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Summary 

P h e n y l a c e t y l e n e  (PA) h a s  b e e n  p o l y m e r i z e d  u s i n g  R h ( I )  
c a t a l y s t s  a n d  t h e  r e s u l t i n g  p o l y m e r s  c h a r a c t e r i z e d  by  e l e -  

m e n t a l  a n a l y s i s ,  GPC 1H a n d  13C nmr a n d  i n f r a r e d  s p e c -  
t r o s c o p y .  V e r y  w e l l  r e s o l v e d  s p e c t r a  h a v e  b e e n  r e c o r d e d  
i n d i c a t i n g  t h a t  t h e s e  c a t a l y s t s  p r o d u c e  h i g h l y  s t e r e o -  
r e g u l a r  p o l y m e r s .  

I n t r o d u c t i o n  

C o n j u g a t e d  p o l y m e r s  a t t r a c t  a t t e n t i o n  a t  p r e s e n t ,  some 
s u b s t i t u t e d  a l k y n e s  a r e  u s e d  a s  m o n o m e r s  f o r  t h e  s y n t h e s i s  
o f  s u c h  m a t e r i a l s .  P h e n y l a e e t y l e n e  g i v e s  p o l y m e r s  w h i c h  
a r e  u s u a l l y  s o l u b l e  a n d  a l s o  r e a s o n a b l y  a i r  s t a b l e  a n d  c o n -  
s e q u e n t l y  h a v e  b e e n  w i d e l y  s t u d i e d .  I t  i s  c l e a r l y  d e s i r a b l e  
t o  o b t a i n  a d e t a i l e d  k n o w l e d g e  of  t h e  p o l y m e r  s t r u c t u r e ;  
a n d  i n  p u r s u i t  o f  t h i s  k n o w l e d g e ,  a v e r y  l a r g e  n u m b e r  of  
i n v e s t i g a t i o n s  h a v e  b e e n  c o n d u c t e d ;  many s p e c t r a  h a v e  b e e n  
p u b l i s h e d  a n d  many i n t e r p r e t a t i o n s  p r o d u c e d  ( 1 , 6 , 7 ) .  How- 
e v e r ,  u n i v e r s a l  a g r e e m e n t  a b o u t  t h e  c o r r e l a t i o n  of  o b s e r v e d  
s p e c t r a  w i t h  s a m p l e  m i c r o s t r u e t u r e  h a s  n o t  b e e n  a c h i e v e d .  

R e c e n t l y  we h a v e  u s e d  a new s e r i e s  o f  Rh I c o m p l e x e s  as 
c a t a l y s t s  f o r  t h e  p o l y m e r i z a t i o n  of  PA a n d  h a v e  o b t a i n e d  

h i g h  f i e l d  IH a n d  13C nmr s p e c t r a  on t h e  p o l y m e r s  w h i c h  a r e  
v e r y  w e l l  r e s o l v e d  a n d  w h i c h  we b e l i e v e  a r e ' c h a r a c t e r i s t i c  
o f  a h i g h l y  s t e r e o r e g u l a r  m i c r o s t r u c t u r e .  T h i s  p a p e r  
r e c o r d s  t h e s e  r e s u l t s  i n  a p r e l i m i n a r y  f o r m .  

E..xperimental 

Six different Rh based catalysts have been used namely: 
[Rh(COD)bipy]PF 6 (COD = cyclooctadiene; bipy = 2,2' bi- 

pyridine, Polymer obtained = PPA 1) 
[Rh(COD)bipyam]PF 6 (bipyam = di(a-a' piridyl) amine; PPA 2), 

[Rh(NBD)bipy]PF 6 (NBD = norbornadiene; PPA 3), 

[Rh(COD)CI]2 PPA 4, [Rh(COD)EDA]CI (EDA = N-N-N'-N' tetra- 

methylethylendiamine: PPA 5) and [Rh(COD)TEDA]CI (TEDA = 
triethylendiamine; PPA 6) (8). 
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I n  a t y p i c a l  e x p e r i m e n t  r e d i s t i l l e d  p h e n y l a c e t y l e n e  (5  g )  
was d i s s o l v e d  i n  m e t h a n o l  (20  ml )  a t  room t e m p e r a t u r e ;  t h e  
s o l u t i o n  was s t i r r e d  a n d  t h e  s o l i d  c a t a l y s t  [ R h ( N B D ) b i p y ] -  
PF 6 was a d d e d  i n  a monomer  t o  c a t a l y s t  m o l a r  r a t i o  o f  2 7 3 : 1 .  

The  m i x t u r e  was r e f l u x e d  f o r  3 h r s .  a n d  t h e  p o l y m e r ,  a 
b r i g h t  y e l l o w  p o w d e r ,  r e c o v e r e d  by  f i l t r a t i o n ,  w a s h e d  w i t h  
m e t h a n o l ,  a n d  d r i e d  t o  g i v e  PPA ( 9 0 Z ;  f o u n d  C: 9 4 . 1 2 Z ;  H: 
5 . 4 8 ~ ;  c a l c .  f o r  (C8H6)  n 9 4 . 0 8 ;  5 . 9 2 Z ) .  GPC m e a s u r e m e n t s  

w e r e  p e r f o r m e d  u s i n g  a P e r k i n  E l m e r  601 l i q u i d  c h r o m a t o -  

g r a p h y  a p p a r a t u s  c o n t a i n i n g  3 PL g e l  c o l u m n s  ( 1 0 5  , 103 a n d  
500 A) f r o m  P o l y m e r  L a b o r a t o r i e s  L t d .  and  RI a n d  UV d e t e c -  
t o r s .  

Results and Discussion 

GPC analysis of THF solutions of PPA 4 and PPA 5 showed 
single broad peaks between the retention volumes of poly- 
styrene standards of M 100.000 and 10.000; we can there- 

n 
fore conclude that the products are genuine polymers. All 
the IR spectra of PPA samples obtained were similar and 

-1 
showed bands at 740, 895, 920 cm which have been repeat- 
edly used as characteristic of cis-polyphenylacetylene (1,2, 
6). 

Both 13C and IH nmr spectra of the PPA produced in 
thls study seem to be somewhat better resolved than those 
reported previously, PPA d gave particularly well resolved 
spectra (Fig. 1 and 2). The spectra are consistent with the 
hypothesis that these catalysts give a high degree of 
stereoregularity. Fig. I shows an excellent signal to noise 
and resolution: the quality of resolution can be judged by 
reference to chloroform hydrogen signal at 7.25 p.p.m. The 
sharp singlet at 5.84 p.p.m, can be assigned to the backbone 
hydrogen resonance of the PPA chain; the system at 6.63, 
6.64, 6.93, 6.95 p.p.m, can be assigned to a AA' MM' N 
system arising from the phenyl ring hydrogens as indicated; 
the integrated intensities are in required 3:2:1 ratio and 
the coupling constant between the ring hydrogens at b and c 
is 6.3 Hz. The low intensity peaks at low field are con- 
sistent with the presence of small amounts of triphenyl- 
benzene. The spectrum shown in Fig. 2 also displays good 
signal to noise and resolution. The DEPT spectrum iden- 
tifies the quaternary carbon resonances at 142.81 and 139.32 
p.p.m., the signal at 131.71 p.p.m, is assigned to the 
vinylic carbon, carrying hydrogen: the aromatic ring 
carbons carrying hydrogen are seen at 127.67 and 127.49 
(ortho and meta) and 126.59 (para) p.p.m. It is clear that 
we are dealing with a highly stereoregular polymer with an 
all head to tail structure, owing the presence of a singlet 

at 5.8d p.p.m, in the 1H nmr spectrum. 1H and 13C NMR 
spectral data for PPA reported in the literature are 
collected in Table I. 
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1 
B e r l i n  e t  a l .  ( 9 )  r e p o r t e d  H n m r  s p e c t r a  f o r  v a r i o u s  

PPA s a m p l e s .  On t h e  b a s i s  o f  a n  e x a m i n a t i o n  o f  m o d e l s  f o r  
f o u r  t y p e s  o f  PPA c h a i n  c o n f o r m a t i o n  t h e y  p r o p o s e d  t h a t  t h e  
s i g n a l  f o r  t w o  o f  t h e  b e n z e n e  r i n g  p r o t o n s  w o u l d  b e  b e l o w  
6 . 4  p . p . m ,  i n  t h e  t r a n s - t r a n s o i d a l  s t r u c t u r e  ( a  h e l i x  w i t h  
12  m o n o m e r  u n i t s  p e r  c o i l ) ;  n o  s h i f t  t o  s t r o n g  f i e l d  w a s  
e x p e c t e d  f o r  t h e  t r a n s - c i s o i d a l  c o n f o r m a t i o n  o f  t h e  PPA 
c h a i n  ( h e l i x  w i t h  t h r e e  m o n o m e r  u n i t s  p e r  c o i l ) .  I n  t h e  

TABLE I .  IH and 13C nmr s o e c t r a l  d a t a  f o r  PPA 

IH 6 v a l u e s  a ' b  

5 . 6  7 . 2  ( t w o  b r o a d  s t s n n l s )  
5 . 8 2 ( 1 )  6 . 7 ( 1 )  6 . 6 6 ( 4 )  
5 .83 [~ ]  6 .67 [0 ]  6.99[m] 7 .2 [p ]  
5.85 6.70 7.1 
5.82 6.82 
5 .84 (1 )  6 . 6 3 - 6 . 6 4 ( 2 )  6 . 9 3 - 6 . 9 6 ( 3 )  

13C 6 v a l u e s  

1 4 2 . 6  1 3 9 . 2  1 3 1 . 5  1 2 7 - 1 2 8  
1 4 2 . 8  1 3 9 . 2  1 3 1 . 7  1 2 9 . 9 - 1 2 7 . 8  
142.8 139.3 131.7 127.6 127.4 

p r o p o s e d  s t r u c t u r e  R e f .  

o i 8 - t r a n s o i d a l  9 
" 2 

n i s - c i s o i d a l  I0 
c i e  (E)  11 
o t s - t r a n s o i d a l  and i r e n e  7 

t h i s  work  

1 2 6 . 6  n i s - c i e o l d a l  1 0 . 1 2  
1 2 6 . 6  h i s  and i r e n e  13 
1 2 6 . 6  t h l s  work  

a )  i n t e n s i t l e e  a r e  K i v e n  i n  p a r o n t h o s o o z  b )  D p r o t o n  o f  t h e  p o l y e n i c  c h a i n  o .  m. 
p.  p r o t o n s  o f  t h e  b e n z e n e  r i n K .  
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c a s e  o f  a c i s - t r a n s o i d a l  c o n f o r m a t i o n  t w o  p r o t o n s ,  o n e  o n  
t h e  b e n z e n e  r i n g  a n d  o n e  o n  t h e  p o l y e n e  c h a i n ,  w e r e  e x p e c t e d  
t o  b e  s h i f t e d  t o  s t r o n g e r  f i e l d .  T h e y  a s s i g n e d  t r a n s -  
c i s o i d a l  ( P P A - T )  a n d  c i s - t r a n s o i d a l  ( P P A - C )  o n  t h e  b a s i s  os  
t h i s  a n a l y s i s .  

S i m i o n e s c u  e t  a l .  ( 2 )  r e p o r t e d  s i m i l a r  s p e c t r a  f o r  PPA 
o b t a i n e d  w i t h  Z i e g l e r - N a t t a  t y p e  c a t a l y s t s .  U s i n g  B e r l i n ' s  
a n a l y s i s  t h e y  a s s i g n e d  t h e i r  m a t e r i a l  a c i s - t r a n s o i d a l  

s t r u c t u r e .  We h a v e  r e c o r d e d  s i m i l a r  1H n m r  s p e c t r a  f o r  PPA 
s a m p l e s  e x p o s e d  t o  s o m e  s o l v e n t s  o r  e l e v a t e d  t e m p e r a t u r e s ,  
a n d  o b s e r v e  t h a t  s u c h  t r e a t m e n t s  c a n  r e s u l t  i n  a d e t e r i o -  
r a t i o n  o f  t h e  s p e c t r a l  r e s o l u t i o n .  F o r  e x a m p l e ,  t h e  s p e c -  
t r u m  o f  PPA 1 ( F i g .  3 )  w h i c h  w a s  p u r i f i e d  b y  p r e c i p i t a t i o n  
f r o m  THF i n t o  h e x a n e  i s  c o n s i d e r a b l y  l e s s  w e l l  r e s o l v e d  t h a n  
a n  u n t r e a t e d  s a m p l e .  I n  s o m e  c a s e s ,  f o r  e x a m p l e  PPA 2 ,  we 
o b s e r v e  e x t r a  s p e c t r a l  f e a t u r e s  o n  u n t r e a t e d  ( s o l v e n t  o r  
h e a t i n g )  s a m p l e s  a n d  i t  s e e m s  l i k e l y  t h a t  i n  t h e s e  c a s e s  a 
p o l y m e r  o f  l o w e r  s t e r e o r e g u l a r i t y  i s  f o r m e d  ( s e e  F• 4 ) .  

T h e  i n t e n s i t y  r a t i o  o f  t h e  s i g n a l s  o f  t h e  1H n m r  s p e c -  
t r u m  r e p o r t e d  b y  S i m i o n e s c u  ( s e e  T a b l e  1)  i s  1 : 1 : 4 ,  b u t  i n  
t h e  w e l l  r e s o l v e d  s p e c t r u m  o f  F i g .  2 we o b s e r v e  a 1 : 2 : 3  

I 

140 ' / ,  ;0  120 

F i g u r e  3 .  13C a n d  1H n m r  s p e c t r a  f o r  PPA 1 
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ratio, consistent with protons in a highly stereoregular PPA 
chain. 

In a recent paper Katz (11) reported an analogous 1H 
nmr spectrum for PPA-C for which he proposed a cis (E) 

structure, on the basis of the Simionescu's hypothesis. 13C 

and 1H nmr spectra of PPA-C have been reported by Sanford et 

al. (10,12). The IH nmr spectrum was similar to those 
reported previously, but the polymer was assigned a cis- 
cisoidal structure although Simionescu had predicted that 
for cis-cisoidal PPA only the resonance of one aromatic 
proton could be shifted to lower values os 5 (2). The 

assignment rested on a comparison of 13C nmr spectrum of the 
PPA sample with that of 1,3,5-triphenylbenzene (1,3,5 TPB), 
but re-examination of the data for the model compound 
suggests that Sanford's 6 values for 1,3,5-triphenylbenzene 

are in error. The 5 values for 13C nmr spectra reported by 
Percec (3) are in agreement with those given by Sanford et 
al. and with this work (Table 1). However according to 
Percec, polymers of cis-cisoidal structure cannot be 
obtained with either WCI 6 or MoCl 5, which were the catalysts 

he used. He attributed the signal at 142.8 p.p.m, to the 
quaternary carbon atoms of polymeric chains both of cis- 

I 

, , 7, , 
1/,0 120 7"0 

I I 

60 5"0 ppm 

Figure 4. 13C and IH nmr spectra for PPA 2. 
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transoidal or trans-cisoldal structure. The signal at 139.2 
p.p.m, is attributed to quaternary carbon atoms of the 
benzene rings (also in cis or trans chain segments). A weak 
signal at 129.3 p.p.m, was assigned by Percec to cyclohexa- 
dienic structures in the chains. The signal at 126.6 
p.p.m., which Percec assigned to CH group of trans vinylene 
units, was attributed by Sanford to vinylene segments of 
cis-cisoidal structure. 

C l e a r l y  t h e r e  i s  c o n s i d e r a b l e  u n c e r t a i n t y  a b o u t  t h e  

i n t e r p r e t a t i o n s  o f  t h e  d e t a i l s  o f  t h e s e  13C a n d  1H nmr 
s p e c t r a .  As we h a v e  o b s e r v e d  i n  a p r e v i o u s  p a p e r  ( 1 4 )  i t  i s  
e v i d e n t  t h a t  d i f f e r e n t  c a t a l y s t s  g i v e  r i s e  t o  p o l y m e r  w i t h  
s i m i l a r  s t r u c t u r e s ,  b e c a u s e  o f  t h e  s i m i l a r i t y  o f  t h e  IR a n d  
nmr s p e c t r a  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The  Rh c o m p l e x e s  
t h a t  we h a v e  now u s e d  a s  c a t a l y s t s  g i v e  a p r o d u c t  w h i c h  
a p p e a r s  t o  b e  h i g h l y  s t e r e o r e g u l a r  PPA. The  s t e r e o -  
r e g u l a r i t y  o f  t h e  p o l y m e r i c  c h a i n  i s  d e m o n s t r a t e d  by  t h e  

w e l l  r e s o l v e d  1H a n d  13C nmr s p e c t r a .  C o m p a r i s o n  o f  t h e  
s p e c t r o s c o p i c  d a t a  f o r  t h e  PPA p r o d u c e d  i n  t h i s  s t u d y  w i t h  
t h o s e  p u b l i s h e d  p r e v i o u s l y  s u g g e s t s  t h a t  e i t h e r  t h e  
i n i t i a t o r s  u s e d  by p r e v i o u s  w o r k e r s  do n o t  p r o d u c e  s u c h  
h i g h l y  r e g u l a r  m a t e r i a l s  o r  t h a t  t h e  s t r u c t u r a l  h o m o g e n e i t y  
o f  t h e i r  i n i t i a l  p r o d u c t s  i s  d e g r a d e d  d u r i n g  r e c o v e r y  o f  
p r o d u c t  a n d / o r  by  s o l v e n t  t r e a t m e n t .  The  d a t a  g i v e n  f o r  t h e  
h i g h l y  s t e r e o r e g u l a r  PPA p r o d u c e d  i n  t h i s  s t u d y  i s  
i n s u f f i c i e n t  t o  u n a m b i g u o u s l y  d e f i n e  t h e  c h a i n  m i c r o -  
s t r u c t u r e  b u t  c a n  p r o b a b l y  be  c o r r e l a t e d  t o  a r e g u l a r  
h e a d - t a i l  c i s - t r a n s o i d a l  s t r u c t u r e .  F u r t h e r  i n v e s t i g a t i o n s  
t o  c o n f i r m  t h i s  h y p o t h e s i s  a r e  i n  p r o g r e s s .  

Conclusion 

Stereoregular polyphenylacetylene can be produced using 
Rh(I) based catalysts. The polymer structure and/or 
conformation is very sensitive to thermal and solvent 
induced isomerization. 
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