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SOME SOLUBLE POLYDIACETYLENES DERIVED FROM 
10,12-DOCOSADIYN-1,22-DIOL 

CHRISTOPH P L A C H E T T A ,  N O R B E R T  O T T O  R A U ,  
R O L F  C.SCHULZ 
I n s t i t u t  f u r  O r g a n i s c h e  Chemie,  U n i v e r s i t a t  
Mainz,  D-6500 Mainz/BRD. 

A b s t r a c t  S y n t h e s i s  and p h y s i c a l  p r o p e r t i e s  
of some new s o l u b l e  p o l y d i a c e t y l e n e s  o b t a i n e d  
by s o l i d  s t a t e  p o l y m e r i z a t i o n  o f  d e r i v a t i v e s  
of 1 0 , 1 2 - D o c o s a d i y n - l  , 2 2 - d i o l ( l  ) a r e  d e s c r i b e d .  

HO- ( c H ~ ) ~ -  c C- c = C- (CHJ, -OH 

1 

I I J T R O D U C T  I ON 

The polymers  o b t a i n e d  by s o l i d  s t a t e  p o l y m e r i z a -  
t i o n  of  c o n j u g a t e d  d i y n e s ’  a r e  i n  most c a s e s  i n -  
s o l u b l e  and n o n - f u s i b l e  w i t h  o n l y  some few e x c e p -  
t i o n s  . 

d e r i v e d  from ( 1 )  which can be i n v e s t i g a t e d  by 
u s u a l  methods of  polymer a n a l y s i s  such  a s  v i s c o -  
m e t r y ,  l i g h t  s c a t t e r i n g ,  osmometry a n d  G P C .  

F u r t h e r m o r e ,  f i l m  f o r m i n g  by c a s t i n g  o f  so- 
l u t i o n s  o r  molding from m e l t  and f i b e r  s p i n n i n g  
from s o l u t i o n s  a r e  p o s s i b l e  w i t h  t h e s e  p o l y m e r s .  

2 -  3 

R e c e n t l y ,  we s y n t h e s i z e d  s e v e r a l  po lymers  
4 
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142 C. PLACHETTA, N. 0. RAU and R .  C. SCHULZ 

S Y N T H E S I S  OF MONOMERS 

5 
Following t h e  method of K h a n  10-undecen-1-01 was 
brominated a n d  subsequen t ly  dehydrobrominated by 
sodium amide i n  l i q u i d  ammonia t o  g ive  lo-undecyn- 
1 -01  ( y i e l d :  77%; m . p .  5 O C ) .  

6 
Oxidat ive  coup l ing  gave ( 1 )  ( y i e l d :  6 1 % ;  

m . p .  8OoC). This  d i o l  was then  e s t e r i f i e d  wi th  
seve ra l  a l i p h a t i c  a n d  a romat i c  a c i d s ,  using 1 , 1  I -  

ca rbony ld i imidazo le  as  condensa t ion  a g e n t . 7  I n  t h i s  
manner we ob ta ined  t h e  e s t e r s  2a-2i i n  50-95% 
y i e l d s .  We a l s o  ob ta ined  the  monoesters 

T A B L E  1 S t r u c t u r e  a n d  me l t ing  p o i n t s  o f  t h e  
d iyne  monomers. 

0 0 
R-C-O-(CH,),--C II C-CEZC-(CH~)~-O-C- I I  R 

2 

R m. p.1 "C 

a) 
- 

CH, 36 I 

CH, CI 41 B 

R rn.p./"C 

a )  determined by D T A  
b )  Compounds 2f a n d  2 h  c r y s t a l l i z e  in  t w o  modi f i -  

c a t i o n s  wi th  t w o  d i f f e r e n t  mel t ing  p o i n t s .  The 
mod i f i ca t ion  of 2f w i t h  m . p .  4 7 O C  forms a b lue  
polymeri2f with m . p .  51°C polymerizes  red.2h 
mel t ing  a t  48OC i s  po lymer izable  in  t h e  s o l i d  
s t a t e  whi le  t h e  o t h e r  mod i f i ca t ion  ( m e l t i n g  a t  
5 2 O C )  does n o t  po lymer ize .  
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SOLUBLE POLYDIACETYLENES 143 

w i t h  R=ber7yl ' 2 ) ;  3,4-dimethoxybenzyl(39); 
1 - n a p h t h y  1 methyl ( 3 i  ) as  by -p roduc t s .  

SYNTHESIS AND P R O P E R T I E S  OF P O L Y M E R S  

The symmetrical  d i e s t e r s  d e s c r i b e d  here  polymerize 
i n  t he  s o l i d  s t a t e  by a 1 , 4 - a d d i t i o n  r e a c t i o n .  1 

0 
I I  

,(CHJg-O-C-R 
C 

Q c 

0 
\\C--(CH,~Q-o-C--R I1 
/ 

C. 
8 

0 
F 

C/ 

- 0  
I t  

R-C-0-(CH) C 
l Q -  \\ It 

C - (CHJQ-0 - c - R 

4 C 0 
I I  / 

29- \\ R-C-0-(CHI C 

Polymer iza t ion  was c a r r i e d  o u t  e i t h e r  by U Y -  or  
II - i r r a d i a t i o n .  I n  t h e  former c a s e ,  c r y s t a l s  o f  
t h e  monomers were t r i t u r a t e d ,  suspended i n  w a t e r ,  
s t i r r e d  a n d  i r r a d i a t e d  w i t h  t h e  u n f i l t e r e d  l i g h t  
o f  a h i g h  p r e s s u r e  mercury-vapour lamp a t  4 O C  
under n i t r o g e n  atmosphere.  I n  t he  l a t t e r  c a s e ,  
po lye thy lene  tubes  c o n t a i n i n g  l a r g e  monomer c r y -  
s t a l s  were exposed t o  II - i r r a d i a t i o n .  

turn b lue  wi th in  few seconds ,  with t h e  excep t ion  
o f  2 9  which t u r n s  r e d .  

D u r i n g  po lymer iza t ion  the  c o l o u r l e s s  monomers 
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144 C. PLACHETTA. N. 0. RAU and R. C. SCHULZ 

Unreacted monomer was removed by e x t r a c t i o n  
w i t h  ace tone  a t  room t empera tu re .  Polymer conver-  
s i o n  ( r a n g i n g  from 10-40%)  was determined by 
weighing t h e  r e s i d u e .  

ch loroform,  d ich loromethane ,  1 , 2 - d i c h l o r o e t h a n e ,  
T H F ,  a n d  t o luene  t o  g ive  ye l low s o l u t i o n s .  They 
a l s o  d i s s o l v e  i n  DMF a n d  DMSO,  however only  a t  
e l e v a t e d  t empera tu res ;  coo l ing  of t h e s e  ye l low 
s o l u t i o n s  ( 2 %  w / w )  r e s u l t  i n  t he  format ion  o f  red 
g e l s .  Red s e l f - s u p p o r t i n g  f i l m s  were ob ta ined  on 
evapora t ing  t h e  chloroform s o l u t i o n s .  

l u t i o n s  show a b r o a d  b a n d  with a maximum a t  4 7 0 -  
4 7 5  nm (Table  2 ) .  

4 7 0  n m  can r e s u l t  from a n  average  con juga t ion  
l eng th  o f  6-7 r e p e a t i n g  u n i t s .  S o l u t i o n s  o f  t h e s e  
polymers a r e  very v i s c o u s ;  t h e  S taud inge r  i n d i c e s  
a r e  above 500 m1.g-l  (Tab le  2 ) .  

The number-average molecular  weights  i n  
chloroform (de termined  by membrane osmometry) 
range from 200 000 t o  300 000 g .mo1- l  

mined by l i g h t  s c a t t e r i n g  a t  A =  578 n m .  The 
va lues  range from 800 000 t o  1 300 000 g - m o l  , 

e v i d e n t  from ge lpermeat ion  chromatography. 

mer so l  u t ions  permit  
s i g n a l s  sugges t  a n  a l t e r n a t i n g  ene-yne s t r u c t u r e  

The polymers d i s s o l v e  a t  room t empera tu re  i n  

The abso rp t ion  s p e c t r a  of t h e  ch loroform s o -  

According t o  Pate1 e t  a18 t h e  b a n d  around 

Weight-average molecular  weights  were d e t e r -  

-1 

This r e l a t i v e l y  l a r g e  p o l y d i s p e r s i t y  i s  a l s o  

I n  s p i t e  o f  t h e i r  high v i s c o s i t i e s ,  t h e  poly 
3 C - N M R  measurements. The 
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SOLUBLE POLYDIACETYLENES 145 
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I46 C. PLACHETTA, N. 0. RAW and R. C. SCHULZ 

9 f o r  t h e  p o l y m e r  b a c k - b o n e  ( T a b l e  3 ) .  
D T A -  o r  DSC-measurements o f  t h e  m o n o m e r - f r e e  p o l y -  
mers show t w o  e n d o t h e r m i c  p e a k s ,  w h i c h  a r e  com- 
p l  e t e l y  r e v e r s i  b l  e ( F i g u r e  1 ) . 

"A 
i 

b 25 50 i s  I00 125 
Temperature I 'C 

FIGURE 1 .  DSC-curves  o f  p o l y ( 2 c )  a n d  p o l y  ( 2 i ) ;  
h e a t i n g  r a t e :  l O o / m i n .  

P o l a r i z a t i o n - m i c r o s c o p i c  i n v e s t i g a t i o n s  show t h a t  
t h e  p o l y m e r  m e l t  behaves  a n i s o t r o p i c  o v e r  t h e  
w h o l e  m e l t i n g  r a n g e .  The e n d o t h e r m i c  peak  a t  h i g -  
h e r  t e m p e r a t u r e s  c o r r e s p o n d s  t o  a t h e r m o c h r o m i c  
t r a n s f o r m a t i o n  f r o m  r e d  t o  y e l l o w .  

An e x o t h e r m i c  peak  f o r  t h i s  t h e r m o c h r o m i c  
t r a n s f o r m a t i o n  c a n  be  o b s e r v e d  on  s l i g h t  u n d e r -  
c o o l i n g  o f  t h e  p o l y m e r  m e l t .  F o r  t h e  f i r s t  t r a n s -  
f o r m a t i o n ,  t h e  peak  c a n  be seen  b y  u n d e r c o o l i n g  
b y  a b o u t  2OoC. 
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148 C. PLACHElTA, N. 0. RAU and R. C. SCHULZ 

Temperature dependent wide-angle  X-ray measure- 
ments show a d i f f r a c t i o n  maximum f o r  t h e  s i d e -  
chain methylene groups a t  2 e = 2 l o ,  i n d i c a t i n g  a 
l a t t i c e  d i s t a n c e  of a b o u t  4 . 2  1. A t  a t empera ture  
above t h e  f i r s t  mel t ing  peak, t h e  d i f f r a c t i o n  
maximum i s  s h i f t e d  t o  a lower va lue  of 2 8  i n d i c a -  
t i n g  a l a r g e r  l a t t i c e  d i s t a n c e .  This  obse rva t ion  
l eads  t o  t he  conclus ion  t h a t  t he  f i r s t  endothermic 
peak cor responds  t o  a mel t ing  o f  t h e  s i d e  c h a i n s ,  
while  t h e  second i s  due t o  t h e  me l t ing  of t h e  poly-  
mer backbone. I t  i s  p o s s i b l e  t o  s t r e t c h  f i l m s  or  
f i b e r s  of t h e s e  polymers a t  a t empera ture  between 
t h e s e  t w o  endothermic peaks ,  X-ray f i b e r  p a t t e r n s  
show t h a t  t h e s e  s t r e t c h e d  f i b e r s  a r e  h igh ly  o r i -  
e n t e d .  From t h e  a n a l y s i s  o f  t h e  f i b e r  p a t t e r n s ,  
a s t r u c t u r e  given in  F igure  2 can be s u g g e s t e d .  

I 
I 

Backbm? chain 

F I G U R E  2 .  Proposed s t r u c t u r e  o f  t h e  l o n g  s i d e  
cha in  p o l y d i a c e t y l e n e s ,  i n d i c a t i n g  
packing o f  macromolecules i n  the  
o r i e n t e d  f i b e r .  
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SOLUBLE POLYDIACETYLENES 149 

MONOESTER B E H A V I O U R  AT THE AIR-WATER-INTERFACE 

R i n g s d o r f  a n d  Day" 
l i n e  a r r a y s  o f  d i a c e t y l e n e  f a t t y  a c i d s  by s p r e a -  

d i n g  t h e  monomers  o n  w a t e r  a n d  c o m p r e s s i n g  t h e  
f i l m s  f o r m e d .  T h e s e  f i l m s  c o u l d  b e  p o l y m e r i z e d  
b y  U V - l i g h t .  

Due t o  t h e i r  l o n g - c h a i n  s t r u c t u r e  t h e  mono-  
e s t e r s  3 a r e  a b l e  t o  f o r m  m o n o l a y e r s ,  t o o .  T h e  
e s t e r s  39  ( m . p .  39OC) a n d  3 i  ( t w o  m o d i f i c a t i o n s ,  
m a p .  4 0  a n d  4 4 O C )  show a n  e x p a n d e d  p h a s e  a t  2 O o C  
a n d  b o t h  e x p a n d e d  a n d  c o n d e n s e d  p h a s e  a t  5OC i n  
t h e  a r e a - p r e s s u r e - i s o t h e r m s .  T h e  e s t e r  3e ( m . p .  
43OC) f o r m s  a c o n d e n s e d  p h a s e  b e t w e e n  r o o m  t e m p e -  

r a t u r e  a n d  l 0 C ,  w h i c h  c o m p l e t e l y  d i s a p p e a r s  a t  

34OC ( F i g u r e  3 ) .  

w e r e  a b l e  t o  o b t a i n  c r y s t a l -  

0.1 0.2 0 . 3  0.4 0.5 0.6 0.7 
Area in nm2/molecule 

F I G U R E  3 .  A r e a - p r e s s u r e  i s o t h e r m s  o f  3 e  o n  w a t e r .  
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The f i l m s  of 39 and 3 i ,  he ld  under  a c o n s t a n t  s u r -  
-. 1 f a c e  p r e s s u r e  of  1 0  mN-m a t  5OC (condensed phase )  

a r e  polymerized on i r r a d i a t i o n  w i t h  UV-liqht. The 

i r r a d i a t i o n  c a u s e s  no refilarkable change of t h e  

f i lm-covered area. A f t e r  c o n p r e s s i n g  t h e  f i l m  con- 
p l e t e l y ,  a b l u e ,  i n s o l u b l e  polymer i s  obtainee. .  
I r r a d i a t i o n  o f  3e  under  t h e  s a n e  c o n d i t i o n s  re- 
sults i n  a r ap i i i  d e c r e a s e  o f  t h e  r e q u i r e d  a r e a  
from 0.22 to 0 . 2 6 5  nm /molecule  w i t h i n  f i v e  m i -  
n u t e s .  The r e s u l t i n g  polymer i s  r e d  and i s  i n -  

s o l u b l e .  I n  c o n t r a s t  t o  3g and 3 i  (m.p. 4 4 O C ) ,  

t h e  ester 3e  i s  n o t  po lymer i zab le  w i t h  UV-light i n  
t h e  s o l i d  s t a t e .  

2 
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SOLUBLE POLYDIACETYLENES 15 I 

A C K N O W L E D G E M E N T  

We t h a n k  t h e  I n s t i t u t  f u r  Kernchemie ( U n i v e r s i t a t  
M a i n z )  f o r  5 - i r r a d i a t i o n  i n  t h e  n u c l e a r  r e a c t o r  
TRIGA i n  i t s  p o s t - o p e r a t i v e  p h a s e ,  a n d  P r o f . D r .  
C h . S c h n e i d e r  ( U n i v e r s i t a t  K o l n )  f o r  p r o v i d i n g  t h e  
"co- 5 - s o u r c e  f a c i l i t i e s .  
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