polymerization. 
Cross - l ink ing  through the internal double bonds are obviously not  favored for 
steric reasons.  
Propert ies  of polymers 
Polymer  7 was  not very soluble in common organic solvents, probably due to 
the presence of polar and bulky pendant  group and/or  high molecular weight. 
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Table  1. F ree  radical  polymerizat ion of 6 by DTBP in v butyrolac tone  a t  120~ 

Monomer  ~ Monomer /So lven t  Init iator to T ime  Yield 
(mol/L) Monomer  (h) (%) 

(mol%) 

6 0.42 1.0 24 92 
6 0.33 1.0 20 91 
6 0.50 0.8 24 88 
6 0.38 2.0 20 92 

6 = 4 - { l ' - ( 2 " - M e t h a c r y l o y l o x y e t h o x y )  5' naphthyl iminomethyl idene}-4 '  n i t r o -  
stilbene. 

The  thermal  behav ior  of the polymer was  inves t iga ted  by  the rmograv ime t r i c  
analysis  (TGA)  and differential  scanning calorimeter  (DSC) to de te rmine  the 
thermal  degrada t ion  pa t te rn  and Tg. The  resul ts  are summar ized  in T a b l e  2. 
T G A  the rmograms  showed  double phase degradat ion pat terns ,  probably  due to 
the presence  of mult iple benzene r ings  in the pendant  group. The  po lyme r  
showed a good the rmal  stabil i ty and were not decomposed below 300~ as  
shown in Tab le  2. T h e  T~ values of the polymers  obtained from DSC 
the rmograms  were  around 120~ which is acceptable for NLO device  
applications. T h e s e  Tg values are higher  than those for po ly (me thy l  
methacryla te)  (105~ probably  due to the presence of polar  and bulky pendan t  
group. 

Table  2. The rma l  proper t ies  of polymer  7 

Po lymer  Tg, ~ Degradat ion temp, ~ Res idue  at  
700~ % 

5%- loss  20% loss 40%-loss  

7 120 307 376 498 3.53 

Conclusion 

We prepared  a new methacry la te  monomer  6 containing highly dipolar  
electronic s y s t e m  composed  of four conjugated  phenyl groups.  M e tha c ry l a t e  
compound 6 w a s  polymer ized  radically to obtain the novel po lymethac ry la t e  7 
containing 4 - ( l ' - o x y - 5 ' - n a p h t h y l i m i n o m e t h y l i d e n e ) - 4 ' - n i t r o s t i l b e n e ,  which  is 
p resumably  effect ive chromophore for second-order  nonlinear optical  
applications in the  side chain. The  result ing subst i tu ted  po lymethac ry la t e  7 
was  not soluble in common organic solvents,  probably due to the p resence  of 
polar and bu lky  pendan t  group and/or  high molecular  weight .  The  po lymer  
showed a thermal  s tabi l i ty  up to 300~ showing T~ peak around 120~ which  
is acceptable  for NLO device applications. Copolymerizat ion with o ther  
monomers  such  as  methy l  methacryla te  to increase  solubil i ty and m e a s u r e m e n t s  
of NLO proper t ies  a re  in progress ,  and the full accounts  of the work  will  be 
reported later.  
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