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SIJlvI~Ru 
A novel  comb-l ike  polymer having i sopropylnaphthoxy pendant  with the  

c o n t r o l l e d  molecular  s t r u c t u r e  was syn thes i zed  by the c a t i o n i c  po lymer i -  
z a t i o n  of 2 - ( 6 - i s o p r o p y l - 2 - n a p h t h o x y ) e t h y l  v i n y l  e the r  with A1EtC12 
c a t a l y s t .  Although the po lymer ' s  molecular  weight (~n: 4 ,000-17,000)  could  
be c o n t r o l l e d  by the r e a c t i o n  c o n d i t i o n s  (sovent  p o l a r i t y ,  t empera ture  and 
i n i t i a l  monomer c o n c e n t r a t i o n ) ,  the s t e r i c  s t r u c t u r e  was not  a f f e c t e d  by 
them at  a l l ,  g i v i n g  almost the same amount of the meso and racemic diads  
i r r e s p e c t i v e  of the c o n d i t i o n s .  The polymer showed only  an amorphous 
c h a r a c t e r  (Tg: 22-45 ~ ) but  not any l i q u i d  c r y s t a l l i n e  phase.  

INTRODUCTION 
One of the most impor tant  p r o p e r t i e s  of the s o - c a l l e d  comb-l ike  

polymers i s  t h e i r  c a p a c i t y  to form a l i q u i d  c r y s t a l l i n e  (LC) phase by 
i n c o r p o r a t i n g  a r i g i d - r o d  mesogenic s ide  chain i n t o  a polymer s t r u c t u r e ( l ) .  
And many types of s i d e - c h a i n  l i q u i d  c r y s t a l l i n e  polymers (LCP), with 
d i f f e r e n t  s t r u c t u r e s  both of main chains  and mesogenic s ide  cha ins ,  have 
been s y n t h e s i z e d  and t h e i r  p r o p e r t i e s  have been i n v e s t i g a t e d ( 2 ) .  

Since the f i r s t  examples of LC p o l y ( v i n y l  e t h e r ) s  with narrow 
molecular  weight d i s t r i b u t i o n s  (MWD) by the use of l i v i n g  c a t i o n i c  
p o l y m e r i z a t i o n  were r epor t ed  by Sagane and Lenz(3 ,4) ,  s e ve r a l  r e sea rch  
groups in  the world have been a c t i v e l y  engaged in  the l i v i n g  p o l y m e r i z a t i o n  
of mesogenic v i n y l  e t h e r s ( 5 , 6 ) ,  because the e f f e c t  of the po lymer ' s  
molecular  weight on the phase t r a n s i t i o n s  can be determined wi thout  the 
undue i n f l u e n c e  of the low and high molecular  weight components. From the 
industrial point of view, however, the cationic polymerization using a 
conventional and inexpensive catalyst (for example, metal halides, alkyl 

metal halides and so on), though less controlled mannar, is also 
attractive, because the simplified polymerization process and catalyst 
system can be app l i ed .  

In  the p r e sen t  s tudy,  we tu rned  our a t t e n t i o n  to s y n t h e s i s  of a novel  
p o l y ( v i n y l  e ther} with an i sopropylnaphthoxy pendant u s i ng  e thy la lumin ium 
d i c h l o r i d e  (A1EtC12}, one of a l k y l  metal  h a l i d e s ,  as a c a t a l y s t .  That i s ,  
p o l y m e r i z a t i o n s  of 2 - ( 6 - i s o p r o p y l - 2 - n a p h t h o x y ) e t h y l  v i n y l  e the r  ( I ) were 
c a r r i e d  out with the c a t a l y s t ,  in  order  to extend the range of c a t i o n i c a l l y  
o b t a i n e d  comb-l ike  p o l y ( v i n y l  e t h e r ) s  with a r o m a t i c - r i g i d  pendants .  This 6- 
i sop ropy l -2 -naph thoxy  pendant s t r u c t u r e  was chosen, because the re  are some 
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examples of the 2 , 6 - n a p h t h y l e n e  s t r u c t u r e  c o n t a i n i n g  ma in -cha in  LCP's(7) ,  
and because 6 - i s o p r o p y l - 2 - n a p h t h o l ,  the p recu r so r  of the monomer I ,  i s  
a v a i l a b l e  as a by-produc t  of 2 ,6 -d ihydroxynaph tha l ene .  Fur thermore,  the 
s i d e - c h a i n  LCP with t h a t  s t r u c t u r e  as a pendant ,  to our knowledge, has not  
been r epo r t ed  so f a r .  The f i r s t  o b j e c t i v e ,  t h e r e f o r e ,  was to examine 
whether the poly  I could show a LC phase or no t .  And the second o b j e c t i v e  
was to i n v e s t i g a t e  the e f f e c t  of p o l y m e r i z a t i o n  c o n d i t i o n s  ( s o l v e n t  
p o r a l i t y ,  t empera ture  and so on) on the molecular  weight ,  thermal  
p r o p e r t i e s  and s t e r i c  s t r u c t u r e  of the polymer. U n f o r t u n a t e l y ,  t h i s  novel  
p o l y ( v i n y l  e the r )  did not  show any LC phase but  only  a g lass  t r a n s i t i o n  as 
de sc r i bed  below. 

CH2--~H 
O__ CII2__ C I 1 2 _ _ 0 - - ~ ~  ~H / Cti 3 ( I )  

CH 3 

EXPEI/I~J~TAL 
Nonomer S y n t h e s i s .  2 - ( 6 - i s o p r o p y l - 2 - n a p h t h o x y ) e t h y l  v i n y l  e the r  ( ! ) 

was p repared  by the p h a s e - t r a n s f e r - c a t a l y z e d  condensa t ion  of 2 - e h l o r o e t h y l  
v i n y l  e the r  (Tokyo Kasei ,  p u r i t y  97%) with 6 - i s o p r o p y l - 2 - n a p h t h o l  (Ni t su i  
Pe t rochemica l ,  mp 112~ p u r i t y  98%) in  the presence  of sodium hydroxide 
( e q u i v a l e n t  to the naphtho l )  and a e a t a l i t i e  amount of te t rabutylanunonium 
hydrogen s u l f a t e ( 8 ) ,  as shown below: 

CH2=~H--cH---CH~--CIz z + Na + - O ~ c H  / CH3 -NaCl > I 

l 
CH 8 

I was p u r i f i e d  by r e c r y s t a l l l z a t i o n  from e thano l  th ree  t imes ;  the i s o l a t e d  
y i e l d  ca. 66% (based on the 6 - i s o p r o p y l - 2 - n a p h t h o l  charge) ,  ye l low need le -  
l i k e  c r y s t a l  with mp 62 ~ (by DSC), p u r i t y  > 99 % by gas chromatography. 
The chemical  s h i f t s  of the 'H- and 1aC-NMR spe c t r a  of the monomer ( I ) are  
summarized in  Table 1. 

Procedures .  So lven t s  were d i s t i l l e d  over ca lc ium hydr ide  before  use.  
AIEtCle (Tosoh hkzo) was used as r ece ived .  Po lymer i za t i ons  were c a r r i e d  out 
as r e p o r t e d ( 3 , 4 ) .  Polymer y i e l d  was determined by g rav ime t ry .  The molecular  
weight d i s t r i b u t i o n  (MWD) of the polymers was measured by g e l - p e r m e a t i o n  
chromatography (GPC) in  chloroform s o l u t i o n s  a t  room tempera ture  on a 
Waters l i q u i d  chromatograph (150-C ALC/GPC) epuipped with a p o l y s t y r e n e  gel  
column (7.5mmlD • 60cm) and a UV d e t e c t o r  (254nm). The M-n and ~ were 
c a l c u l a t e d  from GPC curves on the b a s i s  of a p o l y s t y r e n e  s t anda rd  
c a l i b r a t i o n .  1 ~ C -  and ~H-N~R s p e c t r a  were recorded on a JOEL GX-500 
spec t romete r  (125.8 ~Hz and 500 MHz, r e s p e c t i v e l y )  in  CDC18 at  45~ 

Thermal a n a l y s i s  was c a r r i e d  out by d i f f e r e n t i a l  s cann ing  c a l o r i m e t r y  
(DSC) on a Seiko DSC-220C i n s t r u m e n t  with polymer samples of about lOmg 
under a n i t r o g e n  flow at  a s cann ing  r a t e  of 10~ per  min. 
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Table I. 

IH- and 13C-NMR chemical shifts for the monomer ( I ) and the polymer, l) 

Monomer 3) 

IH-NMR2) 13C-NM R 

6 (ppm) p r o t o n  6 (ppm) ca rbon  

1.35 (d) p 23.9 p 
3 .05 ( s e p t e t )  o 33.9 o 
4 .09 (d of d) a l  66 .4  e 
4 .11  ( t )  c 66.5 d 
4 .29 (d of d) a2 87.1 a 
4 .33 ( t )  d 107.0 n 
6 ,56 (d of d) b 118.7 f 
7 ,14 (d) n 123.9 i 
7 ,16 (d of d) f 126.1 k 
7 ,36 (d of d) k 126.8 1 
7 .60 (d) i 129.1 g 
7 .67  (d) 1 129.4 h 
7 .70 (d) g 133.0 m 

144.1 j 
151.6 b 
156.2 e 

Polymer 4 ) 1 . 1 - 1 . 4  p 
1 . 6 - 2 . 1  a '  
2 . 8 - 3 . 0  o 
3 . 6 - 4 . 1  b ' ,  c, d 

6 . 8 - 7 . 6  f ,  g, i 
k,l,n 

39 .4 ,  41.1 a' 
74.3  b' 

other carbons in R 5) 

i) Chemical shifts are given in ppm relative to TMS. 
2) *H-IH coupling constants (unit: Hz) are listed below: 

Jal,a2 Jal,b J a 2 / b  J c , d  J f , g  J f , n  J i , k  Jk ,1  J o , p  

2 .2  7 .0  14.3 6 .8  8 .9  2 .5  1 .7  8 .4  7 .0  

3) 
a_~l _..hb 
H _ a  b H 

I c d_ e ~ k  

O--CHz--CH2 O f ~ ~ _ _  
o p 

CH ( C H 3 )  2 

= R  

4) 

a' b' 
~ C H 2 - - C H  m 

I 
0 ~ I 1  

5) The s i g n a l s  of t he  pendan t  group (R) a re  a t  a lmos t  t he  same p o s i t i o n  as 
t h o s e  of t he  monomer. 
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RESULTS AND DISCUSSION 
1. P o l y m e r i z a t i o n  and Polymer S t r u c t u r ~  

C a t i o n i c  p o l y m e r i z a t i o n s  of  the monomer I were c a r r i e d  out at  0 or 
-30 ~ wi th  A1EtC12 under v a r i o u s  c o n d i t i o n s .  The r e s u l t s  a re  l i s t e d  in 
Table  2. The p o l y m e r i z a t i o n  was r e l a t i v e l y  f a s t ,  r e a c h i n g  ca.  90 % polymer 
y i e l d  in 10-300 min, excep t  f o r  the samples ob t a ined  a t  the lower 
t empera tu re  and In cnmc12 s o l v e n t  {samples D and E). A l l  polymers were 
s o l u b l e  in t o l u e n e  and CHC13 a t  room t empera tu re .  The mo lecu l a r  weight  
d i s t r i b u t i o n s  (MWD) of the  polymers were shown in F igure  1. They e x h i b i t e d  
wide MWD's, ~w/Mn of 3 . 8 - 5 . 7 ,  o r i g i n a t i n g  from A1EtC12 c a t a l y s t  employed. 
As can be seen both in the ~n and ~ da ta  in  Table 2 and the  MWD in F igure  
1, a h ighe r  molecu la r  weight  was ob ta ined  in a more p o l a r  s o l v e n t ,  at  a 
h i g h e r  i n i t i a l  monomer c o n c e n t r a t i o n ,  [MID, and a t  a lower t empera tu re ,  as 
normal ly  observed  in i o n i c  p o l y m e r i z a t i o n s .  

A l l  the  polymers (A F) gave the expec ted  comb- l ike  s t r u c t u r e  I ,  
formed only  by the a d d i t i o n  r e a c t i o n  of  the double bonds in  the  v i n y l o x y  
groups ,  as shown by the  NMR r e s u l t s  in  Table 1 and F igure  2. 

--CH ~ C H - -  

2 c .  2 - c .  2 - cH~CH3 
l 
CH 3 

( n )  

Table 2. 
Cationic polymerization of 

2-(6-isopropyl-2-naphthoxy)ethyl vinyl ether ( I ) with AIEtCI~ 

Sample Polymn. Cond i t ions  a) Polymer ~n c) ~w c) Mw/~ c) Tg d) 
code So lven t  [M]o Temp. Time y i e l d  

(N) (~ (min) (wt~) (~ 

A b '  ~ t o l u e n e  0.2 0 300 95 
B CH2C12 0.2 0 180 87 
C CHIC12 0.5 0 60 92 
D CH2C12 0.5 -30 180 53 
E CH2C12 1.0 -30 180 70 
F nitroethane 1.0 -30 10 97 

4,000 18,000 4.5 22 
7,000 26,500 3.8 34 

11,000 46,500 4.2 43 
14,100 73,700 5.2 43 
16,400 76,100 4.6 45 
16,900 96,800 5.7 41 

a) [A1EtCI2]o = 10.0 mN. 
b) [H~O]o = 5.0 mM. 
c) Determined by GPC c a l i b r a t e d  with  s t andard  p o l y s t y r e n e  samples.  
d) Taken from the  second h e a t i n g  c y c l e  ( a t  l O ~ / m i n  ). 
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2. Thermal P r o p e r t i e s  of the Polymers 
The DSC thermograms of a l l  the polymers showed only  g l a s s  t r a n s i t i o n s  

but  not  any endo- nor exotherm peaks a t t r i b u t e d  to LC phases.  To de termine  
i f  t he r e  was any e f f e c t  caused by the c o o l i n g  r a t e  on the thermal  
p r o p e r t i e s ,  a slow c o o l i n g  r a t e  of 2.0 ~ / m i n  in  the DSC measurement was 
a l so  a p p l i e d  to a l l  samples.  No t r a n s i t i o n  peaks, however, were observed 
for  the samples,  and t h e i r  DSC thermograms were i d e n t i c a l  with those 
o b t a i n e d  at  the h igher  s cann ing  r a t e  ( 1 0 ~ / m i n ) .  The phenomenon t h a t  the 
poly  I d id  not  show any LC phase i s  c o n s i s t e n t  with the f o l l ow i ng  f a c t .  
That i s ,  the low molecular  weight LC compounds with 2 , 6 - d i s u b s t i t u t e d  
naph tha lene  r i n g  g ives  lower i s o t r o p i z a t i o n  tempera ture  than the 
co r r e spond ing  b ipheny l  compounds, because of the m o l e c u l e ' s  broadened 
s t r u c t u r e  a g a i n s t  the long  a x i s ( 9 ) .  

The Tg ' s  of the polymers taken from the second h e a t i n g  cyc le  ranged 
from 22 to 45 ~ depending on t h e i r  molecular  weight ,  as shown in  F igure  
3. As observed fo r  o ther  p o l y ( v i n y l  e t h e r ) s  with aromat ic  r i g i d  pendants ,  
which e x h i b i t e d  no LC phase,  fo r  example, polymers from 2 - ( 4 - b i p h e n y l o x y ) -  
e t h y l  v i n y l  e the r  (Tg = 56 ~ )(3) and from 2 - ( 4 - b i p h e n y l c a r b o x y l ) e t h y l  
v i n y l  e the r  (Tg = 3 2 ~  ) (3 ) ,  i n t r o d u c t i o n  of a r i g i d - b u l k y  i s o p r o p y l -  
naphthoxy pendant  group i n t o  a polymer chain  a l so  i n c r e a s e d  the Tg of 
p o l y ( v i n y l  e t h e r ) s ,  i n  comparison with f l e x i b l e  a l k y l  groups in  p o l y ( a l k y l  
v i n y l  e t h e r ) s  (Tg = -33 ~ for  e t h y l ,  -49 ~ for  p ropy l ,  and -56 ~ for  
b u t y l ) ( l O ) .  

3. S t e r i c  S t r u c t u r e  of the Polymers 
The po lymer ' s  molecular  weight was found to be c o n t r o l l e d  by the 

p o l a r i t y  of the p o l y m e r i z a t i o n  medium ( tempera ture  and so l ve n t  p o l a r i t y )  as 
de sc r i bed  above. To i n v e s t i g a t e  i f  t he re  was any e f f e c t  of the p o l a r i t y  on 
the p ropaga t i ng  spec ies  de r ived  from the monomer I ,  the s t e r i c  s t r u c t u r e s  
of the polymers o b t a i n e d  by the d i f f e r e n t  c o n d i t i o n s  were then compared by 
'3C-NMR spec t roscopy .  F igure  4 shows the ma in -cha in  methylene s i g n a l s ,  
which c o n s i s t  of two peaks co r re spond ing  to the meso and racemic diads  from 
the h igher  f i e l d ( l l ) .  

50 

0 
o 

~ 30 
I ' - -  

i I 

f ?  
1 0  I I i l ' l l l l  I f , I I , , , I  

10 3 10 4 10 5 

M--w (PSi) 

Figure  3. TE of poly I as a f u n c t i o n  of M'n and ~ .  
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0 ~ -30~ 

I '  ' ' l * ' ' l ' ' ' i ' ' ' i ' ' ' i ' ' '  

c" 

c" 

0 

"E 

44 40 36 
(ppm) 

t . , . L . , , L ~ , , , L . , o | , , , I , ,  . 

44 40 36 
(ppm) 

Figure 4. Part ial  'aC-NMR spectra ( main-chain methylene region ) of poly.~I. 
Polymerization temperatures, solvents and sample codes as 
indicated: see Table 2 for reaction conditions. 

The spectrum of the sample A [Figure  4(A)] ,  ob t a ined  in  nonpolar  
t o l u e n e  so lven t  a t  0 ~ ,  i s  s i m i l a r  to those of o ther  samples C, E, and F 
[Figures  4(C) , (E} ,  and (F)] ob ta ined  in  the h igher  p o l a r i t y  c o n d i t i o n s ,  and 
a l l  the samples had almost the same amounts of the meso and racemic d iads .  
P o l y ( a l k y l  v i n y l  e t h e r ) s  ob ta ined  c a t i o n i c a l l y  in  a po la r  so l ve n t  were 
r e p o r t e d  to be r acemic -d iad  r i c h ,  where the a c t i v e  end should be h i g h l y  
d i s s o c i a t e d ,  whereas t h a t  ob ta ined  in  a nonpolar  so l ve n t  had meso-r ich  
d i a d s ( 1 2 , 1 3 ) .  From the r e s u l t s  t h a t  the p o l a r i t y  of the medium did not  
a f f e c t  the s t e r i c  s t r u c t u r e  of the polymer from I ,  i t  might be concluded 
t h a t  the  p ropaga t ing  end der ived  from the monomer I i s  r a t h e r  d i s s o c i a t e d  
i r r e s p e c t i v e  of the so lven t  p o l a r i t y  through the i n t r a m o l e c u l a r  s e l f -  
s o l v a t i o n  of the ne ighbo r ing  oxyethylene  u n i t s  i n  the 2 - ( 6 - i s o p r o p y l - 2 -  
naphthoxy)e thy loxy  pendant ,  as proposed by Higashimura for  the p o l y ( v i n y l  
e t h e r ) s  wi th  po lyoxye thy lene  pendan t s (13) .  

In  c o n c l u s i o n ,  a novel  comb-l ike p o l y ( v i n y l  e the r )  having  i s o p r o p y l -  
naphthoxy pendant with the w e l l - d e f i n e d  molecular  s t r u c t u r e  could be 
s y n t h e s i z e d  from the monomer of 2 - ( 6 - i s o p r o p y l - 2 - n a p h t h o x y ) e t h y l  v i n y l  
e the r  wi th  A1EtC12 c a t a l y s t .  Although the po lymer ' s  molecular  weight could 
be c o n t r o l l e d  by the p o l a r i t y  of the medium, i t  d id  not  a f f e c t  the s t e r i c  
s t r u c t u r e  at  a l l .  U n f o r t u n a t e l y ,  the polymer showed only  an amorphous 
c h a r a c t e r  (Tg: 22-45 ~ but  not  any LC phase. 
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