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ABSTRACT 

An a d h e s i v e  f o r m u l a t i o n  c o n s i s t i n g  of a new t i t a n i u m  c h e l a t e  
polymer w i t h  s i l a n o l  s u b s t i t u e n t s ,  a n  a r y l e n e d i s i l a n o l  r e a c t i v e  
p l a s t i c i z e r ,  and p h e n y l s i l a n e t r i o l  a c c e l e r a t o r  was developed t h a t  
c u r e s  in situ i n  aluminum j o i n t s  a t  170°C t o  a r e s i n  t h a t  i s  i n -  
f u s i b l e  a t  2 5 0 O C .  T e n s i l e  shear s t r e n g t h s  a t  25OOC o f  j o i n t s  
bonded w i t h  t h i s  r e s i n  were as h i g h  as 780 p s i .  S e v e r a l  o t h e r  
c h e l a t e  polymers ,  i n c l u d i n g  z i n c  l i n e a r  polymers and  t i t a n i u m  
prepolymers  w i t h  a l k o x y ,  v i n y l ,  or i s o c y a n a t e  s u b s t i t u e n t s ,  were 
a l s o  developed and t e s t e d  i n  a d h e s i v e  f o r m u l a t i o n s  i n  aluminum 
j o i n t s .  

N e w  b i s b i d e n t a t e  l i g a n d s  w i t h  f l e x i b l e  connec t ing  l i n k a g e s  
between 8-hydroxyquinol ine o r  o-alkanoylphenol  groups  were p r e p a r e d  
to improve b o t h  t r a c t a b i l i t y  and t h e r m a l  s t a b i l i t y  o f  t h e  t i t a n i u m  
and z i n c  c h e l a t e  polymers .  

Polychelatotitanosiloxanes based on  p -a ry leneb i s (d io rgan0-  
s i l a n o l s )  cu red  i n  situ i n  aluminum j o i n t s  produced t e n s i l e  shear 
s t r e n g t h s  o f  1 3 0 0  p s i  a t  - 1 O O O C  and a t  room t e m p e r a t u r e .  The  
h i g h e s t  s t r e n g t h  o b t a i n e d  a t  25OOC w i t h  t h i s  t y p e  polymer was 
4 4 0  p s i .  
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The pr imary  o b j e c t i v e  o f  t h i s  p r o j e c t  was t h e  s y n t h e s i s  
and development o f  semi-organic  c o o r d i n a t i o n  polymers t o  p r o v i d e  
s t r u c t u r a l  a d h e s i v e s  u s a b l e  a t  6 0 0 0 ~  (315°C) and h igher .  S p e c i f i -  
c a l l y ,  these  a d h e s i v e s  s h o u l d  p r o v i d e  a minimum of  1 0 0 0  p s i  shear 
t e n s i l e  s t r e n g t h  a t  600°F (315OC) and shou ld  be c u r a b l e  i n  a 
p r a c t i c a l  manner a t  t e m p e r a t u r e s  below 350°F (175°C). It was 
a l s o  d e s i r a b l e ,  b u t  no t  e s s e n t i a l ,  t h a t  these  a d h e s i v e s  have 
u s a b l e  s t r e n g t h s  a t  c ryogen ic  t e m p e r a t u r e s  as low as -423°F 
(-222°C). 

Our work w a s  p r i m a r i l y  concerned w i t h  t h e  f o l l o w i n g  two 

1. Metal c h e l a t e  polymers d e r i v e d  from 5 , 5 ' - b i s - ( s a l i c y l -  

s p e c i f i c  t y p e s  o f  semi-organic  c o o r d i n a t i o n  polymers:  

N-buty1imino)methane and b i s b i d e n t a t e  l i g a n d s  c o n t a i n i n g  
8-hydroxyquinol ino groups ; and 

2. Polychelatotitanosiloxanes. 

The s p e c i f i c  tasks unde r t aken  f o r  deve lop ing  these  polymers 
as u s a b l e  h i g h  t e m p e r a t u r e  a d h e s i v e s  were as f o l l o w s :  

1. Develop r e a c t i o n  c o n d i t i o n s  f o r  t h e  p r e p a r a t i o n  of  
un i fo rmly  h igh  molecu la r  weight  l i n e a r  polymers;  

2 .  Determine t h e  s t r u c t u r a l  f e a t u r e s  of  t h e  polymers t ha t  
lead t o  s o l u b l e ,  t r ac t ab le  r e s i n s ;  

3.  Develop methods of c r o s s l i n k i n g  t h e  l i n e a r  polymers t o  
c u r e  them t o  i n f u s i b l e  and mechan ica l ly  s t r o n g  r e s i n s ;  
f o r  a d h e s i v e  r e s i n s  f o r  aluminum t h e  c u r e  must b e  a 
accompl ished  a t  175°C or l ower ;  

4 .  C h a r a c t e r i z e  t hese  polymers;  

5.  Determine t h e  a d h e s i v e  p r o p e r t i e s  of t h e  polymers .  

During t h i s  program, many m o d i f i c a t i o n s  of  t h e  above two 
bas ic  t y p e  polymers  were n e c e s s a r i l y  made t o  f u l f i l l  these  tasks 
and develop  u s a b l e  adhes ive  r e s i n s .  The f o l l o w i n g  d i s c u s s i o n  of  
o u r  work on these polymers i s  no t  c h r o n o l o g i c a l ,  b u t  i n s t e a d ,  
p r e s e n t s  t h e  more p e r t i n e n t  and r e l e v a n t  a s p e c t s  f i r s t .  D e t a i l e d  
d i s c u s s i o n s  o f  t h e  metal c h e l a t e  polymers are i n  S e c t i o n  111, A-C, 
and de t a i l ed  d i s c u s s i o n s  of  t h e  polychelatotitanosiloxanes are 
i n  S e c t i o n  111, H - J .  P r e p a r a t i o n  of l i g a n d s ,  c r o s s l i n k i n g  a g e n t s ,  
and i n t e r m e d i a t e s  f o r  b o t h  these  polymer s y s t e m s  are d i s c u s s e d  
s e p a r a t e l y  i n  S e c t i o n  111, D-G, because  many of  these  r e a g e n t s  
were used  w i t h  b o t h  polymer s y s t e m s .  
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A .  C H E L A T E  P O L Y  

An a d h e s i v e  f o r m u l a t i o n  based  on a new t y p e  of t i t a n i u m  
c h e l a t e  polymer was developed t h a t  c u r e d  i n  s i t u  i n  aluminum 
j o i n t s  t o  a r e s i n  t h a t  was i n f u s i b l e  a t  250OC. Aluminum j o i n t s  
coup led  w i t h  t h i s  r e s i n  had t e n s i l e  shear s t r e n g t h s  t h a t  ave raged  
580 p s i  and were as h igh  as 780 p s i  a t  2 5 O O C .  The three-component 
f o r m u l a t i o n  c o n s i s t e d  o f  (1) a t i t a n i u m  chelate  1adde r .po lymer  
w i t h  a backbone o f  t h e  l i g a n d ,  5,5~-bis(salicyl-N-butylimino)- 
methane, and w i t h  s i l a n o l  s u b s t i t u e n t s ;  ( 2 )  a r e a c t i v e  p l a s t i c i z e r ,  
bis(methylphenylhydroxysily1)biphenyl e ther ,  which p l a s t i c i z e s  
t he  high m e l t i n g  polymer t o  f low a t  1 7 O o C  and t h e n  r e a c t s  w i t h  i t  
d u r i n g  c u r e  t o  r e n d e r  i t  i n f u s i b l e ;  and ( 3 )  a c u r e  a c c e l e r a t o r ,  
p h e n y l s i l a n e t r i o l ,  t h a t  i n c r e a s e s  t h e  degree of c r o s s l i n k a g e  o f  
t h e  r e s i n .  T h i s  b a s i c  f o r m u l a t i o n  r e q u i r e s  approximate ly  65 hours  
t o  c u r e  a t  170°C. The c u r e  t i m e  w a s  s h o r t e n e d  t o  under  2 4  hours  
by add ing  a l i p h a t i c  amine c a t a l y s t s ,  such  as A-1100, t o  t h e  b a s i c  
f o r m u l a t i o n .  T e n s i l e  shear s t r e n g t h s  of these  j o i n t s ,  however, 
were somewhat l ower ,  a p p a r e n t l y  because  of  i n c r e a s e d  p o r o s i t y .  

Development of t h e  above f o r m u l a t i o n  invo lved  d e t e r m i n a t i o n  
o f  t h e  bes t  p o l y m e r - p l a s t i c i z e r  r a t i o  f o r  good resin-aluminum 
s u b s t r a t e  c o n t a c t  a t  170°C. Those f o r m u l a t i o n s  t ha t  c o n t a i n e d  
20 to 25% bis(methylphenylhydroxysily1)biphenyl e t h e r ,  r e q u i r e d  
about  150 hours  c u r e  t i m e .  T h e r e f o r e ,  a n  e x t e n s i v e  s t u d y  of c u r e  
a c c e l e r a t o r s  t o  i n c r e a s e  b o t h  the  r a t e  and degree of c u r e  was 
unde r t aken  t o  improve t h e  i n i t i a l  f o r m u l a t i o n .  S e v e r a l  r e a g e n t s ,  
such  as t i t a n i u m  a l k o x i d e s ,  a l k y l  p h o s p h i t e s ,  a r y l e n e  d i i s o c y a n a t e s ,  
hexamethylcyclosiloxane, and p-phenylene-bis(pheny1phosphinic 
a c i d ) ,  i n c r e a s e d  t h e  ra te  of c u r e  s i g n i f i c a n t l y .  However, t h e  
s t r e n g t h s  o f  j o i n t s  coupled  w i t h  r e s i n s  cu red  w i t h  these  a c c e l e r a t o r s  
were low because  o f  high p o r o s i t y .  The most u s e f u l  a c c e l e r a t o r  
found was p h e n y l s i l a n e t r i o l ,  which a c c e l e r a t e d  t h e  r a t e  of c u r e  
moderate.ly and a l s o  i n c r e a s e d  t h e  degree of c u r e  t o  y i e l d  i n f u s i b l e  
r e s i n s  w i t h  low p o r o s i t y .  A s tudy  of  a ser ies  of  f o r m u l a t i o n s  
c o n t a i n i n g  v a r y i n g  p r o p o r t i o n s  of t h i s  a c c e l e r a t o r ,  t h e  p l a s t i c i z e r ,  
and t h e  s i l a n o l - s u b s t i t u t e d  t i t a n i u m  c h e l a t e  ladder polymer r e s u l t e d  
i n  t h e  op t imized  f o r m u l a t i o n  d e s c r i b e d  above. 

A major  par t  ,o f  o u r  e f f o r t  was d i r e c t e d  a t  o b t a i n i n g  a polymer 
t h a t  c o u l d  be used  i n  t h e  f o r m u l a t i o n  d e s c r i b e d  above, namely, a 
t h e r m a l l y  s t a b l e  polymer w i t h  t h e  a b i l i t y  t o  c u r e  i n  s i t u  i n  
aluminum j o i n t s  below 170°C t o  r e s i n s  t h a t  were i n f u s i b l e  a t  
2 5 O O C .  S e v e r a l  t y p e s  of  c h e l a t e  polymers ,  l i s t e d  below, were 
developed and e v a l u a t e d  f o r  t h i s  use  i n  a d d i t i o n  t o  t h e  s i l a n o l -  
s u b s t i t u t e d  t i t a n i u m  c h e l a t e  polymers .  
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1. Zinc c h e l a t e  l i n e a r  polymers;  

2 .  T i tan ium c h e l a t e  polymers  w i t h  a lkoxy  s u b s t i t u e n t s ;  

3. T i tan ium c h e l a t e  polymers w i t h  v i n y l  s u b s t i t u e n t s ;  

4 .  T i tan ium c h e l a t e  polymers w i t h  i s o c y a n a t e  s u b s t i t u e n t s .  

5,5'-5is(salicyl-N-butylimino)methane was used as t h e  b i s -  
b i d e n t a t e  l i g a n d  f o r  condensa t ion  w i t h  r e a c t i v e  z i n c  o r  t i t a n i u m  
r e a g e n t s  i n  i n i t i a l  development o f  a l l  these  polymers because  i t  
was known to g i v e  t r a c t a b l e  polymers w i t h  z i n c  and because  i t  
was e a s i l y  made. O the r  b i s b i d e n t a t e  l i g a n d s ,  d e s c r i b e d  i n  
S e c t i o n  B,  were t h e n  used  t o  s t u d y  t h e  e f f e c t s  o f  polymer s t r u c t u r e  
on i t s  mechanical  and adhes ive  p r o p e r t i e s  and to improve thermal 
s t a b i l i t y .  

The development program w i t h  t h e  z i n c  c h e l a t e  polymers 
encompassed, f i r s t ,  o p t i m i z a t i o n  of  r e a c t i o n  c o n d i t i o n s  t o  p re -  
pa re  h i g h  molecu la r  weight polymer; second,  d e t e r m i n a t i o n  of t h e  
s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  polymer necessa ry  t o  make i t  s o l u b l e  
and t r a c t a b l e ;  t h i r d l y ,  e v a l u a t i o n  of  i t s  a d h e s i v e  p r o p e r t i e s ,  
and l a s t ,  d e t e r m i n a t i o n  of  methods t o  c r o s s l i n k  t h e  polymer i n  
s i t u  a t  170°C. T h i s  program r e s u l t e d  i n  p r e p a r a t i o n  o f  a s o l u b l e  
l i n e a r  polymer w i t h  r e l a t i v e  v i s c o s i t y  o f  1 . 6  and s o f t e n i n g  p o i n t  
about 2 2 0 O C .  The  polymer gave s t a i n l e s s  s t e e l  j o i n t s  w i t h  t e n s i l e  
shear s t r e n g t h s  as h igh  as 1 3 0 0  p s i  a t  room t empera tu re .  However, 
t h e  polymer was n o t  a d a p t a b l e  f o r  c r o s s l i n k i n g  i n  s i t u  to i n f u s i b l e  
r e s i n s .  

The t i t a n i u m  polymers were developed n e x t  s i n c e  t i t a n i u m  
p rov ided  s i t e s  for c r o s s l i n k i n g  and was known t o  g i v e  t h e r m a l l y  
s t ab le  polymers.  A lkoxy-subs t i t u t ed  polymers cu red  e a s i l y  a t  
170°C u s i n g  e i t h e r  water o r  a d i s i l a n o l  as c r o s s l i n k i n g  a g e n t ,  t o  r e s i n s  
i n f u s i b l e  below 350°C. However, when these  r e s i n s  were cu red  in 
s i t u  i n  aluminum j o i n t s ,  t h e  bonds were weak because o f  h igh  
p o r o s i t y  caused by e v o l u t i o n  o f  t h e  a l c o h o l  d u r i n g  c u r e .  The 
h i g h e s t  s t r e n g t h s  o b t a i n e d  were 750 p s i  a t  room t empera tu re  and 
250  p s i  a t  250°C.  

The t i t a n i u m  polymers w i t h  v i n y l  or i s o c y a n a t e  s u b s t i t u e n t s  
were developed because  these s u b s t i t u e n t s  c r o s s l i n k  and c u r e  t h e  
polymers wi thou t  p r o d u c t i o n  o f  v o l a t i l e  byproduc t s .  The u s e f u l -  
nes s  o f  t h e  v i n y l - s u b s t i t u t e d  polymers was l i m i t e d  by low s o f t e n i n g  
ranges  t h a t  a p p a r e n t l y  r e s u l t e d  from t h e  low molecu la r  weight  
o f  t h e  l i n e a r  prepolymers .  Attempts  t o  i n c r e a s e  molecu la r  weight 
of  these prepolymers  were n o t  s u c c e s s f u l .  A t t empt s  t o  s u b s t i t u t e  
i s o c y a n a t e  groups on t h e  b a s i c  t i t a n i u m  c h e l a t e  polymer backbone 
were on ly  p a r t i a l l y  s u c c e s s f u l ,  and t h e  polymers had e x c e s s i v e l y  
h igh  m e l t i n g  r a n g e s ,  a p p a r e n t l y  caused  by p a r t i a l  c r o s s l i n k i n g .  
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The two major portions of synthesis work involved (1) prep- 
aration of bisbidentate ligands for use as backbones of the 
chelate polymers and as crosslinking agents for the polychelato- 
titanosiloxanes; and ( 2 )  preparation of arylenebis(diorgan0- 
silanols) for use as reactive plasticizers and as intermediates 
in preparation of polymers. Several new bisbidentate ligands 
such as N,N-bis(8-hydroxy-5-quinolylmethyl)butylamine, bis[N- 
methyl-N-(8-hydroxy-5-quinolylmethyl)]-l,6-hexanediamine, N,N- 
dimethyl-N',Nt-bis(8-hydroxy-5-quinolylmethyl)-l,3-propane- 
diamine, and 1,5-bis (4-hydroxy-3-octanoylphenyl)pentane, were 
prepared to improve the thermal stability and the flexibility 
of the linear polymers. Other ligands such as the 5,5'-bis(7- 
alkanoyl-8-hydroxyquinolino)methanes and various Schiff bases 
of 5,5'-bis(salicylaldehydo)methane were also prepared to determine 
the effect of bulky groups in the vicinity of the metal ion in 
the polymer backbone on the mechanical properties of the polymer. 

Arylenebisdiorganosilanols (where arylene was phenylene, 
biphenylene, or biphenylene ether and diorgano was methylmethyl 
or methylphenyl or methylvinyl) were prepared by several routes. 
The best general procedure involved coupling of chloroalkoxy- 
diorganosilanes to the ring via the Grignard reagent followed 
by hydrolysis of the alkoxy groups in ethanol solution with 
aqueous sodium hydroxide. 

Among the other reagents and crosslinking agents that were 
prepared for use in this program were dialkoxybischelatotitanium 
compounds where the chelato moiety was acetylacetonato, 8-hydroxy- 
quinolino, or salicylaldehydo, p-phenylenediphosphoric acid, 
p-phenylene-bis(pheny1phosphinic acid), phenylsilanetriol, di- 
phenylvinylsilanol, p-tolyldiphenylsilanol, heptamethyl-1-aza- 
3,5-dioxa-2,4,6-trisilacyclohexane, and bis(methy1amino)methyl- 
phenylsilane. 

C. POLYCHELATOTITANOSILOXANES 

Three general types of polymers, as follows, were developed 
in this program. 

i 1 n 

P o l y d i  c h e l a  t o t i  t a n o d i  o r g a n o s i  1 o x a n e s  
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Polydichelatotitano-p-arylene-bis(diorganosi1oxanes) 
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Polytitanotetrakis-[p-arylene-bis(diorganosiloxanes)] 

With each t y p e  o f  polymer,  methods t o  p r e p a r e  a prepolymer 
t h a t  would wet t h e  aluminum s u b s t r a t e s  a t  170°C were developed ,  
as were methods t o  c r o s s l i n k  t h e  prepolymers  in situ i n  t h e  
aluminum j o i n t s .  The o r i g i n a l  polydichelatotitanodiorganosiloxanes 
t h a t  were p r e p a r e d  by a m o d i f i c a t i o n  of  Andrianov's  method were 
low m e l t i n g  e l a s t o m e r s .  We found t h a t  c r o s s l i n k i n g  these e l a s t o m e r s  
by l i g a n d  exchange y i e l d e d  r e s i n s  t h a t  were s o f t  a t  2 5 0 O C .  
There fo re ,  r e a c t i o n  c o n d i t i o n s  were a l t e r e d  t o  i n c r e a s e  t h e  T i / S i  
r a t i o  i n  t h e  e l a s t o m e r s  t o  i n c r e a s e  t h e  number o f  s i t e s  a v a i l a b l e  
f o r  c r o s s l i n k i n g .  
were o b t a i n e d  u s i n g  a combinat ion o f  tetramethyldisiloxane-l,3- 
d i o l  and d i p h e n y l s i l a n e d i o l  as r e a g e n t s .  However, t h e  a d h e s i v e  
p r o p e r t i e s  o f  r e s i n s  o b t a i n e d  by c r o s s l i n k i n g  these e l a s t o m e r s  
were poor  and appeared  t o  be l i m i t e d  by d e p o s i t i o n  of  a t h i n  
l a y e r  of low molecu la r  weight c y c l i c  s i l o x a n e  contaminant  on 
t h e  aluminum s u r f a c e .  The l i g a n d  exchange r e a c t i o n  d i d ,  however, 
s u c c e s s f u l l y  c u r e , t h e  bulk  of  the  r e s i n  t o  a h igh  m e l t i n g  p r o d u c t .  

The polydichelatotitano-p-arylene-bis(diorganosi1oxanes) 
were i n v e s t i g a t e d  n e x t  s i n c e  t h e  a r y l e n e  groups were e x p e c t e d  
t o  p r e v e n t  f o r m a t i o n  of  c y c l i c  p r o d u c t s  and a l s o  improve a d h e s i v e  
p r o p e r t i e s .  These prepolymers  were c u r e d  i n  two s t e p s  by l i g a n d  
exchange w i t h  b i s b i d e n t a t e  l i g a n d s  w i t h  r i g i d  s t r u c t u r e s .  The 
adhes ive  p r o p e r t i e s  o f  t h e  r e s u l t i n g  r e s i n s  were e x c e l l e n t  and 
j o i n t s  coupled by these r e s i n s  had t e n s i l e  shear s t r e n g t h s  as 
high as 1300  p s i  a t  - 1 O O O C  and a t  room t e m p e r a t u r e .  However, 

E las tomers  w i t h  r a t i o s  up t o  1 : 3 . 4 : : T i : S i  
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most r e s i n s  were s o f t  a t  25OoC, and t h e  h i g h e s t  s t r e n g t h  o b t a i n e d  
a t  t h i s  t e m p e r a t u r e  was about  250 p s i ,  The s t r e n g t h  of  
r e s i n s  appeared  t o  be l i m i t e d  by t h e  low molecu la r  weight of" t he  
i n i t i a l  p repolymers .  A n a l y s i s  i n d i c a t e d  t h a t  f o r m a t i o n  of bridged 
s t r u c t u r e s  t h a t  t e r m i n a t e d  t h e  polymers l imi t ed  molecu la r  we igh t .  

by s u b s t i t u t i o n  of a l l  f o u r  pr imary  v a l e n c e  s i t e s  on t i t a n i u m  by 
condensa t ion  w i t h  a r y l e n e s i l a n e d i o l s .  These polymers were s o l u b l e  
i n  benzene and had h igh  s o f t e n i n g  p o i n t s .  They were p l a s t i c i z e d  
w i t h  a r y l e n e s i l a n e d i o l s  and c u r e d  in situ by r e a c t i o n  o f  v i n y l  
s u b s t i t u e n t s  on t h e  polymer w i t h  d i p h e n y l s i l a n e .  Adhesive 
s t r e n g t h s  of  t h e  best  f o r m u l a t i o n s  averaged  440 p s i  a t  2 5 O O C .  

Higher  molecu la r  weight  prepolymers  ( c a .  10 ,000)  were o b t a i n e d  
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1. General 

To be u s a b l e  as an a d h e s i v e  f o r  aluminum, a polymer sys tem 
must be  c u r a b l e  i w s i t u  i n  a n  a d h e s i v e  j o i n t  below 170°C. T h i s  
s p e c i a l  r equ i r emen t  makes i t  n e c e s s a r y  f i r s t  t o  deve lop  methods 
t o  p r e p a r e  a polymer i n  a p h y s i c a l  form such  t h a t  w h e n ’ i t  i s  
a p p l i e d  t o  t h e  aluminum s u b s t r a t e ,  good r e s in -adhe rend  c o n t a c t  
r e s u l t s  a t ,  t e m p e r a t u r e s  under  1 7 O o C ,  a n d  second,  t o  deve lop  
tnethods f o r  t h e  c u r i n g  of these prepolymers  a t  t h i s  r e l a t i v e l y  
low t e m p e r a t u r e .  From among t h e  c h e l a t e  polymers p r e p a r e d  i n  
t h i s  program, the  s i l a n o l - s u b s t i t u t e d  t i t a n i u m  c h e l a t e  polymers  
d e r i v e d  from 5,~~-bis(salicyl-N-butylimino)methane ( s t r u c t u r e  
shown be low)  and from the  b i s b i d e n t a t e  8-hydroxyquinol ine  l i g a n d s  
were t h e  most adaptable t o  t h i s  u s e .  The methods used  t o  deve lop  

I 
R-Si-R 

I 
R-Si -R  

I 
R-Si-R 

R-S i -R  
OH 
1 

n 
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a u s a b l e  f o r m u l a t i o n  from these polymers  t o  g i v e  s t r o n g  r e s i n s  
t h a t  were i n f u s i b l e  .at 250°C a f t e r  c u r e  
below. Other  polymer sys tems deve loped ,  such  as t h e  z i n c  c h e l a t e  
polymers  and t h e  v i n y l -  and a l k o x y - s u b s t i t u t e d  k i t a n i u m  polymers ,  
a l so  a c t e d  as a d h e s i v e s ,  However, these l a t t e r  polymers  e i t he r  
were n o t  d i r e c t l y  a d a p t a b l e  for low t e m p e r a t u r e  c u r e  i n  a d h e s i v e  
j o i n t s  or cured  t o  r e s i n s  w i t h  low s t r e n g t h s .  Development work 
w i t h  t h e s e  sys t ems  i s  d e s c r i b e d  i n  p a r t  B .  of t h i s  s e c t i o n .  

170°C 

2. Preliminary T e s t s  

j u n c t i o n  w i t h  a r e a c t i v e  p l a s t i c i z e r  were s u c c e s s f u l l y  cu red  
in situ i n  aluminum j o i n t s  a t  170°C t o  r e s i n s  that  m a i n t a i n e d  
t h e i r  s t r e n g t h  a t  250°C. T e n s i l e  shear s t r e n g t h s  as h i g h  as 1300 
p s i  a t  room t e m p e r a t u r e  and 7 9 0  p s i  a t  250°C were o b t a i n e d  f rom 
r e s i n s  o f  t h i s  t y p e .  The r e a c t i v e  p l a s t i c i z e r  a c t s  b o t h  as a 
low t e m p e r a t u r e  p l a s t i c i z e r  t o  i n s u r e  good adhes ive-adherend  
c o n t a c t  and as a c r o s s l i n k i n g  agen t  a t  170°C. The r e a c t i v e  
p l a s t i c i z e r s  were a r y l e n e  d i s i l a n o l s  t h a t  r e a c t e d  w i t h  t h e  pre-  
polymer by c o n d e n s a t i o n  t o  form s i l o x a n e  l i n k a g e s  and y i e l d e d  
a tough ,  h igh -me l t ing  r e s i n .  

S e v e r a l  parameters were s t u d i e d  t o  o p t i m i z e  t h e  a d h e s i v e  
f o r m u l a t i o n  as f o l l o w s :  

S i l a n o l - s u b s t i t u t e d  t i t a n i u m  c h e l a t e  polymers used  i n  con- 

a. S u b s t i t u e n t s  on t h e  s i l a n o l  group on t h e  polymer; 

b .  S u b s t i t u e n t s  on t he  s i l a n o l  group on t h e  r e a c t i v e  
p l a s t i c i z e r ;  

e .  Amount of r e a c t i v e  p l a s t i c i z e r ;  

d.  Method of mixing polymer and p l a s t i c i z e r ;  

e ,  Amount and t y p e  of  a c c e l e r a t o r  to i n c r e a s e  c u r e  ra te ;  

f .  P r e c u r e  times i n  open j o i n t s ;  

g .  S u r f a c e  t r e a t m e n t s  of aluminum; 

h .  P r i m e r s ;  

i. Ligand i n  polymer backbone. 
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An i n i t i a l  series of t es t s  was made w i t h  t i t a n i u m  c h e l a t e  
polymers d e r i v e d  from 5,59-bis(salicyl-N-butylimino)methane 
v a r y i n g  o n l y  t h e  f i r s t  f o u r  pa rame te r s  t o  s e l e c t  a bas ic  formula-  
t i on . .  The r e s u l t s  of t h i s  t e s t  ser ies  are shown i n  T a b l e  1. 

Polymers p r e p a r e d  from p-phenylenebis  ( m e t h y l p h e n y l s i l a n o l )  
c o n s i s t e n t l y  gave h i g h e r  s t r e n g t h s  i n  t e s t s  at  e l e v a t e d  tempera- 
t u r e s  t h a n  the  d ime thy l  homolog, a l t h o u g h  d i m e t h y l - s u b s t i t u t e d  
s i l a n o l s  are known t o  condense more r e a d i l y  t h a n  methylphenyl-  
s i l a n o l s .  Res in  f o r m u l a t i o n s  o f  the  d ime thy l  polymer w i t h  several  
r e a c t i v e  p l a s t i c i z e r s  i n  amounts from 20 t o  45 w t - %  c h a r a c t e r -  
i s t i c a l l y  cu red  t o  r e s i n s  t h a t  were s o f t  a t  2 5 0 O C .  T h e  on ly  
e x c e p t i o n s  were f o r m u l a t i o n s  c o n t a i n i n g  4 ,4r -b is (hydroxymethyl -  
p h e n y l s i l y 1 ) b i p h e n y l .  

More e f f e c t i v e  and  complete  c u r e ,  as measured by t e n s i l e  
shear s t r e n g t h  o f  specimens a t  25OoC, w a s  o b t a i n e d  w i t h  methyl-  
pheny l  s u b s t i t u e n t s  on t h e  r e a c t i v e  p l a s t i c i z e r  as w e l l  as on 
t h e  polymer.  The  d i s i l a n o l s ,  4,4t-bis(hydroxymethylphenylsilyl)- 
b i p h e n y l  and 4,41-bis(hydroxymethylphenylsilyl)biphenyl ether  
were more e f f e c t i v e  a g e n t s  t h a n  t h e  p-phenylene a n a l o g .  

The optimum amount of r e a c t i v e  p l a s t i c i z e r  i s  t h e  minimum 
amount r e q u i r e d  t o  g i v e  good r e s i n - s u b s t r a t e  c o n t a c t  a t  1 7 O O C .  
For b o t h  t h e  b i p h e n y l  and b i p h e n y l  e t h e r  d i s i l a n o l s  t h i s  amount 
was approx ima te ly  20  w t - % .  

A method was developed t o  i n s u r e  homogeneity i n  t h e  prepolymer- 
r e a c t i v e  p l a s t i c i z e r  m i x ,  namely, f r e e z e - d r y i n g  a benzene s o l u t i o n  
of t h e  two components t o  a f l u f f y  powder. Use of  t h i s  mix i m -  
p roved  r e p r o d u c i b i l i t y  o v e r  t h a t  o b t a i n e d  w i t h  m i x t u r e s  p r e p a r e d  
b y  g r i n d i n g  t h e  two components t o g e t h e r .  I n  many e a r l y  t es t s ,  t h e  
adhes ive  f o r m u l a t i o n  was a p p l i e d  to t h e  aluminum i n  benzene s o l u -  
t i o n  i n  o r d e r  t o  o b t a i n  homogeneity.  The open s t r i p s  were p r e c u r e d  
a t  60°c f o r  30 min . ,  and t h e n  t h e  j o i n t  was coupled and c u r e  

drawback was t h a t  i t  gave ex t r eme ly  t h i n  (1-2 m i l )  j o i n t s .  

a t  170OC. R e s u l t s  w i t h  t h i s  method were i n t e r m e d i a t e  
he s imple  m i x  and f r eeze -d ry  mix methods.  I t s  c h i e f  

3 .  Acce le ra to r s  

A c c e l e r a t o r s  were t h e  n e x t  pa rame te r  i n v e s t i g a t e d  because  
t h e  p r e p o l y m e r - d i s i l a n o l  mix C80 w t - %  prepolymer p l u s  20 w t - %  
4,4f-bis(hydroxymethylphenylsilyl)biphenyl e the r  ( B B E ) ]  developed 
i n  t h e  above t es t  series r e q u i r e d  about  150  hours  c u r e  a t  170°C 
t o  g i v e  a r e s i n  t h a t  was i n f u s i b l e  a t  2 5 O O C .  S i n c e  most of t h e  
a g e n t s  are n o t  p l a s t i c i z e r s ,  t h e y  are used  w i t h  t h e  s t a n d a r d  
prepolymer-BBE r e a c t i v e - p l a s t i c i z e r  mix. , The f o l l o w i n g  three 
g e n e r a l  approaches  were used t o  improve b o t h  t h e  ra te  and degree 
of c u r e  a t  1 7 O O C :  
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a.  Use o f  c a t a l y s t s  to a c c e l e r a t e  condensa t ion  o f  s i l a n o l  
groups on t h e  polymer and t h e  r e a c t i v e  p l a s t i c i z e r ;  

b .  Use o f  r e a g e n t s  t h a t  r e a c t  w i t h  s i l a n o l  groups a t  a 
f a s t e r  ra te  t h a n  t h e  s i l a n o l  condensa t ion  r e a c t i o n ;  and 

c .  Use o f  r e a g e n t s  w i t h  tri- or t e t r a f u n c t i o n a l  r e a c t i v e  
groups to i n c r e a s e  b o t h  deg ree  and randomness o f  c r o s s -  
l i n k i n g .  

The s p e c i f i c  f o r m u l a t i o n s  chosen f o r  t e s t i n g  were made u s i n g  
r e a g e n t s  ( c a t a l y t i c  or r e a c t i v e )  t h a t  have been r e p o r t e d  i n  t h e  
l i t e r a t u r e  t o  be e f f e c t i v e  w i t h  s i l a n o l s  below 2 0 0 O C .  Approximately 
t h i r t y  a g e n t s  were t e s t e d .  

The a g e n t s  f e l l  i n t o  t h ree  c l a s s e s :  (1) t h o s e  t h a t  were 
i n a c t i v e ;  ( 2 )  t h o s e  t h a t  a c c e l e r a t e d  c u r e  ra te  a p p r e c i a b l e y ;  
and ( 3 )  t h o s e  t h a t  a c c e l e r a t e d  c u r e  p r i n c i p a l l y  by i n c r e a s i n g  
t.he deg ree  o f  c u r e .  The a g e n t s  t h a t  d i d  n o t  a c c e l e r a t e  c u r e  a t  
170°C i n  t h e  aluminum j o i n t  i n c l u d e d  t h e  c a t a l y s t ,  n-hexylamine 
2-e thylhexanoate ,  and t h e  r e a c t a n t s  hexakis(methoxymethyl)melamine, 
l,?-bis(dimethylhydroxysily1)-m-carborane, and p-phenylene-bis- 
(dimethylmethoxysilane). 

The second group of a g e n t s  g r e a t l y  a c c e l e r a t e d  c u r e .  I n  
most c a s e s ,  r e a c t i o n  of t hese  a g e n t s  w i t h  t h e  r e s i n  f o r m u l a t i o n  
was ext remely  fas t  even at  room t e m p e r a t u r e ,  making i t  d i f f i c u l t  
to o b t a i n  good w e t t i n g  o f  t h e  adhes ive  j o i n t  b e f o r e  c u r e  to 
i n f u s i b i l i t y .  J o i n t s  made w i t h  l a r g e  amounts o f  t hese  a c c e l e r a t o r s  
a l s o  c h a r a c t e r i s t i c a l l y  had h i g h  p o r o s i t y .  Agents of  t h i s  t y p e  
i n c l u d e d  t h e  c a t a l y s t  t e t r a c y a n o e t h y l e n e  and t h e  r e a c t a n t s  
d i e t h y l  p h o s p h i t e  , t h e  t i t a n i u m  a l k o x i d e s ,  P2O5, hexamethylcyclo-  
s i l o x a n e ,  p-phenylene-bis(pheny1phosphinic a c i d ) ,  and a r y l e n e  
d i i s o c y a n a t e s .  A-1100 was a n  e f f e c t i v e  a c c e l e r a t o r  i n  t h e  
f o r m u l a t i o n s  c o n t a i n i n g  p h e n y l s i l a n e t r i o l  t h a t  a re  d e s c r i b e d  i n  
t h e  f o l l o w i n g  s e c t i o n .  

S e v e r a l  f o r m u l a t i o n s  were made u s i n g  d i f f e r e n t  amounts o f  
each  o f  t h e  most promis ing  a c c e l e r a t o r s ,  namely, d i e t h y l p h o s p h i t e ,  
t r i e t h y l p h o s p h i t e ,  Epon 828, t e t r a b u t o x y t i t a n i u m ,  b i s  ( a c e t y l -  
acetonato)dibutoxytitanium, bis(acety1acetonato)diisopropoxy- 
t i t a n i u m  , or b i s  (8-hydroxyquino1ino)diisopropoxytitanium. With 
a l l  t h e s e  r e a g e n t s ,  f o r m u l a t i o n s  t h a t  c o n t a i n e d  enough r e a g e n t  
to c u r e  t h e  r e s i n . i n  less  t h a n  90 hours  y i e l d e d  r e s i n s  w i t h  h igh  
p o r o s i t y  and low s t r e n g t h s .  The h i g h e s t  s t r e n g t h  o b t a i n e d  a t  
250°C was abou t  400 p s i .  

A s e r i e s  of  f o r m u l a t i o n s  was a l s o  made w i t h  t h e  c a t a l y s t  
t e t r a c y a n o e t h y l e n e  , which a p p r e c i a b l y  a c c e l e r a t e d  c u r e  r a t e .  
T h i s  compound has been d e s c r i b e d  ( r e f .  1) as a c a t a l y s t  f o r  con- 
d e n s a t i o n  o f  s i l a n o l  groups t h a t  does not  cause  rear rangement  of  
s i l o x a n e  l i n k a g e s .  We found it  was n e c e s s a r y  to p r e p a r e  f i r s t  
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a complex o f  t e t r a c y a n o e t h y l e n e  w i t h  xy lene  ( r e f ,  2 )  to d e a c t i v a t e  
i t s  c a t a l y t i c  a c t i v i t y .  T h i s  p r e v e n t e d  premature  c u r e  of t h e  
r e s i n  d u r i n g  sample p r e p a r a t i o n  and e n a b l e d  good resin-aluminum 
c o n t a c t  to be made, I n  t h i s  way,  t he  ca t a lys t  c o u l d  be  i n c o r p o r a t e d  
i n t o  t h e  r e s i n  f o r m u l a t i o n  b y  o u r  s t a n d a r d  f r e e z e - d r y i n g  p rocedure .  
The c a t a l y s t  was r e a c t i v a t e d  i n  s i t u  by h e a t i n g  the  j o i n t  a t  1 7 O o C  
to d i s s o c i a t e  t h e  complex. Complexes of t e t r a c y a n o e t h y l e n e  w i t h  
d i e t h y l  e t h e r ,  t e t r a h y d r o f u r a n ,  and p y r i d i n e  were a l s o  tes ted  
for t h i s  u s e ,  b u t  t h e  e the r  complexes d i d  n o t  g i v e  s u f f i c i e n t  
s t a b i l i z a t i o n  d u r i n g  sample p r e p a r a t i o n ,  whereas t h e  p y r i d i n e  
complex d i d  no t  d i s s o c i a t e  a t  170°C. 

These complexes i n  c o n c e n t r a t i o n s  of 0 . 5  to 3% e f f e c t e d  
cu re  of  most f o r m u l a t i o n s  w i t h  p l a s t i c i z e r  c o n t e n t s  as h igh  as 
30% to r e s i n s  t h a t  were i n f u s i b l e  a t  250°C a f t e r  c u r e  t imes of 
90 hour s  a t  1 7 O O C .  The h i g h e s t  t e n s i l e  shear s t r e n g t h s ,  o b t a i n e d  
wi th  f o r m u l a t i o n s  c o n t a i n i n g  1 5  and 20% s i l a n e d i o l  p l a s t i c i z e r ,  
were 440 t o  5 0 5  p s i  a t  250°C. However, t h e  degree o f  c u r e  of 
these c a t a l y z e d  r e s i n s  was n o t  r e p r o d u c i b l e .  The poor  r ep ro -  
d u c i b i l i t y  appeared  to be caused  by  t h e  f a c t  t h a t  t h e  cu red  
r e s i n s  had s o f t e n i n g  p o i n t s  ve ry  c l o s e  to 25OoC, t h e  test tempera- 
t u r e .  The r e s i n s  are hard a t  200°C. 

A se r ies  o f  these  f o r m u l a t i o n s  was a l s o  cu red  a t  8ooc, b u t  
c u r e  r a t e  a t  t h i s  t e m p e r a t u r e  was found to b e  e x c e s s i v e l y  low. 

I n i t i a l  t e s t s  for c a t a l y t i c  a c t i v i t y  were a l s o  made w i t h  
o t h e r  I[-acids, such  as c h l o r a n i l  and tetracyanoquinodimethane. 
Both compounds e x h i b i t e d  c a t a l y t i c  a c t i v i t y ,  b u t  n e i t h e r  appea red  
to o f f e r  any advan tage  ove r  t e t r a c y a n o e t h y l e n e .  

4. Optimized Formulation with Phenylsilanetriol 

The t h i r d  t y p e  of  a c c e l e r a t o r  t e s t ed ,  p h e n y l s i l a n e t r i o l ,  
was used  p r i m a r i l y  to i n c r e a s e  t h e  degree  o f  c u r e ,  b u t  a l s o  
was found to i n c r e a s e  c u r e  r a t e .  Formula t ions  w i t h  p l a s t i c i z e r  
c o n t e n t s  of f rom 1 5  to 30 weight p e r c e n t  and mole r a t i o s  of 
SiOH i n  p h e n y l s i l a n e t r i o l  to SiOH i n  t h e  a d h e s i v e  f o r m u l a t i o n  
from 0 . 5 0  to o v e r  4.0 were tes ted .  A s  expec ted ,  t h e  c u r e  t i m e  
a t  170°C r e q u i r e d  to produce a r e s i n  i n f u s i b l e  a t  250°C i n c r e a s e d  
w i t h  a n  i n c r e a s e  i n  p l a s t i c i z e r  c o n t e n t  and a decrease i n  phenyl-  
s i l a n e t r i o l  c o n t e n t .  However, f o r m u l a t i o n s  w i t h  a r a t i o  above 4 
of  SiOH i n  t h e  triol t o  SiOH i n  t h e  f o r m u l a t i o n  gave marked 
d e c r e a s e s  i n  a d h e s i v e  s t r e n g t h  i n  t h e  j o i n t s .  

The f o r m u l a t i o n  t h a t  gave t h e  h i g h e s t  s t r e n g t h s  c o n s i s t e d  
of 7 1  p a r t s  by  weight of t i t a n i u m  c h e l a t e  polymer p l a s t i c i z e d  
w i t h  4,4'-bis(methylghenylhydroxysilyl)biphenyl e t h e r  and 2 9  
p a r t s  by weight  p h e n y l s i l a n e t r i o l .  T h i s  f o r m u l a t i o n  c u r e d  a t  
170°C i n  less t h a n  9 0  hours  to r e s i n s  w i t h  t e n s i l e  shear s t r e n g t h s  
a v e r a g i n g  580  p s i  and r e a c h i n g  780  p s i  a t  250°C. Details o f  t h e  
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procedure  f o r  a p p l y i n g  t h i s  f o r m u l a t i o n  to aluminum and c u r i n g  
t h e  j o i n t s  are g i v e n  i n  t h e  Exper imenta l  S e c t i o n .  T h i s  method 
r e s u l t e d  from a s t u d y  of t h e  e f f e c t  o f  v a r i a t i o n s  i n  t h e  amount 
of  sample, i n  p r e c u r e  t i m e s  i n  open j o i n t s  and i n  s u r f a c e  t r ea t -  
ments of  aluminum on a d h e s i v e  s t r e n g t h  o f  t h e  cu red  r e s i n .  I n  
t h i s  s t u d y ,  w e  found that  p r e c u r e  times of less  t h a n  2 t o  3 
minu tes  caused  high p o r o s i t y  i n  t h e  j o i n t s ,  and  p r e c u r e  times 
l o n g e r  t h a n  4 minu tes  h i n d e r e d  c o u p l i n g  of t h e  j o i n t s  because  
o f  i n c r e a s e  i n  s o f t e n i n g  p o i n t  of t h e  r e s i n .  The r e s u l t s  o f  
tes ts  f o r  t e n s i l e  shear s t r e n g t h  o f  t h i s  r e s i n  f o r m u l a t i o n  on 
aluminum prepared  by v a r i o u s  s u r f a c e  t r e a t m e n t s  are  summarized i n  
T a b l e  2 .  

The f o l l o w i n g  v a r i a t i o n s  from the  s t a n d a r d  d ichromate  etch- 

a .  Chromic ac id  e t c h  o f  Vincent  ( r e f .  3 ) ;  

d i s t i l l e d  water r i n s e  t r e a t m e n t  were tes ted :  

b .  S t a n d a r d  e t c h  t r e a t m e n t  w i t h  aqueous r i n s e  a t  6ooc 
( r e f .  4 ) .  Wegman and coworkers found large v a r i a t i o n s  
i n  a d h e s i v e  s t r e n g t h s  on aluminum specimens depending 
on whether t h e  aluminum was r i n s e d  i n  d e i o n i z e d  water, 
t a p  water,  or water c o n t a i n i n g  a c i d i c  o r  b a s i c  a d d i t i v e s .  
Sodium b i c a r b o n a t e  and f e r r i c  c h l o r i d e  a d d i t i v e s  were 
t e s t ed .  

c .  S t a n d a r d  e t c h ,  f o l l o w e d  by p r iming  w i t h  p r i m e r s  such  
as A-1100. 

The h ighes t  s t r e n g t h s  ( T a b l e  2 )  were o b t a i n e d  w i t h  j o i n t s  
t reated by t h e  s t a n d a r d  e t c h  p rocedure ,  or by t h e  s t a n d a r d  e t c h  
p rocedure  f o l l o w e d  by  p r iming  w i t h  A-1100 or y-glycidoxypropyl-  
t r i m e t h o x y s i l a n e .  

J o i n t  s t r e n g t h s  ( T a b l e  2 )  of aluminum p a i r s  e t c h e d  w i t h  
d ichromate  and coupled  w i t h  samples  of  t h e  large b a t c h  of formula- 

Materials D i v i s i o n ,  of  t h e  George C .  Marshall Space F l i g h t  Cen te r  
were a l s o  measured and found to be e q u i v a l e n t  to j o i n t s  coupled  
w i t h  f o r m u l a t i o n s  p r e p a r e d  on much smaller s c a l e s .  

S e v e r a l  t e s t  samples of t i t a n i u m  a l l o y  s u p p l i e d  b y  t h e  
F l i g h t  Cen te r  were a l s o  coupled  w i t h  t h i s  f o r m u l a t i o n  and t e s t ed .  
J o i n t  s t r e n g t h s  of: t i t a n i u m  samples e t c h e d  w i t h  a c i d  ave raged  
290 p s i  a t  250°C. S i m i l a r  j o i n t s  u s i n g  t i t a n i u m  treated w i t h  
c h l o r i n e  t r i f l u o r i d e ,  u s i n g  a p rocedure  developed i n  our  l a b o r a -  
t o r i e s  ( r e f .  5 )  to improve adhes ion  of c o n v e n t i o n a l  r e s i n s  to 
t i t a n i u m ,  had s t r e n g t h s  of 340 p s i .  

red f o r  t h e  P r o p u l s i o n  and Veh ic l e  Eng inee r ing  Labora to ry ,  
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We a l s o  found t h a t  a l i p h a t i c  amine a d d i t i v e s  markedly 
accelerated c u r e  of t h i s  b a s i c  f o r m u l a t i o n  and a t  t h e  same t i m e  
made i t  more d i f f i c u l t  to o b t a i n  good w e t t i n g  of t h e  aluminum 
by t h e  a d h e s i v e  d u r i n g  j o i n t  f a b r i c a t i o n .  The a d d i t i v e  a-amino- 
p r o p y l t r i m e t h o x y s i l a n e  (A-1100) was used  i n  amounts f rom 1 0  to 
0 . 2  weight p e r c e n t .  The j o i n t s  made w i t h  t h e  larger amounts 
g e n e r a l l y  had s t r e n g t h s  unde r  200 p s i  a t  2 5 O O C  due bo th  to p o o r  
s u b s t r a t e - r e s i n  c o n t a c t  and to h igh  p o r o s i t y .  High s t r e n g t h s  
were o b t a i n e d  w i t h  f o r m u l a t i o n s  c o n t a i n i n g  smaller amounts o f  
A-1100. For  example,  f o r m u l a t i o n s  w i t h  0 . 3  weight p e r c e n t  A-1100 
gave j o i n t s  w i t h  s t r e n g t h s  abou t  400 p s i  a t  25OoC, a l t h o u g h  j o i n t  
s t r e n g t h  s t i l l  appea red  to be l i m i t e d  by some p o r o s i t y  and i n -  
comple te  s u b s t r a t e - r e s i n  c o n t a c t .  The r e s u l t s  i n d i c a t e  t h a t  
t he re  i s  a maximum c u r e  ra te  t h a t  c a n  be t o l e r a t e d  to a v o i d  l o s s  
i n  j o i n t  s t r e n g t h  from high p o r o s i t y .  

T e t r a c y a n o e t h y l e n e  was a l s o  added to f o r m u l a t i o n s  c o n t a i n i n g  
p h e n y l s i l a n e t r i o l  to i n c r e a s e  t h e  degree of c u r e .  However, c u r e  
r a t e  of  these  f o r m u l a t i o n s  was lowered rather t h a n  a c c e l e r a t e d .  
It i s  p o s s i b l e  t h a t  t h e  c a t a l y s t  caused  t h e  t r i o l  to condense w i t h  
i t s e l f  p r e f e r e n t i a l l y ,  l e a v i n g  t h e  r e s i n  w i t h  a lower deg ree  o f  
c r o s s l i n k i n g .  

5. Polymers Derived from the 8-Hydroxyquinoline Bisbidentate 
Ligands 

S i m i l a r  f o r m u l a t i o n s  c o n t a i n i n g  t i t a n i u m  c h e l a t e  polymers  
d e r i v e d  from t h e  8-hydroxyquinol ine b i s b i d e n t a t e  l i g a n d s ,  
b i s [N-methyl -N(8-hydroxy-5-quinoly lmethyl~] - l ,6 -hexanediamine  
[BHQH] and N,N-bis(8-hydroxy-5-quinolylmethyl)-butylamine [BHQB] 
as w e l l  as z i n c - t i t a n i u m  c h e l a t e  polymers d e r i v e d  from 5 ,5 ' -  
bis(salicy1-N-buty1imino)methane were a l s o  e v a l u a t e d .  A combina- 
t i o n  of 4,4'-bis(methylphenylhydroxysilyl)biphenyl e t h e r  [BBE] 
and p h e n y l s i l a n e t r i o l  was used  as r e a c t i v e  p l a s t i c i z e r .  They cured  

c u r e  t i m e  a t  170°C to under  24 hours .  

t h a t  were i n f u s i b l e  a t  250°C a f t e r  c u r i n g  less t h a n  
a t  1 7 0 ° C .  ' The a l i p h a t i c  amine c a t a l y s t s  lowered t h e  

The h i g h e s t  s t r e n g t h s  w i t h  t hese  f o r m u l a t i o n s  were o b t a i n e d  
from r e s i n s  c o n t a i n i n g  polymers  d e r i v e d  from BHQH. J o i n t s  w i t h  
t h e  h ighes t  s t r e n g t h  were i n  t h e  r ange  of 550 to 780 p s i  a t  250OC 
and broke  p r i n c i p a l l y  by a d h e s i v e  f a i l u r e .  

h i g h e s t  s t r e n g t h  ( ave rage  550 p s i  and  h igh  of 710 p s i )  c o n t a i n e d  
30 weight p e r c e n t  BBE to o b t a i n  good f low a t  17OOC d u r i n g  j o i n t  
f a b r i c a t i o n  p l u s  s u f f i c i e n t  p h e n y l s i l a n e t r i o l  to g i v e  a mole 
r a t i o  of  4 . 5  SiOH i n  t h e  t r i o l  to SiOH i n  t h e  p l a s t i c i z e d  polymer 
mix. Fo rmula t ions  w i t h  lower  r a t i o s  of t r i o l  gave weaker j o i n t s .  

The f o r m u l a t i o n  of BHQH t h a t  gave a cu red  r e s i n  w i t h  t h e  
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B, DEVELOP 

Having found that zinc chelate polymers (described in 
Section C ,  following) did not lend themselves to low temperature 
curing, we concentrated on developing a series of titanium chelate 
polymers. Polymers of this type were of interest for two reasons: 

1. Titanium forms thermally stable polymers; and 

2. Each titanium atom in the polymer chain is a potential 
site for crosslinking. 

This latter property is especially useful in adhesives that must 
be cured at relatively low temperatures. 

1. T i t a n i u m  P o l y m e r s  w i t h  A l k o x y  S i t e s  

Linear titanium chelate polymers were prepared by condensing 
tetraalkoxytitanium with either 5,5'-bis(salicyl-N-butylimino)- 
methane or 5,5*-bis(8-hydroxyquinolino)methane. The structures 
of these polymers are shown below. 

1 R 
n 

0 
R 

n 

These polymers can be prepared in anhydrous pyridine, 
quinoline, benzene, or the alkylbenzenes by adding the tetra- 
alkoxytitanium compound t o  the ligand dissolved in the solvent 
and removing solvent and product alcohol by distillation. The 
polymers are completely soluble in these solvents under anhydrous 
conditions e The linear polymer from tetraisopropoxytitanium 
and 5,5'-bis(8-hydroxyquinolino)methane melts above 2 3 O O C  while 
that from 5,5'-bis(salicyl-N-butylimino)methane melts in the 
range from 9 0  to 110OC. 
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Mixed polymers  of t i t a n i u m  and z i n c  were s i m i l a r l y  p r e p a r e d  
i n  p y r i d i n e  o r  q u i n o l i n e ,  

- 

1'- 
I n  these c o n d e n s a t i o n s .  z i n c  was 

H2 

i n c o r p o r a t e d  i n t o  t h e  polymer 
f i r s t ,  by r e a c t i o n  of i i g a n d  w i t h  d i e t h y l z i n c  u s i n g  t h e  same 
p r o c e d u r e s  deve loped  f o r  t h e  z i n c  chelate  polymers ( S e c t i o n  C ) .  
Then t i t a n i u m  w a s  i n t r o d u c e d  v i a  i t s  t e t r a a l k o x i d e .  The p r o p e r t i e s  
o f  s e v e r a l  o f  these  polymers  are compared i n  T a b l e  3 below: 

T a b l e  3 

PROPERTIES OF ZINC-TITANIUM CHELATE POLYMERS 
FROM 5,5'-BIS(SALICYL-N-BUTYLIMINO)METHANE 

R a t i o  S o f t e n i n g  
Z n / T i  A p p e a r a n c e  P o i n t ,  "C 

O / l  D a r k  amber 90-110 

1 / 1  Amer 1 1 0 - 1 3 0  
3 / 1  L i g h t  amber 1 4 0 - 1 7 0  

9/ 1 Y e l l o w  1 7 0 - 1 8 5  

These polymers  can be  i s o l a t e d  and c u r e d  d i r e c t l y  on aluminum 
by e i ther  of  t h e  f o l l o w i n g  two methods: 

a. R e a c t i o n  of t h e  t i t a n i u m  a l k o x i d e  groups  w i t h  
water to , f o rm t h e  d ihydroxymeta l  s p e c i e s  fo l lowed  
by d e h y d r a t i o n  to form Ti -0 -T i  c r o s s l i n k i n g  s i t e s ;  
and 

b .  By r e a c t i n g  the t i t a n i u m  a l k o x i d e  groups  w i t h  a 
s i l a n e d i o l  such  as a,w-methylphenylsiloxanediol o r  
p-phenylene-bis(dimethylsilano1) to y i e l d  a t i t a n i u m  
s i l o x a n e  c r o s s l i n k i n g  u n i t ,  

18 



The proposed  s t r u c t u r e  of  these c r o s s l i n k e d  r e s i n s  i s  given 
below. 

I 1 
0 0 

I 
0 

I 
0 

0 0 0 0 

(Water Hydro lys i s  Crossp 
l i n k i n g )  

0 0 
I I 

( S i l o x a n e  C r o s s l i n k i n g ]  

where i s  a b i s - b i d e n t a t e  l i g a n d .  

Res ins  t h a t  were i n f u s i b l e  below 350°C were o b t a i n e d  by 
both  o f  these methods u s i n g  a c u r e  t e m p e r a t u r e  of  170°C. However, 
i n  i n i t i a l  a t t e m p t s  t o  c u r e  t h e s e  r e s i n s  i n  s i t u  i n  t h e  aluminum 
j o i n t s ,  i ncomple t e  c u r e  was o b t a i n e d .  These i n i t i a l  t e s t s  
d i s c l o s e d  two f a c t o r s  t h a t  were l i m i t i n g  t h e  s t r e n g t h  of  t h e  
a d h e s i v e  j o i n t .  F i r s t ,  i n f l e x i b l e  c r o s s l i n k i n g  groups  l i m i t e d  
t h e  s t r e n g t h  o f  t he  r e s i n  i t s e l f .  T h i s  e f f e c t  was most n o t i c e a b l e  
i n  r e s i n s  cu red  by water,  Second, b u t a n o l  t r a p p e d  i n s i d e  t h e  
j o i n t s '  caused  nonhomogeneous c u r e  and produced a h i g h l y  po rous  
j o i n t  . 

of t hese  r e s i n s  c u r e d  i n  t h e  aluminum j o i n t  was t h e r e f o r e  under-  
t a k e n  (1) t o  develop  f a b r i c a t i o n  and c u r e ' t e c h n i q u e s  t h a t  lead 
t o  uniform re s in -adhe rend  c o n t a c t  and c u r e ,  and ( 2 )  t o  improve 
t h e  mechanica l  p r o p e r t i e s  of  t h e  c u r e d  r e s i n  by o b t a i n i n g  t h e  
lowes t  amount of c r o s s l i n k i n g  w i t h  t h e  most e f f i c i e n t  c r o s s l i n k i n g  
a g e n t .  

A s  a r e s u l t  of t h e  program, which i n c l u d e d  s t u d y  of d i f f e r e n t  
c r o s s l i n k i n g  a g e n t s  and t h e  u s e  of r e i n f o r c e m e n t s  and s o f t e n i n g  
a g e n t s ,  uniform c u r e  a t  170°C t o  r e s i n s  i n f u s i b l e  a t  2 5 O O C  was 
o b t a i n e d .  However, j o i n t  s t r e n g t h  was s t i l l  l i m i t e d  by h i g h  
r e s i n  p o r o s i t y  and t h e  h i g h e s t  j o i n t  s t r e n g t h s  o b t a i n e d  i n  t h e  

0 0  

S y s t e m a t i c  development work t o  improve t h e  a d h e s i v e  p r o p e r t i e s  
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ser ies  were 750 p s i  a t  room t e m p e r a t u r e  and 2 4 5  p s i  a t  2 5 O O C .  
The g e n e r a l  c o n c l u s i o n  r eached  a t  t h e  end  of t h i s  t e s t  se r ies  
was t h a t  it was v i r t u a l l y  i m p o s s i b l e  to o b t a i n  comple t e ly  c u r e d  
r e s i n s  of t h i s  t y p e  wi thou t  e x c e s s i v e  p o r o s i t y  i n  t h e  aluminum 
j o i n t  because  of  t h e  large amount of h igh  b o i l i n g  b u t a n o l  
evolved  i n  c u r e .  T h e r e f o r e ,  new methods of c u r e  were devised  
t h a t  do no t  e v o l v e  h i g h  b o i l i n g  p r o d u c t s ,  as f o l l o w s :  

a .  C r o s s l i n k i n g  th rough  condensa t ion  o f  s i l a n o l  sub- 
s t i t u e n t s  on polymer backbone; 

b .  C r o s s l i n k i n g  th rough  a d d i t i o n  of  s i l a n e s  to v i n y l  
s u b s t i t u e n t s ;  

c .  C r o s s l i n k i n g  t h r o u g h  t r i m e r i z a t i o n  o f  i s o c y a n a t e  
s u b s t i t u e n t s .  

The methods used to p r e p a r e  t i t a n i u m  c h e l a t e  polymers w i t h  
s i l a n o l ,  v i n y l ,  or i s o c y a n a t e  s u b s t i t u e n t s  are d e s c r i b e d  i n  t h e  
f o l l o w i n g  s e c t i o n s .  

2. Silanol-Substituted Titanium Polymers Derived from 
5,5'-Bis(salicyl-N-butylimino)methane 

These prepolymers  have t h e  advantage  of b e i n g  s t ab le  to 
h y d r o l y s i s  s i n c e  a l l  t h e  Ti-0-R groups  are r e p l a c e d  by t h e  more 
s t ab le  Ti-0-Si l i n k a g e s .  These prepolymers  are p r e p a r e d  by 
r e a c t i n g  t h e  a l k o x y - s u b s t i t u t e d  l i n e a r  prepolymer w i t h  d i s i l a n o l s  
or m i x t u r e s  of  mono- and d i s i l a n o l s .  Two methods have been used 
to p r e p a r e  t hese  polymers .  I n  t h e  f i r s t  method a benzene 
s o l u t i o n  of t h e  l i n e a r ,  a l k o x y - s u b s t i t u t e d  prepolymer was added 
s lowly  to a l a r g e  excess  of  d i s i l a n o l  i n  benzene.  I n  t h e  second 
method, a s t o i c h i o m e t r i c  amount (T i - to -S i  atom r a t i o  o f  1:4) 
of d i s i l a n o l  was added a l l  a t  once to t h e  l i n e a r  alkoxy-sub- 
s t i t u t e d  prepolymer .  The p r o d u c t s  i s o l a t e d  by t h e  two methods 
are  a lmost  i d e n t i c a l .  The c rude  p roduc t  i s o l a t e d  i n  bo th  c a s e s  
s o f t e n e d  below 1 2 O O C .  It c o n t a i n e d  u n r e a c t e d  d i s i l a n o l  and a 
s m a l l  amount of low molecu la r  weight polymer,  bo th  o f  which were 
s o l u b l e  i n  e ther .  Approximately 25% of  t h e  d i s i l a n o l  was re- 
covered  u n r e a c t e d  i n  t h e  r u n s  w i t h  4-to-1 s i l i c o n - t o - t i t a n i u m  
r a t i o s .  The p roduc t  t h a t  remained a f t e r  t r i t u r a t i o n  w i t h  e t h e r  
had a s o f t e n i n g  range  of 2 5 0 - 2 8 0 ~ ~ ~  One such polymer d e r i v e d  
from t h e  methylphenyl-substituted s i l a n o l  when d i s s o l v e d  i n  
benzene had a n  i n t r i n s i c  v i s c o s i t y  o f  1 . 2 9 .  I n f r a r e d  and NMR 
a n a l y s e s  of t h i s  polymer s u g g e s t  t h a t  t h i s  polymer had a t  l ea s t  
some l a d d e r  s t r u c t u r e  i n  i t  similar to t h a t  shown below. 
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These prepolymers have been prepared using the disilanols, 

and with mixtures of p-phenylene-bis(dimethylsilano1) 
er triethylsilanol o r  dimethyl-p-tolylsilanol. The 

p-phenylene-bis(dimethylsilano1) and p-phenylene-bis(methylpheny1- 

methylphenyl disilanol was preferred for two reasons. F i r s t ,  
it is more resistant to self-condensation. This property was 
essential in the formation of o u r  prepolymer to avoid extensive 
prema-ture crosslinking at low temperatures. The methylphenyl 
silanol group also appeared to give a tougher final polymer. 
Higher values for adhesive strength were obtained with this poly- 
mer system. 
using p-phenylene-bis(methylphenylsilano1) reagent in stoichiometric 
amounts (Ti:Si of 1 : 4 )  as the standard polymer for use in de- 
velopment of an adhesive resin. 

Based on these results, we chose the polymer prepared 

Successive batches of polymer when prepared with the 1:4 
Ti:Si charge at an initial concentration of titanium compound 
of 0.02 mole/liter had a softening range of 250 to 2 8 O O C  and 
intrinsic viscosities in benzene from 1.1 to 1.3. Batches of 
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polymer p r e p a r e d  a t  a c o n c e n t r a t i o n  of  0 .04  m o l e / l i t e r  had lower 
m o l e c u l a r  w e i g h t s  (0.6-0,8 i n t r i n s i c  v i s c o s i t y ) .  How t h e  v a r i a t i o n  
i n  d i l u t i o n  a f f e c t s  mo lecu la r  weight  i s  n o t  c l e a r .  It i s  p o s s i b l e  
t h a t  the  i s o p r o p a n o l  byproduct  i s  more e f f e c t i v e l y  removed by t he  
l a r g e r  volume o f  benzene i n  t h e  d i l u t e  r u n s ,  

Large b a t c h e s  o f  polymer were a l s o  made by t h e  same p r o c e d u r e ,  
Fo r  example,  t h e  p rocedure  used  t o  prepare b a t c h  88554 w i t h  i n -  
t r i n s i c  v i s c o s i t y  o f  1.29 tha t  i s  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  
s e c t i o n  was repeated w i t h  0.291 mole of t e t r a i s o p r o p o x y t i t a n i u m  
i n  a 1 2 - l i t e r  r e a c t i o n  f l a sk .  The p r o d u c t  polymer had an i n -  
t r i n s i c  v i s c o s i t y  o f  1.13 and weighed 230 g a f t e r  f o u r  e ther  
washes.  

These polymers  a p p a r e n t l y  c r o s s l i n k e d  very  s lowly  a t  room 
t e m p e r a t u r e  , s i n c e  s o l u b i l i t y  i n  benzene d e c r e a s e d  a f t e r  t h e y  
had s t o o d  f o r  one week. However, t h e  polymers can  be  s t o r e d  
a t  - 1 O O C  w i t h o u t  change i n  p r o p e r t i e s  f o r  a t  l e a s t  s i x  weeks. 

o f  u s i n g  b l o c k i n g  groups  a t  some of t h e  c r o s s l i n k i n g  s i tes  t o  
l i m i t  t h e  e x t e n t  of  c r o s s l i n k i n g .  However, t h e  u s e f u l n e s s  o f  
t h i s  method t o  c o n t r o l  t h e  mechanica l  p r o p e r t i e s  of  t h e  cu red  
polymer depends on t h e  s t a b i l i t y  of t he  b l o c k i n g  g roups .  We 
found  t h a t  unde r  o u r  r e a c t i o n  c o n d i t i o n s ,  a s i l a n o l  of h i g h e r  
a c i d i t y  w i l l  d i s p l a c e  a s i l o x y  s u b s t i t u e n t  on t h e  c h a i n .  F o r  
example,  p-phenylene-bis(dimethylsilano1) p a r t i a l l y  d i s p l a c e d  
t r i e t h y l s i l o x y  s u b s t i t u e n t s .  

A l i m i t e d  amount of work was done on d e t e r m i n i n g  t h e  f e a s i b i l i t y  

3. Silanol-Substituted Titanium Chelate Polymer Derived From 
5 , 5 ' - B i s  (sal icy1 -N-y-dimethyl ami nopropyl imi no)methane 

A mod i f i ed  t i t a n i u m  c h e l a t e  prepolymer c o n t a i n i n g  a d i m e t h y l -  

s i v e  c h a r a c t e r i s t i c s  of t h e  polymers ,  was p r e p a r e d .  The 
sed  t o  p r e p a r e  t h i s  polymer,  5,5v-bis(salicyl-N-y-dimethyl- 

amino s u b s t i t u e n t  on t h e  imine  n i t r o g e n ,  which should  enhance 

aminopropylimino)methane, was s y n t h e s i z e d  by t h e  same method 
used  t o  p r e p a r e  the  co r re spond ing  n - b u t y l - s u b s t i t u t e d  l i g a n d .  
Details o f  t he  p r e p a r a t i o n s  a r e  i n  t h e  e x p e r i m e n t a l  s e c t i o n .  

t h a n  polymers p r e p a r e d  from t h e  n - b u t y l - s u b s t i t u t e d  l i g a n d )  and 
can  be f a b r i c a t e d '  i n  t h e  aluminum j o i n t s  below 1 7 O o C  wi thou t  
a d d i t i o n  o f  r e a c t i v e  p l a s t i c i z e r .  

Adhesive t e s t s  a f t e r  in situ c u r e  i n  aluminum j o i n t s  were 
made on t h e  polymer a lone  and i n  f o r m u l a t i o n s  w i t h  4,4'-bis- 
(hydroxymethylphenylsily1)biphenyl ether .  T e n s i l e  shear s t r e n g t h s  
of t h i s  polymer a t  room t e m p e r a t u r e  were 1100 t o  1380 p s i ,  i n -  
d i c a t i n g  t h a t  t h e  s u b s t i t u e n t  improved t h e  a d h e s i v e  p r o p e r t i e s  
of t he  r e s i n .  Adhesive s t r e n g t h s  a t  25OoC, however, were low 
(250-350 p s i )  due t o  s o f t e n i n g  of t h e  polymer.  

These polymers  have lower  s o f t e n i n g  r anges  ( 150-18o0c lower 
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Ligands c o n t a i n i n g  t h e  v e r y  s table  8-hydroxyquinol ine  group 
were u s e d  t o  p r e p a r e  t i t a n i u m  c h e l a t e  polymers w i t h  improved 
thermal s t a b i l i t y .  Ligands t h a t  have d i f f e r e n t  d e g r e e s  of 
f l e x i b i l i t y  as a r e s u l t  of t h e  t y p e  of c o n n e c t i n g  l i n k a g e  between 
t h e  two 8-hydroxyquinol ine  groups  i n  t h e  l i g a n d  were used .  

+ 4 1 

0 
I 

-? i -CI -13 

0-i i -ctis 

Q 

Q 

CH3 CH3 

where R i s  H o r  <-(CH2)6<H3 and Q i s  - C H 2 -  or where R i s  H 
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I n i t i a l l y  these polymers were p r e p a r e d  by t h e  u r e  
used  t o  p r e p a r e  t h e  t i t a n i u m  c h e l a t e  polymers  d e r i v e d  from 
5,5*-bis(salicyl-N-butylimino)methane ( S e c t i o n  3 , 2  a b o v e ) ,  
However, these polymers  g e n e r a l l y  had lower  s o l u b i l i t y  i n  benzene 
and,  i n  some cases, p r e c i p i t a t e d  from s o l u t i o n  d u r i n g  p r e p a r a -  
t i o n .  S e v e r a l  v a r i a t i o n s  i n  r e a c t i v e  p rocedure  were made t o  
i n c r e a s e  polymer s o l u b i l i t y  and m o l e c u l a r  we igh t .  The i n d i v i d u a l  
v a r i a t i o n s  made are d e s c r i b e d  i n  d e t a i l  i n  t h e  e x p e r i m e n t a l  
s e c t i o n .  

P roduc t s  p r e p a r e d  from 5,5v-bis(8-hydroxyquinolyl)methane 
( Q  = -CH2-) had t h e  lowes t  s o l u b i l i t y .  These products ’  p r e c i p i t a t e d  
d u r i n g  p r e p a r a t i o n  when made i n  e i t h e r  benzene o r  p y r i d i n e .  An 
a t tempt  t o  i n c r e a s e  s o l u b i l i t y  by a d d i n g  t h e  s i l a n e d i o l ,  p-phenyl- 
ene-bis(methylphenylsilano1) t o  t h e  r e a c t i o n  m i x t u r e  as soon as 
the  t i t a n i u m  compound had been added was n o t  s u c c e s s f u l .  

P r o d u c t s  d e r i v e d  from t h e  two l i g a n d s  bis[N-methyl-N(8- 
CH3 CHs  
I I 

hydroxy-5-quinolylmethyl)]-l~6-hexanediamine ( Q  = -CHz-N-( C H 2 )  6 - N - C H 2 - )  
and 5,5~-bis(7-octanoyl-8-hydroxyquinolino)methane ( Q  i s  <Ha- a n d  

R i s  +- (CHa)s -CH3)  had t h e  h ighes t  s o l u b i l i t i e s .  They remained 
s o l u b l e  d u r i n g  p r e p a r a t i o n .  F r a c t i o n s  of t h e  p r o d u c t s ,  however, 
d i d  n o t  r e d i s s o l v e  i n  benzene o r  p y r i d i n e  a f t e r  removal o f  s o l u b l e ,  
low molecu la r  weight f r a c t i o n s .  

0 
I I  

Every l i g a n d  gave p r o d u c t s  w i t h  a r ange  of s o l u b i l i t y  
c h a r a c t e r i s t i c s  and ,  presumably,  range  of mo lecu la r  weight .  The 
v a l u e s  of t h e  h i g h  m o l e c u l a r  weight  f r a c t i o n s  c o u l d  n o t  be measured 
because  of i n s o l u b i l i t y .  

A l l  t h e  p r o d u c t s ,  b o t h  s o l u b l e  and i n s o l u b l e ,  were p l a s t i c i z e d  
n e s i l a n e d i o l s  t o  g i v e  a d h e s i v e  f o r m u l a t i o n s  t ha t  f lowed 

5. Titanium Chelate Polymers with Vinyl Substituents 

a. Preparation 

These polymers  were f i rs t  p r e p a r e d  by t h e  same g e n e r a l  
method used  t o  p r e p a r e  t h e  s i l a n o l - s u b s t i t u t e d  polymers ,  e x c e p t  
tha t  d i p h e n y l v i n y l s i l a n o l  was s u b s t i t u t e d  i n  t h e  second stage 
i n  p l a c e  of  t h e  d i s i l a n o l .  
which a r e  d e s c r i b e d  i n  d e t a i l  i n  t h e  e x p e r i m e n t a l  s e c t i o n  had 

The p r o d u c t s  o f  t h e s e  p r e p a r a t i o n s  
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d e s i g n e d  low m o l e c u l a r  w e i g h t s .  T h e r e f o r e ,  modi f ied  p r o c e d u r e s ,  
t o  i n c r e a s e  t h e  m o l e c u l a r  weight  of t h e  prepolymer b e f o r e  sub- 
s t i t u t i o n  of  t h e  s i l o x y  s u b s t i t u e n t s ,  were r u n  as follows: 

(1) Condensa t ion  i n  t o l u e n e ,  t o g e t h e r  w i t h  a n  
i n c r e a s e  i n  t h e  amount of s o l v e n t  removed, t o  
i n c r e a s e  e f f i c i e n c y  of removal of i s o p r o p a n o l  
byproduc t s ;  

( 2 )  Condensa t ion  w i t h  tetrakis(dimethylamin0)- 
t i t a n i u m  i n  p l a c e  of tetraisopropoxytitanium; 

( 3 )  Reverse  a d d i t i o n  o f  l i g a n d  t o  t i t a n i u m  r e a g e n t  
w i t h  one-half  o f  t h e  l i g a n d  added b e f o r e  and one- 
h a l f  a f t e r  a d d i t i o n  of  t h e  s i l a n o l ;  

( 4 )  Condensa t ion  i n  h i g h  c o n c e n t r a t i o n  of  l i g a n d  i n  
benzene s o l u t i o n .  

The p r o d u c t s  i s o l a t e d  from m o d i f i c a t i o n s  (1) and ( 2 )  were 
comple t e ly  s o l u b l e  and had m o l e c u l a r  w e i g h t s  under  2000 .  T h e i r  
NMR s p e c t r a  showed a 2-to-1 mole r a t i o  of t h e  s i l o x y  s u b s t i t u e n t  
t o  the  l i g a n d  and  showed no S i O H  o r  O C 4 H 9  g roups .  

had a r ange  of m o l e c u l a r  weights ,  s i n c e  t h e y  c o u l d  be  s e p a r a t e d  
by s o l u b i l i t y  i n t o  e t h e r - s o l u b l e ,  ether-insoluble/benzene-soluble, 
and benzene - inso lub le  f r a c t i o n s .  The m o l e c u l a r  weight  o f  t h e  
ether-insoluble/benzene-soluble f r a c t i o n  of m o d i f i c a t i o n  ( 4 )  
was 2900. The benzene - inso lub le  f r a c t i o n  of t h i s  m o d i f i c a t i o n ,  
which was e x p e c t e d  t o  have t h e  h i g h e s t  m o l e c u l a r  we igh t ,  was 
15% of t h e  t o t a l  p r o d u c t .  

A s imilar  condensa t ion  polymer was prepared,  u s i n g  the  
s t a n d a r d  method, w i t h  t h e  l i g a n d  5,5~-bis(salicylaldehydo)methane. 
T h i s  polymer p r e c i p i t a t e d  from s o l u t i o n  d u r i n g  t h e  i n i t i a l  con- 
d e n s a t i o n  r e a c t i o n  and was p r o b a b l y  h i g h l y  c r o s s l i n k e d .  

The p r o d u c t s  $ s o l a t e d  from m o d i f i c a t i o n s  ( 3 )  and ( 4 )  a p p a r e n t l y  
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A t i t a n i u m  c h e l a t e  polymer w i t h  mixed v i n y l  and s i l a n o l  
s u b s t i t u e n t s  was a l s o  p r e p a r e d ,  u s i n g  5,5~-bis(salfcyl-N-butyl- 
imino)methane as t h e  l l g a n d  and  d i p h e n y l v i n y l s i l  
bis(methylphenylsilano1) as r e a g e n t s  t o  s u b s t i t u t e  t h e  s i d e  
g roups .  The polymer was i n s o l u b l e  i n  benzene a f t e r  p u r i f i c a t i o n  
and t h e r e f o r e  i t s  mole-cular  weight  c o u l d  n o t  be  measured. However, 
it had a much hfgher s o f t e n i n g  range  (170-280OC) t h a n  t h e  low 
m o l e c u l a r  weight  v i n y l  po lymers .  T h e  polymer p l a s t i c i z e d  no rma l ly  
w i t h  ~,4'-bis(methylphenylhydroxysilyl)biphenyl e the r  t o  g i v e  
a d h e s i v e  f o r m u l a t i o n s  t h a t  f lowed w e l l  a t  1 7 O O C .  

b.  Adhesive Properties  

The v i n y l - s u b s t i t u t e d  polymers  were of s p e c i a l  i n t e r e s t  
because  t h e y  c u r e  by a d d i t i o n  r e a c t i o n s  t ha t  e v o l v e  no v o l a t i l e  
byproduc t s  t o  c a u s e  p o r o s i t y  i n  t h e  a d h e s i v e  j o i n t s .  
methods deve loped  t o  c r o s s l i n k  v i n y l  s u b s t i t u t e d  polymers by 
c o u p l i n g  w i t h  d i p h e n y l s i l a n e  as shown below are d e s c r i b e d  f u l l y  i n  
t h e  e x p e r i m e n t a l  s e c t i o n ,  S i l a n e - t y p e  prepolymers  d e r i v e d  from 
5 , 5 ' - b i s  (salicyl-N-buty1imino)methane c u r e d  a t  170°C to r e s i n s  t ha t  
were s o f t  a t  2 5 O O C .  Res ins  t h a t  were hard a t  2 5 O O C  were o b t a i n e d  by 
add ing  p h e n y l s i l a n e t r i o l  t o  t h e s e  f o r m u l a t i o n s .  J o i n t s  coup led  by 
these r e s i n s  had s t r e n g t h s  up t o  270 p s i  a t  2 5 O O C .  

The g e n e r a l  

where i s  a b i s b i d e n t a t e  l i g a n d ,  

f"' - 
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6, 

Mixed t i t a n i u m - z i n c  c h e l a t e  polymers  were also p r e p a r e d  t o  
o b t a i n  b o t h  v i n y l -  and s i l a n o l - s u b s t i t u t e d  polymers  w i t h  h igher  
m o l e c u l a r  weight. These polymers  are p r e p a r e d  by f i r s t  making 
a low m o l e c u l a r  weight  prepolymer  by c o n d e n s a t i o n  o f  5 ,5 ' -bis-  
(salicyl-N-buty1imino)methane i n  p y r i d i n e  s o l u t i o n  w i t h  0 . 6  t o  

n 

I 

I 
-S i -CHi 

/ 
'\ 

0 

m 

0 

0.95  mole f r a c t i o n , o f  d i e t h y l z i n c ,  t h e n  comple t ing  t h e  condensa-  
t i o n  o f . l i n e a r  polymer by r e a c t i o n  w i t h  t e t r a i s o p r o p o x y t i t a n i u m  
( 0 . 4  t o  0 . 0 5  mole r a t i o  r e s p e c t i v e l y ) ,  and f i n a l l y  s u b s t i t u t i n g  
t h e  u n r e a c t e d  i sopropoxy s i t e s  by r e a c t i o n  w i t h  s i l a n o l .  
o f  t h e  method used  t o  p r e p a r e  t h e s e  polymers  are d e s c r i b e d  i n  
t h e  e x p e r i m e n t a l  s e c t i o n .  

These polymers  were i n s o l u b l e  i n  benzene and t h e  polymer 
w i t h  a Zn-to-Ti r a t i o  of 1 9  t o  1 was a l s o  i n s o l u b l e  i n  p y r i d i n e .  
A l l  t h e  polymers  flowed w e l l  a t  170°C when p l a s t i c i z e d  by s i l a n e -  
d i o l s .  

Details 
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Anothzr  method e v a l u a t e d  to c r o s s l i n k  t h e  t i t a n i u m  c h e l a t e  

T h i s  method has 
polymers  i n v o l v e d  in s i t u  t r i m e r i z a t i o n  of i s o c y a n a t e  s u b s t i t u e n t s  
on t h e  polymer backbone to i s o c y a n u r a t e  r i n g s .  
f o u r  a d v a n t a g e s :  

a .  The i s o c y a n u r a t e  r i n g  has high thermal s t a b i l i t y ;  

b .  Cure i s  e f f e c t e d  a t  moderate  t e m p e r a t u r e  (below 1 7 O O C ) ;  

c ,  There are no v o l a t i l e  byproduc t s  produced  i n  t h e  c u r i n g  
r e a c t i o n ;  

d .  The i s o c y a n a t e  group may improve t h e  a d h e s i v e  p r o p e r t i e s  
of t h e  r e s i n  i n  aluminum adhe rends .  

The r e a c t i o n  scheme used  to produce  such a polymer i s  as 
f o l l o w s :  

R-Si -R 
I 
OH 

(1) 

0 

N 

(11) + AgCNO -f 

r R-Si-R 6H2Nco 1 

ICH,NCO 
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A s table  s i l a n o l  of s t r u c t u r e  I can  be p r e p a r e d  and i so l a  
when R i s  pheny l .  We found t t the d i m e t h y l  homolog, however 
was too r e a c t i v e ;  i t  condense t o  its s i l o x a n e  d u r i n g  i s o l a t i o  
p-Bromomethyldiphenylsilanol (I) as p r e p a r e d  by t h e  f o l l o w i n g  
r o u t e  ; 

111 

I V  t 

+ HOH 

The s u c c i n i m i d e  by-product i n  t h e  l a s t  s t e p  was separated 
fro,m the  s i l a n o l  b y  a d s o r p t i o n  on s i l i c a  g e l  from a benzene s o l u -  
t i o n  of  t h e  mixed p r o d u c t s .  

The s t a b i l i t y  o f  t h i s  s i l a n o l  appears to vary  w i t h  t h e  d e g r e e  
o f  s u b s ’ t i t u t i o n ,  a l t h o u g h  t h e  d i f f e r e n c e  i n  s t a b i l i t y  we have 
found i n ’ t h e s e  p r o d u c t s  c o u l d  b e  t h e  r e s u l t  of t r a c e  c a t a l y t i c  
i m p u r i t i e s  ( e . g . ,  a c i d ) ;  p r o d u c t  w i t h  1 0 0 %  bromomethyl s u b s t i t u e n t  
a p p e a r s  to be s table  a t  room t e m p e r a t u r e ,  b u t  p roduc t  w i t h  87% 
s u b s t i t u t i o n  condensed t o  s i l o x a n e  w i t h  e v o l u t i o n  of  H B r  on 
s t a n d i n g  o v e r  a weekend a t  room t e m p e r a t u r e .  P a r t i a l l y  s u b s t i t u t e d  
p r o d u c t s  cou ld  be s t o r e d  a t  - 1 O O C  f o r  s h o r t  p e r i o d s  o f  t i m e .  

Prepolymers  c o n t a i n i n g  t h e  bromomethyl group were p r e p a r e d  
u s i n g  o u r  s t a n d a r d  p rocedure  f o r  s u b s t i t u t i o n  of t h e  s i l o x y  g roups  
on t h e  polymer.  A t t empt s  to exchange t h e  bromo group f o r  a n  
i s o c y a n a t e  group were on ly  p a r t i a l l y  s u c c e s s f u l .  Evidence of  
i s o c y a n a t e  on the  polymer was s e e n  i n  t h e  i n f r a r e d  s p e c t r a  o f  
prepolymers  a f t e r  r e a c t i o n  w i t h  s i l v e r  c y a n a t e  a t  3 O o C  i n  benzene ,  
but exchange was incomple t e  e 

29 



S e v e r a l  v a r i a t i o n s  o f  r e a c t i o n  c o n d i t i o n s  were used  i n  a n  
a t t e m p t  t o  i n c r e a s e  t h e  degree of s u b s t i t u t i o n  by t h e  i s o c y a n a t e  
g roups .  These i n c l u d e :  

a. Use o f  s o l v e n t s  f o r  s i l v e r  c y a n a t e  ( e , g ,  d i m e t h y l -  
formamide, b e n z e n e - a c e t o n i t r i l e ) ;  

b e  E l e v a t e d  t e m p e r a t u r e ;  

c .  A d d i t i o n  o f  K I  as a c t i v a t o r ;  

d ,  KCNO i n  p l a c e  of AgCNO; 

e. R e a c t i o n  on a column packed w i t h  AgCNO. 

The e x t e n t  of  s u b s t i t u t i o n  o f  i s o c y a n a t e  i n  the  p r o d u c t s  of  these  
r e a c t i o n s  was f o l l o w e d  by  a n a l y s i s  o f  t h e i r  I R  s p e c t r a .  The 
o p t i m a l  r e a c t i o n  c o n d i t i o n  found,  based on these a n a l y s e s ,  i s  t h e  
u s e  of s i l v e r  c y a n a t e  i n  dimethylformamide a t  8OOC. However, 
t h e  p r o d u c t s  are no t  homogeneous and i t  i s  d i f f i c u l t  t o  separate 
t h e  s i l v e r  s a l t s  from t h e  p r o d u c t  po lymers .  The b u l k  o f  p r o d u c t  
i s  i n s o l u b l e ,  i n d i c a t i n g  t h a t  s e l f - c o n d e n s a t i o n  i s  a p o s s i b l e  
s ide  r e a c t i o n .  

P r e p a r a t i o n  o f  polymers w i t h  i s o c y a n a t e  s u b s t i t u e n t s  was 
d e f e r r e d  a t  t h i s  s t a g e  t o  complete  c r o s s l i n k i n g  s t u d i e s  of t h e  
s i l a n o l  po lymers .  The i n i t i a l  work, d e s c r i b e d  above ,  i n d i c a t e s  
t h a t  t o  o b t a i n  a u s e f u l  polymer w i t h  i s o c y a n a t e  s u b s t i t u e n t s  i t  
w i l l  b e  n e c e s s a r y  t o :  (1) improve t h e  s p e c i f i c i t y  of  t h e  i s o -  
c y a n a t e  exchange r e a c t i o n ,  i . e .  - C H 2 B r  -t -CH2NCO; and ( 2 )  u s e  
l i g a n d s  w i t h  more f l e x i b l e  backbones,  s o  t h a t  t h e  prepolymers  
w i l l  have low m e l t i n g  r a n g e s  ( u n d e r  17OOC). 

C, ZINC C H E L A T E  POLYMERS 

1 ,  Polymerization Reaction Conditions 

Our f i r s t  g o a l  i n  t he  development of a h igh  t e m p e r a t u r e  
c h e l a t e  polymer a d h e s i v e  was t h e  o p t i m i z a t i o n  of  t h e  r e a c t i o n  
c o n d i t i o n s  f o r  t he  c o n d e n s a t i o n  of  a b i s - b i d e n t a t e  l i g a n d  w i t h  
a n  o r g a n o m e t a l l i c  t o  y i e l d  a un i fo rmly  h i g h  m o l e c u l a r  weight  
l i n e a r  polymer.  The c o n d e n s a t i o n  of 5,5~-bis(salicyl-N-butylimino)- 
methane w i t h  d i e t h y l z i n c  was used  i n  t h i s  work because  t h i s  l i g a n d  
i s  e a s i l y  prepared,  and t h e  r e s u l t i n g  polymer i s  comple t e ly  
s o l u b l e  i n  a v a i l a b l e  s o l v e n t s .  



OH + {C2H5)2Zn 

* C=N 

+ 2nCzHe 

To o p t i m i z e  t h e  p rocedure  f o r  t h e  p r e p a r a t i o n  of  h i g h  
m o l e c u l a r  weight  polymers  w e  f i rs t  p u r i f i e d  a l l  r e a g e n t s ,  and 
a d j u s t e d  s t o i c h i o m e t r y  t o  t h e  b e s t  o f  o u r  a b i l i t y  s i n c e  a c c u r a t e  
s t o i c h i o m e t r y  i s  t h e  f i rs t  r equ i r emen t  f o r  t h e  p r o d u c t i o n  of  
high m o l e c u l a r  weight  c o n d e n s a t i o n  polymers .  Secondly ,  we s t u d i e d  
the  r e a c t i o n  v a r i a b l e s  t o  o p t i m i z e  t h e  c o n d e n s a t i o n  r e a c t i o n  
c o n d i t i o n s .  The r e a c t i o n  v a r i a b l e s  s t u d i e d  i n c l u d e d  r e a c t i o n  
t i m e  and t e m p e r a t u r e ,  c o n c e n t r a t i o n  of r e a c t a n t s  and i d e n t i t y  
of  r e a c t i o n  s o l v e n t s .  

a .  Reactant Puri ty  

The r e a c t a n t  p u r i t y  and s t o i c h i o m e t r y  i s  of u tmost  impor t ance  
t o  t h e  p r e p a r a t i o n  o f  high m o l e c u l a r  weight c h e l a t e  polymers .  
T h e r e f o r e ,  i n  a l l  o f  t h i s  work extreme c a r e  was e x e r c i s e d  to 
i n s u r e  t h e  p u r i t y  o f  a l l  r e a c t a n t s  and s o l v e n t s .  

( 1 )  Ligand 

The l i g a n d ,  p r e p a r e d  as d e s c r i b e d  i n  S e c t i o n  D.l, was 
found t o  be p u r e  up t o  t h e  l i m i t s  d e t e c t a b l e  by I R ,  NMR, and  VPC 
t e c h n i q u e s  (98% p u r i t y ) .  ' N M R  a n a l y s i s  of t h e  b i s - s a l i c y l a l d e h y d e  
p r e c u r s o r  t o  o u r  l i g a n d  i n d i c a t e d  t h a t  t r a c e  q u a n t i t i e s  of  a n  
a c e t y l a t e d  material may have been  p r e s e n t .  T h i s  compound, i f  
c o n v e r t e d  t o  t h e  b u t y l i m i n e  d e r i v a t i v e ,  would be a c h a i n - t e r m i n a t i n g  
group.  



4H9 
H 

= c  

HO 

However, none of t h i s  compound was d e t e c t e d  by a n a l y s i s  
o f  t h e  l i g a n d .  To e l i m i n a t e  t h i s  t y p e  of i m p u r i t y ,  i f  p r e s e n t ,  
a sample of t h e  l i g a n d  p r e c u r s o r ,  5,5v-methylene-bis-salicylaldehyde, 
was s p e c i a l l y  p u r i f i e d  by t r e a t m e n t  w i t h  aqueous sodium hydrox ide .  
Samples of t h e  n-buty l imine  l i g a n d  p r e p a r e d  from t h i s  p u r i f i e d  
b a t c h  were t h e n  polymer ized  w i t h  d i e t h y l z i n c .  
m o l e c u l a r  weight  of polymer was o b t a i n e d ,  however, t h u s  i n d i c a t i n g  
t h a t  t h i s  i s  n o t  a cause  of polymer t e r m i n a t i o n .  The r e l a t i v e  
v i s c o s i t y  of a 2% s o l u t i o n  of t h i s  polymer i n  p y r i d i n e  was 1.55. 

No i n c r e a s e  i n  

Diethyltinc 

The d i e t h y l z i n c  used  i n  t h i s  work was p u r i f i e d  by 
f r a c t i o n a l  d i s t i l l a t i o n  i n  an  anhydrous n i t r o g e n  a tmosphere .  
S e v e r a l  p o s s i b l e  methods of d e t e r m i n i n g  t h e  a b s o l u t e  p u r i t y  of  
t h e  r e d i s t i l l e d  d i e t h y l  z i n c  were i n v e s t i g a t e d .  NMR and I R  
a n a l y s e s  o f  t h i s  m a t e r i a l  showed no d e t e c t a b l e  ( < 0 . 3 % )  i m p u r i t i e s .  

An even  more s e n s i t i v e  t e s t  f o r  p u r i t y  i s  t o  de t e rmine  
t h e  amount o f  oxygen p r e s e n t  i n  t h e  d i e t h y l z i n c .  
would mean t h e  p resence  of a p a r t i a l l y  hydro lyzed  or o x i d i z e d  
s p e c i e s  t h a t  would undoubtedly  be  a c h a i n  t e r m i n a t o r .  Oxygen 
can  be  de t e rmined  by  n e u t r o n  a c t i v a t i o n  a n a l y s i s ,  and th ree  samples  
o f  o u r ’ r e d i s t i l l e d  d i e t h y l z i n c  were ana lyzed  by t h i s  method. By 
comparing t h e  r e l a t i v e  i n t e n s i t y  of  t h e  6.13-Mev gamma-ray photo-  
peak  of N 1 6  a g a i n s t  a n  oxygen s t a n d a r d  
oxygen contaminant  was c a l u c l a t e d .  
0 1 6  (n,p)N16 r e a c t i o n .  

The r e s u l t s  of t h i s  a n a l y s i s  showed t h a t  o u r  d i s t i l l e d  
d i e t h y l z i n c , c o n t a i n e d  a n  ave rage  o f  23.2 ppm o f  oxygen. 
t h i s  a n a l y s i s  , w e  can  conc lude  t h a t  c o n t a m i n a t i o n  o f  t he  d i e t h y l -  
z i n c  by oxygen-conta in ing  molecules  i s  n o t  a n  impor t an t  f a c t o r  
i n  c a u s i n g  t h e  t e r m i n a t i o n  of  t h e  c h e l a t e  polymer.  

Any oxygen 

t h e  c o n c e n t r a t i o n  o f  
N 1 6  i s  the  p roduc t  of t h e  

From 
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Termina t ion  of  t h i s  t y p e  would be expec ted  t o  o c c u r  less  in 

T h i s  s t a t i s t i c a l  program r e q u i r e d  27 expe r imen t s .  A l i s t i n g  
a less  b a s i c  s o l v e n t .  

o f  t h e  de t a i l s  of e a c h  of these expe r imen t s  i s  g i v e n  i n  t he  Ex- 
p e r i m e n t a l  S e c t i o n  of t h i s  r e p o r t .  The r e l a t i v e  m o l e c u l a r  weights  
of  t h e  polymers were de te rmined  from t h e  v i s c o s i t y  o f  2% s o l u t i o n s  
i n  p y r i d i n e .  

b.  S t a t i s t i c a l  S t u d y  o f  R e a c t i o n  V a r i a b l e s  

A s t a t i s t i c a l l y  d e s i g n e d  program aimed at  d e t e r m i n i n g  t h e  
optimum r e a c t i o n  c o n d i t i o n s  f o r  t h e  c o n d e n s a t i o n  of 5 , 5 ' - b i s -  
(salicyl-N-buty1imino)methane and d i e t h y l z i n c  was c a r r i e d  o u t  
i n  t h e  t h r e e - v a r i a b l e ,  t h r e e - l e v e l  program shown below. The 
three r e a c t i o n  v a r i a b l e s  were chosen as t h o s e  hav ing  t h e  g r e a t e s t  
e f f e c t  on t h e  d e g r e e  of p o l y m e r i z a t i o n  ( r e f .  6 ) .  

V a r i a b l e s  Level s 

1 .  C o n c e n t r a t i o n  o f  r e a c t a n t s  8%, l o % ,  1 5 %  

2. I d e n t i t y  o f  s o l v e n t s  P y r i d i n e  (pKa 5 . 1 7 )  
Q u i n o l i n e  (pKa 4 . 8 )  
2 - C h l o r o p y r i d i n e  

(pKa 0 . 7 2 )  

3 .  R e a c t i o n  t imes 1 ,  5 ,  and  20  h o u r s  

S o l v e n t s  f o r  t h i s  s t u d y  were chosen  f o r  two r e a s o n s .  F i r s t ,  
t h e  polymer i s  s o l u b l e  i n  each  of these s o l v e n t s .  Second, these  
s o l v e n t s  r e p r e s e n t  a l a r g e  r a n g e  i n  donor  p r o p e r t i e s .  The donor  
s t r e n g t h  of t h e  s o l v e n t  i s  i m p o r t a n t  because  t h e  f o r m a t i o n  of 
a p a r t i a l l y  r e a c t e d  o r g a n o m e t a l l i c  group s t a b i l i z e d  by a donor  
molecule  such  as t h a t  shown below may be one o f  t h e  methods o f  
polymer t e r m i n a t  i on .  

\ N= C 
' zn' 
' b  
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The data o b t a i n e d  i n  these  t e s t s  were ana lyzed  f o r  v a r i a n c e  
s t a n d a r d  s t a t i s t i c a l  p r o c e d u r e s  ( r e f .  7 ) .  The r e s u l t s  o f  

a n a l y s i s  showed t h a t :  

r i d i n e  i s  s u p e r i o r  t o  p y r i d f n e  o r  qufno 
on s o l v e n t ,  

( b )  Varying the c o n c e n t r a t i o n  of r e a c t a n t s  from 8% t o  15s 
does  n o t  a f f e c t  the degree  of  p o l y m e r i z a t i o n .  

( c )  V a r i a t i o n s  i n  t h e  r e a c t i o n  time o v e r  t he  r ange  s t u d i e d  
has l i t t l e  e f f e c t  on the degree of  p o l y m e r i z a t i o n ,  A 
s l i gh t  e f f e c t  i s  observed,  however, t h a t  f a v o r s  a l o n g e r  
r e a c t i o n  c y c l e  (>5 h o u r s ) .  

A problem encountered  i n  t h i s  work involved  the use of  h igh -  
b o i l i n g  s o l v e n t s  such  as q u i n o l i n e .  T h i s  s o l v e n t  is  many times 
more d i f f i c u l t  t o  remove from the polymer t h a n  i s  e i t h e r  p y r i d i n e  
o r  2 - c h l o r o p y r i d i n e e  I n  c a s t i n g  f i lms of  the polymers from 
p y r i d i n e  and 2 - c h l o r o p y r i d i n e 9  a l l ’ t h e  s o l v e n t  can be removed by 
heating a t  150°C/20 mm Hg f o r  4 h o u r s .  With q u i n o l i n e ,  however, the 
s o l v e n t  can o n l y  be removed i f  the  Semidr i ed  polymer i s  g round to  
a f i n e  powder and t h e n  f u r t h e r  heated a t  150°C/l .0 mm Hg f o r  a t  
least  12 h o u r s .  Such a s o l v e n t  removal problem could p r e s e n t  a 
major d i f f i c u l t y  i n  t h e  use  of  t h e s e  polymers as adhes ives ;  
t h e r e f o r e ,  h i g h - b o i l i n g  s o l v e n t s  were avo ided .  

A s  a r e s u l t  of 
e x p e r i e n c e  w i t h  che 
f o l l o w i n g  t e n t a t i v e  
chosen:  

ou r  s t a t i s t i c a l  program and o u r  p r e v i o u s  
l a t e  polymers  of  t h i s  t y p e  ( r e f .  6 ) ,  t h e  
ly o p t i m i z e d  p o l y m e r i z a t i o n  c o n d i t i o n s  were 

( a )  Reac tan t  and s o l v e n t  p u r i t y  greater t h a n  99.9 mole 

( b )  

p e r  c e n t  a 

2-Chloropyr id ine  as r e a c t i o n  s o l v e n t  e 

( c )  Ten p e r  c e n t  as the  c o n c e n t r a t i o n  of r e a c t a n t s .  

( d )  Organometa l l ic  compound t o  be added t o  a s o l u t i o n  of  
the l i g a n d  a t  90°C. 

( e )  R e a c t i o n  t ime f i v e  hour s .  

A l a r g e  s c a l e  c o n d e n s a t i o n  of 5,51-bis(salicyl-N-n-butylimino)- 
methane w i t h  d i e t h y l z i n c  u s i n g  t h e  r e a c t i o n  c o n d i t i o n s  d e s c r i b e d  
above was r u n  t o  o b t a i n  polymer f o r  c h a r a c t e r i z a t i o n .  

A 1 1  t h e  r e a c t a n t s  and the s o l v e n t  used i n  t h i s  r e a c t i o n  were 
p u r i f i e d  t o  the best  of o u r  a b i l i t y .  
s o l v e n t  w a s  f r a c t i o n a l l y  d i s t i l l e d  and t h e n  d r i e d  by p a s s i n g  
through a column of molecular  s i e v e s  (L inde  4 A ) ,  

The 2 - c h l o r o p y r i d i n e  

The l i g a n d  was 
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r e c r y s t a l l i z e d  s e v e r a l  times from b o t h  methanol and p e t r o  
e ther  and was t h e n  d r i e d  under  vacuum for 24 h o u r s ,  The diethyl-.  
z i n c  was f r e s h l y  d i s t i l l e d .  A complete  d e s c r i p t i o n  of the 
r e a c t i o n  scheme i s  g i v e n  i n  the  Exper imenta l  S e c t i o n .  

The polymer produced by  t h i s  p rocedure  had a r e l a t i v e .  
v i s c o s i t y  of 1.63. This v i s c o s i t y  i s  e q u i v a l e n t  t o  the best  
polymer produced i n  o u r  s t a t i s t i c a l  s t u d y .  This  polymer a l s o  
showed a h igh  s o f t e n i n g  p o i n t  ( r a n g e  190-222 O C ,  383-432 OF) . 
Fi lms  o f  t h i s  polymer c a s t  on glass were similar i n  p h y s i c a l  
appea rance  t o  a n  u n f i l l e d  p h e n o l i c  r e s i n .  

The above descr ibed  c h e l a t e  polymer was t h e n  f r a c t i o n a t e d  
by f i rs t  d e p o s i t i n g  t h e  polymer on g l a s s  micro beads  and t h e n  
e l u t i n g  w i t h  mixed s o l v e n t s .  The r e s u l t s  of t h i s  f r a c t i o n a t i o n  
are g i v e n  i n  T a b l e  4 .  

Two c o n c l u s i o n s  can be drawn from t h e  r e s u l t s  of t h i s  
f r a c t i o n a t i o n .  F i r s t ,  t h i s  polymer has a more uni formly  high 
molecular  weight  d i s t r i b u t i o n  t h a n  o u r  o r i g i n a l  polymers .  These 
data a l s o  show that i n  s p i t e  of the- r i g i d  c o n t r o l  of r e a c t a n t  
p u r i t y  and s t o i c h i o m e t r y ,  there  i s  s t i l l  a 5% f r a c t i o n  t h a t  has 
a low molecu la r  weight, T h i s  l e d  u s  t o  look f o r  o t h e r  s o u r c e s  
of t e r m i n a t i o n  s p e c i e s .  

c .  I o n i c  S p e c i e s  a s  Chain Termina tors  

A p o s s i b l e  method by which c h a i n  t e r m i n a t i o n  may occur  i n  
ou r  p r e s e n t  p o l y m e r i z a t i o n  system i s  by t h e  r e a c t i o n  of d i e t h y l -  
z i n c  w i t h  a p y r i d i n a t e  i o n  t o  g i v e  a p a r t i a l l y  r e a c t e d  s p e c i e s .  

T h i s  s p e c i e s  would t h e n  a c t  as a c h a i n  t e r m i n a t i n g  group.  The 
hypo thes i zed  p y r i d i n a t e  i o n  might be produced i n  t h e  f o l l o w i n g  
manner : 

To e l i m i n a t e ,  o r  a t  least  minimize, t h i s  i o n i z a t i o n  we: 
(1) used s o l v e n t s  with l e s s  b a s i c i t y ,  ( -2)  r a d i c a l l y  i n c r e a s e d  
the r a t i o  of l i g a n d  t o  s o l v e n t ,  and ( 3 )  used a less a c i d i c  l i g a n d .  
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t % o f  S o f t e n i n g  P o i n t  
F r a c t i o n  r a c t i o n "  "C "F 

1 Ethanol  5 ,15  70 158 

2 .  A c e t o n i t r i l e  0.12 - 
3 3: 1 Acetoni t r i  't e /  0.45 

p y r i  d i  ne 

4 1 :1 A c e t o n i t r i l e /  1 .15  70-90 158-1 94 
p y r i d i n e  

p y r i d i n e  
5 1 : 3 Acetoni t r i  1 e /  10.36 140-150 285-300 

6 Pyr i  d i  ne 76.27 190-222 375-432 

7 P y r i d i n e  0 

* The t o t a l  r ecove ry  o f  polymer was 93 .5%.  T h e  remaining 6 .5% 
cou ld  n o t  be accounted  f o r .  However, t h i s  small  amount does 
n o t  change t h e  o v e r a l l  c o n c l u s i o n s  t h a t  can be drawn from 
t h i s  experiment 

ange of s o l v e n t s  that  can be used i n  the  p o l y m e r i z a t i a n  
l a t e  polymers i s  l i m i t e d  because  these polymers a re  

i n s o l u b l e  i n  most o rgan ic  s o l v e n t s ,  However, we faund tha t  t he  
polymer has a p p r e c i a b l e  s o l u b i l i t y  i n  t r iphenylphosphine ,  dioxane,  
and t e t r a h y d r o f u r a n ,  a l l  of which are less  b a s i c  s o l v e n t s  t h a n  
p y r i d i n e ,  Polymer iza t ions  i n  t r iphenylphosphine ,  t e t r a h y d r o f u r a n ,  
dioxane,  and mixed s o l v e n t s  d i d  not ,  however, y i e l d  polymers o f  
h igher  molecular  weight t h a n  t h o s e  ob ta ined  i n  p y r i d i n e  s o l v e n t s .  
Data are summarized i n  Tab le  5 .  Based on t h e  s o f t e n i n g  p o i n t s  o f  
t hese  polymers ,  t he  h ighes t  molecu la r  weight  polymers were pre- 
p a r e d  i n  t r i p h e n y l p h o s p h i n e  , t r iphenylphosphine-d ioxane  , and con- 
c e n t r a t e d  q u i n o l i n e  s o l v e n t s .  These polymers are ,  however, 
comparable to t he  bes t  polymers  p r e p a r e d  i n  p y r i d i n e  and 2-chloro- 
p y r i d i n e  s o l v e n t s .  
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T a b l e  5 

EFFECT OF S O L V E  E L A T E  P O L Y M E R  

Sol vent 

Tr ipheny lphosph ine  

Tri phenyl p h o s p h i n e  

1 : l  T r ipheny lphospn ine :  
Dioxane 

Dioxane 

Te t r ahydro fu ran  

T e t r a h y d r o f u r a n  

Pyr i  d i  ne 

Q u i n o l i n e  

R a t i o  o f  
S o l v e n t  t o  

L i g a n d  

1 O : l  

20 :  1 

33:l 

1O:l 

60 : l  

1O:l 

1 :1 

1 : l  

S o f t e n i n g  
P o i n t  o f  

Polymer,  O C  

197 

198-235(d)  

189-230(d)  

85-1 15* 

122-1 55,  
105-170 

150-1 57 

176-180 

205-223 

Re1 a t i  ve 
V i s c o s i t y  

o f  Polymer i n  
2 %  S o l u t i o n  o f  

P y r i d i n e  

1.46 

1 .34  

1 .58  

1 . 0 9  

1 .39  

1.35 

1 .44  

* Polymer p r e c i p i t a t e d  d u r i n g  r e a c t i o n  

A s  d e t a i l e d  above, a t t e m p t s  t o  e l i m i n a t e  any c h a i n  termina-  
t i o n  by i o n i c  s p e c i e s  such  as p y r i d i n a t e  i o n  both  by d e c r e a s i n g  
the b a s l c i t y  o f  the s o l v e n t  and by i n c r e a s i n g  t h e  r a t i o  of l i g a n d -  
t o - s o l v e n t  used i n  t h e  r e a c t i o n  d i d  no t  g i v e  polymers w i t h  h i g h e r  
molecu la r  weights .  An a l t e r n a t e  method of overcoming t h i s  problem 
was the use  o f  a less a c i d i c  l i g a n d .  To t e s t  the e f f e c t  o f  t h i s  
t y p e  of  l i g a n d ,  5,51-bis(o-vanillinbutylimino)methane was p r e p a r e d  
and polymer ized  w i t h  d i e t h y l z i n c .  

HO OH 
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Bis(o-vanillinbuty1imino)methane was polyme-rized i n  a 
p y r i d i n e  s o l v e n t  by the same procedure used  f o r  t h e  u n s u b s t i t u t e  
l i g a n d ,  except  tha t  r e a c t i o n  t ime was extended to 24 hours  t o  com- 
p e n s a t e  f o r  the lesser a c t i v i t y  of  t h e  pheno l i c  hydrogen. The r e -  
s u l t i n g  polymers had a s o f t e n i n g  p o i n t  o f  225-275OC, 
v i s c o s i t y  i n  2% p y r i d i n e  was le38 f o r  one sample and 1.47 f o r  the 
o t h e r ,  The polymers are more c r y s t a l l i n e  and have lower s o l u b i l -  
i t y  i n  p y r i d i n e  t h a n  polymers o f  the u n s u b s t i t u t e d  l i g a n d .  

Re la t ive  

R e s u l t s  of po lymer i za t ions  i n  such  a wide r ange  of r e a c t i o n  
c o n d i t i o n s  i n d i c a t e  t h a t  i o n i c  s p e c i e s  are probably  no t  t h e  cause  
of c h a i n  t e r m i n a t i o n .  

d .  Polymerizations Using Dimethylcadmi urn 

To i n s u r e  that the degree  of  po lymer i za t ion  of  o u r  c h e l a t e  
polymer was n o t  l i m i t e d  by s i d e  r e a c t i o n s  invo lv ing  z i n c ,  w e  p re-  
p a r e d  c h e l a t e  polymers from 5,5'-bis(salicyl-N-butylimino)- 
methane and dimethylqadmium. The p rocedure  used  was t h e  same 
as tha t  used f o r  d i e t h y l z i n c ,  except  that  t h e  o rganometa l l i c  was 
added a t  80"c i n s t e a d  of  90°C. Polymer iza t ions  u s i n g  dimethyl- 
cadmium are s lower  than  t h o s e  u s i n g  d i e t h y l z i n c ,  and we found i t  
n e c e s s a r y  to heat t h e  po lymer i za t ion  mixture  a t  t h e  r e f l u x  t e m -  
p e r a t u r e  of  the p y r i d i n e  s o l v e n t  o v e r n i g h t  to complete t h e  con- 
d e n s a t i o n .  The r e s u l t i n g  polymers a r e  comple te ly  s o l u b l e  i n  
pyri .dine e 

V i s c o s i t y  measurements of these polymers i n  2% p y r i d i n e  so lu -  
t i o n  i n d i c a t e d  that  t h e  polymer had about t h e  same degree  of  poly- 
m e r i z a t i o n  as the z inc  polymers.  However, the s o f t e n i n g  p o i n t  of 
the polymers is somewhat h i  her t h a n  comparable z i n c  polymers (270- 
280°C compared to 190-220°C7. 

Two o t h e r  t y p e s  of l i n e a r  polymers c o n t a i n i n g  cadmium were 
a l s o  prepared:  

thylcadmium condensed w i t h  5,51-bis(salicyl-N-hexylimino)- 
ane y i e l d e d  a polymer w i t h  s o f t e n i n g  p o i n t  of  180-203OC 

and comparable molecu la r  we igh t .  

2 ~ Copolymerizat ion of dimethylcadmium and d i e t h y l z i n c  i n  t h e  
r a t i o  l:3 w i t h  t he  s t a n d a r d  n-butyl .  l i g a n d  y i e l d e d  a polymer 
t h a t  s o f t e n e d  i n  the range  178-195"C and had r e l a t i v e  v i s -  
c o s i t y  i n  2% p y r i d i n e  s o l u t i o n  o f  1.55. 

I n  summary, t h e  p r o p e r t i e s  of the cadmium polymers are com- 
p a r a b l e  t o  t h e  z i n c  polymers except  t h a t  s o f t e n i n g  p o i n t s  are 
h ighe r .  
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The objective of this work was to determine whether less 
reactive organo zinc compounds would be superior sources of zinc 
f o r  the polymerization of our bis-bidentate ligands. 

Two organo zinc compounds, diphenylzinc and di-n-butylzinc, 
were reacted with 5,5f-bis(salicyl-N-butylimino)methane using our 
best polymerization technique. The polymers produced by both of 
these organometallics were, however, inferior to those obtained 
by using diethylzinc. The viscosities of  2% solutions.were lower, 
and the films cast from these polymers were excessively brittle. 
We found that for these less reactive compounds, the condensation 
reaction must be carried out at an elevated temperature and over 
a longer period of time. 

now have a relative viscosity of approximately 1.70. Although 
this specific viscosity would not indicate a very high molecular 
weight material, we felt that it was sufficient to allow us to 
continue on to our crosslinking studies. 

As a result of this work, our best linear chelate polymers 

2. L i g a n d  S t r u c t u r a l  S t u d y  

The second part of our program on zinc chelate polymers was 
aimed at determining the structural requirements of the ligand 
that lead to the optimum stability and tractability in the 
corresponding zinc chelate polymer. 

The study of effects of structure on polymer tractability 
can be divided into two parts. The first part was aimed at deter- 
mining the effect of the size of the ligand side group on the 
crystallinity and tractability of the corresponding polymer. This 
information is essential so that we may know the optimum size, 
shape, and type of side group to place on a chelate polymer so 

crystallinity of the polymer is sufficiently reduced to 
ractable material without sacrificing thermal and oxida- 
ility. To accomplish this, the following imine deriva- 

tives of 5,5'-bis(salicylaldehydo)methane were prepared, purified, 
and palymerized. 

a. 
b. 
C. 

d. 

e. 
f. 
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The polymers r e s u l t i n g  from t h e s e  l i g a n d s  were, with t h e  
c e p t f o n  of the n-hexyl s u b s t i t u t e d  l i g a n d  more c r y s t a l l i n e  th 
polymers formed from the n-buty l  l i g a n d ,  The polymer formed from 
t h e  n-hexyl s u b s t i t u t e d  l f g a n d  was s o l u b l e  and n o n c r y s t a l l i n e ,  as 
expec ted ,  Based on t h e i r  s o f t e n i n g  p o i n t  and r e l a t i v e  s o l u b i l i -  
t i e s  i n  p y r i d i n e ,  the most c r y s t a l l i n e  polymers were t h o s e  w i t h  
t - b u t y l  and cyc lohexy l  s u b s t i t u e n t s ;  the  least  c r y s t a l l i n e  'was the 
i s o b u t y l - s u b s t i t u t e d  polymer. T a b l e  6 summarizes these r e s u l t s .  

T a b l e  6 

CHARACTERISTICS OF C H E L A T E  P O L Y M E R S  F R O M  
WBRIOUS S U B S T I T U T E D  5,5'-=BIS(SALICYL-N- 

Q R ~ ~ ~ O I M I N O ) ~ € T H A N E  L I G A N D S  

S o f t e n i n g  P o i n t  

Imine  O C  C h a r a c t e r i s t i c s  
S u b s t i t u e n t  on  o f  Po 1 ymer F i l m  

E t h y l  2 4 0 - 2 7 0 ( d )  Formed a n  
i n s o l u b l e  f r a c t i o n  

I s o b u t y l  145-220  E x t r e m e l y  b r i t t l e  

S e c -  b u t y l  over  300 E x t r e m e l y  b r i  t t l e  

t - B u t y l  

C y c l o h e x y l  

over  31 5 

o v e r  305  

Formed a n  
i n s o l u b l e  f r a c t i o n  

Formed a n  
i n s o l u b l e  f r a c t i o n  

n-Hexyl 175-227* Resinous 

4-Methyl  b e n z y l  215-232 Formed an  
i n s o l u b l e  f r a c t i o n  

* R e l a t i v e  v i s c o s i t y  o f  2% s o l u t i o n  i n  p y r i d i n e  was 1 . 4 4 ,  

From the e v a l u a t i o n  of these polymers and from o u r  p rev ious  
work on c h e l a t e  polymers of t h i s  t ype ,  w e  can  conclude that the 
s ide  groups on the c h e l a t e  polymers must be a l i p h a t i c  and must be 
a t  least  as l o n g  as an n - b u t y l  group t o  y i e l d  a tractable r e s i n .  
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I n  a d d i t i o n  t o  d e t e r m i n i n g  t h e  e f f e c t  o f  l i g a n d  s ide  groups  
on t h e  c r y s t a l l i n i t y  and t r a c t a b i l i t y  of o u r  c h e l a t e  polymers ,  i t  
was a l s o  i m p o r t a n t  t o  d e t e r m i n e  how v a r i o u s  o t h e r  b i s b i d e n t a t e  
l i g a n d s  t h a t  c o n t a i n  e i t h e r  o t h e r  f l e x i b l e  l i n k a g e s  or o t h e r  
a r o m a t i c  l i g a n d  groups  of p o t e n t i a l l y  h i g h e r  o x i d a t i v e  s t a b i l i t y  
t h a n  s a l i c y l a l d e h y d e i m i n e  a f f e c t  t h e  t r a c t a b i l i t y  of  a z i n c  c h e l a t e  
polymer.  To do t h i s ,  t h e  f o l l o w i n g  b i s b i d e n t a t e  l i g a n d s  were 
p r e p a r e d ,  p u r i f i e d ,  and polymer ized ,  

a .  5,5'-bis(salicyl-N-butylimino)sulfone 
b .  5,5~-bis(8-hydroxyquinolino)rnethane 
c .  5,5~-bis-(7--hexanoxyl-8-hydroxyquinolino)methane 
d. 5,5 ' - b i s  (4-hydroxy-3-octanoylpheny1)pentane 

5,5'-Bis(salicyl-N-butylimino)sulfone was condensed w i t h  
d i e t h y l z i n c  i n  p y r i d i n e  by  the  s t a n d a r d  p o l y m e r i z a t i o n  p r o c e d u r e .  
The l i g a n d  gave a g r e e n  s o l u t i o n .  T h i s  c o l o r  disappeared when t h e  
e q u i v a l e n t  amount of d i e t h y l z i n c  was added to t h e  r e a c t i o n .  The 
p roduc t  p r e c i p i t a t e d  d u r i n g  r e a c t i o n  and o n l y  3% of  p roduc t  was 
found t o  be s o l u b l e  i n  p y r i d i n e .  The polymer s o f t e n e d  i n  t h e  r ange  
270-300(t)°C. 

The c h a r a c t e r i s t i c s  of  t h i s  polymer i n d i c a t e  t h a t  t h e  s u l f o n e  
l i n k a g e  i s  not  s u i t a b l e  f o r  i n c o r p o r a t i o n  i n t o  c h e l a t e  polymers 
where s o l u b i l i t y  and t r a c t a b i l i t y  are r e q u i r e d .  The s u l f o n e  l i n k a g e  
may cause  c r y s t a l l i n i t y  and i n s o l u b i l i t y  e i t h e r  by i n t e r a c t i o n  of  
t h e  oxygen atoms on t h e  s u l f o n e  group w i t h  phenyl  groups  on ad- 
j a c e n t  polymer c h a i n s  or, more p r o b a b l y ,  by s i m p l y  d e c r e a s i n g  t h e  
f l e x i b i l i t y  o f  t h e  polymer c h a i n .  

p o l y m e r i z a t i o n  method w i t h  d i e t h y l z i n c ,  gave an  i n s o l u b l e ,  i n t r a c t -  
able polymer,  which d i d  n o t  s o f t e n  up to 300°C. 

T h i s  l i g a n d ,  however, was copolymer ized  w i t h  5 , 5 ' - b i s ( s a l i c y l -  
N-n-buty1imino)methane t o  y i e l d  a s o l u b l e  polymer.  
s o l u b l e  polymer,  t h e  s a l i c y l a l d e h y d e i m i n e  l i g a n d  must be f i r s t  
r e a c t e d  w i t h  d i e t h y l z i n c ,  and t h e n  t h e  8-hydroxyquinoline l i g a n d  
added. T h i s  i s  n e c e s s a r y  because  if bo th  l i g a n d s  are p r e s e n t  
i n i t i a l l y ,  two polymers  are made. One i s  i n s o l u b l e  and c r y s t a l l i n e ,  
c o n s i s t i n g  of  mos t ly  q u f n o l i n a t e  u n i t s ,  and t h e  o t h e r  i s  t h e  s o l u b l e  
bis(salicyla1dehydeimine) polymer,  The 8-hydroxyquinol ino l i g a n d  
i s  much more r e a c t i v e .  The p r e p a r a t i o n  of these polymers i s  g i v e n  
i n  t h e  e x p e r i m e n t a l  s e c t i o n  of  t h i s  r e p o r t .  

1 p a r t  of 5,5v-bis(~-hydroxyquinolino)methane t o  3 par t s  of 5 ,5 ' -  
bis(salicy1-N-buty1imino)methane had a s o f t e n i n g  p o i n t  of 273--282Oc, 
about  50°C above t h a t  of  t he  s t a n d a r d  l i n e a r  s a l i c y l a l d e h y d e b u t y l -  
imine  polymers 

Bis-(8-hydroxyquinolino)methane, polymer ized  u s i n g  o u r  best 

To o b t a i n  a 

The s o l u b l e  eo olymer t h a t  r e s u l t e d  from a l i g a n d  cha rge  of 
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Chelate polymers d e r i v e d  from t h e  8-hydroxyquinol ino l i n k a g e  
have two advan tages :  
mers d e r i v e d  from t h i s  c h e l a t e  are ex t r eme ly  s tab le  bo th  t h e r m a l l y  
and o x i d a t i v e l y  ( re f .  81, T h e r e f o r e ,  s u b s t i t u t e d  b i s b i d e n t a t e  
l i g a n d s  wi th  8-hydroxyquinol ine s i t e s ,  such as b i s  (7-hexanoyl-8- 
hydroxyqiiino1ino)methane were made and polymer ized  t o  improve 
polymer t r a c t a b i l i t y .  

Condensa t ion  of 5,5~-bis(7-hexanoyl-8-hydroxyquinolino)methane 
w i t h  d i e t h y l z i n c  gave a c r y s t a l l i n e ,  i n s o l u b l e  polymer that  d i d  no t  
m e l t  under  300OC. The i n f r a r e d  a b s o r p t i o n  of t h e  carbonyl. group was 
s h i f t e d  i n  t h e  polymer t o  6 . 1  microns from 6 . 0  m i c r o n s ' i n  t h e  l i g a n d ,  
i n d i c a t i n g  t ha t  t h e  z i n c  w a s  c o o r d i n a t e d  t o  a c a r b o n y l  oxygen i n  
p r e f e r e n c e  t o  the  q u i n o l i n e  n i t r o g e n .  T h i s  change i n  donor  groups  
undoubtedly a f f e c t e d  t h e  s t e r i c  b l o c k i n g  a b i l i t y  of t h e  s ide  group.  

The l i g a n d  1 ,5 -b i s  (4-hydroxy-3-octanoylpheny1)pentane has 
b o t h  a very f l e x i b l e  c o n n e c t i n g  l i n k a g e  and a bulky s i d e  group t o  
p r o t e c t  t h e  z i n c  atom. 
3-oc tanoylphenyl )  pentane  were prepared i n  p y r i d i n e  s o l u t i o n  by  
t h e  same p rocedure .  
l i g a n d  were s o l u b l e  i n  p y r i d i n e  and had low s o f t e n i n g  p o i n t s .  

(1) t h e  c h e l a t e  bond i s  s t r o n g ;  and ( 2 )  poly-  

Zinc c h e l a t e  polymers of 1 ,5-bis(4-hydroxy-  

The l i n e a r  z i n c  polymers prepared  from t h i s  

Copolymers of t h i s  l i g a n d  and l i g a n d s  c o n t a i n i n g  t h e  8-hydroxy- 
q u i n o l i n e  n u c l e u s  were a l s o  p r e p a r e d  and were found t o  have h ighe r  
s o f t e n i n g  p o i n t s .  
t h i s  l i g a n d  i s  g i v e n  i n  T a b l e  7 .  

A d e s c r i p t i o n  of t h e  polymers p r e p a r e d  from 

3. Crosslinking and Cure o f  Zinc Chelate Polymers 

a.  Precure o f  Zinc Chelate Polymers 

A l i m i t e d  amount of work was done t o  p r e c u r e  l i n e a r  z i n c  
c h e l a t e  polymers by c r o s s l i n k i n g  f o r  u se  as a d h e s i v e s  i n  s t e e l  

C r o s s l i n k i n g  w a s  accomplished i n  p y r i d i n e  s o l u t i o n  b y  t h e  
th ree  g e n e r a l  methods.  

1. 

2. 

3. 

I n c o r p o r a t i o n  of m u l t i p l e  s i t e  l i g a n d s  such as 
tris(2-hydroxyphenyl)-s-triazine or low m o l e c u l a r  
weight  methylene- l inked  %-hydroxyquinol ine polymers  
i n t o  t h e  polymer.  

I n c o r p o r a t i o n  of  t r i v a l e n t  metal i o n s  i n t o  t h e  p re -  
polymer by l i g a n d  exchange w i t h  t r i s a c e t y l a c e t o n a t o  
o r  trishexafluoroacetylacetonato c h e l a t e s .  

D i r e c t  i n c o r p o r a t i o n  of t r i v a l e n t  metal. i o n s  i n t o  t he  
polymer by r e a c t i o n  w i t h  t r i e t h y l g a l l i u m  o r  t r i e t h y l -  
aluminum. 

4 2  
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These r e a c t i o n s  g e n e r a l l y  gave m i x t u r e s  of s o l u b l e  f u s i b l e  
and i n s o l u b l e  , i n f u s i b l e  p r o d u c t s .  S i n c e  the p r o d u c t s  tha t  
were i n f u s i b l e  a t  t e m p e r a t u r e s  much above 25OoC were a l s o  i n t r a c t a b l e  
and unusable  as adhes ives  t h i s  approach t o  c u r i n g  t h e  polymers 
was abandoned. 

b,  Low-Temperature In S i t u  Cure o f  Z i n c  Che la t e  Polymers 

A series o f ' t h e s e  low-melting, l i n e a r ,  z i n c  c h e l a t e  polymers 
were c r o s s l i n k e d  w i t h  d iamines i n  aluminum adherend j o i n t s .  
T e n s i l e  shear s t r e n g t h  i n  t h e  ranges  of 800-1020 p s i  a t  room 
tempera ture  and 204-270 p s i  a t  2 6 0 0 ~  were ob ta ined  w i t h  t hese  
r e s i n s .  The shear t e n s i l e  specimens were prepared  by m e l t i n g  
f i n e l y  ground powder mixes of  the l i n e a r  c h e l a t e  polymer and 
diamine on the  aluminum t e s t  s t r i p s  a t  1 7 O O C .  Curing was t h e n  
accomplished by h e a t i n g  a t  1 7 O o C  f o r  p e r i o d s  of 24  t o  96 hours .  
P r e s s u r e s  above 5 p s i  were r e q u i r e d  on ly  f o r  polymers t ha t  . sof tened  
above about  14OOC. For these,  specimens were f irst  compressed 
f o r  1 0  minutes  a t  1 7 O o C  and 500 p s i  and t h e n  cured completely &$ 
17OOC and 3-5 p s i  p r e s s u r e ,  

fo l lowing  conc lus ions .  F i r s t ,  a l i p h a t i c  diamines are more e f f ec t l -ve  
c r o s s l i n k i n g  a g e n t s  t han  the  cor responding  aromat ic  d iamines . '  
Second, a-aminopropyltriethoxysilane a l s o  a c t s  as a n  e f f i c i e n t  
c r o s s l i n k i n g  agen t  and t h e  c u r i n g  r a t e  appears  t o  be f a s t e r  w i t h  
t h i s  r e a g e n t .  S t a b i l i t y  of these polymers i s  l i m i t e d  by low 
o x i d a t i v e  s t a b i l i t y  of t h e  S c h i f f  base c r o s s l i n k a g e .  The re fo re ,  
no f u r t h e r  work was done i n  t h i s  series.  

The r e s u l t s  of t h i s  work, summarized i n  Tab le  8 ,  l e d  t o  t h e  

4 .  Evalua t ion  o f  Adhesive P r o p e r t i e s  o f  Linear  Che la t e  Polymers 

The adhes ive  c h a r a c t e r  o f  t h e  l i n e a r  c h e l a t e  polymers was 
a l s o  measured on s t a i n l e s s  s t ee l .  A l a r g e  b a t c h  of t h e  l i n e a r  z i n c  
5,51-bis(salicyl-N-butylimino)methane polymer was p r e p a r e d  f o r  
these e v a l u a t i o n  t e s t s .  T h i s  b a t c h  o f  polymer was r e p r e s e n t a t i v e  
of t h e  bes t  of  t h e  l i n e a r  polymers .  I t s  r e l a t i v e  v i s c o s i t y  i n  2% 

as 1 .75  and i t s  s o f t e n i n g  p o i n t  was 195-235OC. 

Shea r  t e n s i l e  s t r e n g t h  v a l u e s  as h igh  as 1300 p s i  were o b t a i n e d .  
A s  would be expec ted ,  adhes ive  s t r e n g t h  was h i g h l y  dependent on t h e  
method used  t o  f a b r i c a t e  t h e  t e s t  specimens.  

T h e  best  r e p r o d u c i b i l i t y  and a l s o  t h e  h i g h e s t  t e n s i l e  shear 
s t r e n g t h s  were obt .a ined by f i rs t  c o a t i n g  t h e  specimens i n  an  i n e r t  
atmosphere w i t h  mel ted  r e s i n  and t h e n  s p r e a d i n g  t h e  c o a t i n g  evenly  
o v e r  t h e  s u r f a c e  w i t h  a d o c t o r  b l a d e .  The p a i r e d  t e s t  specimens 
were t h e n  p r e s s e d  t o g e t h e r  at  1 0  to 20 p s i  and a l lowed t o  c o o l .  

were o b t a i n e d  w i t h  specimens c o a t e d  w i t h  two d i f f e r e n t  bg tches  of 
l i n e a r  c h e l a t e  polymer. O t h e r  methods o f  c o a t i n g  gave poor  
r e p r o d u c i b i l i t y  and lower shear s t r e n g t h s .  

Using t h i s  method, t e n s i l e  shear s t r e n g t h s  of  1230 + 1 1 0  ps i (25OC)  
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1. S c h i f f  Base L i g a n d s  

The bisbidentate ligand 5,5g-bis(salicyl-N-n-butylimino)- 
methane was used as a standard to develop the best preparation 
procedures for the various chelate polymers since it gave soluble, 
tractable chelate polymers (ref. 6) and was easily prepared. 
Highly purified 5,5'-bis(salicyl-N-butylimino)methane was prepared 
by a two-step procedure. 
was prepared by the procedure of Marvel, et a1 (ref. 9 ) .  This 
procedure involves the condensation of salicylaldehyde with 
s-trioxane in glacial acetic acid solvent. 

First, 5,51-bis(salicylaldehydo)methane 

I;I 
I 

. CH2 o=c 

I CHSCOOH ' 
/ \  

0 0 & S O 4  
I + go "c 

H 

The second step is the condensation of the bis(salicyla1dehyde) 
with n-butylamine t o  form the dibutylimine derivative. 

The formation of this Schiff base can best'be carried out 
in refluxing benzene. The water formed in the reaction is re- 
moved by azeotropic distillation. The crude ligand is purified 
by multiple recrystallizations from petroleum ether. 

Several other 5,5v-bis(salicyl-N-organoimino)methaneswwere 
prepared by the same general procedure using the following primary 
amines: ethyl, see-butyl, iso-butyl, t-butyl, cyclohexyl, n-hexyl, 
y-dimethylaminopropyl, and 4-methylbenzyl. These ligands were used 
to study the steric effect of the ligands on the tractability of 
zinc chelate polymers (Section C ) .  

Several attempts were also made to prepare the pentafluoro- 
aniline derivative of 5,5v-bis(salicylaldehydo)methane. Ligands 
containing this type of side group were of interest because of their 
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i n c r e a s e d  t h e r m a l  s t a b i l i t y  Attempts  t o  p r e p a r e  t h i s  compound 
by c o n v e n t i o n a l  t e c h n i q u e s  u s i n g  benzene , t o l u e n e  , or xy lene  as 
s o l v e n t  were n o t  s u c c e s s f u l .  Based on i n f r a r e d  a n a l y s i s  o f  t h e  
p r o d u c t ,  t h i s  l i g a n d  was p r e p a r e d  i n  s m a l l  y i e l d s  by t h e  d i r e c t  
r e a c t i o n  o f  5,5P-bis(salicylaldehydo)methane and p e n t a f l u o r o -  
a n i l i n e  i n  a m e l t .  However, t h e  p roduc t  was no t  s u c c e s s f u l l y  
separated from s t a r t i n g  materials i n  t h e  p u r i t y  needed f o r  polymer- 
i z a t i o n .  

5 ,5  ' - B i s  (3-methoxysalicyl-N-buty1imino)methane was p r e p a r e d  
t o  s t u d y  t h e  e f f e c t  o f  d e c r e a s i n g  t h e  a c i d i t y  of t he  l i g a n d  
on t h e  c o n d e n s a t i o n  r e a c t i o n  of  l i g a n d  w i t h  d i e t h y l z i n c .  

O C H  P C H 3  

I 
C b H g N = C H  

kH = N C 4  H g  

We p r e p a r e d  t h i s  l i g a n d  by f i r s t  p r e p a r i n g  5 ,5 ' -b i s (  3-methoxy- 
sa l i cy la1dehydo)me thane  and t h e n  r e a c t i n g  t h i s  compound w i t h  
n-butylamine t o  g i v e  t h e  des i red  material. The p r e c u r s o r  5 ,5  I- 
b i s  (3-methoxysalicylaldehydo)methane was p r e p a r e d  by r e a c t i n g  
o - v a n i l l i n  w i th  formaldehyde i n  a b a s i c  s o l u t i o n .  The p o s i t i o n  
o f  t h e  methylene group i n  o u r  p roduc t  was no t  d e t e r m i n e d ,  bu t  i t  
was p r o b a b l y  p a r a  t o  t h e  hydroxy l  s u b s t i t u e n t s .  

A bis(salicy1-N-n-butylimine) l i g a n d  w i t h  s u l f o n e  c o n n e c t i n g  
l i n k a g e  i n s t e a d  o f  methylene was a l s o  p r e p a r e d .  The i n t e r m e d i a t e  
5,51-bis(salicylaldehydo)sulfone was p r e p a r e d  by t h e  method of 
Bai le r ,  e t  a l . ,  ( r e f .  10). T h i s  method i n v o l v e s  t h e  c o n d e n s a t i o n  
of  o - c r e s o l  i n  fuming s u l f u r i c  a c i d  t o  g i v e  3 , 3 ' - d i m e t h y l - 4 , 4 ' -  
dihydroxydiphenylsulfone, which,  on t r e a t m e n t  w i t h  a c e t i c  a n h y d r i d e  

Acid h y d r o l y s i s  o f  t h e  h e x a d i a c e t a t e  y i e l d s  t h e  b i s - s a l i c y l a l d e h y d e .  
The o v e r a l l  y i e l d  was 1 2 % .  

o r r e s p o n d i n g  d i a c e t a t e .  O x i d a t i o n  of  t h e  d i a c e t a t e  w i t h  
c i d  i n  a c e t i c  anhydr ide  t h e n  g i v e s  t h e  h e x a - a c e t a t e .  

OH 
&H3 \ 

80, 

Ac 
0 

bH 
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Ac H 
0 

H 
c=o 

H+ 
H20 

OH OAc 

The b u t y l i m i n e  d e r i v a t i v e  of t h i s  compound was p r e p a r e d  b y  
a p rocedure  i d e n t i c a l  w i t h  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  5,5'- 
bis(salicy1-N-buty1imino)methane. 

2. 8-Hydroxyquinoline Ligands 

To i n c r e a s e  t h e  t h e r m a l  and o x i d a t i v e  s t a b i l i t y  o f  t h e  c h e l a t e  
polymers ,  b i s b i d e n t a t e  l i g a n d s  of  8-hydroxyquinol ine  were p r e p a r e d :  

Q 

OH 
b i  s -8-hy d r o  x y q u i n o l i n e  s 

Ligands  of  t h e  above t y p e  w i t h  s e v e r a l  d i f f e r e n t  Q and R groups  
were p r e p a r e d  t o  va ry  the  f l e x i b i l i t y  and t h e  t r a c t a b i l i t y  of  t h e  
p r o d u c t  polymers .  L igands  w i t h  low f l e x i b i l i t y  were used p r i n -  
c i p a l l y  as c r o s s l i n k i n g  a g e n t s  f o r  t h e  polychelatotitanosiloxanes; 
l i g a n d s  w i t h  h i g h  f l e x i b i l i t y  were i n c o r p o r a t e d  i n t o  t h e  backbone 
o f  t h e  c h e l a t e  polymers .  

F l e x i b l e  b i s b i d e n t a t e  8-hydroxyquinol ine l i g a n d s  were n o t  
p r e v i o u s l y  a v a i l a b l e .  I n  o u r  work, we found t h a t  f l e x i b l e  l i n k a g e s  
c o u l d  r e a d i l y  be  i n s e r t e d  between t h e  8-hydroxyquinol ine  g roups  
by r e a c t i o n  o f  d iamines  w i t h  5-chloromethyl-8-quinolinol h y d r o c h l o r i d e .  
The methods u s e d  t o  p r e p a r e  t h i s  t y p e  of  l i g a n d  and o t h e r  b i s ( 8 -  
hydroxyqu ino l ino )  Q l i g a n d s  used  i n  t h e  program are summarized 
below. 
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The i n t e r m e d i a t e  5-chloromethyl-8-quinolinol h y d r o c h l o r i d e ,  
(A), was p r e p a r e d  by t h e  method d e s c r i b e d  by B u r c k h a l t e r  and L e i b  
( r e f .  11). 

2 ( A )  + (CH~)~N-(CHZ)~-NH~ -> 

OH 

+ CH2O + HC1- @ *HC1 

CH2C1 

( A )  
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b .  5 ~ 5 ' - B i s ( 8 ~ h ~ d ~ ~ x y ~ u i ~ o l i ~ o ) m e ~ ~ a n e  

5 5 - B i s  ( 8 -hydroxyqu lno l ino )  was p r e p a r e d  by a m o d i f i c a t i o n  
of t h e  p rocedure  of S c h u l l e r  ( r e f .  1 2 ) .  T h i s  p r o c e d u r e  i n v o l v e d  
t h e  c o n d e n s a t i o n  of 8-hydroxyquinol ine w i t h  formaldehyde i n  con- 
c e n t r a t e d  s u l f u r i c  a c i d  a t  O°C t o  y i e l d  5 ,5 ' -methylene-bis-8-  
hydroxyqu ino l ine  s u l f a t e ,  Decomposi t ion of t h e  s u l f a t e  by aqueous 
ammonia y i e l d e d  t h e  d e s i r e d  p r o d u c t .  T h i s  l i g a n d  was p u r i f i e d  
by r e c r y s t a l l i z a t i o n  from dimethylformamide as d e s c r i b e d  by  
Korshak ( r e f .  13). The  o v e r a l l  y i e l d s  were abou t  25%.  

HO B O H  
A NH4OH 

c . 5,5 ' - B i s ( 7 - a 1 k a noy 1 - 8- h y d r o  xyq u i no i no )met h a ne 

5,51-Bis(7-hexanoyl-8-hydroxyquinolino)methane was p r e p a r e d  
by t he  F r i e d e l - C r a f t s  r e a c t i o n  of hexanoyl  c h l o r i d e  w i t h  5 ,5 ' -  
bis(8-hydroxyquinolino)methane. T h i s  l i g a n d  has two se t s  of 
d o n a t i n g  g roups :  (1) t h e  n i t r o g e n  i n  t h e  q u i n o l i n e  n u c l e u s ;  and 
( 2 )  t h e  c a r b o n y l  oxygen. The l o n g  a l k y l  s u b s t i t u e n t s  are u s e d  
t o  i n c r e a s e  polymer s o l u b i l i t y  and t r a c t a b i l i t y .  The o c t a n o y l  
a n a l o g  was a l s o  p r e p a r e d  by t h e  same method. 

I 

QQ Nit robenzene  I 

Two a t t e m p t s  t o  p r e p a r e  5,51-bis(7-perfluorooctanoyl-8- 
hydroxyquino1ino)methane were made. After r e a c t i o n  under  con- 
d i t i o n s  used  t o  p r e p a r e  t h e  7-oc tanoyl  a n a l o g ,  o n l y  s t a r t i n g  
material was r e c o v e r e d .  R e a c t i o n  a t  a h i g h e r  t e m p e r a t u r e  ( 1 2 O O C )  
y i e l d e d  mixed p r o d u c t s  t h a t  showed c a r b o n y l  s u b s t i t u t i o n  i n  t h e i r  



i n f r a r e d  s p e c t r a ,  bu t  w e  were n o t  able  to s e p a r a t e  any of  t h e  
desired p roduc t  from t h e  m i x t u r e ,  

d. Attempted Preparation o f  1 ~ 5 - B i s ( 8 - ~ y d r o x ~ ~ 5 - q u i n o l y l ) ~  
pentane 

Intermediates f o r  t h e  p r e p a r a t i o n  of  195-di(8-hydroxy-5- 
quinoy1)pentane  were prepared  by t h e  f o l l o w i n g  r e a c t i o n s :  

OH 

( I V )  -I- CH20 * 
k=O 

(CH2)3 
I 

I $ji- ' N" 

Attempts  to r educe  c a r b o n y l  groups i n  ( V )  were n o t  s u c c e s s -  
f u l .  No r e d u c t i o n  o c c u r r e d  w i t h  hydrogen u s i n g  Pd/BaSOk c a t a l y s t  
under  t h e  c o n d i t i o n s  r e p o r t e d  by Rosenmond and Karst ( r e f .  1 4 )  f o r  
r e d u c t i o n  of  c a r b o n y l  s u b s t i t u e n t s  on t h e  q u i n o l i n e  n u c l e u s .  When 
f o r c i n g  c o n d i t i o n s  and PdC12 c a t a l y s t s  were used ,  p a r t i a l  r e d u c t i o n  
of t h e  q u i n o l i n e  n u c l e u s  o c c u r r e d .  An a t t e m p t  t o  r educe  t h e  c a r -  
bonyl  groups by t h e  Clemmensen method was a l s o  u n s u c c e s s f u l .  

e. Siloxane-linked 8-Hydroxyquinolines 

We planned  t o  u s e  s i l o x a n e s  as the  &- l inkages  between 
8-hydroxyquinol ine  n u c l e i  s i n c e  t h e  r e s u l t s  of o u r  s t u d y  of t h e  
s t r u c t u r a l  r e q u i r e m e n t s  o f  l i g a n d s  w i t h  t h e  8-hydroxyquinol ine  
group showed tha t  b o t h  a f l e x i b l e  c o n n e c t i n g  l i n k a g e  and a bu lky  
s i d e  group were r e q u i r e d  to i n s u r e  polymer t r a c t a b i l i t y  i n  po ly -  
mers c o n t a i n i n g  z i n c  atoms. The  most d i r e c t  way to o b t a i n  t h i s  was 
by u s e  of  7 - s u b s t i t u t e d  c o n n e c t i n g  l i n k a g e s  t h a t  a l s o  have a bulky 
group,  as f o r  example:  

where R i s  o c t y l  o r  a s i l o x a n e  group.  
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The intermediate a-w-dichloropolydimethylsiloxanes were 
readily prepared by hydrolysis of dimethyldichlorosilane by 
adding a dioxane-water solution to an ether solution of the' 
silane (ref. 15) (I 

However, coupling of the siloxanes to the 8-hydroxyquinoline 
nucleus was not successful. Two approaches were taken. The firstwas 
direct reaction of 5-chloro-7-iodo-8-methoxymethyleneoxyquinoline 
via the Qrignard reaction or coupling with sodium. Several variations 
in the Grignard reaction conditions were tried: 

1. Solvents (ether and tetrahydrofuran). 

2. Order of addition of sTlane (initial or after 
Grignard reaction initiated). 

3. Stoichiometry (calculated or excess Grignard 
component; a mole of methylmagnesium bromide 
was used in one run). 

4. Elimination of iodide ion [it contributes to 
side reaction with tetrahydrofuran in the 
presence of Mg and chlorosilanes (ref. 1611.  

The main problem appeared to be that these substituted 
quinoline compounds did not form a normal Grignard reagent 
although magnesium was consumed. The 5-chloro compound in ' 
tetrahydrofuran was reacted with magnesium in the absence of 
chlorosilanes in one run; 60% of the magnesium was consumed, 
but no carboxylic acid product could be isolated after carboxyla- 
tion in Dry Ice. 

The second approach was to substitute the siloxane bridges 
indirectly, for example, 

- R 

~ ~ C H ~ - ~ i - ~ o r  00 

2 -12 - 

Reaction of 8-hydroxyquinaldine with two moles of butyllithium 
and one-half mole of dichlorotetramethyldisiloxane in tetra- 
hydrofuran gave visual indication of formation of the colored 
-CH.&i salt and its dissappearance cn addition of the chloro- 
siloxane, but starting material (the quinaldine) was recovered 
on isolation of products. The chlorosilanes apparently do not 
couple on the hydroxy group; products are isolated as lithium 
salts even when a mole of trimethylchlorosilane is included in 
the reaction sequence. 
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In the coupling reaction of 5,7-dibromo-8--hydr~oxyquinoline 
with silicon compounds via butyllithium, the direct alkylation 
reaction of butyllithium predominated. 

of potassium phenoxide with 5-chloro-7-iodo-8-hydroxyquinoline 
in the presence of copper gave a polymeric product. 

An attempt to substitute the phenoxy group by reaction 

3 .  a -AcylphenOls 

a .  1,5-Bis(4-hydroxy-3-octanoylphenyl)pentane 

The reaction scheme shown in Figure 1 illustrates the routes 
taken to incorporate the octanoyl radical as R and -C-(CH2),-C- 
and -(CH21n- as Q: 

1,3-Bis(p-methoxybenzoyl)propane (A) was prepared readily 
by the Friedel-Crafts reaction of giutaryl chloride with anisole 
using the procedure of Lipp and co-workers (ref. 17). Initial 
attempts to prepare bis(p-hydr0xybenzoyi)methane by reacting 
phenol with succinyl chloride and aluminum chloride was not 
successful. These reactions were carried out in nitrobenzene 
at 5O-6OoC t o  favor para substitution. However, even after 
prolonged reaction periods, large quantities of the starting 
material, phenol, and partially reacted materials soluble in 
sodium carbonate were recovered. The remaining products isolated 
were condensation products. Since intermolecular ring formation 
is a serious side reaction in this procedure, we abandoned this 
method in favor of the Friedel-Crafts reaction of anisole with 
glutaryl chloride, which was successful. 

6 ct 

A Friedel-Crafts reaction of 1,3-bis(p-methoxybenzoyl) 
propane (A) with octanoyl chloride in carbon disulfide resulted 
in dimethylation of the methoxy group and yielded the ester, 
1,3-bis(p-octanoyloxybenzoyl)-propane ( B ) .  Attempts to prepare 
the desired ortho-substitued acyl compound (D) by the Fries re- 
arrangement of this ester in nitrobenzene were unsuccessful. 

Therefore, in order to facilitate introduction of the octanoyl 
substituents, we reduced the carbonyls in ( B )  to give the hydro- 
carbon (C). This reduction step was difficult. Reduction by 
Martin's modification of the Clemmensen method (ref. 18) gave two 
products. The major product melts at 78-8loC, which is over 
3OoC above that of the expected product, and is low in alkyl 
hydrogens. Reduction of thediketoneby hydrogen with PdC12/FtC12 
catalyst in acetic acid at room temperature caused partial reduc- 
tion of the phenyl rings. Reduction of dianisalacetone by the 
same procedure gave similar results. Platinum on carbon catalysts, 
however, were inactive under the same conditions with these 
compounds. 

product. The first method used was two-step reduction of 
dianisalacetone. Initial reductions with hydrogen at 2 to 3 atmos- 

Two methods of reduction were found to give the desired 
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pheres pressure with Pd/BaSOI, catalyst yielded a reproducible 
mixture of a partially reduced compound containing hydroxyl 
groups plus -the desired completely reduced product, 
the hydrocarbon was completed by the Clemmensen method. 

Reduction to 

The alternate route was by reduction of 193-bis(p-methoxy- 
benzoyl) propane by hydrazine. Of the two methods, the first 
required slightly less working time. 

octanoyl chloride proceeded normally. Partial demethylation 
occurred during reaction. Therefore, the mixed product was 
reacted directly without further purification with 50% RBr to 
complete the demethylation. This ligand has a melting point of 

The Friedel-Crafts reaction of 1,5-bis(4-anisoyl)pentane with 

50-55OC. 

b.  1,5-Bis(4-hydroxy-3-perfluorooctanoylphenyl )perfluoropentane 

A similar reaction sequence was followed in attempts to prepare 
the above perfluorinated analog of 1,5-bis(4-hydroxy-3-oc~anoyl- 
phenyllpentane. 
fluoroglutaryl chloride yielded the intermediate 1,3-di(Q-anisoyl) 
perfluoropentanedione-l,5. The carbonyl groups were then reacted 
with sulfur tetrafluoride using the procedure developed by Smith 
and co-workers (ref.19). It was necessary to conduct several 
test runs to find the proper conditions for substitution of the 
carbonyl groups by fluoride. The extent of reaction was followed 
by NMR and VPC analysis. Results of the tests indicated that 
yields were extremely sensitive to.HF content. The best conditions 
found were 12OoC for 20 hours with HF catalyst in a rotating bomb. 
Large amounts of ether-insoluble residue were produced in some 
runs at higher temperatures. 

Attempts to substitute perfluorooctanoyl groups on 1,5.-di 
(4-anisoyl)-perfluoropentane by Friedel-Crafts reactton in carbon 
disulfide and in ethylenedichloride did not yield the desired 

Two factors apparently made this reaction difficult: 
ow solubility of perfluarooctanoyl dichloride, and 
ectronic deactivating effect of the -(CF2)5- linkage 

on the rings. Preparati6n of this ligand was deferred at this 
stage. 

Friedel-Crafts reaction of anisole with per- 

C .  

This ligand was prepared by the following reaction seauence. 
Both the coupling reaction and substitution reaction proceeded 
normally to give the desired product. 

C H 3 O a O K  4- CH3@Br CH30-@O-aOCH3+ K B r  
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A1C13 C H 3 0  0 - 0  OCH3 P 0 

c1 
(11) + 2 C H ~ - ( C H Z ) ~ - - C :  

HBP 
____) 

E. PREPARATION OF ARYLENESILANEDIOLS AND OTHER SILICON-CONTAINING 
REAGENTS 

1. p -Arylenebis (diorqanosi lanol s) 

A s e r i e s  o f  p-arylenebis(diorganosilano1s) was prepared f o r  
u s e  as i n t e r m e d i a t e s  t o  p r e p a r e  polychelatotitanosiloxanes, poly-  
t i t a n o s i l o x a n e s ,  and s i l a n o l - s u b s t i t u t e d  t i t a n i u m  c h e l a t e  polymers  
as w e l l  as for r e a c t i v e  p l a s t i c i z e r s  f o r  t h e  t i t a n i u m  c h e l a t e  
polymers .  The g e n e r a l  r o u t e  f o r  p r e p a r a t i o n  i n v o l v e d  s u b s t i t u t i o n  
of c h l o r o d i o r g a n o s i l y l  or e t h o x y d i o r g a n o s i l y l  groups on p -a ry lenes  
v i a  L i ,  N a ,  or t h e  Gr ignard  r e a c t i o n  fo l lowed  b y  h y d r o l y s i s  o f  t h e  
c h l o r o  or e thoxy s u b s t i t u e n t  t o  hydroxyl .  S e v e r a l  v a r i a t i o n s  i n  
expe r imen ta l  p rocedure  were used i n  these p r e p a r a t i o n s .  The most 
r e l i a b l e  g e n e r a l  p rocedure  was s u b s t i t u t i o n  o f  e t h o x y d i o r g a n o s i l y l  
s u b s t i t u e n t s  v i a  t h e  Gr ignard  r e a c t i o n  i n  t e t r a h y d r o f u r a n  fo l lowed  
by h y d r o l y s i s  of  e thoxy t o  hydroxyl  w i t h  sodium hydroxide  i n  c o l d  
aqueous a l c o h o l  s o l u t i o n  f o l l o w i n g  a p rocedure  o f  Popeleva ( r e f .  2 0 ) .  
T h i s  g e n e r a l  p rocedure  i s  i l l u s t r a t e d  i n  t h e  p r e p a r a t i o n  of p- 

bis(methylphenylsilano1) i n  Sec t iof i  IV.C.2b. p-Phenyl- 
t h y l p h e n y l s i l a n o l )  i s  o b t a i n e d  as a mix tu re  of c i s  and 

t r a n s  f okms . 
Me Me 6 Me 

HO-,&i#l.-OH I and/or H O - i i  I -@bi-OH 
I 

4 i 
cis-form t rans- form 

These s t e r e o i s o m e r i c  forms have a d , l  o p t i c a l l y  a c t i v e  racemic 
p a i r  d e r i v e d  from t h e  t rans- form and a n  o p t i c a l l y  i n a c t i v e  meso- 
form d e r i v e d  from t h e  c i s - f o r m .  The w h i t e  powdery c rys t a l s  had 
a m e l t i n g  r ange  of  1 3 5 - 1 4 5 O C .  
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The specific procedures used to prepare other p-arylene-bis- 
(diorganosilanols) are discussed in the following paragraphs. 

a .  

Me Me 
HO-Si I G L A i - O H  I 

Me Me 

I 

mp 133-134OC 

The silanol was prepared via two routes: (1) $he hydrolysis 
of p-phenylene-bis(chlorodimethylsilane), and (2) the hydrolysis 
of p-phenylene-bis(dimethylethoxysi1ane). The reaction sequences 
are as follows: 

Et20 
(a) B r - ( S b B r  + 2Mg 7 BrMg 

-1 

(1) 
Me Me 

Me I 

Me Me 

(I) + 2 C12SiMe2 Et20-Cl-~i@$i-C1 I 

N2 Me 
(11) 

(11) t NaOH(aq) 
oo c 

Me (IIIIMe 

PY (b) 'C12 SiMe2 + EtOH ._I_c EtOSiClMe2 

Me Me 
(3) 4- 2 (IV) 

m29 Me Me 

(111) 

The white powdery crystals are rather reactive toward 
condensation with the elimination of water at elevated tempera- 
tures. 
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Me Me Me V i  

H O - A i @ $ i - O H  I 

V i  v i  V i  M e  

c i s  -form t runs  - f orm 

T h i s  monomer was prepared  v i a  t h e  h y d r o l y s i s  of  p-phenylene- 
bis(ethoxymethylviny1silane) and the  procedure was e s s e n t i a l l y  
t he  same as f o r  t h e  p r e p a r a t i o n  of t h e  methylphenyl ana log .  A s  
i n  t h e  e a r l i e r  c a s e s ,  t h e  methylv inyl  ana log  can be-d iv ided  
i n t o  t h e  same d ,  1-racemic pa i r  and t h e  o p t i c a l l y  i n a c t i v e  
meso-form. 
i s  on ly  g 2 - 9 5 O S .  

However, t h e  m e l t i n g  p o i n t  range  of thfis produet  

C .  4,4'--8is(diorganohydroxysi7yl)biphenyl Monomers 

M e  Me 

The b i p h e n y l  systems were p r e p a r e d  t o  p r o v i d e  greater  r i g i d i t y  
t o  polymers when p r o p e r l y  i n c o r p o r a t e d  i n t o  t h e  backbone. The d i -  
methyl  monomer was e a s i l y  p r e p a r e d  a c c o r d i n g  t o  t h e  p rocedure  of 
Baum ( r e f .  21), as f o l l o w s :  

Me 
( X )  + Cl2SiMe2-C1-Si ' *ii-c1 

I Me Me 

Me Me 

I Me 
( X I )  + NaOH(  aq )  -- HO-Ai-hi-OH I 

Me 



We were unsuccessful in preparing the methylphenyl analog 
by hydrolysis of the chlorosilyl intermediate. Inste 
cedure based on the preparation of a 4,4f-bis(ethoxymethy1phenyl- 
sily1)biphenvl intermediate was successful. 

Me Me 

I 

I 
+ ZtOSiMe2Cl - EtO-&.*Si-OEt 

4 4 

(B) 
cis- and trans-forms 

Me Me 

4 4-  

4,4'-Bis(diorganohydroxysi1y1) biphenyl Ether Monomers 

Me Me 
HO-h---@)--O~ I Ai-OH I 

R R 
e i s  - form 

Me R 

trans-form 

when R = Me mp = 88-gO0C 
R = '  4 

These monomers were prepared to provide some flexibility to the 
backbone of the polymer chain in case the biphenyl backbone proved 
to be too rigid. The dimethyl-substituted monomer was prepared 
according to Breed et al., (ref. 22) in the following manner: 
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Na (wire)  EtOSiMe2CI + B r  0 Br 
E t 2  0 

Me Me 
EtO-Ai @ O @ & i - O E t  

I 1 
Me Me 

( X I X I  
( X I X )  + NaOH (as> + MeOH + E t O H  KH2 POI, b. 

Me Me 
HO-ii-@- 0 -(&Ai-OH 

he 
I 
Me 

( XVI  1 
Two a t t empt s  t o  p repa re  t h i s  monomer through t h e  hydro lys i s  

of 4,4'-bis(chlorodimethylsilyl)biphenyl e ther  (prepared  v i a  t h e  
n-BuLi r o u t e )  were unsuccessfu l .  

Attempts t o  p repa re  t h e  methylphenyl ana log ,  4 ,4 ' -bis(hydroxy-  
methylphenylsily1)biphenyl e t h e r  v i a  t h e  sodium coupl ing  r e a c t i o n  
were no t  s u c c e s s f u l .  Th i s  d i s i l a n o l  was p repa red  v i a  t h e  Grignard 
reaction-ethoxyhydrolysis r o u t e  used t o  p repa re  p-phenylene-bis- 
( m e t h y l p h e n y l s i l a n o l ) .  

2. Diphenylvinylsilanol- 

D i p h e n y l v i n y l s i l a n o l  was used t o  s u b s t i t u t e  t h e  v i n y l  group 
on t h e  t i t a n i u m  c h e l a t e  polymers.  It was p repa red  by t h e  f o l l o w i n g  
r o u t  e : 

c1 
~ ~ i - C l  + C 2 H 5 0 H  P y r i d i n e  ,, 

CH=CH;! 

. 0 -Si-OEt 
I 

(B) 

CH=CH;! 
2 

Si-OH Alcohol ic  NaOH ( B )  + H 2 0  
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T h i s  s i l a n o l  condensed t o  i t s  s i l o x a n e  when a n  a t t e m p t  was made t o  
p u r i f y  it by d i s t i l l a t i o n  i n  vacuum, T h e r e f o r e ,  t h e  s i l a n o l  was 
r e c o v e r e d  by f i r s t  c l e a v i n g  t h e  s i l o x a n e  bond w i t h  a l c o h o l i c  sodium 
hydroxide  and t h e n  n e u t r a l i z i n g  t h e  sodium s a l t - o f  t h e  s i l a n o l  w i t h  
a c e t i c  a c i d  f o l l o w i n g  a p rocedure  deve loped  b y  Hyde and coworkers  
( r e f .  2 3 ) .  The NMR s p e c t r a  of t h e  o r i g i n a l  and r e c o v e r e d  p r o d u c t s  
were i d e n t i c a l  and were c o n s i s t e n t  f o r  t h e  s t r u c t u r e  o f  t h e  s i l a n o l .  

3. Phenylsilanetriol 

P h e n y l s i l a n e t r i o l  was used  as a c r o s s l i n k i n g  a g e n t  because  o f  
i t s  h i g h  r e a c t i v i t y  and  t r i s u b s t i t u t i o n .  The t r i o l  r e a d i l y  con- 
denses  when h e a t e d  and  i s  a l s o  ex t r eme ly  s e n s i t i v e ' t o  bo th  a c i d i c  
and b a s i c  c a t a l y s i s  

T a k i g u c h i ' s  method ( r e f .  2 4 )  i n v o l v i n g  h y d r o l y s i s  of  p h e n y l t r i c h l o r o -  
s i l a n e  i n  t h e  p r e s e n c e  of a n i l i n e  gave t h e  p u r e s t  p r o d u c t .  
p roduc t  formed by t h i s  method had the  c o r r e c t  p r o t o n  count  i n  i t s  
NMR s p e c t r a  and v e r y  low a b s o r p t i o n  of t h e  Si-0-Si l i n k a g e  i n  i t s  
i n f r a r e d  s p e c t r a .  We found t h a t  p r o d u c t s  formed by h y d r o l y s i s  of 
p h e n y l t r i e t h o x y s i l a n e  i n  t h e  p r e s e n c e  of  a c e t i c  a c i d  ( r e f .  25)  were 
d i f f i c u l t  t o  p u r i f y .  

Two methods were used  t o  p r e p a r e  samples of  p h e n y l s i l a n e t r i o l .  

The 

4, A1 koxysi 1 anes 

A c r o s s l i n k i n g  a g e n t  w i t h  r e a c t i v e  S i O C H 3  g roups ,  namely, 
p-phenylene-bis(dimethylmethoxysilane), was a l s o  p r e p a r e d .  T h i s  
r e a g e n t  does  n o t  undergo s e l f - c o n d e n s a t i o n .  T h e r e f o r e ,  t h e  s t e r i c -  
a l l y  small m e t h y l  group s u b s t i t u e n t s  on s i l i c o n  c a n  be used  t o  
f a v o r  c o n d e n s a t i o n  w i t h  s i l a n o l  groups on t h e  polymers .  p-Phenylene- 
bis . (  d ime thy lme thoxys i l ane )  w a s  prepared by r e a c t i o n  o f  t h e  G r i g n a r d  
r e a g e n t  o f  p-dibromobenzene w i t h  chlorodimethylmethoxysilane. 

zanes and Aminosilanes 

These r e a g e n t s  were prepared f o r  u s e  b o t h  i n  making poly-  
phenylene-bis(methylphenylsi1oxanes) and as c r o s s l i n k i n g  a g e n t s  
f o r  s i l a n o l - s u b s t i t u t e d  polymers .  These r e a g e n t s  were chosen  
because  t h e y  r e a c t  w i t h  b o t h  d imethylphenyl -  and t r i p h e n y l - s u b -  
s t i t u t e d  s i l a n o l s  ( r e f .  26 )  a t  a r e a s o n a b l e  ra te  unde r  1 7 O O C .  

Bis(methy1amino)methylphenylsilane was p r e p a r e d  by r e a c t i o n  
of methylamine w i t h  dichl9romethylphenylsilane u s i n g  t h e  p rocedure  
developed by Breed ( r e f .  2 7 ) .  Because o f  t h e  extreme s e n s i t i v i t y  
t o  h y d r o l y s i s  o f  t h i s  a m i n o s i l a n e ,  f a b r i c a t i o n  o f  a l l  samples w i t h  
t h i s  c u r i n g  a g e n t  was done i n  t h e  d r y  box. 
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H e p t a m e t h y l - l - a z a - 3 , 5 - d i o x a - ~ ~ ~ ~ 6 - t r i s i l a c y c l o r h e x a n e  was 
p r e p a r e d  by  r e a c t i o n  of methylamine w i t h  1 ,5-d ich lorohexa-  
m e t h y l t r i s i l o x a n e  u s i n g  t h e  r e a c t i o n  c o n d i t i o n s  developed by 
Breed e t  a l e  ( r e f ,  28)- The d i c h l o r o s i l o x a n e  used i n  t h i s  pre-  
p a r a t i o n  was p r e p a r e d  by c o n t r o l l e d  h y d r o l y s i s  o f  d ime thy ld i -  
c h l o r o s i l a n e .  The s i l a z a n e  a n a l y s i s  by VPC i n d i c a t e d  94% p u r i t y  
a f t e r  d i s t i l l a t i o n .  A sample of t h i s  material  was used  i n  i n i t i a l  
c r o s s l i n k i n g  s t u d i e s .  I n  a l l  o t h e r  t es t s ,  a r e d i s t i l l e d  sample 
hav ing  VPC p u r i t y  of 99.3% was used.  

6. Polyphenylene-bis(rnethylphenylsi1oxanes) 

These polymers  were used  bo th  as c h a i n  e x t e n d e r s  f o r  p r e p a r a -  
t i o n  o f  polychelatotitanosiloxanes and a s  f i l l e r s  and/or  p l a s t i -  
c i z e r s  i n  a d h e s i v e  f o r m u l a t i o n s .  Low molecu la r  weight  polymers  
w i t h  h i g h  s i l a n o l  con ten t  were used  as c h a i n  e x t e n d e r s .  One 
sample of t h i s  t y p e  w i t h  ave rage  molecu la r  weight  o f  3050 was p re -  
pared b y  r e a c t i o n  of p-phenylene-bis(methylphenylsilano1) w i t h  
heptamethyl-l-aza-~,5-dioxa-2,~,6-trisilacyclohexane i n  mole r a t i o  
1 t o  0.8. 

Another sample of po lypheny lenes i loxane  w i t h  molecu la r  weight  
of 13,500 was p r e p a r e d  b y  condensa t ion  of  p-phenylene-bis  ( m e t h y l -  
p h e n y l s i l a n o l )  w i t h  bis(methy1amino)methylphenylsilane i n  1- to-  
0.85 mole r a t i o .  T h i s  sample has been used  a s  a n  adso rben t  f i l l e r  
and 
our  

F.  

t h e  

c a r r i e r  f o r  t h e  h i g h l y - r e a c t i v e  c r o s s l i n k i n g  a g e n t s  u sed  w i t h  
t i t a n i u m  c h e l a t e  p o l y m e r s .  

PREPARATION OF PHOSPHORUS-CONTAINING CROSSLINKING AGENTS 

We f i r s t  p repa red  p-phenylenediphosphonic  a c i d  acco rd ing  to 
procedure  of C a n t r e l l ,  e t  a l . ,  ( r e f .  29). The r e a c t i o n  scheme 

i s  as f o l l o w s :  

‘2 E t 2 N H  + P C l 3  - 7 0 0 c  +. ( E t 2 N ) 2  PC1 + 2HC1 
(1) 

2 ( I )  + BrMg - M g B r - ( E t p N ) 2  

(11) 
OH OH 

(11) + 50% H N O 3  - 0  = L @ - k  = o  
I 
OH OH 

(p-phenylenediphosphonic a c i d )  
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U n f o r t u n a t e l y ,  t h i s  compound had no common s o l v e n t s  w i t h  o u r  po ly -  
d i c h e l a t o t i t a n o s i l o x a n e  prepolymer and i t s  m e l t i n g  p o i n t  was t o o  
h i g h  ( 2 8 5 O C )  f o r  a m e l t  p o l y m e r i z a t i o n  r e a c t i o n ,  We, t h e r e f o r e ,  
s y n t h e s i z e d  p-phenylene-bis(pheny1phosphinic) a c i d  t o  o b t a i n  greater 
s o l u b i l i t y  i n  a r o m a t i c s .  T h i s  c u r i n g  a g e n t  was p r e p a r e d  a c c o r d i n g  
t o  t h e  f o l l o w i n g  r o u t e :  

H 
BPC12 + 2 E t 2 N H  -+ Et2N>PC1 + E t 2 N : H C l  

B (1) 

p-phenylene-bis  (pheny lphosph in ic  a c i d )  

T h i s  compound i s  s o l u b l e  i n  p y r i d i n e  and  ve ry  s l i g h t l y  s o l u b l e  
i n  a c e t o n e .  Details  of b o t h  p r e p a r a t i o n  methods are i n  t h e  
e x p e r i m e n t a l  s e c t i o n .  

G. P R E P A R A T I O N  OF T I T A N I U M  COMPOUND REAGENTS 

1 .  Bi schel atodial koxyti tani um C o m p o u n d s  

a .  Bisacetylacetonato C o m p o u n d s  

cetylacetonatodibutoxytitanium and b i s a c e t y l a c e t o n a t o -  
d i i s o p r o p o x y t i t a n i w n  were p r e p a r e d  by r e a c t i o n  o f  two moles o f  
a c e t y l a c e t o n e  w i t h  the  c o r r e s p o n d i n g  t e t r a a l k o x y t i t a n i u m  compound 
f o l l o w i n g  t h e  method of Yamamoto and Kambaro ( r e f .  3 0 ) .  The 
p r o d u c t s  were p u r i f i e d  by d i s t i l l a t i o n  i n  a m o l e c u l a r  s t i l l .  

b .  Bis(8-hydroxyquino1ino)diisopropoxytitanium 

Bls(8-hydroxyquinolino)diisopropoxytitanium(IV), which has 
c h e l a t o  s u b s t i t u e n t s  w i t h  h i g h e r  s t a b i l i t y  t h a n  t h e  a c e t y l a c e t o n a t o  
a n a l o g ,  was prepared by r e a c t i o n  of two moles of 8-hydroxyquinol ine 
w i t h  one mole tetraisopropoxytitanium. The p roduc t  was a s o l i d  
t h a t  was s o l u b l e  i n  benzene. 
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2. 

This polyfunctional reagent is very reactive with sflanol 
groups, and therefore was used both as a curing agent f o r  o u r  
titanium chelate polymers and as a reagent for extending the 
molecular weight of the polychelatotitanosiloxanes. 
tetrakis(dimethy1amino)titanium was prepared using the procedures 
developed by Bradley and Thomas (ref, 31), as follows: 

A sample of 

(CH3)2NH + C4HgLi- > (CH3)2NLi + C4H10 

4(CH3)2NLi + Tic14 7 Ti[NCCH3)2] + 4LiC1 
4 

3. Bis-chelatotitaniumdi hydroxides 

Andrianov (ref. 32)  has reported the preparation of  bis(8- 
oxyquino1ino)dihydroxytitanium (IV) by the hydrolysjs of the 
corresponding dibutoxide compound: 

0-N 

O U N  0-N 

\ /  
BuO-Ti-OBu + 2H20- HO-Ti-OH 
* / \  I \  

0-N 
\ /  

where 0-N is 8-hydroxyquinoline. 

Several attempts were made to repeat this preparation. In 
all cases we did not obtain the dihydroxy species. Rather, the 
dehydration produced bis (8-oxyquino~ino)oxotitanium (IV) as 
shown by IR and NMR analysis. 

Andrianov reported only the elemental analysis for the compound 
he believed t o  be the dihydroxy species. This analysis would be 
the same for the mono aquo titanyl compound that we isolated. 
It appears that the dihydroxy metal chelate species, although 
originally formed, is highly unstable and quickly dehydrates to 
the titanyl species. 
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1 Introduction 

In 1961 Andrianov (ref. 33) reported a new type of polymer 
obtained by the cohydrolysis of organic dichlorosilane and 
bis(acety1acetonato)dichlorotitanium. This type of polymer was 
named "poly-organo-chelato-siloxane" and has the general structure 
shown below: 

- - 
CHa-C-CH=C-CHs 

1 

I / \  
I II 

P Lo -si-o-T,+-o- 
'0 0 R 

HsC-C=CH-C-CH= 
n 

Polymers with molecular weights in the range 100,000 to 200,000 
were reported. These polymers were chosen as starting materials 
to develop high temperature adhesives because of their thermal 
and mechanical properties were better than those of other poly- 
organometallosiloxanes, which characteristically were low molecular 
weight, infusible, glass-like solids with limited mechanical 
strength (ref. 13, 30, 34-39). However, this type of polymer 
softened in the range 50-65Oc (120-15OOF). Similar polymers 
with 8-hydroxyquinoline as the chelato substituent had similar 
softening points. Therefore, to develop these materials into 
usable high temperature adhesives, it was necessary to accomplish 
the following two tasks: 

a. Determine methods of reliably preparing poly-(bis- 
acetylacetonotitanodimethylsiloxane) elastomers 
having a high Ti/Si ratio t o  give high potential 
degree of crosslinkage; 

render them infusible at temperatures up to 315OC. 
b. Develop methods of crosslinking these elastomers to 

We also prepared .and crosslinked a series of methylphenyl- and 
methylvinyl-substituted poly(bisacety1acetonotitanodiorgano- 
siloxane) elastomers to improve the adhesive properties and 
mechanical toughness of this type of polymer. 
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2 .  Polychelatotitanodimethylsiloxanes 

a. Low Molecular Weight Siloxane Oligomers 

To p repa re  po lyche la tos i loxanes  having a h igh  T i /S i  r a t i o ,  
i t  is  f i r s t  necessa ry  to prepa re  low molecular  weight z,w-dihy- 
droxypolydimethylsiloxanes. 

l a r  weight  a,w-dihydroxypolydimethylsiloxanes th rough t.he decy- 
c l i z a t i o n  of  octamethylcyclotetrasiloxane. I n  t h i s  method, re- 
p o r t e d  by Andrianov and h i s  coworkers ( re f .  37) , d ime thy ld ich lo ro -  
s i l a n e  and octamethylcyclotetrasiloxane are mixed and r e a c t e d  a t  
2OO0C f o r  3.5 hours .  Using a r a t i o  of 12 .5  to 1 of octamethyl-  
c y c l o t e t r a s i l o x a n e  t o  d i m e t h y l d i c h l o r o s i l a n e ,  t h e  a ,w-dichloro-  
po lydimethyls i loxane  p repa red  had a molecular  weight  of 3170. 

E f f o r t s  were d i r e c t e d  towards the p r e p a r a t i o n  of  low rnolecu- 

T h i s  was then  hydrolyzed i n  a water-acetone-benzene mixture  

T h i s  dihydroxy 
c o n t a i n i n g  NaHC03 ,  fo l lowed by p u r i f i c a t i o n  by f r a c t i o n a l  d i s t i l -  
l a t i o n  a t  3-4 mm H g  a t  t empera tu res  up to 200°C. 
ol igomer had a molecular  weight  of 8200. 

The r e a c t i o r ,  can be r e p r e s e n t e d  by the  fo l lowing  sequence: 

C H 3  C H s  
I I 

I 
S i  - 61-Si-0 Si- -Si-C1 

b o  1 I I / \  \ 7' ::I I kin::: I 

C H3-Si-0-Si -CH3 C H 3  

+ 
c1 C Ha-S i- 0-S i - C  H3  C Ha I 

AH3 CH3 
Fol lowing Andrianov's  method b u t  a t  one t e n t h  t h e  amount, we 

were able t o  p r e p a r e  a,w-dichloropolydimethylsiloxane w i t h  a mo- 
l e c u l a r  weight o f  2800. I n c r e a s i n g  the  r e a c t i o n  tempera ture  from 
200°C to 300°C produced no great advantages .  Therefore ,  subse-  
quen t  r e a c t i o n s  were run  a t  200°C f o r  3.5 hours .  

t h e  bomb w a s  c l eaned  w i t h  chromic ac id ,  and t h a t  subsequent  r u n s  
had h ighe r  y i e l d s .  T h i s  w a s  due t o  the c a t a l y t i c  a c t i v i t i e s  of 
FeCl3 formed from %he r e a c t i o n  of H C 1  on s t ee l .  Therefore ,  i n  
f u t u r e  runs  we added c a t a l y t i c  amounts of  FeC13 t o  a thoroughly  
c l eaned  s t a i n l e s s  s t ee l  bomb be fo re  each  run .  

It w a s  found t h a t  a low y i e l d  of  product  fo l lowed eve ry  time 
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The va lue  of n i n  the above (heact ion sequence can be con- 
t r o l l e d  t o  a degree by va ry ing  the r a t i o  of the  c y c l i c  s i l o x a n e  
t o  the c h l o r o s i l a n e .  Thus, a mole r a t i o  of d i m e t h y l d i c h l o r o s i l a n e  
and octamethylcyclotetrasiloxane a t  two t o  one g i v e s  average  mo- 
l e c u l a r  weights as low as 300 a f t e r  c a r e f u l  f r a c t i o n a t i o n .  Usu- 
a l l y  a series of dichlorodimethylsiloxane w i t h  molecular  weights 
(NMR method) f rom approximate ly  200 (2 S i  a toms)  to approximate ly  
350 (4 S i  a toms)  are produced i n  each bomb r u n  and a high r a t i o  
of the c h l o r o s i l a n e  t o  the c y c l i c  s i l o x a n e  i n c r e a s e s  the y i e l d  of 
lower molecular  weight products .  

I n  the  NMR spectra of  these compoundsJ t h e  methyl .hydrogen 
atoms t h a t  are a t t a c h e d  to s i l i c o n  atoms c o n t a i n i n g - b o t h  c h l o r i n e  
and oxygen atoms show a d i f f e r e n t  chemical s h i f t  t han  those  methyl 
hydrogens attached to a s i l i c o n  atom c o n t a i n i n g  on ly  s i l i c o n -  
oxygen bonds. A comparison of the two resonance peak areas a l l o w s  
us  t o  c a l c u l a t e  t h e  number of s i l i c o n  atoms i n  the  ol igomer.  Th i s  
method of de t e rmin in  the  molecular  weights of o u r  ol igomers  w a s  
checked to w i t h i n  l.4 a g a i n s t  r e s u l t s  ob ta ined  by s t a n d a r d  e b u l -  
l i o m e t r i c  methods. A molecular  weight check w i t h  te t ramethyldi-  
s i l oxane -1 ,3 -d io l  w a s  e x a c t .  

The u w-dichloropolydime t h y l s  i l oxanes  can t h e n  be hydrolyzed 
by water i n  an  acetone-benzene-water mixture  w i t h  sodium b i c a r -  
bonate  t o  a c t  as hydrogen c h l o r i d e  scavengers  to form the  c o r r e s -  
ponding a,w-dihydroxypolydimethylsiloxane ( r e f .  37) .  

The hydroch lo r i c  a c i d  t h u s  produced was found t o  c a t a l y z e  
the c y c l i z a t i o n  of l i n e a r  s i l o x a n e s .  
c y c l i c  s i l o x a n e s  do no t  e n t e r  i n t o  condensat ion r e a c t i o n  w i t h  che- 
l a t o t i t a n o  complexes t o  g i v e  the desired p o l y c h e l a t o t i t a n o d i -  

rnethyis i loxane e l a s tomers .  
being. p l a s t i c i z e r s  and t h i s  r educes  the e l a s t o m e r ' s  s o f t e n i n g  
p o i n t .  
c e n t r a t i o n  of c y c l i c  contaminants .  

ch lo ros i loxane  dropwise t o  a water-acetone-benzene mixture  con- 
t a i n i n g  excess  o f  sodium b ica rbona te .  
p repa re  s i l o x a n e  oligomer i n  the molecular  weight range of 250- 
400 (3-5 S i  a toms)  w i t h  c y c l i c  s i l o x a n e  con ten t  less t h a n  two p e r  
c e n t .  

T h i s  i s  u n d e s i r a b l e  s i n c e  

The c y c l i c  s i l o x a n e s  are capable  of  

Therefore  one of our  primary aims was t o  lower the  con- 

T h i s  h y d r o l y s i s  r e a c t i o n  w a s  carried o u t  a t  O°C by adding  

We were able to 
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I n  the course  of t h i s  work, we  a l s o  found that the d i -  
hydroxy o l igomers  undergo au topolymer iza t ion  a t  room t empera ture .  
For  example, a sample of  t h i s  type oligomer that i n i t i a l l y  had a 
molecular  weight of 2700 doubled i t s  molecular  weight a f t e r  s t a n d -  
i n g  a t  room temperature  f o r  one week. However, molecular  weight 
checks on these samples f o u r  weeks l a te r  showed t h a t  no f u r t h e r  
po lymer iza t ion  r e a c t i o n  occurred .  

Low molecular  weight ( d 3 O )  dihydroxy ol igomers  undergo a u t o -  
po lymer iza t ion  r e a c t i o n s  a l s o  a t  room temperature  w i t h  the  e l i m i -  
n a t i o n  of' water. However, the average i n c r e a s e  i n  molecular  
weight i s  only  about  50$. 

r e a c t i o n  was carried o u t  i n  the  presence  of p y r i d i n e .  
To reduce the  format ion  of c y c l i c  materials the h y d r o l y s i s  

C 1  + 2H20 '' 
HC 1 

This r e a c t i o n  was carried o u t  to reduce c y c l i c  contaminants  
by fas te r  removal of byproduct HC1.  Hydrolysis  r e s u l t s  showed, 
however, t h a t  cons ide rab le  au topolymer iza t ion  had taken p l a c e  
under  these c o n d i t i o n s .  

The above-mentioned method would be inadequate  
c y c l i c  s i l o x a n e  completely.  Therefore ,  a method of  
tetramethyldisiloxane-l,3-diol w a s  found ( ref .  

to e l imina te  
ppepar i n g  
38 >. 

Me Me 

HO-Si-0-Si-OH 

Me Me 

I I 
I I 

I n  t h i s  method d i m e t h y l d i c h l o r o s i l a n e  was hydrolyzed i n  a n  
e x c e s s  of water a t  O°C under  pH c o n t r o l l e d  c o n d i t i o n s  (pH 8 . 5 ) .  
The HC1 produced i n  the h y d r o l y s i s  was n e u t r a l i z e d  by bubbl ing  
NH3 gas i n t o  the r e a c t i o n  mixture .  
cess of N a C l  and e x t r a c t i o n  wi th  hexane, a white c r y s t a l l i n e  
p roduc t  was ob ta ined .  

It was o u r  hope to p r e p a r e  a t i t a n i u m  e l a s t o m e r  comple te ly  
f r ee  of  c y c l i c  s i i o x a n e s  and w i t h  a T i / S i  r a t i o  as high as 1 / 2  
a f t e r  condensa t ion  o f  t h i s  d i o l  w i t h  bis-acetylacetonatodialkoxy- 
t i t a n i u m .  Polymers having  a l i m i t  o f  T i / S i  atom r a t i o  of about  
1 /15  were o b t a i n e d .  It appea r s  t h a t  some degree  of s i l o x a n e  
p o l y m e r i z a t i o n  takes  p l a c e  a l o n g  w i t h  t h e  condensa t ion  of t h e  
bis-acetylacetonatodiisoproposytitanium. The e l a s t o m e r s  o b t a i n e d  
by t h i s  p rocedure  were s l i g h t l y  ye l low and were less f l u i d  t h a n  
t h o s e  made w i t h  a ,w-dihydroxypolydimethylsiloxane o l igomers .  

A f t e r  the a d d i t i o n  of a n  ex-  
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To c l a r i f y  t h e  p o l y m e r i z a t i o n  r e a c t i o n  of t h i s  diol p r i o r  
t o  condensa t ion  w i t h  bis-acetylacetonatodialkoxytitanium, t h e  d i o l  
was d i s s o l v e d  i n  benzene and t h e  t empera tu re  of t h e  s o l u t i o n  was 
g r a d u a l l y  i n c r e a s e d  to 1 5 O o C ,  Then, a t  1 0 ° C  i n t e r v a l s ,  samples  
were t a k e n  and t h e i r  molecular  weights  determined b y  t h e  NMR 
method. T a b l e  9 shows t h e  i n c r e a s e  of molecular  weight  a t  
d i f f e r e n t  t e m p e r a t u r e s .  

T a b l e  9 

A V E R A G E  MOLECULAR WEIGHTS OF 

AT DIFFERENT TEMPERATURES 
TETRAMETHYLDISILOXANE-l,3-DIOL 

M o l e c u l a r  
Tempera t u r e  W e i g h t  

" C  (NMR Method)  

100  

110 
120 
1 3 0  
140  
150  

222 
236 
246 
309 
394 
460 

Since t h i s  method of p r e p a r a t i o n  o f  e l a s t o m e r s  has t h e  ad- 
vantage  of y i e l d i n g  ex t remely  low c o n c e n t r a t i o n s  of c y c l i c  con- 
taminates, e l a s t o m e r  p r e p a r a t i o n  by t h i s  method i s  preferred.  

b, P r e p a r a t i o n  o f  T i t a n i u m  E l  a s t o m e r s  

Condensat ion of t hese  o l igomers  w i t h  b i s ( a c e t y 1 a c e t o n a t o ) -  
d i a l k o x y t i t a n i u m  (ref  * 39)  produced t h e  des i r ed  p o l y ( b i s - a c e t y l -  
acetonotitanodimethylsiloxane) e l a s t o m e r .  These r e a c t i o n s  are 
bes t  c a r r i e d  o u t  a t  =6OoC under  d r y  n i t r o g e n .  A f t e r  the  i n i t i a l  
r e a c t i o n  i s  completed,  t h e  temperature 'is g r a d u a l l y  increased to 
w 2 O O 0 C  a t  a r e s i d u a l  p r e s s u r e  of  el mm Hg, w i t h  t he  s imul taneous  
removal of a l c o h o l  by d i s t i l l a t i o n .  It was noted t h a t  i n  t he  
e a r l y  phase of  t h e  r e a c t i o n  the t i t a n i u m  complex underwent hy- 
d r o l y s i s  t o  a small e x t e n t  e v e n  though t h e  s o l v e n t s  (benzene, 
chloroform,  a l k y l a l c o h o l )  were c a r e f u l l y  d r i e d  a n d  r e d i s t i l l e d .  
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T h i s  h y d r o l y s i s  r e su l t s  i n  t h e  fo rma t ion  of a wl-ifte p r e c i p i t a t e  
i n  the r e a c t i o n  mass. F i l t e r i n g  of t h i s  p r e c i p i t a t e  w i t h  a glass 
f r i t t e d  f i l t e r  s o l v e d  the  problem and no f u r t h e r  h y d r o l y s i s  was 
no ted  a t  h i g h e r  t e m p e r a t u r e s ,  The e l a s t o m e r s  p repa red  by t h i s  
procedure  are l i g h t  ye l low a n d  s o f t e n  around 2 O o C .  These elas- 
tomers are s o l u b l e  i n  benzene or t o l u e n e .  The r e a c t i o n  scheme 
i s  as f o l l o w s :  

where 0-0 is  a c e t y l a c e t o n e  and  R can be e i t h e r  i s o p r o p y l  or 
b u t y l .  

c .  C r o s s l i n k i n q  V i a  Ligand Exchange Reac t ions  

To f i n d  a s u i t a b l e  r e a c t i o n  c o n d i t i o n  f o r  c r o s s l i n k i n g  
poly(acetylacetonotitano)dimethylsiloxanes, a se r i e s  of c r o s s -  
l i n k i n g  r e a c t i o n s  was run  u s i n g  5,5'-bis(salicylaldehydo)methane 
and 5,5'-bis(8-hydroxyquinolino)sulfone. These r e a c t i o n s  were 
c a r r i e d  o u t  by d i s s o l v i n g  a mixture  of t h e  l i g a n d  and p o l y ( b i s -  
acetylacetonotitanodimethylsiloxane) i n  a s o l v e n t  ( such  as ben- 
zene or p y r i d i n e )  and t h e n  removing the  s o l v e n t  by a tmospher ic  
d i s t i l l a t i o n .  The mix tu re  of  polymer and l i g a n d  was t h e n  heated 
a t  25OoC/1.2 mm Hg for 1 6  hour s .  . T h i s  p rocedure  i s  e s s e n t i a l l y  
a l i g a n d  exchange r e a c t i o n  t ha t  i s  c a r r i e d  o u t  i n  the polymer m e t  
m e l t .  At tempts  to c a r r y  o u t  t h i s  t y p e  of l i g a n d  exchange i n  a 
s o l v e n t  were no t  s u c c e s s f u l .  

From these r e a c t i o n s ,  w e  e s t a b l i s h e d  tha t  a s t a r t i n g  l i g a n d -  
t o - t i t a n i u m  r a t i o  of  1:2 prov ided  t h e  best c r o s s l i n k e d  c h a r a c t e r -  
i s t i c s  i n  t h e  e l a s t o m e r s .  

F u r t h e r  l i g a n d  exchange r e a c t i o n s  were c a r r i e d  o u t  w i t h  
2,5-d ihydroxy-p-benzoqu inone ,  5 ,8-dihydroxy-lJ  3 -naphthoquinone 
( n a p h t h a z a r i n  1, 1,4-dihydroxyanthra  uinone ( q u i n i z a r i n ) ,  1,5- 
dihydroxyanthraquinone ( a n t h r a r u f  i n  4 . With t h e s e  t e t r a d e n t a t e  
l i g a n d s ,  two t y p e s  of c r o s s l i n k i n g  r e a c t i o n s  were t r i e d .  I n  the 
first- case,  these  l i g a n d s  were added to bis(acety1acetonato)diiso- 
proposy t i t an ium b e f o r e  t h e  a d d i t i o n  of  a,@-dihydroxypolydimethyl- 
s i l o x a n e s .  Presumably, s t r u c t u r e s  of the fo l lowing  type  were 
formed d u r i n g  the l igand  exchange po lymer i za t ion  r e a c t i o n :  



OR OR 

is a tetradentate ligand and R is isopropyl. X where 

Crosslinking was effected by a polycondensation reaction with 
%,%-dihydroxypolydimethylsiloxane at the titanium - alkoxy site. 

OR OR 

I 

0 
I 

Me-S i- Me 

0 

OR I I 

OR OR 

(A) 

In the second case, crosslinking was effected after the 
polycondensation of bis(acety1acetonato)diisopropoxytitanium 
with a,w-dihydroxypolydimethylsiloxane. 
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i s  a n  a c e t y l a c e t o n e  l igand  and  O x o  is  a t e t r a d e n t a t e  O-O where 
l i g a n d ,  and R can be e i t h e r  b u t y l  or 0 0  
i s o p r o p y l .  

It i s  s e e n  that s t r u c t u r e s  ( A )  and ( C )  can be t h e  same. 

' Exper imen ta l ly ,  b o t h  methods have y i e l d e d  c r o s s l i n k e d  po ly -  
mers w i t h  g r e a t l y  improved s o f t e n i n g  p o i n t  and i n c r e a s e d  p h y s i c a l  
toughness  o v e r  n o n c r o s s l i n k e d  , b i s  -ace t y l a c e t o n o t  i t anopolydime t h y 1  - 
s i l o x a n e  e l a s t o m e r  when t h e  t e t r a d e n t a t e  and  b i s - b i d e n t a t e  l i g a n d s  
were q u i n i z a r i n ,  a n t h r a r u f i n ,  and 5,51-bis(8-hydroxyquinolino)- 
s u l f o n e .  

We d i d  n o t  o b t a i n  c r o s s l i n k e d  polymers w i t h  2,5-dihydroxy-p- 
benzoquinone p robab ly  because  i t s  e x t r e m e l y  high che la t ing  a b i l i t y  
took  up a l l  s i x  a v a i l a b l e  c o o r d i n a t i n g  s i t e s  on the  metal t i t a n i u m  
i o n s  and  e f f e c t i v e l y  b locked  f u r t h e r  condensa t ion  r e a c t i o n  w i t h  
s i l o x a n e  o l igomers .  

I n  T a b l e  1 0  w e  have summarized t h e  data  on c r o s s l i n k e d  and 
n o n c r o s s l i n k e d  e l a s t o m e r s .  It i s  s e e n  t h a t  b o t h  methods f o r  
c r o s s l i n k i n g  a t  t h e  t i t a n i u m  s i t e  produced up to f i v e - f o l d  i n -  
c r e a s e  i n  s o f t e n i n g  p o i n t .  The da ta  a l s o  c o r r o b o r a t e d  ou r  e a r l i e r  
b e l i e f  t h a t  a h i g h e r  T i / S i  atom r a t i o  e l a s t o m e r  should have a 
h ighe r  s o f t e n i n g  p o i n t .  
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T a b l e  1 0  

SOFTENING POINTS OF CROSSLINKED AND 
NONCROSSLINKED ELASTOMERS 

S o f t e n  i n g  
T i / S i  P o i n t  P r e p a r a t i o n  

C r o s s l i n k i n q  A g e n t  R a t i o  O C  M e t h o d *  

1 .  

2.  

3 .  

4. 

5. 

6 .  

7. 

8. 

9. 

10 .  

None 

N a p h t h a z a r i  n 

Q u i  n i z a r i n  

A n t h r a r u f i  n 

None 

None 

None 

Q u i n i z a r i  n 

A n t h r a r u f i  n 

None 

1 / 7 0  

1 / 7 0  

1 / 7 0  

1 / 7 0  

1 / 2 0  

1 / 1 5  

1 / 1 4  

1 / 1 6  

1 / 1 6  

1 / 1 5  

2 0  

25  

90-1 00 

7 0 - 7 5  

80-90 

3 0 - 4 0  

5 5 - 6 5  

2 7 0 - 2 9 0  

220-235  

3 0  

11. Q u i n i z a r i n - 2 - s u l f o n i c  1 / 1 5  8 0  B 
a c i d  

1 2 .  4 , 4 ' - D i a m i n o - 1  ,I1- 1 / 1 5  4 4  
d i a n t h r i m i  de 

B 

13 .  4 , 4 ' - D i b e n z a m i d o - 1  ,1 I -  

d i  a n t h r i  m i  de 
1 / 1 5  25 B 

1 4 .  4 , 5 ' - D i b e n z a m i d o - 1  ,1 ' -  1 / 1 5  25 
d i  an t h r i  m i  de 

B 

1 5 .  T r i s ( 2 - h y d r o x y p h e n y 1 ) -  1 / 1 5  160-1  8 0  B 
s y m - t r i a z i n e  

* P r e p a r a t i o n  M e t h o d s :  
A a , w - D i  h y d r o x y p o l y d i m e t h y l s i  l o x a n e s  added  t o  

B C r o s s l i n k i n g  a g e n t s  a d d e d  t o  p o l y c h e l a t o t i t a n o -  

C Polychelatotitanodimethylsiloxanes p r e p a r e d  f r o m  

c h e l a t o t i t a n i u m  p o l y m e r s  

d i m e t h y l s i l o x a n e  e l a s t o m e r s  

~1 , w - d i  h y d r o x y p o l y d i m e t h y l  s i  l o x a n e  o l  i g o m e r  w i t h  
mo l  e c u l  a r  w e i g h t  o f  5,800 

D Polychelatotitanodimethylsiloxane p r e p a r e d  f r o m  
t e t r a m e t h y l d i s i l o x a n e  d i o l s  
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As can be seen in Table 10, four tetradentate ligands gave 
somewhat lower softening points for the elastomers than the others. 
For example, quinizarin-2-sulfonic acid was a less effective 
crosslinking agent than quinizarin. 
acid group on quinizarin is an electron-withdrawing group, making 
the phenol group in the ortho position more acidic and more 
reactive, apparently this also decreases the electron-donating 
ability of the carbonyl oxygen, thus preventing the formation 
of a stable complex. 
and the others, the R-NH-R linkage may be weaker than a methylene 
or a sulfo linkage. Also ,  a chelation with 0 and 0 may be pre- 
ferred over one with N and 0. 

Even though the sulfonic 

In the case of 4,41-diamino-l,l'-dianthrimide 

It should be realized that these ligand exchange reactions 
are equilibrium reactions, and that factors such as temperature, 

pressure, catalysis, concentration and steric effects, to name a 
few, can play very important roles in determining the final prod- 
uct. 

3 .  Methylphenyl- and Methylvinyl-substituted Polychelatoti tano- 
diorganosi loxanes 

a. M e t h y l p h e n y l d i s i l o x a n e d i o l  

Methylphenyldisiloxanediol was prepared by a procedure 
similar to that reported by Shoslakovskii (ref.40). In thfs 
procedure, methylphenyldichlorosilane dissolved in Et20 was added 
dropwise to an Et20-NaOH-water solution. The organic layer was 
separated from the aqueous layer and concentrated. The diols were 
crystallized by the addition of isopentane and cooling the solution 
in a Dry Ice-acetone bath. NMR analysis confirmed the product as 
being the methylphenyldisiloxanediol. The molecular weight as 
determined by the NMR method was 290. 

b. Polychelatotitanomethylphenylsiloxane 
A series of elastomers containing phenyl substituents was 

prepared t o  determine the optimum phenyl/methyl and Ti/Si ratios 
to give toughness in product polymer. Elastomers from condensa- 
tion of bis(acety1acetonato)dibutoxytitanium (IV) with both 
1,3-dimethyl-1,3-diphenyldisiloxane-l,3-diol and mixtures of 
tetramethyldisiloxane-1,3-diol and diphenylsilanedipl have been 
prepared. The bis(acety1acetonato)titanopolymethylphenylsiloxane 
elastomers prepared with reactant ratios of Ti/Si of 1/3.4, 1/8,  
and 1/10 were soluble in benzene and brown in color. The highest 
Ti/Si ratio produced the toughest elastomer. 
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Co-condensation of a mixture ( 1 : 0 . 8  Si atom ratio) of  tetra- 
methyldisiloxane-1,3-diol and diphenylsilanediol and bis(acety1- 
acetonato)dibutoxytitanium (IV) produced a tough, brownish 
elastomer. A reactant ratio of 118~4 Ti/Si was used in this pre- 
paratfon. 

C. P o l y c h e l  a t o t i  t a n o d i  p h e n y l  s i  l o x a n e  

Condensation of diphenylsilanediol with bis(acetylacetonat0) 
dibutoxytitanium (IV) produced a very brittle crystalline 
polymer that is soluble in organic solvents and has a softening 
point of' 35OC. The Ti/Si atom ratio of the starting reagent 
was 1/5. 

In another preparation, the starting Ti/Si atom ratio was 
1/20 and the softening range was 55-60°C. 

d. P o l y m e t h y l v i n y l  s i  l o x a n e d i o l  

An oligomer with the vinyl substituent on the siloxane back- 
bone was prepared to use in determining the characteristics of 
polymers crosslinked both through tetradentate ligands substituted 
on titanium sites and through the vinyl group. Polyrnethylvinyl- 
siloxanediol was prepared using a procedure similar to that used 
f o r  preparation of methylphenyldisiloxanediols aboye. 
average molecular weight of this oligomer, as determined by NMR 

The 

was 355. 

e. P-o 1 y c h e 1 a t o t  i t a n  ome t h y  1 v i  n y  1 s i 1 ox a ne s 

This elastomer was prepared to evaluate the advantage in 
physical properties of a crosslinked polymer at both the metallic 
and the silicon sites. 

When methvlvinylsiloxanediol was condensed with bis(acety1- 
acetonato)dibutoxytitanium (IV) in Ti/Si atom ratios of 1/14.8 
and 1/8, an elastomer resulted with an appearance very similar 
to that of our lower Ti/Si ratio polychelatotitanodimethylsiloxanes. 
However, it was tougher than the dimethylsiloxane elastomer of 
similar Ti/Si ratio. 
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f .  

The e l a s t o m e r s  j u s t  d e s c r i b e d  were t h e n  r e a c t e d  by o u r  
normal procedure  w i t h  a s e r i e s  of b i s b i d e n t a t e  l i g a n d s  t o  y i e l d  
c r o s s l i n k e d  r e s i n s  having h i g h e r  s o f t e n i n g  p o i n t s .  These c r o s s -  
l i n k  r e a c t i o n s  y i e l d e d  polymers t h a t  mel ted i n  t h e  range of 1 0 0  
to 150°C. 

However, t hese  h i g h e r  m e l t i n g  c r o s s l i n k e d  polymers f a i l e d  
t o  adhere w e l l  t o  aluminum. T h i s  l a c k  of adhes ion  was due t o  
t h e  fo rma t ion  of  small amounts o f  c y c l i c  p o l y s i l o x a n e s ,  which 
t ended  t o  c o a t  t h e  metal and prevent  good c o n t a c t  between t h e  
r e s i n  and t h e  metal s u r f a c e .  

Subsequent ly  ou r  a t t e n t i o n  was t u r n e d  t o  a n o t h e r  c l a s s  of 
polychelatotitanosiloxanes w i t h  t h e  g e n e r a l  name, po lyche la to -  
metallo-p-arylene-bis(diorganosi1oxanes). These polymers are 
d e s c r i b e d  i n  S e c t i o n  I ,  fo l lowing .  

4 .  A t t e m p t e d  P r e p a r a t i o n  o f  L i g a n d  S u b s t i t u t e d  S i l o x a n e  O l i g o m e r s  

A second p o s s i b l e  method o f  c r o s s l i n k i n g  our po lyche la to -  
s i l o x a n e  e l a s t o m e r s  t o  r ende r  them i n f u s i b l e  i s  by p l a c i n g  l i g a n d  
s i d e  groups on t h e  s i l o x a n e  o l igomers .  The l i g a n d  s ide  groups 
could  t h e n  i n t e r a c k  w i t h  t h e  t i t a n i u m  of an  a d j a c e n t  polymer 
c h a i n  t o  form a s i l i c o n - l i g a n d - t i t a n i u m  c r o s s l i n k i n g  p a t t e r n  
such  as t h a t  shown below. 
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I \I 
-SiO--Ti--O - 

I 
si- 0 

I 

I 1 1 
-si-0-si-0-si-0- 

I I I 
A l i t e r a t u r e  s e a r c h  was undertaken to determine va r ious  meth- 

ods of p repa r ing  s i l o x a n e  oligomers having l igand-conta in ing  s i d e  
groups.  No s p e c i f i c  examples of t h i s  type  of compound were found. 
The best  approach to t h e i r  s y n t h e s i s  appea r s  to be the fo l lowing  
two-step procedure : (1) t h e  p r e p a r a t i o n  of a l i g a n d  c o n t a i n i n g  
d i c h l o r o s i l a n e ,  and then ( 2 )  the  use of t h i s  s i l a n e  t o  open t h e  
octamethylcyclotetrasilane r i n g .  Th i s  r i n g  opening r e a c t i o n  would 
then  y i e l d  a n  a,w-dichloropolysiloxane con ta in ing  l i g a n d  s ide 
groups.  

Seve ra l  at tempts were made t o  p repa re  me thy ld ich lo ros i l anes  
c o n t a i n i n g  a t r i d e n t a t e  l i g a n d  group by reacting 5,8-dihydroxy- 
naphthaquinone and 1,4-dihydroxyanthraquinone and t h e i r  r e s p e c t i v e  
monopotassium salts w i t h  m e t h y l t r i c h l o r o s i l a n e  under va r ious  con- 
d i t i o n s .  I n  a d d i t i o n ,  t he  r e a c t i o n  of me thy ld ich lo ros i l ane  w i t h  
q u i n i z a r i n  was a t tempted .  However, no s i loxane  species c o r r e s -  
ponding to the desired p roduc t s  were obta ined .  I n  fac t ,  the reac- 
t i o n  of d i ch lo romethy l s i l ane  w i t h  q u i n i z a r i n  d i d  not  produce hy- 
drogen a t  a l l .  T h i s  i s  probably due to the f a c t  t h a t  the p o l a r i t y  
of the Si+-H- bond i s  altered by the presence of the e l e c t r o n -  
withdrawing c h l o r i n e  atoms + 

hydroxyquino1ino)methane and 5,51-bis(salicyl-N-butylimino)methane 
y i e l d e d  gummy r e a c t i o n  masses t h a t  con ta ined  s i l i c o n . ,  No d e f i n i t e  
compounds cou ld ,  however, be  s e p a r a t e d .  

Seve ra l  a t t e m p t s  were a l s o  made to prepare  a n  a l t e r n a t e  type  
of l i g a n d  c o n t a i n i n g  a c a t a l y s t  f o r  opening the polys i loxane  r i n g ,  
i n  which t h e  l i g a n d  i s  bonded d i r e c t l y  t o  the s i l i c o n  by a carbon- 
s i l i c o n  bond. Examples of t h i s  type of compound are shown below. 

The r e a c t i o n  of  t r i c h l o r o m e t h y l s i l a n e  w i t h  5 , 5 ' - b i s ( 8 -  

-6 H3 

c1- si--6 1 
I 
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5- ~methyldichlorosilyl)-8-hydroxyquinoline methoxymethyl e ther ,  
and  

C H3 
I c1- si-c1 
1 

5- (me t h y  l d i c  h l o r o s  i lylme t h y l  ) -8-hydroxyqu in01  i n e  m e t  hoxyme t h y l  
e t h e r .  

(me t h y l d i c  h l  o r  o s  il y l  -8 - hydr oxyqu in01  i n e  m e  thoxyme t h y l  e t  h e r .  
q u i n o l i n e  r i n g  w a s  metalla$ed u t i l i z i n g  t h e  r e a c t i o n  of n-buty l -  
l i t h i u m  w i t h  ~-chloro-8-hydroxyquinoline methoxymethyl e ther ,  a n d  
then  t h i s  l i t h i o  s u b s t i t u t e d  q u i n o l i n e  w a s  r e a c t e d  w i t h  m e t h y l t r i -  
c h l o r o s i l a n e .  To prevent  t h e  hydroxyl group on the q u i n o l i n e  r i n g  
from r e a c t i n g  w i t h  t h e  c h l o r i d e  s u b s t i t u e n t s  p r e s e n t  on the s i l y l  
group,  t h e  hydroxyl  group was f i r s t  conver ted  to a n  e t h e r .  Two 
m e t a l l a t i o n  r e a c t i o n s  employing 5-chloro-8-hydroxyquinoline methoxy- 
methyl e t h e r  were c a r r i e d  ou t  a t  -35°C and at 25OC. The p roduc t s  
of these r e a c t i o n s ,  however, d i d  n o t  y i e l d  t h e  desired compounds. 

s y n t h e s i s  d i s c u s s e d  above i s  g iven  i n  the  exper imenta l  s e c t i o n  of 
t h i s  r e p o r t .  

The f o l l o w i n g  r o u t e  was employed i n  a t t e m p t s  to prepa re  5- 
The 

A complete d e s c r i p t i o n  of the procedures  used i n  the  a t t empted  

I .  P O L Y D I C H E L A T O T I T A N O - ~ - A R Y L E N E - B I S ( D I O R G A ~ O S I L O X A N E S )  

1 .  P r e p a r a t i o n  o f  P r e p o l y m e r s  

metal - - where M 

0 0  = b i d e n t a t e  l i g a n d  
W 

R = Me, R '  = Me, V i ,  o r  (a 

R =  e', R '  = . (a ,  or VI 
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Polychelatotitanosiloxanes of t h i s  t y p e  were i n v e s t i g a t e d  
because they  have s e v e r a l  c h a r a c t e r i s t i c s  t h a t  shou ld  g i v e  i m -  
proved adhes ive  and mechanical  p r o p e r t i e s  compared t o  t h e  s imple  
poly(bis-chelatotitanodiorganosiloxanes)9 d e s c r i b e d  i n  S e c t i o n  H .  
F i r s t ,  t h e  arylene-bis(diorganosi1oxanes) do not  c y c l i z e  to g i v e  
s i l o x a n e  o i l ,  which would i n t e r f e r e  wi th  t h e  adhes ion  between t h e  
polymer and t h e  metal. Second, Merker and S c o t t  ( r e f .  41) r e p o r t e d  
t h a t  poly-p-phenylene-bis(methylphenylsi1oxane) has  f a r  s u p e r i o r  
t he rma l  and o x i d a t i v e  s t a b i l i t y  than  po lyd ime thy l s i loxanes .  
F i n a l l y ,  Breed, e t  a l . ,  ( r e f .  42) r e p o r t e d  t h a t  t h e s e  a r y l e n e  
s i l o x a n e s  r e a d i l y  condense w i t h  dichelatotitanoalkoxides. 

A s e r i e s  of  prepolymers were made by  condensa t ion  of b i s -  
(acety1acetonato)dibutoxytitanium wi th  p-ary lene-b is (d iorgan0-  
s i l a n o l s ) ,  where a r y l e n e  (Q) was p-phenylene, p-biphenylene or 
p-biphenylene e t h e r  and d iorgano (R) was dimethyl ,  me thy lv iny l  
or methylphenyl.  The r e a g e n t s  were f i r s t  mixed i n  benzene 
s o l u t i o n  at  40°C or under t o  avoid  homopolymerization of t h e  
d i s i l a n o l s  t h a t  t a k e s  p l a c e  a t  h i g h e r  t empera tu res .  A f t e r  t h e  
i n i t i a l  condensa t ion ,  t h e  s o l v e n t  was removed and t h e  p roduc t s  
were h e a t e d  under  vacuum t o  f u r t h e r  condensa t ion  and remove t h e  
l as t  t r a c e s  o f  bu tano l .  During t h i s  t i m e ,  t h e  tempera ture  was 
kept  under 12OOC to avoid  fo rma t ion  of h igh  m e l t i n g  p r o d u c t s ,  
which r e s u l t  a p p a r e n t l y  from l o s s  of a c e t y l a c e t o n a t o  groups 
from t h e  product  a t  e l e v a t e d  t empera tu res .  The e x a c t  r e a c t i o n  
c o n d i t i o n s ,  composi t ions ,  and p r o p e r t i e s  o f  t h e s e  polymers are 
summarized i n  T a b l e s  11 and 12. The p roduc t s  from charges  w i t h  
S i : T i  r a t i o s  from 2:l t o  6:1 were c l e a r  or s l i g h t l y  opaque, h a r d  
s o l i d s  w i t h  s o f t e n i n g  ranges  from 30 t o  130°C. 

2. Characterization o f  Prepolymers with Varying T i  :Si Ratios 

The s t r u c t u r e  of t h e  p roduc t s  made by condensa t ion  of b i s -  
(acety1acetonato)dibutoxytitanium wi th  a ry l ene -b i s (d io rgan0-  
s i l a n o l s ) ,  u n l i k e  t h e  s t r u c t u r e  of t he  s imple p o l y c h e l a t o t i t a n o -  
s i l o x a n e s ,  v a r i e s  w i t h  S i : T i  r a t i o .  Th i s  i s  i l l u s t r a t e d  by 
a n a l y s i s  of a s e r i e s  of e l a s tomers  p repa red  from p-phenylene- 
bis(methylphenylsilano1) and i t s  dimethyl  homolog. Data are 
summarized i n  T a b l e  13. 

One s i g n i f i c a n t  d i f f e r e n c e  i n  s t r u c t u r e  i s  t h e  a c e t y l a c e t o n e  
con ten t  of  t h e  v a r i o u s  e l a s tomers .  The NMR a n a l y s i s  shows t h a t  
t h e  a c e t y l a c e t o n a t o  groups on b i s  ( a c e t y l a c e t o n a t o  )d ibu toxy t i t an ium 
are d i s p l a c e d  from t i t a n i u m  b y  any excess  a r y l s i l a n o l  a v a i l a b l e  
a f t e r  r e a c t i o n  wi th  t h e  alkoxy groups.  The re fo re ,  e l a s tomers  
from t h e  a r y l  s u b s t i t u t e d  s i l a n o l s  having S i : T i  r a t i o s  above 2:1, 
r e a c t  i n  o u r  l i g a n d  exchange c u r e  r e a c t i o n s  l a r g e l y  b y  exchange 
of -Si-0- groups ,  whereas e l a s tomers  having a S i z T i  r a t i o  o f  2:1, 
r e a c t  by exchange of  a c e t y l a c e t o n a t o  groups.  
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T a b l e  1 3  

PROPERTIES O F  PRODUCTS? O F  REACTION O F  
BIS(ACETYLACETONAT0)DIBUTOXYTITANIUM WITH 

p-PHENYLENE-BIS(DIORGANOSILAN0L) 

R a t i o t t  i n  P r o d u c t  
R a t i o  Charged  S u b s t i t u e n t s  S o f t e n i n g  AcAc:OC4H9:SiOH Mol ecu$g$  

S i  : T i  on S i l i c o n  RanseOC b a s e d  on Si-CH? Ref .  Weight  

2 :  1 C H 3 S C H 3  r . t . - 3 0  2 :o :  ( 0 )  
4:  1 C H 3 s C H 3  37 -45  0 . 1  : o :  ( 0 )  
2 : l  c H 3  9 C 6 H 5  45-60 2 :o :  ( 0 )  
4 :  1 C H 3  s C 6 H 5  50-  1 0 5  0 . 1  :o:  ( 0 )  
8: 1 C H 3  9 C 6 H 5  38-46 0 : 0 : 3 . 2  

( 1 . 0 1 )  
( 1 . 0 2 )  
1240* 
1260 

930 
2:1** C H 3  3 C f j H 5  70-95 2 : 0 : ( 0 )  1730* 

t P r o d u c t s  a s  formed 
tt From N M R ;  (0) d e n o t e s  a n a l y s i s  i n s e n s i t i v e  t o  amounts  under a b o u t  0 . 2  

ttt By v a p o r  p h a s e  osmometry ;  ( ) i n d i c a t e s  r e l a t i v e  v i s c o s i t y  a t  30°C o f  
0 .5% benzene  s o l u t i o n  

* M o l e c u l a r  w e i g h t  o f  b r i d g e d  d r i v e r  i s  1186.  
** P r o d u c t  p u r i f i e d  by w a s h i n g  w i t h  e t h a n o l .  Over 90% o f  p r o d u c t  was 

i n s o l u b l e  i n  e t h a n o l .  
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The data  i n  T a b l e 1 3  a l s o  show tha t  molecu la r  we igh t s  of 
c o n d e n s a t i o n  p r o d u c t s  are  lower  t h a n  expec ted  f o r  t h e  h i g h  de- 
g r e e s  o f  condensa t ion  t h a t  t h e  product  a n a l y s i s  f o r  s i l a n o l  and 
butoxy show. T h i s  i n d i c a t e s  t h a t  t h e  s imple  condensa t ion  r e a c t i o n ,  
shown below for t h e  2:l S i : T i  cha rge  i s  t e r m i n a t e d  by  a ma jo r  
0 

(\\<-OR i- HOSi-Q-Si-OH 1 I 

I I I OR 
/ 

- 

+ 2 ROH 
n 

side r e a c t i o n .  The f a c t  t h a t  t h i s  s ide  r e a c t i  n must account  
f o r  t h e  d i s a p p e a r a n c e  of b o t h  butoxy and methanol  groups ,  suggests 
t h a t  t e r m i n a t i o n  i s  by condensa t ion  t o  c y c l i c  b r i d g e d  s t r u c t u r e s  
such  as t h e  f o l l o w i n g :  

R R 

S L  
I I 

kr 
S i  
i 
R9 0 

S t e r i c  r e q u i r e m e n t s  of  these s t r u c t u r e s  are  very  u n f a v o r a b l e ,  
a l t h o u g h  molecu la r  models s u g g e s t  t h e y  are not  imposs ib l e .  
A d d i t i o n a l  ev idence  t h a t  s u p p o r t s  t h i s  mode o f  t e r m i n a t i o n  i s  
as f o l l o w s :  
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a .  The a c e t y l a c e t o n a t o  groups i n  t i t a n i u m  complexes are 
known to be s t a b i l i z e d  i n  t h e  eis p o s i t i o n  ( r e f .  43). 

b .  E lemen ta l  a n a l y s i s  f o r  6 ,  H ,  and T i  of one p roduc t  
from a 2 : l  S i : T i  charge  t h a t  was p u r i f l e d  to remove 
u n r e a c t e d  s i l a n e d i o l  by washing w i t h  e t h a n o l  was i n  
agreement f o r  a 1-to-1 condensa t ion  p r o d u c t :  

Ca lc .  for 1:l produc t :  C, 60.6; H ,  5 .77;  T i ,  7 .07 ;  

Found: '  C ,  60.1;  H ,  5 .58 ;  T i ,  7.97; 

S i ,  9.49 

S i ,  ( r e p r o d u c i b l e  v a l u e s  not  
o b t a i n e d  13.9 and 7.8). 

The p r o d u c t  i n i t i a l l y  i s o l a t e d  from cha rges  w i t h  S i : T i  r a t i o s  
of  6 to 1 or greater  u s u a l l y  a r e  mix tu res  c o n t a i n i n g  u n r e a c t e d  
s i l a n e d i o l .  These s i l a n e d i o l s  presumably condense normal ly  w i t h  
t h e  s i l a n o l  g roups  on t h e  t i t a n i u m  moiety d u r i n g  t h e  l a t e r  s t e p s  
o f  r e a c t i o n  and d u r i n g  c u r e  a t  a r a t e  t h a t  depends on t h e  sub- 
s t i t u e n t s  on t h e  s i l i c o n :  

R 1  R 1  R 1  
\ T i - 0 - A i o S i - O H  I + H O A i o S i - O H  I -->' 

I I I I 
R2 R2 R 2  

n 

3. Crosslinking of Prepolymers 

a. Precure 

A p r e l i m i n a r y  s e r i e s  of c r o s s l i n k i n g  r e a c t i o n s  by l i g a n d  
exchange w i t h  t h e  prepolymers  d e s c r i b e d  i n  s e c t i o n  1 above was 
done i n  r e a c t i o n  f l a s k s  f o r  t h e  f o l l o w i n g  o b j e c t i v e s :  

(1) To f i n d  b i s b i d e n t a t e  l i g a n d s  t h a t  r e a c t  w i t h  
t he se  prepolymers  a t  low (unde r  170°C) tempera- 
t u r e s  i n  o r d e r  to y i e l d  c u r e d  r e s i n s  t h a t  do no t  
s o f t e n  below 2 5 0 O C ;  
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2) To determine reaction conditions for the prepara- 
tion of "B" stage resins consisting of partially 
crosslinked polymer with flow temperature below 
1 5 0 0 ~ ;  

( 3 )  To determine the reaction conditions necessary to 
complete the crosslinking reaction for the various 
prepolymer-ligand combinations. The crosslinking 
ligands that were used were as follows: 

@ 
0 OH 

1,4-dihydroxyanthraauinone (1,b-DHAQ) 
0 OH 

0 OH 
1,5-dihydroxyanthraauinone (1,5-DHAQ) 

f+#j 0 OH 

0 

5,5'-bis(salicyl-N-butylimino)methane (5,5'-BSNBM) 

\ 

H 

HO+H 
r-/ 

H i  
n-C 4H9 

N=C 
I H  

n - C 4 H 9  



/ 0-c 'c=o 
H H 

0 

1,6-dihydroxyphenazine (1 , 6-DHP) 

d H  

I n  t h e  p r e l i m i n a r y  t e s t s ,  t h e  c r o s s l i n k i n g  l i g a n d s  and 
prepolymers  were mixed 'in benzene (or benzene-pyridine for benzene- 
i n s o l u b l e  l i g a n d s ) ,  t h e  s o l v e n t  was removed under vacuum, and t h e  
r e s i n  was heated f o r  v a r y i n g  l e n g t h s  of t i m e  under  vacuum. 
Mel t ing  r anges  o f  samples o f  t h e  r e s i n  were t a k e n  p e r i o d i c a l l y .  
The s p e c i f i c  r e a c t i o n  c o n d i t i o n s  used ,  t o g e t h e r  w i t h  t h e  m e l t i n g  
r a n g e s  o f  t h e  p r o d u c t s  from i n d i v i d u a l  t e s t s  u s i n g  prepolymers  w i t h  
v a r y i n g  S i : T i  r a t i o s  and w i t h  t h e  d i f f e r e n t  l i g a n d s ,  are summarized 
i n  T a b l e  1 4 .  From t h e s e  data,  s u i t a b l e  p r e c u r e  times to g i v e  "B'' 
stage r e s i n s  f o r  t h e  d i f f e r e n t  l i gand-e l a s tomer  combinat ions are 
e v i d e n t .  It i s  p r e f e r a b l e  to use  these  p a r t i a l l y  cured  "B" 
s t a g e  r e s i n s  i n  t h e  adhes ive  j o i n t  i n s t e a d  of  t h e  f r e s h  r e a c t a n t s  
t o  minimize p o r o s i t y  i n  t h e  coupled  j o i n t .  

Alt-hough t h e  m e l t i n g  p o i n t s  of  t h e  polymers g iven  i n  T a b l e  1 4  
are f o r  t h e  p a r t i a l l y  cu red  r e s i n s ,  two conc lus ions  can b e  
drawn concern ing  t h e  e f f e c t s  of t h e  d i f f e r e n t  v a r i a b l e s  on t h e  
p h y s i c a l  p r o p e r t i e s  of t h e  c u r e d  r e s i n s .  
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Higher me l t ing  p o i n t s  go w i t h  (1) a high Ti /S i  r a t i o  and 
( 2 )  a more r i g i d  c r o s s l i n k i n g  a g e n t ,  For example, t h e  more 
f l e x i b l e  5,5'-BSNBM gave a c ross l inked  polymer w i t h  lower 
me l t ing  po in t  t h a n  t h e  cured polymer t h a t  was crossa inked  w i t h  
5,8-DHNQ. 
t h e  polymer w i t h  T i / S i  atom r a t i o  of 1/6 and a dec idedly  lower 
me l t ing  poin t  t h a n  t h e  polymer wi th  Ti /S i  r a t i o  of 1/11. General ly  
speaking ,  t h e  se r ies  of c r o s s l i n k i n g  a g e n t s  (2,5-DHBQ, 5,8-DHNQY 
1,5-DHAQ9 1;4-DHAQ) under s imilar  c r o s s l i n k i n g  c o n d i t i o n s  produced 
polymers w i t h  i n c r e a s i n g  me l t ing  ranges .  
t o  t h e  f a c t  t h a t  t h e  c h e l a t i n g  s t r e n g t h  dec reases  w i t h i n  t h e  
series i n  t h e  o r d e r  given and that t h e  s t r o n g e s t  c h e l a t i n g  agent  
(2,5-DHBQ) was ab le  t o  form a t r is-complex wi th  t h e  t i t a n i u m  
atom t h u s  breaking  up t h e  polymer backbone. The e f f e c t  would 
then  be similar t o  a low molecular  weight polymer wi th  a t i t a n i u m  
c h e l a t e  as f i l l e r .  
l i g a n d  exchange r e a c t i o n s  w i t h  t h e  a c e t y l a c e t o n e  group,  forming 
c r o s s l i n k e d  polychelatotitano-p-arylene-bis-(diorganosiloxane) 
polymer.  

The e f f e c t  of t h e  Ti /S i  r a t i o  can be seen by comoarina 

This  was probably dLie 

The 1 ,4 -DHAQ,  on t h e  o t h e r  hand, on ly  undergoes 

I n  o rde r  t o  i n c r e a s e  t h e  r a t e  a t  which o u r  l i gand  exchange 
c r o s s l i n k i n g  r e a c t i o n  takes p l a c e ,  experiments  were conducted i n  
which Lew1.s a c i d s  were added at.5-1% by weight t o  t h e  mixture  of 
polymer a n d 7 c r o s s l i n k i n g  l i g a n d  p r i o r  t o  use .  Using polychela to-  
titano-p-phenylene-bis(dimethylsi1oxane) and 1 , Q - D H A Q  w i t h  
FeC13, t h e  me l t ing  range of t h e  polymer was inc reased  t o  180-217OC 
a f t e r  r e a c t i o n  a t  1 5 7 O C  f o r  55hours. T h i s  r e p r e s e n t s  a 146OC 
i n c r e a s e  i n  the s o f t e n i n g  tempera ture  of  t h e  polymer, a t  a 
s u b s t a n t i a l l y  f a s t e r  r a t e  of  c u r e  than  t h e  polymers cured without  
f e r r i c  c h l o r i d e  c a t a l y s t .  The e f f e c t  i n c r e a s e s  i n  t h e  o r d e r  
ZnC12<AlC13<FeC13. 

Another way t o  i n c r e a s e  t h e  m e l t i n g  ranges  of  t h e s e  polymers 
i s  t o  i n c r e a s e  t h e  degree of c r o s s l i n k i n g  by  i n c r e a s i n g  t h e  a v a i l -  
able c r o s s l i n k i n g  s i t e s .  Thus, polychelatotitano-p-phenylene- 
bis(methylvinylsi1oxane) prepolymers were prepared  and c r o s s l i n k e d  
a t  t h e  v i n y l  s i t e s  by  t h e  a d d i t i o n  of  1% benzoylperoxide .  However, 
t h e  r e s u l t s  show t h a t  i n s t e a d  o f  a m e l t i n g  range  from 75-13OoC 
t h e  v iny l - c ros s l inked  polymer has  a r a t h e r  sha rp  m e l t i n g  p o i n t  
a t  13OoC. The data i n  T a b l e  12 a l s o  show tha t  i n  g e n e r a l  
heteropolychelatotitano-p-arylene-bis(diorganosi1oxane) polymers 
have h i g h  m e l t i n g  p o i n t s .  Many have m e l t i n g  p o i n t s  above t h e  
c u r i n g  t empera tu res .  

b .  Cure In S i t u  i n  A luminum J o i n t s  

Fac to r s  t h a t  a r e  p e r t i n e n t  t o  t h e  formation of a good 
adhes ive  j o i n t  have a l r eady  been d i scussed  i n  d e t a i l .  I n  o r d e r  
t o  o b t a i n  good adhesive-adherent  c o n t a c t ,  t h e  polymers were only  
p a r t i a l l y  cured i n  t h e  r e a c t i o n  f l a s k .  F u r t h e r  cu r ing  of t h e s e  
r e s i n s  was c a r r i e d  out  i n  t h e  adhes ive  j o i n t .  PreDolymers desc r ibed  
above were melted between two 2011-T6 aluminum adherent  s t r i p s  
and cured a t  170OC. The i r  adhes ive  p r o p e r t i e s  are  summarized i n  
T a b l e  15.  Most of these samples had t e n s i l e  shear s t r e n g t h s  
of 1 0 0 0  t o  1100  p s i  a t  room tempera ture .  T e n s i l e  shea r  s t r e n g t h s  
of samples cured wi th  L e w i s  a c i d s  had somewhat lower s t r e n g t h s .  
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It i s  appa ren t  t ha t  these polymers are good low- and room temp- 
e r a t u r e  a d h e s i v e s ,  b u t  t h e i r  high t empera tu re  adhes ive  proper -  
t i e s  are l i m i t e d  by t h e i r  m e l t i n g  r a n g e ,  To improve t h e i r  h igh  
t e m p e r a t u r e  p r o p e r t i e s ,  two methods o f  a t t a c k  were used:  
i n c r e a s e  t h e  molecu la r  weight of  t h e  l i n e a r  prepolymer,  and ( 2 )  
i n c r e a s e  c r o s s l i n k i n g  s i t e s  as w e l l  as c r o s s l i n k i n g  rate.  

(1) 

C, Cure with Phosphorus-Containing Ligands 

We found t h a t  diphenylphosphoni-c a c i d  can s u c c e s s f u l l y  
o a l i g a n d  exchange r e a c t i o n  w i t h  b i s ( a c e t y l a c e t o n a t o 1  

d i b u t o x y . t i t a n i u m  ( I V ) .  
was p r e f e r e n t i a l l y  d i s p l a c e d  by t h e  incoming diphenylphosphonic  
acid rather t h a n  t h e  alkoxy group. 
t h e r e f o r e ,  l end  t o  c r o s s l i n k i n g  rather t h a n  polymer c h a i n  c l eavage  
should a diphosphosphonic ac id  be used i n s t e a d .  

I n  t h i s  c a s e  it was found t h a t  a c e t y l a c e t o n e  

T h i s  t y p e  of  r e a c t i o n  shou ld ,  

The diphenylphosphonic  group a l s o  a ided adhes ion .  For example,  
t e n s i l e  s h e a r  s t r e n g t h s  o f  o v e r  1140 p s i  a t  room t empera tu re  was 
o b t a i n e d  w i t h  p-phenylene-bis(dimethylsilano1) and diphenylphos-  
phonic  a c i d  c h e l a t e d  t i t a n i u m  compound c r o s s l i n k e d  w i t h  5 , 5 ? - b i s  
(salicyl-N-buty1imino)methane a t  170°C f o r  20 hour s .  However, a t  
1 5 O O C  t h e  t e n s i l e  shear s t r e n g t h  dropped to 460 p s i .  

Fol lowing t h i s  s u c c e s s f u l  l i g a n d  exchange r e a c t i o n ,  w e  dec ided  
to use  polyphosphates  as c r o s s l i n k i n g  a g e n t s  t h e r e b y  e l i m i n a t i n g  t h e  
o r g a n i c  t e t r a d e n t a t e  l i g a n d s  a l t o g e t h e r .  The P-0-P bonds shou ld  
p r o v i d e  h igh  thermal s t a b i l i t y ,  and t h e  c h e l a t i n g  a b i l i t y  o f  t h e  poly-  
phosphates  was w e l l  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( r e f s .  44  and 4 5 ) .  
T h e  p re sence  o f  phosphorus i n  t h e  polymer cha in  shou ld  a l s o  s e r v e  
to enhance t h e  adhes ive  a b i l i t y  of t h i s  c l a s s  of  p o l y c h e l a t o t i t a n -  
o s i l o x a n e  polymers .  

Me Me 
I 

I 1 
OH 0 ’ ‘0 Me Me 

I I1 I 

HO-P------- 0 -P --0 - P 4 H  

0 n 
-0 \ T i /  O - O-Si-@&i 

I 
Me b Me 

L, ’ ‘ 0  Me Me 

0 -- - S i - ~ \ - S i  I 

I J I  

where 0 0 i s  a c e t y l a c e t o n e .  
u 
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We p r e p a r e d  s e v e r a l  samples  of  f r e e  po lyphosphor i c  a c i d s  
from t h e i r  sodium sa l t s  by p a s s i n g  aqueous s o l u t i o n s  th rough  an  
A m b e r l i t e  I R - 1 2 0 H  c a t i o n  exchange r e s i n .  However, we had c o n s i d e r a b l e  
d i f f i c u l t y  i n  k e e p i n g  t h e  f r e e  ac ids  from d i s p r o p o r t i o n a t i n g  i n t o  
pyro- and metaphosphor ic  a c i d s  p r i o r  t o  r e a c t i n g  w i t h  t h e  l i n e a r  
polychelatotitanosiloxanes. Consequent ly ,  ou r  a t t e n t i o n s  t u r n e d  
t o  phospha te s  of t h e  f o l l o w i n g  s t r u c t u r e s  t h a t  shou ld  have g rea t e r  
s t a b i l i t i e s  toward d i s p r o p o r t i o n a t i o n :  

OH 

OH 

p-phenylenediphosphonic a c i d  

OH 

p-phenylenediphosphoric a c i d  

U n f o r t u n a t e l y ,  w e  found t h a t  p-phenylene d iphosphonic  a c i d  
had no common s o l v e n t s  w i thou t  polychelatotitanosiloxane prepolymers  
and i t s  m e l t i n g  p o i n t  was t o o  h i g h  f o r  a m e l t  p o l y m e r i z a t i o n  r e a c t i o n .  
We the re fo re  s y n t h e s i z e d  p-phenylene-bis(pheny1phosphinic a c i d )  
to o b t a i n  g r e a t e r  s o l u b i l i t y  i n  a r o m a t i c s :  

0 0 

OH OH 

Res ins  t h a t  are  i n f u s i b l e  at 2 5 0 O C  were o b t a i n e d  w i t h  p- 
phenylene-bis(phenylphosphin2c a c i d )  as c r o s s l i n k i n e  a g e n t .  
The r a t e  of  c u r e  was fas te r  t h a n  comparable r e s i n s  w i t h  5,5'-BSNM. 
However, t e n s i l e  s t r e n g t h s  of aluminum j o i n t s  cu red  w i t h  t hese  
r e s i n s  were low (150-250 p s i  a t  2 5 O O C )  because  of poor  w e t t i n g  
o f  

4. 

s u b s t r a t e  by t h e  p a r t i a l l y  c u r e d  r e s i n s .  

Chain  E x t e n s i o n  o f  P o l y c h e l a t o t i  tano-p-arylene-bis(diorgan0- 
s i l o x a n e s )  

a .  Via T r i h y d r o x y b e n z e n e s  

I n  o u r  f i r s t  approach ,  at tempts were made t o  i n c r e a s e  t h e  
m o l e c u l a r  weight o f  t h e  l i n e a r  prepolymer  by  a condensa t ion  
r e a c t i o n  w i t h  t r i h y d r o x y b e n z e n e s  : 

101 



OH 
1,3,5--benzenetriol  
( p h l o r o g l u c i n o l )  

HO OH 

I 

I 

OH 

'rl 
1 

@OH 1 >2 ,4 -benzene t r io l  

OH 

For example, bis-phenol-A has been found t o  condense w i t h  
s i l a n o l s  t o  form a l i n e a r  polymer w i t h  a l t e r n a t i n g  phenylene 
and s i l o x a n e  u n i t s .  Under ideal  c o n d i t i o n s  ou r  proposed c r o s s -  
l i n k e d  polymer should have t h e  fo l lowing  s t r u c t u r e :  

0 
I R -Si-R' 

R -$I -R '  

0 

We r e a c t e d  polychelatotitanosiloxane polymer c o n t a i n i n g  
s i l a n o l  end groups  w i t h  1 , 2 , 4 - b e n z e n e t r i o l  i n  p y r i d i n e .  The 
r e s u l t i n g  dark maroon p roduc t  d i d  n o t  show t h e  expec ted  i n c r e a s e  
i n  s o f t e n i n g  t e m p e r a t u r e .  F u r t h e r  t e s t s  show t h a t  t h e  p y r i d i n e  
d e s t r o y e d  t h e  s i l o x a n e  polymer backbone e Since  these  polyhydroxy- 
benzenes are n o t  s o l u b l e  i n  an i n e r t  s o l v e n t ,  no f u r t h e r  e f f o r t  
was s p e n t  on t h i s  p a r t  o f  t h e  p r o j e c t .  
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b 

The t h r e e  condensa t ion  r e a c t i o n  sequences  can be  r e p r e s e n t e d  

W i a T r i  me t  h o  xy bo  r o x i  n 

as f o l l o w s :  

i - O H  + (BOMe0)3 - R 
1 

a .  Ho-S 
I 
R '  R '  

R - S i - R '  

R - S i - R '  
I 
0 

( A - I )  + Ti(0Bu) 2(acac)2- 

h i  
0 

I 
R-$I-R' 

7 - O  R' si 
'(? f: 

m 



C. Ti(OBu)2(acac)2 + (BOMe0)3 - > 

R R 

R '  R'  

where R and R' could be -CH3 or C 6 H s  and 0 0 is acetylacetone. 
W 

1 0 4  



Product (A-1) (a white, crystalline material) shows a broad 
band at 7 .5  indicating B-0 stretch in the ring system and 
product (A-2) with melting range from room temperature to 28OC, 
has Ti-0-Si stretching band at 10.8 e Products (C-1) and (C-2) 
were not shown to be the expected products. This would be expected 
if the condensation reaction between dibutoxybis(acety1acetonato)- 
titanium and trimethoxyboroxin did not proceed under the experimental 
condition employed. A difficulty lies in the fact that bis(acety1- 
acetonato)dibutoxytitanium(IV) decomposes at temperatures above 
65OC at atmospheric pressure. 

anthraquinone (1,4-DHAQ), 5,8-dihydroxy-1,4-naphthoquinone 
(5,8-DHNQ), and 5,5f-bis(salicyl-N-butylimino)methane (BSNBM).  
Table 16 summarizes the results. 

Compounds (A-2) and ( B )  were crosslinked with 1,4-dihydroxy- 

c. By Condensation with Bis(dimethylhydroxysily1)-m-carborane 
Instead o f  Simple Arylenesilanediols 

Bis(dimethylhydroxysily1)-m-carborane was incorporated 
In the first case, into the prepolymer backbone by two methods. 

the carborane was dissolved with bis(acety1acetonato)dibutoxy- 
titanium (IV) in benzene, then heated under iaeflux, and finally heated 
under vacuum at 1 2 O o C  f o r  3 o r  5 hours. 
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This product was then reacted with p-phenylene bis(methy1- 
phenylsilanol) at one-to-one mole ratio, The reaction sequence 
is as follows: 

Me Me 

C- C-Si-OH 

\O/ Me 

Ti(OB~)2(acac)~+ HO-Si- 
I 

I 

I 

I 
B1 OH1 0 Me 

I 

\ B 

Me Me 

The second method for incorporating the bis(dimethy1hydroxy- 
sily1)-m-carborane onto the polymer backbone is by the reaction 
of polychelatotitanosiloxanes with the carborane as f o l l o w s :  

Me Me 
I 

I I 
R R 

HO-Si-4-Ai-OH + Ti (OBu) 2 (acac) 2 



M e  Me 

* I 

Me Me 

I I R 0 2  Me c-c-% B1 ‘”/ OH1 0 Me 

I 

1 

Me Me 
I 

O-Si-Q-Si-0- 
I 
R 

Ti- 0-Si- 
/ \  

I 
I 

where 

R can be  m e t h y l  o r  pheny l  

0 0 i s  a c e t y l a c e t o n e .  .u 

We s y n t h e s i z e d  polymers  (B) and (D) and c r o s s l i n k e d  them 
w i t h  a b i s b i d e n t a t e  l i g a n d  such  as 5,5t-bis(salicyl-N-butylimino) 
methane. .The t e n s i l e  shear s t r e n g t h s  of t h i s  c l a s s  of  polymers  
a t  250°C a v e r a g e d  2 2 4  p s i .  Examinat ion  of  t h e  a d h e s i v e  j o i n t s ,  
a f t e r  c u r i n g  a t  17OoC f o r  76 h o u r s ,  showed t h a t  there  was con- 
s iderable  d e g a s s i n g  o f  t h e  a d h e s i v e  material, so  t h a t  the  e f f e c t -  
i v e  area cove red  by  t h e  a d h e s i v e  i s  approx ima te ly  20%.  
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d. By R e a c t i o n  w i t h  S i l a n e d i o l s  w i t h  E x t e n d e d  C h a i n  L e n g t h s  

The silanediols with extended chain lengths used in these 
reactions were prepared by either thermal condensation of the 
monomer, p-phenylene-bis(diorganosilano1 ) ,  with sodium hydroxide 
catalysis, o r  by reaction of the disilanols with silizanes. 

I 

lengths were used as reactants with bis(acety1acetonato)dibutoxy- 
titanium. 
extended silanediols would minimize chain limitation caused by 
formation of bridged structures. Some chain extension was obtained 
with a silanediol (98460) of average molecular weight 3050 as 
reactant. The products (Table17)were mixtures with a range of 
molecular weight that were fractionated according to solubility 
in ethanol. 
weight of 6880. 
m o r p t i o n  at 910 cm-l, characteristic of the Ti-0-Si linkage. 

Increasing the length of Q slightly from phenylene to bi- 
phenylene ether was not effective: reaction of biscmethylphenyl- 
hydroxysily1)biphenyl ether with bis(acety1acetonato)dibutoxy- 
titanium in 1:l mole ratio did not give a polymer (98467 in 
Table 17). 

Silanediols, HO- containing Q with extended 

We expected that -the steric configuration of the 

One fraction consisting of 34% product had a molecular 
Its spectra in the infrared had a strong, broad 

e .  By C o n d e n s a t i o n  o f  S i l a n o l  End Groups  on P r e p o l y m e r s  
w i  t h  S i  1 i z a n e s  

Reaction of prepolymer with 8:1 Si:Ti ratio and molecular 
weight of 930 with heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyc~o- 
hexane f o r  20 hours at 160Oc resulted in a product with molecular 
weight of 3900 (Table 17). Similar condensations of prepolymers 
with Si:Ti ratios of 4:l did not increase the molecular weight, 
apparently because there was not sufficient silanol functionality 
available f o r  reaction on these prepolymrs. 
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An a t tempt  to prepare a higher  molecu la r  weight p o l y c h e l a t o -  
t i t a n o s i l o x a n e  by u s e  of  t h e  t r i b u t o x y  t i t a n i u m  compound was a l s o  
made e T h i s  t i t a n a t e  and p-phenylene-bis  ( m e t h y l p h e n y l s i l a n o l )  
i n  1:l mole r a t i o  were heated i n  benzene and t h e n  a n  e q u i v a l e n t  
mole q u a n t i t y  o f  t r i p h e h y l s i l a n o l  was added. The s o l v e n t  w a s  
removed and t h e  r e s i d u e  was heated a t  115OC o v e r n i g h t .  The 
p roduc t  c o n s i s t e d  o f  e t h e r - s o l u b l e  and e t h e r - i n s o l u b l e  f r a c t i o n s  , 
b o t h  of  which were s o l u b l e  i n  benzene. Both had ve ry  low r e l a t i v e  
v i s c o s i t y  ( 0 . 5 %  i n  benzene gave 1.014 and 1.016), i n d i c a t i n g  very  
low molecu la r  weight.  A s imi la r  p roduc t  from a r a t i o  o f  3 : l  
S i : T i  had molecuLar weight  of  2216 ( T a b l e  1 7 ) .  

g. By Thermal Condensation o f  P o l y c h e l a t o t i t a n o s i l o x a n e  
i n  Higher Boiling Solvents 

When a polychelatotitanosiloxane d e r i v e d  from b i s - ( a c e t y l -  
a c e t o n a t  o ) d i b u t  oxyt  i t  anium ( I V )  and p -pheny l e n e  -b i s  (methylpheny 1- 
s i l a n o l )  was d i s s o l v e d  i n  xy lene  ( b p  = 140OC) and r e f l u x e d  f o r  
1 8  h o u r s ,  t h e  molecu la r  weight i n c r e a s e d  t o  3600 .  T h i s  r e p r e s e n t s  
a tetramer.  

Another  sample a f t e r  r e f l u x i n g  i n  m e s i t y l e n e  ( b p  = 160Oc) 
f o r  20 h o u r s ,  gave a molecu la r  weight  of 1 2 1 0 ,  i n d i c a t i n g  t ha t  
use  of  h i g h e r  b o i l i n g  s o l v e n t s  b reaks  t h e  polymer c h a i n  r a the r  
t h a n  g i v i n g  h i g h e r  molecu la r  weight .  

h, By Condensation with Phenylsilanetriol i n  Place o f  
Arylenesilanediols 

The p roduc t  from condensa t ion  of  a 3 to 2 mole r a t i o  of  
bis(acety1acetonato)diisopropoxytitanium w i t h  p h e n y l s i l a n e t r i o l  
had a molecu la r  weight of less t h a n  1500. It c u r e d  very r a p i d l y  
w i t h  t h e  l i g a n d  5,5~-bis(salicyl-N-butylimino)methane w i t h  t h e  
r e s u l t  t h a t  i t  was n o t  u s a b l e  as an  a d h e s i v e ,  because  t h e  r e s i n  
became i n f u s i b l e  b e f o r e  a n  aluminum j o i n t  cou ld  b e  w e t  and 
coup l e  d . 

J .  P O L Y T I T A N O S I L O X A N E S  F R O M  T E T R A I S O P R O P O X Y T I T A N I U M ( I V )  AND 
p-ARYLENESILANEDIOLS 

1. Preparation 

S o l u b l e  p o l y t i t a n o s i l o x a n e s  w i t h  molecu la r  weights  as h i g h  
as 23,500 were i n i t i a l l y  prepared  by r e a c t i o n  o f  t e t r a i s o p r o p o x y -  
t i t a n i u m  w i t h  p-phenylene-bis(methylphenylsilano1) i n  1 : 2  mole 
r a t i o  (4:l S i : T i ) .  These polymers (Tab le  1 8 )  had molecu la r  weights  
up to t e n  times higher t h a n  t h a t  of t he  p roduc t  (molecu la r  weight  
1730) formed by r e a c t i o n  of t h i s  s i l a n e d i o l  w i t h  b i s ( a c e t y 1 a c e t o n a t o ) -  
d i b u t o x y t i t a n i u m ( 1 V ) .  
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These  polymers  d i d  n o t  s o f t e n  s u f f i c i e n t l y  below 170'6 to 
w e t  aluminum j o i n t s  w e l l .  T e n s i l e  shear s t r e n g t h s  a t  25OOC o f  
j o i n t s  coupled  w i t h  polymer 98473 were on ly  70-95 p s i  a f t e r  
60  hour s  c u r e  a t  170"Ca S t r o n g e r  j o i n t s  (up to 190 p s i )  were 
o b t a i n e d  i n  some c a s e s ,  when t h e  polymer was p l a s t i c i z e d  w i t h  
1 0  weight  % bis(hydroxymethylphenylsily1)biphenyl e the r .  However, 
some d u p l i c a t e  j o i n t s  c o n t a i n i n g  t h i s  f o r m u l a t i o n  were s o f t  a t  
250°C a f t e r  c u r e  a t  1 7 O o C ,  i n d i c a t i n g  t h a t  t h e  c u r e d  r e s i n  s o f t e n s  
ve ry  n e a r  250°C. 

A s imi l a r  polymer (97058 i n  T a b l e  1 8 )  was a l s o  p r e p a r e d  by 
r e a c t i o n  of  tetraisopropoxytitanium(1V) w i t h  bis(hydroxymethy1-  
p h e n y l s i l y 1 ) b i p h e n y l  e t h e r .  T h i s  polymer p r e c i p i t a t e d  from t h e  
benzene s o l u t i o n .  A f o r m u l a t i o n  of t h i s  polymer w i t h  1 0  we igh t  % 
b i s  (hydroxymethylphenylsily1)biphenyl e the r  was c u r e d  f o r  6 0  
hour s  a t  170°C i n  aluminum j o i n t s .  All t h e  j o i n t s  were i n f u s i b l e  
a t  25OoC, bu t  t h e y  showed poor  a d h e s i v e - s u b s t r a t e  c o n t a c t  and ,  
as a r e s u l t ,  had low s t r e n g t h s .  

These r e s u l t s  showed t h a t  two improvements i n  these  polymers  
were needed t o  make them u s a b l e  as a d h e s i v e s  for aluminum i n  
t h i s  program. F i r s t ,  i t  was n e c e s s a r y  to p l a s t i c i z e  them e f f e c t i v e l y  
to g i v e  good f l o w  a t  170°C.  Secondly ,  a r e a c t i v e  s i t e  f o r  c r o s s -  
l i n k i n g  t h e  r e s i n  to i n f u s i b i l i t y  a t  250°C was needed.  T h e r e f o r e ,  
polymers  c o n t a i n i n g  v i n y l  s u b s t i t u e n t s  were made. 

These polymers  were p r e p a r e d  b y  condensa t ion  of t e t r a i s o -  
p ropoxy t i t an ium(1V)  w i t h  m i x t u r e s  of methylphenyl-  and me thy lv iny l -  
s u b s t i t u t e d  phenylene-bis(diorganosilano1s) w i t h  a S i : T i  r a t i o  
of  4 : l .  The p r o p e r t i e s  o f  t hese  polymers  a re  a l s o  summarized 
i n  T a b l e  1 8 .  Two m o d i f i c a t i o n s  i n  r e a c t i o n  c o n d i t i o n s  were made 
to i n c r e a s e  t h e i r  molecu la r  weight  above t h e  1 0 , 0 0 0  range  o b t a i n e d .  
However, t hese  m o d i f i c a t i o n s ,  [ r e a c t i o n  i n  ex t r eme ly  d i l u t e  s o l u -  
t i o n  ( 1 0 5 6 0 2  i n  T a b l e  1 8 ) ,  and i n c r e a s e  i n  heat  t r e a t m e n t  o f  t h e  
c rude  polymer (105601 i n  T a b l e  1 8 ) ]  d i d  n o t  e f f e c t  t h e  m o l e c u l a r  
weight o f  t h e  p r o d u c t s  s i g n i f i c a n t l y .  

2. In S i t u  Cure 

Three t y p e s  of c u r i n g  r e a c t i o n s  were t e s t ed  w i t h  t h e s e  
polymers  : 

a .  Condensa t ion  of s i l a n o l  end s u b s t i t u e n t s ;  

b .  Coupl ing o f  v i n y l  s u b s t i t u e n t s  by s i l a n e s  or of  
s i l a n e  s u b s t i t u e n t s  by d i v i n y l  compoilnds ; 

c .  D i r e c t  c o u p l i n g  of  v i n y l  s u b s t i t u e n t s  u s i n g  p e r o x i d e  
i n i t i a t i o n .  

The r e s u l t s  o f  these t e s t s  can  be  summarized as f o l l o w s :  



a. The most e f f e c t i v e  c u r e  method i s  the  c o u p l i n g  o f  v i n y l  
s u b s t i t u e n t s  on t h e  prepolymer by r e a c t i o n  w i t h  d ipheny l -  
s i l a n e .  I n  t h i s  t y p e  f o r m u l a t i o n ,  15 to 25 w t - %  p-phenyl- 
ene-bis(methylphenylsilano1) was used as p l a s t i c i z e r  and 
d i p h e n y l s i l a n e  was used  as c u r i n g  a g e n t ,  The r a t i o  o f  
S i - H  i n  t h e  c u r i n g  a g e n t  t o  C=C i n  t h e  a d h e s i v e  formula-  
t i o n  was v a r i e d  from 0 . 3  t o  2.0.  No d e f i n i t e  t r e n d  i n  
j o i n t  s t r e n g t h s  w i t h  v a r i a t i o n  of t h i s  r a t i o  was de tec ted ,  
however. The b e s t  s t r e n g t h s  o b t a i n e d  were w i t h  formula-  
t i o n s  c o n t a i n i n g  25% p l a s t i c i z e r  a n d  a 0.45 t o  0 .60 mole 
r a t i o  of S i - H  t o  C=C. These s t r e n g t h s  ave raged  4 4 0  p s i  
and had a maximum of 564 p s i  a t  2 5 O o C  a f t e r  68 t o  115 
hours  c u r e  a t  170°C. 

The s t r e n g t h s  of these j o i n t s  appeared  t o  be  l i m i t e d  by  
t h e i r  h igh  p o r o s i t y .  Th i s  p o r o s i t y  was reduced ,  b u t  n o t  
e l i m i n a t e d  by  p r e c u r i n g  t h e  f o r m u l a t i o n  i n  open j o i n t s  
a t  170°C f o r  3 t o  1 0  minu tes  t o  a l low e s c a p e  o f  v o l a t i l e  
byproduc t s .  However, i t  was d i f f i c u l t  t o  o b t a i n  r e p r o -  
d u c i b l e  j o i n t s  by t h i s  method because  of  s i m u l t a n e o u s  
loss o f  d i p h e n y l s i l a n e  d u r i n g  t h e  p r e c u r e  p e r i o d .  

b .  The p o r o s i t y  was s u c c e s s f u l l y  e l i m i n a t e d  by  f i r s t  p r e -  
p a r i n g  prepolymers  w i t h  S i - H  s u b s t i t u e n t s  and t h e n  c u r i n g  
and c r o s s l i n k i n g  these  polymers  i n  s i t u  w i t h  a v i n y l -  
s u b s t i t u t e d  p l a s t i c i z e r .  The prepolymers  w i t h  Si-H 
s u b s t i t u e n t s  were prepared b y  r e a c t i n g  t h e  v inyl -sub-  
s t i t u t e d  p o l y t i t a n o s i l o x a n e  polymers  w i t h  d i p h e n y l s i l a n e  
used  i n  large e x c e s s  t o  minimize c r o s s l i n k i n g .  Details  
of t h i s  p r e p a r a t i o n  method are i n  t h e  Exper imen ta l  
S e c t i o n .  These prepolymers  were more d i f f i c u l t  t o  
p l a s t i c i z e  t h a n  t h e  v i n y l - s u b s t i t u t e d  polymers .  Although 
s e v e r a l  f o r m u l a t i o n s  were t e s t e d  none had s t r e n g t h s  
above 300  p s i  a t  2 5 0 O C .  

c ,  A r y l e n e s i l a n e d i o l s  are t h e  b e s t  p l a s t i c i z e r s  for b o t h  
the  v i n y l  and  s i l a n e  s u b s t i t u t e d  polymers .  
s t y r e n e - d i v i n y l b e n z e n e  s o l u t i o n  gave p a r t i a l  p l a s t i c i z a -  
t i o n  of t h e  s i l a n e - s u b s t i t u t e d  polymers .  T e t r a v i n y l -  
s i l a n e ,  tetramethyldivinyldisiloxane and bisphenol-A- 
d i m e t h a c r y l a t e  were poor  p l a s t i c i z e r s .  
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d. Polymers w i t h  1 0 , 0 0 0  molecu la r  we igh t  t h a t  were p i a s t i -  
c i z e d  to f low a t  1 7 O O C  i n  f o r m u l a t i o n s  c o n t a i n i n g  25% 
of  1:l bis(methylphenylhydroxysily1)biphenyl e t h e r :  
p h e n y l s i l a n e t r i o l ,  c u r e d  to r e s i n s  t h a t  were i n f u s i b l e  
a t  250'6. However, t h e i r  t e n s i l e  s t r e n g t h s  a t  25OOC 
were u n d e r  200 p s i .  

e. Pe rox ide  c u r e  was n o t  e f f e c t i v e  a t  170°C f o r  f o r m u l a t i o n s  
c o n t a i n i n g  1 to 2 %  d i - t - b u t y l p e r o x i d e  o r  t -bu ty lhydro -  
p e r o x i d e  and 1 0  to 20% p h e n y l e n e - b i s ( m e t h y l v i n y l s i l a n o 1 )  
w i t h  t h e  v i n y l - s u b s t i t u t e d  p o l y t i t a n o s i l o x a n e s  , The 
e f f e c t i v e n e s s  of t h e  p e r o x i d e s  was p robab ly  l i m i t e d  
by t h e i r  ex t remely  low h a l f - l i v e s  a t  1 7 O o C  (unde r  
20 min. ) .  One r e s i n  had a t e n s i l e  shear s t r e n g t h  o f  
1040 p s i  a t  room t e m p e r a t u r e ,  bu t  was s o f t  at 25OOC 
a f t e r  20 hours  c u r e  a t  1 7 O O C .  Res ins  cu red  a t  1 2 0 ° C  
were a l s o  s o f t  a t  2 5 O O C .  



A .  PREPARATIO OF L I G A N D S  

1, 5,5'-Bis(salicylaldehydo)melhane 

A m i x t u r e  o f  3 .1  m l  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d  and  1 5 . 6  m l  
of g l a c i a l  a c e t i c  a c i d  was added s lowly  w i t h  s t i r r i n g  i n  a n i t r o g e n  
a tmosphere  a t  90-95",C to a s o l u t i o n  o f  500 g ( 4 . 0 9  moles)  o f  
r e d i s t i l l e d  s a l i c y l a l d e h y d e  i n  313 m l  o f  g l a c i a l  a c e t i c  a c i d ,  
i n  which 43.75 g ( e q u i v a l e n t  to 1,115 moles formaldehyde)  of 
t r i o x a n e  was d i s s o l v e d .  T h i s  t e m p e r a t u r e  was m a i n t a i n e d  f o r  22 
h o u r s  w i t h  c o n t i n u o u s  s t i r r i n g .  The r e a c t i o n  m i x t u r e  was t h e n  
poured  i n t o  f o u r  l i t e r s  o f  i c e  water and  a l lowed  t o  s t a n d  ove r -  
n i g h t .  The d e p o s i t e d  s o l i d  was f i l - c e r e d  and e x t r a c t e d  t w i c e  
w i t h  600 m l  o f  pe t ro l eum e the r  (bp 30-60OC). The i s o l a t e d  s o l i d  
was t r i t u r a t e d  t h r e e  t i m e s  w i t h  500 m l  p o r t i o n s  of e ther .  The 
c r u d e  r e a c t i o n  p r o d u c t  was r e c r y s t a l l i z e d  from a c e t o n e  w i t h  
a c t i v a t e d  c h a r c o a l  t h r e e  t imes to remove a l l  t r a c e s  of  s a l i c y l -  
a ldehyde .  ' A f t e r  d r y i n g  a t  50°C unde r  vacuum f o r  s e v e r a l  h o u r s  
t h e  p r o d u c t  weighed 130 g.  Y i e l d :  36%; mp: ( C o r r . )  142-3OC; 
l it ,  142-143OC. 

2. Schiff Base Derivatives o f  5,5'-Bis(salicylaldehydo)methane 

a. 5,5'-Bis(salicyl-N-n-butylimino)methane 

n-Butylamine (77  g ,  1 . 0 5  moles )  was s l o w l y  added to a 
m i x t u r e  of 1 2 9 , 5  g ( 0 . 5 0 3  mole)  of 5,5'-bis(salicylaldehydo)- 
methane i n  anhydrous  benzene a t  r e f l u x  t e m p e r a t u r e .  The s o l u t i o n  
was kep t  a t  r e f l u x  u n t i l  t h e  s t o i c h i o m e t r i c  amount of water 
(18  m l )  was c o l l e c t e d  by  a z e o t r o p i c  d i s t i l l a t i o n .  The r e a c t i o n  
m i x t u r e  was t h e n  a l lowed  to c o n t i n u e  r e f l u x i n g  f o r  one hour .  
At t h i s  t i m e ,  1750 ml of s o l v e n t  was removed by d i s t i l l a t i o n  
and t h e  r ema in ing  r e a c t i o n  m i x t u r e  a l lowed  to c o o l  to room temp- 
e r a t u r e .  To t h i s  was added 2 R of pe t ro l eum e t h e r  (bp  30-60Oc) 
and t h e  s o l u t i o n  c o o l e d  to -5OOC i n  a Dry i c e - a c e t o n e  b a t h .  
T h e  p r e c i p i t a t e d  l i g a n d  was c o l l e c t e d  by  f i l t r a t i o n  i n  a j a c k e t e d  
Buchner f u n n e l  t h a t  was c o o l e d  t o  Dry i c e - a c e t o n e  t e m p e r a t u r e .  
The c r u d e  r e a c t i o n  p roduc t  was r e c r y s t a l l i z e d  t w i c e  from p e t r o l e u m  
e the r  w i t h  a c t i v a t e d  c h a r c o a l  as d e s c r i b e d  above.  The y i e l d  of  
y e l l o w  powder m e l t i n g  a t  41-2OC ( c o r r . )  was 155 g ( 8 5 % ) .  

Anal .  f o r  C 2 3 H 3 0 N 2 0 2 :  C a l c . ,  N = 7 . 7 % ;  Found, N = 7 .6%.  
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b, Others 

Seven o t h e r  S c h i f f  base d e r i v a t i v e s  of 5 , 5 ' - b i s ( s a l i c y l -  
a1dehydo)methane were p r e p a r e d  i n  a manner similar t o  t ha t  descr ibed  
above. The m e l t i n g  p o i n t s  of  these l i g a n d s  are g iven  below. 

Compound m p 3  "C 

1. 5,5'-Bis(salicyl-N-ethylimino)methane 86 

2. 5,5'-Bis(salicyl-N-sec-butylimino)methane 48-50 

3. 5,5'-Bis(salicyl-N-tert-butylimino)methane 178 

4. 5,5'-Bis(salicyl-N-n-hexylimino)rnethane 68 

5 .  5,5'-Bis(salicyl-N-cyclohexylimino)methane 197 

6. 5,5'-Bis(salicyl-N-4-methylbenzylimino)methane 130 

7.  5,5' -Bi s (sal icy1 -N-y-dimethylami nopropyl- 
imino)methane 40-42 

c. Attempted Preparation o f  5,5'-Bis(salicyl-N-penta- 
fluoropheny1imino)methane 

An i n i t i a l  a t t empt  to p r e p a r e  t h e  imine by  r e a c t i n g  
20.1 g (0.11 mole)  o f  p e n t a f l u o r o a n i l i n e  w i t h  12.8 g (0.05 mole)  
5,5'-bis(salicylaldehydo)methane i n  benzene was no t  s u c c e s s f u l .  
Replacement of benzene s o l v e n t  w i t h  xy lene  t o g e t h e r  w i t h  a d d i t i o n s  
of c a t a l y t i c  amounts of  t he  a c e t i c  a c i d  and  h y d r o c h l o r i c  a c i d  
and r e f l u x i n g  t h e  s o l u t i o n  f o r  s e v e r a l  hour s  also d i d  not y i e l d  
t h e  d e s i r e d  S c h i f f  base. 

R e a c t i o n  of 6 .7  g o f  p e n t a f l u o r o a n i l i n e  and 1.8 g of 
t h e  above a ldehyde  i n  a m e l t  a t  1 4 5 ° C  f o r  72  hours  y i e l d e d  a 
ye l low s o l i d .  
p roduc t  was t h e  des i red  imine  mixed w i t h  t h e  u n r e a c t e d  a l d e h y d e .  

Its i n f r a r e d  s p e c t r a  i n d i c a t e d  t h a t  some of t h e  

Another a t t e m p t  was made to form t h e  S c h i f f  base by 
h e a t i n g  2 2 . 9  g of p e n t a f l u o r o a n i l i n e  and  5.1 g of 5 , 5 ' - b i s ( s a l i c y l -  
a1dehydo)methane w i t h  11 g o f  4 A  Linde molecu la r  s i e v e s  i n  a 
s t e e l  bomb at  1 5 O O C .  Af t e r  r e a c t i o n  f o r  142 hours  a t  1 5 O o C ,  
t h e  i n f r a r e d  s p e c t r a  i n d i c a t e d  t h a t  most of t h e  c a r b o n y l  was 
unreac  t ed . 



3. 5 ~ 5 ' ~ B i s ( 3 - ~ e t h o x y s a l i c y l - ~ - b u t y l i m i n o ) m e t h a n e  

a ,  Preparation of 5,5'-Bis(3--methoxysalicylaldehydo)methane 

The method used f o r  t h e  p r e p a r a t i o n  was s imilar  t o  t h a t  
used  by  Garber ( re f  4 6 )  for t h e  p r e p a r a t i o n  of 5 , 5 ' - b i s ( 3 -  
methoxysa1icylaldehydo)methane. A s o l u t i o n  of 61  g ( 0 . 4 0  mole)  
p u r i f i e d  o - v a n i l l i n  and 1 8  g 35% aqueous formaldehyde ( 0 . 2 1  mole)  
i n  1 0 0  m l  water was heated and s t i r r e d  a t  1 0 0 O C .  A s o l u t i o n  of  
16  g sodium hydroxide  i n  300 ml water was added dropwise and 
t h e  s o l u t i o n  t h e n  r e f l u x e d  f o r  3 .5  h o u r s ,  coo led  t o  3OoC, and 
a c i d i f i e d  w i t h  h y d r o c h l o r i c  ac id .  An o i l  separated which hardened  
to a semi - so l id .  T h i s  p roduc t  was separated from t h e  aqueous 
l a y e r ,  washed w i t h  w a t e r ,  and t r i t u r a t e d  w i t h  e t h a n o l .  T h e  s o l i d  
melted a t  135-15OoC. T h i s  c rude  p roduc t  was r e c r y s t a l l i z e d  from 
60% benzene-40% a b s o l u t e  e t h a n o l  and y i e l d e d  8 g ( 1 3 % )  b r i g h t  
ye l low nugget c r y s t a l s  which melted a t  162.5-163Oc. A larger  
s c a l e  p r e p a r a t i o n  u s i n g  commercial g rade  o - v a n i l l i n  r e s u l t e d  i n  
a y i e l d  of 9% f i n a l  p r o d u c t .  The spec t rum of t h e  p roduc t  i n  
t h e  i n f r a r e d  i s  c o n s i s t e n t  f o r  5,5'-bis(3-methoxysalicylaldehydo)- 
methane . 
Anal.  f o r  C17H1606 

Calcd: C ,  64 .6 ;  H, 5.07 

Found: C ,  64 .5 ,  64 .8 ;  €3, 4 . 9 ,  5.0 

b. Preparation o f  5,5'-Bis(3-methoxysalicyl-N-tutylimino)- 
methane 

n-Butylamine ( 7 . 4  g ,  0 . 0 4 4  mole)  was added to a s o l u t i o n  
o f  1 2 . 7  g ( 0 . 0 4  mole)  5,5'-bis(3-methoxysalicylaldehyd0)- 
methane i n  benzene a t  r e f l u x  t e m p e r a t u r e .  The water o f  r e a c t i o n  
was removed as  t h e  a z e o t r o p e  and t h e n  t h e  s o l v e n t  d i s t i l l e d .  
The r e s i d u e  when r e c r y s t a l l i z e d  th ree  t i m e s  f rom hexane y i e l d e d  
1 2  g ( 7 0 % )  ye l low product  which melted a t  78-78.5"C. 

4 .  5,5'-Bis(salicyl-N-butylimino)sulfone 

a e 3,3 ' -Dimethyl -4 ,4 ' -di hydroxydi phenyl su l  fone 

One hundred grams o f  d i s t i l l e d  o - c r e s o l  was heated under  . 
r e f lux  w i t h  a mix tu re  of  12 m l  of 98% s u l f u r i c  a c i d  and 14  m l  
o f  30% oleum f o r  f o u r  h o u r s .  A f t e r  t h a t  time, t h e  r e a c t i 2 n  was 
poured i n t o  two l i t e r s  o f  co ld ,  d i l u t e  s c d i u m  hydrax ide  s ~ l u t i a n .  
The a l k a l i n e  s o l u t i o n  was e x t r a c t e d  wi th  e t h e r ,  and t h e  water 
l a y e r  a c i d i f  i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and a l lowed 
t o  s t a n d  o v e r n i g h t .  The c rude  p roduc t  was i s o l a t e d  by f i l t r a t i o n  
and washed wi th  water,  
( c h a r c o a l )  

Af t e r  r e c r y s t a l l i z a t i o n  from 50% e t h a n o l  
t h e  p roduc t  mel ted a t  265-266 O C .  
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F o r t y - t h r e e  grams of  3,3 ' -d ime thy l -4 ,4  I -d ihydroxydiphenyl -  
s u l f o n e  (0,155 mole) was heated under  ref lux w i t h  430 m l  o f  
a c e t i c  a n h y d r i d e  f o r  one h o u r ,  
c o l d  s o l u t i o n  { 16°C) of 430 m l  o f  a c e t i c  a c i d  and 60 m l  of 
c o n c e n t r a t e d  s u l f u r i c  a c i d  was added s l o w l y  with s t i r r i n g .  The 
t e m p e r a t u r e - o f  the mixture was kept at-5"C, and o v e r  a p e r i o d  3f 
one hour ,  with v i g o r o u s  s t i r r i n g ,  70 g (0.700 mole) of chromic 
a c i d  was s l o w l y  added.  S t i r r i n g  was con t inued  fctr a n  a d d i t i o n a l  
three h o u r s .  The mix tu re  was t h e n  poured i n t o  a b o u t  e ight  l i t e r s  
of i c e  wa te r  and a l lowed  to s t a n d  o v e r n i g h t .  

To the c o l d  s o l u t i o n  ( 5 " C ) ,  a 

c .  5,5 ' .., Bi s ( sal i cy1 - N -  bu tyl i mi no ) s u  1 f one 

The S c h i f f  base was prepared i n  t o l u e n e  u s i n g  t h e  p r o c e d u r e  
f o r  p r e p a r a t i o n  of  5,51-bis(salicyl-N-butylimino)methane. The 
p r o d u c t  was r e c r y s t a l l i z e d  from methanol  and d r i e d  i n  vacuo 
(mp 1 3 5 . 5 - 1 3 6 . 5 O ~ ) .  

Anal. f o r  C 2 , H 2 8 N 2 0 , S :  C a l c . ,  N = 6 .72%;  Found, N = 6.83%. 

5.  5,5'-Bis(8-hydroxyquinolino)methane 

d i s s o l v e d  i n  75 m l  o f  conc.  s u l f u r i c  a c i d ,  and the s o l u t i o n  was 
cooled  t o  O°C i n  a n  i c e  ba th .  The cooled  s o l u t i o n  was s t i r r ed  
and 94 m l  o f  a 38% formaldehyde s o l u t i o n  was added s l o w l y  o v e r  
a 3-hour  p e r i o d .  A f t e r  the a d d i t i o n  was completed,  t h e  r e a c t i o n  
m i x t u r e  was a l lowed  t o  s t i r  a t  0°C for 2 hours: The m i x t u r e  was 
t h e n  poured i n t o  2 l i t e r s  of c racked  i c e  whereupon a yel low s o l i d  
p r e c i p i t a t e d .  T h i s  m a t e r i a l  was r e c r y s t a l l i z e d  from p y r i d i n e .  
T h i s  p r o d u c t  was t h e n  d i s s o l v e d  i n  250 m l  of dimethylformamide 
and treated with a n  e x c e s s  of  conc.  ammonium h y d r o x i d e ,  The 
r e s u l t i n g  m i x t u r e  was c o n c e n t r a t e d  to a p p r o x i m a t e l y  100 m l .  On 
c o o l i n g  t o  room t empera tu re ,  a white powder p r e c i p i t a t e d .  The 
material, r e c r y s t a l l i z e d  f rom dimethylformamide several  times, 
melted a t  274°C (decomp.) . The I R  and NMR 
s p e c t r a  of t h i s  material were c o n s i s t e n t  f o r  t h e  des i red  
5,5-bis-8-(hydroxyquinolino)methane, 

6. 

a t i o n  of 8-hydroxyquinol ine  was used  f o r  d i c a p r o l a t i o n  of 
5,5'-bis(8-hydroxyquinolino)methane. Hexanoyl c h l o r i d e  ( 2 4 . 3  g >  
was added w i t h  s t i r r i n g  t o  2 1 . 2  g of 5,5r-bis(8-hydroxyquinolino)- 
methane i n  1 0 0  ml n i t r o b e n z e n e  a t  70°C y i e l d i n g  a b r i g h t  y e l l o w  
s o l i d  which r e a c t e d ,  y i e l d i n g  a g r e e n  s o l u t i o n  when 54 .2  g A l C 1 ,  
was added i n  p o r t i o n s .  The s o l u t i o n  was kep t  a t  7OoC o v e r n i g h t  , 
t h e n  poured  o n t o  i c e  and t h e  n i t r o b e n z e n e  was removed by steam 
d i s t i l l a t i o n .  

Seventy-two grams of 8 -hydroxyqu ido l ine  (wO .S mole) was 

The y i e l d  was *5$. 

5,5 I - B i s ( 7 - hexanoyl -8- hydr-oxyqu i no 1 i no )methane 

The p r o c e d u r e  of Rosenmund and Karst ( r e f .  1 4 )  f o r  a c e t y l -  

On c o o l i n g ,  t h e  p roduc t  separated as a complex 



that  was ve ry  d i f f i c u l t  t o  d i s s o c i a t e .  
i s o l a t e  t h e  p r o d u c t  c o n s i s t e d  of  r e f l u x i n g  t h e  complex i n  aqueous 
h y d r o c h l o r i c  a c i d  f o r  several h o u r s ,  s e p a r a t i n g  t h e  s o l i d  from 

- d i s s o l v e d  aluminum s a l t s ,  and  t r i t u r a t i n g  t h e  s o l i d  i n  aqueous 
sodium b i c a r b o n a t e .  

The product ,  a f te r  two r e c r y s t a l l i z a t i o n s  from benzene, 
meLted a t  212-213OC, and i t s  NMR a n a l y s i s  was c o n s i s t e n t  f o r  the 
d i s u b s t i t u t e d  compound. 

The f i n a l  method used  t o  

The y i e l d  from t h i s  r u n  was 8 g. 

Analys i s  f o r  C31H34N204: 

,Calc: C, 73.7; H, 6.86; N, 5.61. 

Found: C, 73.5; H, 6.5; N, 5.2, 5.3; r e s i d u e ,  none. 

7. 5,5'-Bis(7-octanoyl-8-hydroxyquinolino)methane 

Octanoyl c h l o r i d e  ( 2 8  g ,  0.17 mole) was added w i t h  s t i r r i n g  
t o  20  g (0 .066  mole)  of 5,5'-bis(8-hydroxyquinolino)methane i n  
1 0 0  m l  of n i t r o b e n z e n e  a t  70°C. After  1 0  min, 5 2  g ( 0 . 3 9  mole) 
of A1C13 was added i n  Dor t ions  w h i l e  t h e  t empera tu re  was kept  a t  
70-75OC. The r e s u i t i n g  s o l u t i o n  was t h e n  heated at 75°C over-  
n i g h t .  The-product  was poured on i c e ,  t h e  n i t robenzene  was removed 
by steam d i s t i l l a t i o n ,  and t h e  r e s i d u e  was hea ted  i n  5-10% HC1 
f o r  s e v e r a l  h o u r s .  

The a c i d  s o l u t i o n  was decan ted ,  f r e s h  HC1 was added t o  t h e  
r e s i d u e ,  and t h e  t r e a t m e n t  was repeated t w i c e .  After  t h e  a c i d  
s o l u t i o n  had been decan ted ,  t h e  r e s i d u e  was s l u r r i e d  i n  d i l u t e  
sodium hydroxide ,  a c e t i c  a c i d  was added t o  n e u t r a l i z e  excess  
base, and t h e  r e s i d u e  was f i l t e r e d  and e x t r a c t e d  w i t h  benzene i n  
a Soxh le t  e x t r a c t o r .  The product  mel ted a t  170-172°C. After 
r e c r y s t a l l i z a t i o n  from benzene i t  weighed 8 e; and had t h e  fo l lowing  
a n a l y s i s :  C a l c . :  C ,  76 .3 ;  H ,  7 .63;  N, 5.06; Found: C ,  75.9;  
H,  7.73; N ,  4.88. 

m e l t i n g  p o i n t  177-180Oc. 
A second p r e p a r a t i o n  on a 1 . 5  s c a l e  y i e l d e d  23.6 g w i t h  

8. 5,5'-Bis(8-hydroxyquinolino)sulfone 

a. 1,6-Oihydroxyphenazine 

o-Anisidine (31.0 g ,  0 . 2 4  mole) ,  70.0 g (0 .46  mole) o - n i t r o -  
a n i s o l e ,  and 7 0 . 0  g (1 .23  moles)  of  KOH were added t o  180 m l  o f  
d r y  benzene and r e f l u x e d  f o r  7 h r  w i t h  c o n s t a n t  s t i r r i n g .  After 
c o o l i n g ,  t h e  l i q u i d  o r g a n i c  l a y e r  was d i s c a r d e d  and t h e  s o l i d s  
were e x t r a c t e d  w i t h  200 m l  o f  15% HC1. The e x t r a c t a n t  was made b a s i c  
w i t h  NH3(aq) and t h e  ppt  washed i n  e t h a n o l  and r e c r y s t a l l i z e d  
from ethanol-dioxane (1:l) mix tu re .  The  1,6-dimethoxyphenazine 
t h u s  o b t a i n e d  was ye l low c r y s t a l s  w i t h  mp 248OC, y i e l d  1 . 0  g 
( 2 % ) .  The 1,6-dimethoxyphenazine w a s  s e a l e d  i n  a g l a s s  bomb w i t h  
1 0  mole excess  o f  H2S01+(7.3 g )  and p l aced  i n  a sand b a t h  a t  175OC. 
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The r e a c t a n t  t u r n e d  p u r p l e  on a d d i t i o n  o f  H2S04. The ye l low 
c r y s t a l s  were r e c r y s t a l l i z e d  from benzene,  mp 278OC. The I R  
spec t rum was similar t o  t h a t  r e p o r t e d  by I r i e ,  e t  a l .  , ( ref  47 )  * 

b. 5,5'-Bis(3-nitro-4-hydroxyphenyl)sulfone 

Conc. HN03 (674 m l ,  9.6 mole) was added t o  bis(4-hydroxy- 
pheny1)su l fone  ( 1 0 0  g ,  0.56 mole) i n  a 1 - l i t e r  beaker. T h i s  was 
s t i r r e d  moderat ley for 3-4 min u n t i l  r e a c t i o n  became exothermic.  
It was t h e n  cooled  i n  an i c e  b a t h  f o r  one hour ,  d i l u t e d  w i t h  ho t  
water (1300 m l )  and d r i ed  ove rn igh t  i n  100°C oven. The y i e l d  
of  b i s ( 3 - n i t r o - 4 - h y d r o x y p h e n y l ) s u l f o n e  was 86 g (93%)  (mp 2 2 4 O C ) .  

c. Reduction o f  5,5'-Bis(3-nitro-4-hydroxyphenyl)sulfone 

N a  (33.26 g )  covered w i t h  a 1-cm l a y e r  o f  o i l  was p laced  
i n  a n  18-cm enameled d i s h .  The Na was then  melted on a h o t p l a t e .  
To t h e  molten N a  was added 2000 g of Hg, s lowly a t  f i rs t ,  w i t h  
c o n s t a n t  s t i r r i n g .  The t i m e  f o r  a d d i t i o n  was 2 4  minutes .  The 
amalgam was then  cooled i n  a n  i c e  b a t h  and broken up w i t h  a 
s p a t u l a .  

Dry 5,5v-bis(3-nitro-4-hydroxyphenyl)sulfone ( 8.5 g,  0.11 
mole) was added t o  a 3-necked, 1 - l i t e r  Mortoii f lask equipped 
w i t h  s t i r re r ,  n i t r o g e n  i n l e t  and thermometer and c o n t a i n i n g  t h e  
Na-Hg. Then 80 m l  of  N H 3  (as) was added s lowly and t h e  tempera ture  
was kept  a t  O°C w i t h  an acetone-Dry I c e  b a t h  u n t i l  t h e  a d d i t i o n  
was completed. The tempera ture  was allowed t o  r i s e  t o  38Oc and 
t h e n  w a s  al lowed t o  subs ide  t o  room tempera ture .  Water (1000 m l )  
was added and t h e  Hg was f i l t e r e d  o f f .  The sa l t  was n e u t r a l i z e d  
w i t h  a c e t i c  a c i d ,  and t h e  r e s u l t i n g  s t raw-colored product  was 
r e c r y s t a l l i z e d  from e t h a n o l .  

d, 5,5' -Bi s (8-hydroxyqui no1 i no) sul fone 
5,51-Bis-(3-amino-4-hydroxyphenyl)sulfone (6 .3  g ,  0 . 0 2  mole) 

was s t i r r e d  i n t o  H2S04 (13 .9  g ,  0 . 1 4  mole) keeping t h e  tempera ture  
below 70'6. Glyce r ine  (23.2 g ,  0.25 mole) was added a t  t h e  same 
tempera ture .  T h i s  mixture  was placed on a steam b a t h  and kept  
a t  70-80°C. 5,5'-bis(3-amino-4-hydroxyphenyl)sulfone ( 2 . 7  g ,  
0 . 0 0 9  mole) and 1 gram of FeS04'7H20 were placed i n  a 1 - l i t e r  
3-necked f l a s k  equipped w i t h  sealed s t i r rer ,  thermometer and 
r e f l u x  condenser and h e a t i n g  mantle .  T h i s  was warmed to 1 2 O o C  
and t h e  premix was poured i n t o  t h e  r e a c t i o n  f l a s k  i n  f o u r  e a u a l  
p o r t i o n s .  It was allowed t o  r e f l u x  for 15 min a f t e r  each a d d i t i o n  
and f o r  ano the r  4 h r  a t  t h e  conclus ion  of a d d i t i o n .  The b lack  
mass was then t r a n s f e r r e d  t o  a beake r ,  n e u t r a l i z e d  w i t h  40% NaOH, 
and f i l t e r e d ,  and t h e  r e s i d u e  was e x t r a c t e d  overn ight  w i t h  xylene 
i n  a Soxhle t  e x t r a c t o r .  The e x t r a c t  was concen t r a t ed ,  and orange 
co lo red  c r y s t a l s  ( m p  300°C) were recovered .  
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Analys i s :  C a l c . :  C ,  76 ,3 ;  H ,  7.63; N ,  5.06; Found: C ,  75.9; 
H ,  7.73; N ,  4.88. 

Terephthalaldehyde (26 .8  g ,  0 , 2  mole) and 8-hydroxyauinaldine 
(63.6 g, 0 . 4  mole)  were r e f l u x e d  i n  280 m l  of a c e t i c  anhydr ide  
f o r  7 hours .  The cooled mixture  was poured i n t o  water and the  
p r e c i p i t a t e d  es te r  was s a p o n i f i e d  by b o i l i n g  f o r  1 hour  i n  208 
NaOH.  The l i g a n d  was i so l a t ed  by n e u t r a l i z a t i o n  o f  t he  b a s i c  
s o l u t i o n  w i t h  H C 1  and a c e t i c  a c i d  to pH 5,  washed w e l l  w i t h  
water, and r e c r y s t a l l i z e d  from benzene-pyridine.  The  product  
melted a t  213-21 .8~~ ( r e f . 4 8 )  r e p o r t s  2l5OC). 

10. 

5-Acetyl-8-hydroxyquinoline was f irst  prepared by a procedure  
a l s o  r e p o r t e d  by Matsumura ( r e f .  5 0 ) .  Acety l  c h l o r i d e  (50 g )  
was added t o  87 g of 8-hydroxyquinoline i n  600 m l  of  n i t robenzene  
a t  7OOC. Then 186 g of A 1 C 1 3  was added i n  p o r t i o n s  w i t h  s t i r r i n g .  
The r e s u l t i n g  s o l u t i o n  was k e p t  a t  70°C f o r  about 20 hours ,  was 
coo led ,  and i c e  and hydroch lo r i c  a c i d  were added. Nitrobenzene 
was removed by steam d i s t i l l a t i o n  and t h e  r e s i d u e  was cooled i n  
i c e  and f i l t e r e d .  The s o l i d  was s t i l l  l a r g e l y  t h e  complex and 
a n o t h e r  t r ea tmen t  w i t h  ho t  hydroch lo r i c  a c i d  was r e q u i r e d  t o  
b r e a k  it up. The f r e e  a c e t y l  compound was then  i s o l a t e d  by 
a d j u s t i n g  t h e  pH to 5 w i t h  sodium hydroxide and a c e t i c  a c i d  and 
was r e c r y s t a l l i z e d  from water. 

1 ,5-Bi s (8- hydroxy- 5-qu i no1 yl ) pen tanedi one 

The procedure  of Matsumura and Sone ( r e f . 4 9 )  was used.  

The coup l ing  r e a c t i o n  was accomplished by adding  18.7 g of 
5-acetyl-8-hydroxyquinoline w i t h  s t i r r i n g  t o  1 5 0  cc of 37% 
aqueous formaldehyde s o l u t i o n  c o n t a i n i n g  5 g of paraformaldehyde 
The mixture  w a s  heated t o  r e f l u x  and r e f l u x e d  f o r  3 hours and 
t h e n  cooled.  The p r e c i p i t a t e d  product  was separated and re- 
c r y s t a l l i z e d  f r o m  n i t robenzene .  Product melted a t  338-341OC 
and had t h e  fo l lowing  a n a l y s i s .  

Calc:  C ,  71.5;  H ,  4.7;  N ,  7 .2 .  
Found: C y  71.8; H ,  4 . 9 ;  N ,  7 .1 .  

11. N,N-Bis(8-hydroxy-5-quinolylmethyl)butylamine 

a .  5-Chloromethyl-8-hydroxyquinoline Hydrochloride 

The method descr ibed by Burckha l t e r  and L e i b  ( r e f .  11) was 
used i n  a p r e p a r a t i o n  on a 3 mole s c a l e .  
decomposi t ion a t  278-28OOC. 

Product melted w i t h  

b. N,N-Bis(8-hydroxy-5-quinolyTmethyl)butylamine 

n-Butylamine (92  g ,  1 .25  mole)  was added w i t h  s t i r r i n g  
o v e r  a p e r i o d  o f  45 minu tes  t o  a s l u r r y  o f  115 g ( 0 . 5  mole)  
5-chloromethyl-8-hydroxyquinoline h y d r o c h l o r i d e  i n  1500 m l  of 
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e t h y L a c e t a t e .  The  mix tu re  was heated a t  55-6OoC f o r  1 hour and 
then f i l t e r e d  h o t ,  The p r e c i p i t a t e  was washed w i t h  400 m l  o f  
e t h y l  acetate and t h e  s o l v e n t  removed from combined f i l t r a t e ,  
The r e s i d u e  was washed w i t h  e t h e r  and t h e n  r e c r y s t a l l i z e d  from 
benzene t h r e e  t i m e s  and d r i e d  o v e r n i g h t  i n  a vacuum d e s i c c a t o r .  
The p r o d u c t  (38  g )  mel ted a t  1 1 8 - 1 2 0 0 ~ .  I t s  s p e c t r a  i n  t h e  NMR 
was c o n s i s t e n t  f o r  t h e  above named p roduc t  and showed no i m p u r i t i e s .  

12. N ,N-Dimethyl - N '  ,N' - b i  s (8-hydroxy-5-qui nolylmethyl ) -1,3- 
propanediami ne 

To a s o l u t i o n  o f  47.9 g ( 0 . 4 2  mole p l u s  10% e x c e s s  by 
weight)  o f  y-dimethylaminopropyl amine i n  400 m l  of e t h y l  a c e t a t e ,  
was added 65.2 g (0 .28  mole) o f  5-chloromethyl-8-quinolinol 
h y d r o c h l o r i d e .  After t h e  i n i t i a l  exothermic  r e a c t i o n  subs ided ,  
t h e  m i x t u r e  was heated a t  r e f l u x  t e m p e r a t u r e  f o r  1 8  h r s .  The 
amine d i h y d r o c h l o r i d e  by-product was removed by f i l t r a t i o n  and 
t h e  e t h y l  a c e t a t e  f i l t r a t e  c o n c e n t r a t e d  t o  g i v e  a n  o i l y  material. 
T h i s  o i l  was t a k e n  up i n  ace tone2and t h e  s o l u t i o n  was a l lowed to 
s t a n d .  
w i t h  a c e t o n e .  T h i s  s o l i d  a f t e r  d r y i n g  under  vacuum a t  room 
t e m p e r a t u r e  weighed 1 4 . 0  g (23 .8% y i e l d )  and melted a t  118-119Oc. 
I t s  NMR spec t rum had a p r o t o n  count  t h a t  was c o n s i s t e n t  w i t h  t h e  
sought-f  or compound. 

13. Bis[N-methyl-N-(8-hydroxy-5-quinolylmethyl)]-l,6-hexanediamine 

was added to a s o l u t i o n  of  50 .0  g ( 0 . 3 5  m o l e ) - o f  N,N'-dimethyl-  
1,6-hexanediamine i n  4 0 0  m l  of e t h y l  acetate .  After a n  i n i t i a l  
exothermic  r e a c t i o n ,  t h e  m i x t u r e  was heated a t  r e f l u x  t e m p e r a t u r e  
for 2 0  h r s .  The r e a c t i o n  mix tu re  was f i l t e r e d .  The e t h y l  a c e t a t e  
s o l u t i o n  was c o n c e n t r a t e d  and coo led  to g i v e  a ye l low p r e c i p i t a t e .  
T h i s  p r e c i p i t a t e  was t a k e n  up i n  a c e t o n e  and coo led .  Only 0 . 9  g 
p r o d u c t ,  t ha t  was i d e n t i f i e d  by i t s  NMR spec t r a ,  p r e c i p i t a t e d .  
The remain ing  s o l i d  was mono-subs t i tu ted  amine. Therefore ,  t h e  
e t h y l  a c e t a t e  i n s o l u b l e  p o r t i o n  was e x t r a c t e d  w i t h  ch loroform 
for 1 7  h r .  From t h i s  e x t r a c t ,  a s o l i d  was o b t a i n e d  t h a t  was 
r e c r y s t a l l i z e d  from chloroform. 
y i e l d )  of t h e  sough t - fo r  compound t h a t  me l t ed  a t  159-161OC. 

The w h i t e  p r e c i p i t a t e , w h i c h  formed, was f i l t e r e d  and washed 

5-Chloromethyl-8-quinolinol h y d r o c h l o r i d e  (53 .2  g ,  0 .23  mole) 

It  c o n s i s t e d  of 1 2 . 1  g ( 2 2 . 9 %  

14. Attempted Preparation o f  Siloxane-Coupled 8-Hydroxyquinolines 

a. 5,7-Dibromo-8-hydroxyquinaldine 

T h i s  compound was prepared  b y  t h e  method of' Senn ( r e f .  51 ) .  
Bromine (32 g,  0 . 2  mole)  was added w i t h  s t i r r i n g  to q u i n a l d i n e  
(15 .9  g ,  0 . 1  mole) d i s s o l v e d  i n  150  m l  o f  90% formic a c i d  w h i l e  
t h e  tempera ture  was maintained a t  0 5 5 O C .  
by pour ing  t h e  mixture  i n t o  water, and was r e c r y s t a l l i z e d  from 
e thano l .  I t s  m e l t i n g  p o i n t  w a s  126-127OC ( r e f .  50 g i v e s  125-126Oc). 

Product was i s o l a t e d  

123 



CI , w - D i  ch1 o ~ o p o l y d i m e t h ~ l  s i  1 oxanes 

The Drocedure d e s c r i b e d  i n  example 1 of  B r i t .  P a t .  631,018 
( r e f .  15) was used ,  A s o l u t i o n  of  33 m l  (1 .83 mole@)of H20 i n  
33 ml of  d ioxane  was added d rGpwise  th rough a f u n n e l  w i t h  i t s  stem 
below t h e  s u r f a c e  of  a s o l u t i o n  of d i m e t h y l d i c h l o r d s i l a n e  (471  g, 
3 .65  mo1es) in  an  equa l  volume of  anhydrous e the r ,  whi le  s t i r r i n g  
v igo rous ly  under  a Dry Ice-cooled condenser .  After t h e  a d d i t i o n ,  
t he  condenser was replaced w i t h  a s imple  head and most of  t h e  
e ther  was d i s t i l l e d .  The r e s i d u e  was then  d i s t i l l e d  through a 
1 2  x 1 i n .  column packed w i t h  1/8 i n .  glass h e l i c e s .  

dichlorotetramethyldisiloxane of  91.5% p u r i t y  (VPC)  and one o f  
dichlorohexamethyltrisiloxane of  83.9% p u r i t y .  
t h e  p roduc t s  i nc luded  42.7 g recovered  d i m e t h y l d i c h l o r o s i l a n e  and 
88.2 g, 83 .1  g, 39.5 g ,  1 7 . 5  g and 4.8 g ,  of the  l i n e a r  d i - ,  
tri-, tetra-,  penta-  and hexa- s i l o x a n e s .  Cycl ic  p roduc t s  were 
minor by-products.  

Among the  c u t s  of t h i s  f r a c t i o n a t i o n - w e r e  one o f  

The composi t ion of  

c. Reaction o f  5,7-Dibromo-8-Hydroxyquinaldine with 
Butyllithium a n d  D i c h l o r o t e t r a m e t h y l d i s i l o x a n e  

A hexane s o l u t i o n  of  b u t y l l i t h i u m  ( 9 . 3  m l  of  15.2% s o l u t i o n ,  
0.015 mole) was added t o  a s t i r r e d  s o l u t i o n  of  5,7-dibromo-8- 
hydroxyquinaldine (4 .75  g, 0.015 mole) i n  about 150 m l  d r y  
t e t r a h y d r o f u r a n  under n i t r o g e n .  Then t r i m e t h y l c h l o r o s i l a n e  (1 .6  g ,  
0.015 mole),  b u t y l l i t h i u m  ( 9 . 3  m l ,  0.015 mole) and d i c h l o r o t e t r a -  
methyls i loxane  ( 1 . 0 2  g,  0.0075 mole) were added a f t e r  i n t e r v a l s  
of 5, 20 ,  and 3 min r e s p e c t i v e l y .  The s o l u t i o n  was s t i r r e d  f o r  
two hours  and t h e n  most o f  t h e  t e t r a h y d r o f u r a n  was d i s t i l l e d  and 
water added t o  t h e  r e s i d u e .  The product  was separated i n t o  hexane- 
s o l u b l e ,  hot  e thano l - so lub le ,  and ho t  e thano l - in so lub le  p o r t i o n s .  
The i n s o l u b l e  p o r t i o n  ( a  l i t h i u m  s a l t )  was t rea ted  w i t k  a c e t i c  
a c i d  and p r e c i p i t a t e d  w i t h  water. Analys is  of t h e  hexane-soluble  
p o r t i o n  (0 .8  g )  by VPC and I R  i n d i c a t e d  mostly s i l o x a n e s  n o t  
coupled t o  q u i n o l i n e  r i n g s .  
t r ea tmen t  ( 0 . 9  g )  c o n t a i n s  bo th  s i l o x a n e  and q u i n o l i n e  components. 

The r e s i d u e  from t h e  a c e t i c  a c i d  

Mostly un reac ted  dibromo compound was recovered from a 
s imilar  r e a c t i o n  i n  e t h e r .  

15. Bis(4-hydroxy-3-octanoylphenyl)ether 

a. Bis(4-methoxypheny1)ether 

p-Methoxyphenol (181.6 g ,  1 . 5  moles) was added t o  t o l u e n e  
(75  m l )  i n  a 3-necked, o n e - l i t e r  f l a s k  eauipped w i t h  a Dean- 
S t a r k  t r a p .  Potassium hydroxide (38 .2  g ,  0 . 6  mo1e)was added 
s lowly ,  t h e  mix tu re  was heated t o  r e f l u x  and t h e  water of 
r e a c t i o n  was d i s t i l l e d  as an azeo t rope .  

Copper powder ( 0 . 5  g )  and a s o l u t i o n  of  p-bromoanisole 
( 1 0 0  g ,  0.54 mole) i n  t o l u e n e  (50 m l )  was added, t h e  t o l u e n e  was 
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d i s t i l l e d  and t h e  r e a c t i o n  t h e n  heated t o  2 O O O C .  The Dean-Stark 
t r ap  was removed and t h e  r e a c t i o n  was r e f l u x e d  o v e r n i g h t  a t  a pot  
t e m p e r a t u r e  of 218Oc.  

The r e a c t i o n  mix tu re  was coo led  and 50 m l  of water was added 
a t  1 2 O O C .  A t  8 O o C ,  t h e  c o n t e n t s  were poured i n t o  300 m l  o f  water 
and t h e n  c h i l l e d .  The s o l i d  was f i l t e r e d  o f f ,  t a k e n  up i n  one 
l i t e r  of t o l u e n e ,  and t h e n  e x t r a c t e d  w i t h  500 m l  o f  10% sodium 
hydroxide .  

The t o l u e n e  was washed t w i c e  w i t h  water and t h e n  f l a s h  
evapora ted  l e a v i n g  a brown, c r y s t a l l i n e  s o l i d .  T h i s  was re- 
c r y s t a l l i z e d  from h o t  methanol y i e l d i n g  6 9 . 2  g of a l i g h t  t a n  
c r y s t a l l i n e  s o l i d  [mp 95-97OC; l i t .  ( r e f . 5 2 ) .  r e p o r t s  101-102°CI .  

b. Bis(4-methoxy-3-octanoylphenyl)ether 

Aluminum c h l o r i d e  (11.8 g ,  0 . 0 8 8  mole)  was added s lowly  t o  
a s o l u t i o n  of  o c t a n o y l  c h l o r i d e  (14 .3  g ,  0 . 0 8 8  mole) d i s s o l v e d  
i n  150 m l  o f  carbon d i s u l f i d e .  A s o l u t i o n  of  bis(4-methoxyphenyl) 
e t h e r  ( 9 . 2  g ,  0 .04  mole) i n  100 m l  of carbon d i s u l f i d e  was added 
dropwise a t  room t empera tu re  o v e r  4 0  minu te s .  Acid ic  vapors  
evolved d u r i n g  r e f l u x i n g ,  which was con t inued  f o r  16 hours .  

The carbon d i s u l f i d e  was d i s t i l l e d  o f f  and t h e  r e s u l t i n g  
s o l i d  was decomposed w i t h  100 g of  i c e  and 100 ml o f  h y d r o c h l o r i c  
a c i d .  T h i s  was t h e n  steam d i s t i l l e d .  An o i l  s e p a r a t e d  on c h i l l i n g  
and was washed w i t h  200  ml of  5% sodium c a r b o n a t e  and t h e n  washed 
twice  w i t h  water. The o i l  was d i s s o l v e d  i n  e ther  and d r i e d ,  and 
t h e  e t h e r  was f l a s h e d  o f f  y i e l d i n g  an  o i l  ( 1 4 . 3  g ) .  T h i s  was 
d e m e t h y l a t e d  wi thou t  f u r t h e r  p u r i f i c a t i o n .  

c. Demethylation o f  Crude B i s ( 4 - m e t h o x y - 3 - o c , t a n o y l p h e n y l ) -  
ether 

A c e t i c  a c i d  (52  g )  and c o n s t a n t  b o i l i n q  48% hydrobromic a c i d  
( 2 0  g )  were added t o  c rude  bis(4-methoxy-3-octanoylphenyl) e t h e r  
( 1 4 . 3  g ,  0 . 0 3  mole)  and r e f l u x e d  ( 1 1 2 O C )  ove r  a weekend. 

mix tu re  of  100 g of i c e  and 100 ml of  water. T h i s  produced a n  
o i l ,  which was d i s s o l v e d  i n  e ther ,  washed w i t h  water, and d r i e d .  
Then the  e ther  was f lashed o f f .  A s o l i d  was f i l t e r e d  o f f  when 
the  o i l  was d i s s o l v e d  i n  etkier and c h i l l e d  i n  a Dry Ice-methanol 
ba th .  The s o l i d  was washed w i t h  methanol and d r i e d  ( m p  36-37.5OC). 
The NMR spectrum was c o n s i s t e n t  for t h e  p r o d u c t .  

16.  1,5-Bis(4-hydroxy-3-octanoylphenyl)pentane 

The r e a c t i o n  was cooled  and t h e  c o n t e n t s  were poured i n t o  a 

a. 1,3-Bis(4-methoxybenzoyl)propane 

The procedure  r e p o r t e d  by L i p p  and co-workers was fo l lowed 
( r e f .  17). 
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Aluminum c h l o r i d e  78 g (0 .59  mole) was added s lowly  t o  8 1  g 
of  a n i s o l e  ( 0 - 7 5  mole) i n  400 m l  of carbon d i  
t empera tu re  was k e p t  below 3OoC. G l u t a r y l  c h l o r i d e  (60 g ,  0 ,35  
mole) was then  added dropwise ove r  40 min. 
mix tu re  was heated w i t h  a water b a t h  t o  r e f l u x  f o r  2 hr. Most 
o f  t he  carbon d i s u l f i d e  w a s  blown o f f  i n  an  a i r  stream, l e a v i n g  
a dark-red, t a r r y  s o l i d .  T h i s  was poured i n t o  a mix tu re  o f  400 
m l  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and 400 g of  i c e  w i t h  
s t i r r i n g ,  and t h e  mixture  was s team-dis t i l l ed  t o  remove t h e  
remain ing  carbon d i s u l f i d e  and a n i s o l e .  The aqueous phase was 
t h e n  decanted  from t h e  cooled  mix tu re ,  and t h e  r e s i d u e  was washed 
w i t h  two 2 5 O - m l  a l i a u o t s  of 5% sodium ca rbona te  and one 250-ml 
a l i q u o t  o f  water. 
3 l i t e r s  of methanol ,  y i e l d i n g  64  g of a s l i g h t l y  orange  s o l i d  
(mp 95-97OC). ( r e f .  18 g i v e s  mp 9 9 O C ) .  The I R  and NMR s p e c t r a  
were c o n s i s t e n t  f o r  t h e  des i r ed  1,3-bis-(~-methoxybenzoyl) pro-  
pane. The  compound was found t o  e x i s t  i n  two c r y s t a l l i n e  forms 
w i t h  d i f f e r e n t  s p e c t r a  i n  t h e  i n f r a r e d .  The lower m e l t i n g  form 
could  b e  conve r t ed  t o  t h e  h i g h e r  m e l t i n g  form by h e a t i n g  i n  t h e  
K B r  p e l l e t .  

The red r e a c t i o n  

The orange  s o l i d  was r e c r y s t a l l i z e d  from 

b. Reaction o f  1,3-Bis(p-methoxybenzoyl)~ropane with Octanoyl 
Chloride 

( 1 )  I n  Carbon Disulfide 

Octanoy lch lo r ide  (14 .3  g ,  0 .088 mole) was added dropwise 
ove r  a p e r i o d  of 1 0  min t o  1 2 . 5  g of  1,3-bis(4-methoxybenzoyl)- 
propane ( 0 . 0 4  mole) i n  500 m l  of carbon d i s u l f i d e .  The r e a c t i o n  
f l a s k  was heated t o  33"C, and 23 .5  g of  aluminum c h l o r i d e  (0.176 
mole) was added s lowly .  The r e s u l t i n g  red-brown mixture  was 
r e f l u x e d  o v e r n i g h t .  

Most of  t he  carbon d i s u l f i d e  was d i s t i l l e d  o f f ,  l e a v i n g  a 
dark-red,  s t i c k y  r e s i d u e .  T h i s  was s t i r r e d  i n t o  a mixture  of  
c o n c e n t r a t e d  hydroch lo r i c  a c i d  (500 m l )  and cracked i c e  ( 5 0 0  g ) ,  
and t h e  mixture  was s t e a m - d i s t i l l e d  t o  remove carbon d i s u l f i d e  
ana oc t anoy l  c h l o r i d e .  T h e  r e s i d u e  was cooled and f i l t e r e d ,  and 
t h e n  was washed w i t h  two 200-ml a l i q u o t s  of  5% sodium ca rbona te  
and one 200-ml a l i q u o t  of water. T h e  r e s i d u e  was t h e n  r e c r y s t a l l -  
i z e d  from 1200 m l  o f  methanol and was d r i ed  under  vacuum. The 
product  weighed 8 . 5  g and mel ted  a t  102.5-103.5°F. The c h a r a c t e r -  
i s t i c  a d s o r p t i o n  bands i n  t h e  i n f r a r e d  (1678 cm' and 1757 cm-l 
f o r  ca rbony l  and ester g roups )  t o g e t h e r  w i t h  t h e  nmr spectrum of  
t h i s  product  i n d i c a t e d  i t  t o  b e  t h e  es te r ,  1 ,3-b is (p-oc tanoyl -  
benzoy l )  propane. 

(2) I n  Nitrobenzene 

1,3-Bis(p-methoxybenzoyl)propane ( 2 5  g ,  0 .08  mole) was 
d i s s o l v e d  i n  400 m l  o f  n i t r o b e n z e n e ,  and 28.6 o f  oc t anoy l  
c h l o r i d e  (0.176 mole) was added dropwise t o  t h e  s o l u t i o n .  T h e  
r e a c t i o n  mix tu re  was heated, and 47 g of  aluminum c h l o r i d e  (0.352 
mole) was added s lowly ,  s t a r t i n g  a t  60OC. The  r e a c t i o n  was exo- 
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thermic ,  and f i n a l  a d d i t i o n  brought  t h e  tempera ture  up t o  1 4 O O C .  
The r e a c t i o n  was t h e n  heated ove rn igh t  a t  135OC. 

The dark-brown mixture  was s t i r r e d  i n t o  500 m l  of  concen t r a t ed  
hydroch lo r i c  a c i d  and 500 g o f  i c e  and t h e  n i t robenzene  was steam- 
d i s t i l l e d .  The r e a c t i o n  mixture  was f i l t e r e d ,  and t h e  r e s i d u e  
was washed w i t h  two 400-ml p o r t i o n s  of  5% sodium ca rbona te  and 
t h e n  once w i t h  400 m l  o f  water. 

600 ml of  hot  methanol .  The remaining s o l i d  was g iven  a n o t h e r  
t r ea tmen t  w i t h  hydroch lo r i c  a c i d  and i c e ,  and was then  washed w i t h  
sodium ca rbona te  and water and e x t r a c t e d  w i t h  a t o t a l  of  300 m l  
of ho t  methanol. The methanol e x t r a c t i o n s  were combined and 
f lash-evapora ted ,  l e a v i n g  a dark-red, s t i c k y  r e s i d u e  t h a t  could 
not  be  c h a r a c t e r i z e d  by I R  spectrum and NMR. 

The dark-brown s o l i d  was e x t r a c t e d  t w i c e  w i t h  a t o t a l  of 

c .  Attempted Fries Rearrangement o f  1 , 3 - B i s ( p n ~ c t a n o y l o x y ~  
benzoyl ) P ropane 

1,3-Bis(p-octanoyloxybenzoyl)propane ( 8  g ,  0.015 mole) i n  
200 m l  of n i t robenzene  was heated to 80-9OoC, and aluminum c h l o r i d e  
( 4 . 4  g ,  0.033 mole) was added s lowly .  
ove rn igh t  a t  92OC. 

The r e a c t i o n  mixture  was poured i n t o  300 m l  of  concen t r a t ed  
hydroch lo r i c  a c i d  and 300 g of i c e  w i t h  s t i r r i n g .  
zene was then  s t eam-d i s t i l l ed .  The  r e s i d u e  was washed w i t h  two 
200-ml p o r t i o n s  of 5% sodium ca rbona te  and once w i t h  200 m l  of 
water. The s o l i d  was then  r e c r y s t a l l i z e d  from 1 0 0  m l  of methanol. 
A dark-red s o l i d  was p r e s e n t  whose I R  spectrum d i d  not  conform 
t o  t h e  des i red  s t r u c t u r e .  

d. Dianisalacetone 

T h i s  compound i s  a v a i l a b l e  commerc ia l ly ,  bu t  because  of i t s  

The mixture  was r e a c t e d  

The n i t roben-  

h igh  c o s t ,  i t  was p r e p a r e d  i n  t h e  l a b o r a t o r y  f o l l o w i n g  a p rocedure  
r e p o r t e d  by Conard and D o l l i v e r  ( r e f .  53)  f o r  p r e p a r a t i o n  of  
d i b e n z o l a c e t o n e .  

Sodium hydroxide (50 g )  d i s s o l v e d  i n  500 m l  o f  water  and 
400 m l  of e t h a n o l  was cooled and maintained a t  20-25OC d u r i n g  t h e  
r e a c t i o n .  With r ap id  s t i r r i n g ,  one-half  o f  a mixture  of  a n i s a l d e -  
hyde (68 .1  g,  0 . 5  mole) and ace tone  ( 1 4 . 6  g ,  0.25 mole) was 
added and r e a c t e d  f o r  30 minutes ,  t hen  t h e  remainder was added 
and r e a c t e d  f o r  a n  a d d i t i o n a l  hour .  

The yellow s o l i d  formed was f i l t e r e d  o f f ,  washed w i t h  water  
u n t i l  f r ee  of a l k a l i ,  and t h e n  r e c r y s t a l l i z e d  from hot  a c e t i c  
a c i d  y i e l d i n g  50 grams (67%)  of  yel low p la tes  m e l t i n g  a t  125-127OC. 
Reported me l t ing  p o i n t  i s  129-13OoC. 
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e. 1,5-Di-p-anisoylpentane 

T h i s  p r e p a r a t i o n  was c a r r i e d  o u t  i n  two s t eps  from d i a n i -  
salacet one e 

( 1 )  Step 1 .  Hydrogenation o f  the Ethylenic Double Bonds 

Pal lad ium on barium s u l f a t e  ( 3  g )  c a t a l y s t  was added t o  
d i a n i s a l a c e t o n e  (29 .6  g ,  0 .10  mole) d i s s o l v e d  i n  200 m l  of 
g l a c i a l  a c e t i c  a c i d .  
i n  a P a r r  shake r  ove rn igh t  a t  room t empera tu re .  

T h i s  was p laced  under  hydrogen (40 p s i g )  

The c a t a l y s t  was f i l t e r e d  o f f  and t h e  a c e t i c  a c i d  evapora- 
t e d ,  l e a v i n g  a l i g h t  yel low o i l .  A VPC of  t h e  o i l  shows i t  t o  b e  
a 50-50 mix tu re  of t h e  ke tone  and t h e  i n t e r m e d i a t e  a l c o h o l ,  
b o t h  of  whose e t h y l e n i c  doub le  bonds were hydrogenated.  

(2) Step 2. Modified Clemmensen Reduction 

The Clemmensen r e d u c t i o n  was best  accomplished b y  t h e  
method d e s c r i b e d  by Bachmann and K l o e t z e l  ( r e f .  5 4 ) .  

Mossy z i n c  (200 g )  was amalgamated by  u s i n g  mercuric  
c h l o r i d e  ( 5  g )  i n  200 m l  o f  water and 20 ml of  concen t r a t ed  
hydroch lo r i c  a c i d .  Occas iona l  s t i r r i n g  f o r  20 minutes  was 
s u f f i c i e n t .  The aqueous l a y e r  was decanted  and t h e  z i n c  was 
washed twice  w i t h  water. 

To t h e  amalgamated z i n c  was added 2 0 0  m l  o f  water, 2 0 0  ml 
of concen t r a t ed  hydroch lo r i c  a c i d ,  and 200  ml of e t h a n o l .  The  
yel low o i l  from s t e p  1 was t h e n  added w i t h  r a p i d  s t i r r i n g  and 
-e f luxed  b r i s k l y  f o r  th ree  d a y s .  

The r e a c t i o n  mix tu re  was t h e n  e x t r a c t e d  w i t h  a t o t a l  of 
250 m l  of t o l u e n e .  T h i s  was f i l t e r e d  and t h e n  d i s t i l l e d  o f f .  
T h e  r e s i d u e  d i s t i l l e d  a t  208-211Oc/1.5 mm Hg t o  g i v e  18.4 Q 
(64.8% y i e l d )  c o l o r l e s s  1,5-di-p-anisoylpentane. 

f .  1,5-Bis(4-methoxy-3-octanoylphenyl)pentane 

Aluminum c h l o r i d e  (23.4 g ,  0.176 mole) was added s lowly  t o  
a s o l u t i o n  of 1 ,5-di-p-anisoylpentane (22 .8  g ,  0 .08  mole) 
d i s s o l v e d  i n  400 m l  o f  carbon d i s u l f i d e .  Octanoyl  c h l o r i d e  
(28 .6  g,  0.176 mole) was added ove r  20 minutes  t o  t h e  red  
r e a c t i o n  mixture  a t  3OoC. T h i s  was t h e n  r e f l u x e d  o v e r n i g h t .  

The carbon d i s u l f i d e  was d i s t i l l e d  o f f  l e a v i n g  brown c h i p s .  
T h i s  r e s i d u e  was s t i r r e d  i n t o  400 m l  of concen t r a t ed  hydroch lo r l c  
a c i d  and 400 grams of  i c e  and t h e n  was s team-dis t i l l ed .  T h e  
ye l low mix tu re  w a s  c h i l l e a ,  s e p a r a t i n g  t h e  o i l ,  w h i c h  was t h e n  
washed w i t h  two 200-ml p o r t i o n s  of 5% sodium ca rbona te  and two 
200-ml p o r t i o n s  of  water. The o i l  was t h e n  d i s s o l v e d  i n  400 ml 
of hexane, d r i e d  w i t h  magnesium s u l f a t e ,  and f i l t e r e d .  The  
hexane was f l a shed  o f f  l e a v i n g  a brown o i l ,  which s o l i d i f i e d .  
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T R  and NMR spectra of the product indicate a mixture of 
the desired product, 1,5-bis(p-4-methoxy-3-octanoylphenyl) pentane 
and the demethylated compound. 

9 .  Demethylation o f  Crude 1 , 5 - B i s ( 4 - m e t h o x ~ - 3 - ~ c t a n o ~ l ~ h e n ~ l )  
Pentane 

The brown product (32.4 g )  from the reaction of 1,5-di-p- 
anisoylpentane and octanoyl chloride was refluxed for 22 hours at 
114OC in glacial acetic acid (78 g) and constant boiling hydro- 
bromic acid (30 g). 

150 g of ice and 150 ml of water. The resulting oil was dissolved 
in ether, dried with anhydrous magnesium sulfate, and filtered. 
The ether was flashed off leaving a dark brown oil which was 
recrystallized from ether. It .melted at 50-53"C. 

The reaction mixture was poured, with rapid stirring, into 

An NMR spectrum of the product was consistent with the 
desired product, 1,5-$is(4-hydroxy-3-octanoylphenyl)pentane. 

h. Wolff-Kishner Reduction of 1 ,3-Bis(4-methoxybenzoyl ) -  
propane 

The general procedure of Huang and eo-workers was fgllowed 
(ref. 55). 

Triethanolamine (100 ml) was added to 1,3-bis(p-methoxy- 
benzoyl) propane (10 g )  with stirring. Then hydrazine hydrate 
(95%, 20 ml) was added. This was heated at reflux (101OC) f o s  
1 hr. and 45 min. 

At this point, an aliquot was removed. When diluted with 
water and filtered, this aliquot yielded a s o l i d  with an IR 
spectrum identical to that of the starting diketone. 

reaction allowed to reflux overnight. A similar aliauot was then 
removed and this showed the absence of the carbonyl bands. 

Potassium hydroxide (11 g) was dissolved in 20 ml of water 
and added to the reaction flask at 25OC. This was refluxed for 
minutes at l l l ° C .  Then distillation took Dlace until the pot 
temperature reached 201OC. The reaction was refluxed at this 
temperature for 5 hours. 

An additional 20 ml of hydrazine hydrate was added and the 

The contents were Poured into 200 ml of water forming a 
milky green, oily mixtuide. This was extracted with two 100-ml 
portions of ether, and the ether was washed with water. The 
ether was dried over magnesium sulfate, separated, and flashed 
off, yielding 4.4 g of a slightly green oil. Analysis of this 
oil by VPC and NMR indicated it to be approximately 35% of 
1,5-bis(4-methoxy-3-octanoylphenyl)pentane and 65% l-(Q-methoxy- 
3-oc tanoy lpheny l ) -5 - (~ -hydroxy-3 -oc~anoy lpheny l ) -pen tane .  



The remaining basic f r a c t i o n  was a c i d i f i e d  and t h e  p r e c i p i t a t e  
formed was f i l t e r e d  o f f .  The e thano l - so lub le  p o r t i o n  was f l a s h  
evapora ted  y i e l d i n g  4 g of  1,5-bis(4-hydroxy-3-octanoylphenyl)- 
pentane .  

1 7 .  1,5-Di-p-anisoylperfluoropentane 

a .  1,3-Bis(4-methoxybenzoyl ) p e r f l u o r o p r o p a n e  

The general  procedure used  by L i p p  and co-workers f o r  

Aluminum c h l o r i d e  (78 g,  0.59 mole) was added s lowly t o  a 

s imi la r  compounds was fol lowed ( r e f .  17) .  

s o l u t i o n  of a n i s o l e  ( 8 1  g ,  0.75 mole) i n  400 m l  o f  carbon 
d i s u l f i d e  w h i l e  t h e  tempera ture  was k e p t  nea r  30°C. Then 
p e r f l u o r o g l u t a r y l  c h l o r i d e  (98.5 g ,  0 .35 mole) was added dropwise 
ove r  45 minutes .  The b lue-purp le  mix tu re  was r e f l u x e d  f o r  20 
hours .  The carbon d i s u l f i d e  was t h e n  d i s t i l l e d  o f f  l e a v i n g  a 
p u r p l e ,  t a r r y  mass, which was poured i n t o  a t o t a l  of 450 g of 
i c e  and 450 m l  of concen t r a t ed  hydrochlor ic  a c i d  w i t h  s t i r r i n g .  
T h i s  mix ture  was then  s t eam4is t i l l ed  t o  remove t h e  remaining 
carbon d i s u l f i d e  and a n i s o l e .  After c h i l l i n g ,  t h e  aqueous 
l a y e r  was decanted  l e a v i n g  a t a r r y  mass, which was washed w i t h  
t h ree  200 m l  a l i q u o t s  of 5% sodium ca rbona te  and one of water.  

The t a r r y  semi-sol id  was r e c r y s t a l l i z e d  from e thanol -  
water t o  g i v e  69 Q of a l i g h t  brown s o l i d  me l t ing  a t  35-43OC. 
A VPC showed one component, and t h e  I R  and NMR s p e c t r a  were 
c o n s i s t e n t  f o r  t h e  d e s i r e d  1,3-bis(~-methoxybenzoyl)perflu~ro- 
propane.  

It had t h e  fo l lowing  a n a l y s i s :  

Calc:  C ,  54.3;  H ,  3.36; F, 27.12; found: 6, 55.3; H ,  3.55; 
F, 26.45. 

b .  React ion o f  1,3-Bis(4~methoxybenzoyl )Perf luoropropane 
W i t h  S u l f u r  T e t r a f l u o r i d e  

The method r epor t ed  by Hasek and co-workers was fol lowed 
( re f .  1 9 ) .  

1,3-Bis~p-methoxybenzoyl)perfluoropropane (8 .4 g ,  0 . 0 2  mole) ,  
was p laced  i n  a 150-ml s t a i n l e s s  s t e e l  bomb. S u l f u r  t e t r a f l u o r i d e  
(20 g ,  % 0 . 2  mole) and a c a t a l y t i c  amount o f  HF was t h e n  added 
u s i n g  t h e  u s u a l  vacuum techn iques .  

S e v e r a l  bomb runs  were r e a c t e d  f o r  d i f f e r e n t  pe r iods  a t  
tempera tures  from 1 2 0  t o  20OoC. Products  were d iv ided  i n t o  e ther-  
s o l u b l e  and e t h e r - i n s o l u b l e  f r a c t i o n s .  E ther -so luble  p roduc t s  
were analyzed by  VPC and were found t o  c o n s i s t  of t h e  desired 
product  p l u s  s t a r t i n g  material and p a r t i a l l y  f l u o r i n a t e d  p roduc t .  



Ether -so luble  f r a c t i o n s  from runs  a t  180Oc f o r  r e a c t i o n  
p e r i o d s  of 20 hours  conta ined  t o t a l l y  converted product  i n  99% 
p u r i t y ,  b u t  i n  some runs  l a rge  amounts of i n s o l u b l e ,  polymeric 
by-product were a l s o  produced. React ions a t  1 2 O O C  f o r  20 hours  
gave h i g h e r  y i e l d s .  React ion p roduc t s  c o n s i s t e d  o f  about  1 0 %  
s t a r t i n g  and p a r t i a l l y  f l u o r i n a t e d  material  and about 40  t o  50% 
of  e t h e r - i n s o l u b l e  r e s i d u e s  i n  a d d i t i o n  t o  t h e  des i r ed  product .  

The NMR spec t rum of t h e  product  was c o n s i s t e n t  for t h e  
s t r u c t u r e  of 1.5-di-p-anisoylperfluoropentane. Its m e l t i n g  p o i n t  

18. Sym-bis(salicyloxymethy1)tetramethyldisiloxane 

S c o t t  ( r e f .  5 6 )  by  d i s s o l v i n g  19 .2  g (0.1 mole p l u s  20% excess )  
of s a l i c y l i c  a c i d  sodium s a l t  and 11.6 g (0.05 mole) of b i s -  
(chloromethy1)tetramethyldisiloxane i n  50 ml of N , N - d i m e t h y l -  
formamide and r e f l u x i n g  f o r  3 hours .  

f i l t r a t e  was mixed w i t h  a n  equa l  volume of benzene, and washed 
wi th  f i v e  50-ml a l i q u o t s  o f  water t o  remove t h e  dimethylformamide 
and excess  sodium s a l i c y l a t e .  The benzene f r a c t i o n  was d r i e d  over  
anhydrous magnesium s u l f a t e  and t h e  benzene was t h e n  d i s t i l l e d  o f f  
a t  a tmospheric  p r e s s u r e .  The r e s i d u e  was r e c r y s t a l l i z e d  a t  O°C 
three times from 95% e t h a n o l ,  y i e l d i n g  8.2 g of product  (388 
y i e l d ,  mp 36.5-37OC). After  d ry ing  a t  room tempera ture ,  t h e  
p u r i t y  as checked by I R ,  VPC and NMR was e x c e l l e n t .  

i s  48.5-49.5OC. 

T h i s  compound was prepared us ing  t h e  procedure of Merker and 

The sodium c h l o r i d e  formed was removed by f i l t r a t i o n .  The 

B. PREPARATION OF TITANIUM COMPOUND REAGENTS 

1. Preparation o f  Bis(acetylacetonato)diisopropoxytitanium(IV) 

T e t r a i s o p r o p o x y t i t a n i u m  ( I V )  ( 56 .9  g ,  0 . 2 0  mole) was mixed 
w i t h  40.0 g ( 0 . 4 0  mole) o f  a c e t y l a c e t o n e  i n  an  i c e  b a t h .  2-Pro- 
pano l  was separated o u t  w i t h  a r o t a t i n g  e v a p o r a t o r  at  50°C. The 
p roduc t  was f u r t h e r  p u r i f i e d  i n  a molecu la r  s t i l l  a t  $20 1-1 
p r e s s u r e  and $8o0c. 

2. Preparation o f  Bis.(dibenzoylmethano)diisopropoxytitanium(IV) - 

Dibenzoylmethane (25.74g, 0 . 1 1 5  mole)  was added w i t h  
s t i r r i n g  unde r  n i t r o g e n  t o  16.31-g (0.0574 m o l e )  o f  t e t r a i s o -  
propoxyt i tan ium.  Then, 100 m l  of d r y  benzene was added t o  t h e  
mix tu re  and heated u n t i l  homogeneous, The s o l u t i o n  was coo led  
and t h e  p r e c i p i t a t e  t h a t  formed was c o l l e c t e d  and r e c r y s t a l l i z e d  
from d i e t h y l  e the r .  ?Ihe p roduc t  weighed 12 .6g  (36 .6% y i e l d )  
and melted a t  173-177°C. I t s  NMR and i n f r a r e d  s p e c t r a  were 
c o n s i s t e n t  f o r  t h e  above named p r o d u c t ,  



3 ,  

T e t r a i s o p r o p o x y t i t a n i u m  (4*915g,  0,0173 moles)  was added 
dropwise  under  n i t r o g e n  t o  5.022g (0.0346 moles)  8-hydroxyquinol ine 
i n  150 m l  d r y ,  r e f l u x i n g  benzene,  Most o f  t h e  s o l v e n t  (130ml) 
was d i s t i l l e d  and t h e  r e s i d u e  was d r i e d  i n  vacuum, t r i t u r a t e d  w i t h  
pe t ro l eum e the r  (30-6OOC) and redr ied.  The product  melted a t  
1 7 8 - 1 8 0 ~ .  Its NMR s p e c t r a  was c o n s i s t e n t  ;?or t h e  above named 
p roduc t  e 

4. Preparation o f  A c e t y l a c e t o n a t o d i b u t o x y d i p h e n y l p h o s p h i n a t o -  
titanium( I V )  

To a 5 o G - n i 1 ,  3-necked f lask  (magnet ic  s t irrer,  d i s t i l l i n g  
head ,  Dry I ce -ace tone  t r a p s ,  thermometer ,  arid N2 blee2)  w a s  added 
5.0 g (0 .013  mole)  o f  bis(acetylacetonato)dibutoxytitanium(IV) 

. and 2 .8  g (0 .013  mole)  of  d ipheny lphosph in ic  ac id  i n  300  ml of 
t o l u e n e .  The s o l i d s  d i s s o l v e d  a t  5 2 O C  and the reactants were 
k e p t  a t  5 9 O C  f o r  20 hours. D e v o i a t i l i z a t i o n  a t  60oc (1 mm H g )  
p roduced  4.6 g o f  t h e  p r o d u c t .  NMR s p e c t r a  was c o n s i s t e n t  w i t h  
t h e  s t r u c t u r e .  

5. Preparation o f  Tetrakis( dirnethy1amino)t-i tanium( I V )  

Dimethylamine was added w i t h  s t i r r i n g  t o  625 m l  o f  a 
1 . 6  molar  s o l u t i o n  of  n -bu ty l  l i t h i u m  i n  hexane c o n t a i n e d  i n  a 
d r y  f lask ,  while  t h e  r e a c t i o n  t e m p e r a t u r e  was k e p t  a t  - 1 O O C  by 
c o o l i n g  w i t h  a D r y  I c e  b a t h .  A s o l u t i o n  c o n t a i n i n g  4 5  g (0 .24  
mole)  t i t a n i u m  t e t r a c h l o r i d e  i n  60 m l  d r y  benzene was t h e n  added 
to the mix tu re  a t  0 to 10°C. T h i s  m i x t u r e  was h e a t e d  a t  r e f l u x  
o v e r n i g h t .  The p r e c i p i t a t e d  l i t h i u m  c h l o r i d e  was removed by 
f i l t r a t i o n  and t h e  f i l t r a t e  was d i s t i l l e d .  The ye l low l i q u i d  
t h a t  d i s t i l l e d  a t  58-74OC/O.6 mm. was r e d i s t i l l e d .  The f r a c t i o n  
b o i l i n g  a t  50.8-52.OoC/0.35 mm. [ l i t .  5O0C/O.05 mm. (ref. 28)  and 
56-68°C/0.30-0.50 mm. ( re f .  5711 weighed 2 1  g .  

C. PREPARATION OF SUBSTITUTED ARYLENEDISILANOLS AND OTHER 
SILICON-CONTAINING REAGENTS 

1 .  p -Phenylene-bis (dimethylsi lanol ) 

a. Via Hydrolysis o f  p-Phenylene-bis(chloroditnethylsi1ane) 

p-Phenylene-bis(chloroditnethylsi1ane) 

An e t h e r a l  s o l u t i o n  (250 m l )  of 59.0 g ( 0 . 2 5  mole) of 
p-dibromobenzene was added t o  24.3 g ( 1 . 0  mole) o f  Mg i n  a 
four-necked, o n e - l i t e r  f l a s k  f i t t e d  w i t h  s t irrer,  thermometer,  
condenser ,  N2 i n l e t ,  and dropping  f u n n e l s .  After  t h e  Grignard 
r e a c t i o n  was s ta r ted  ( 0 . 5  h r )  129 g ( 1 . 0  mole) of  d ich lorodimethyl -  
s i l a n e  was added dropwise c o n c u r r e n t l y  w i t h  t h e  dropwise a d d i t i o n  
of t h e  r e s t  of t h e  p-dibromobenzene. The t e m p e r a t u r e  o f  t h e  re-  
a c t i o n  was main ta ined  a t  r e f l u x  by t h e  r a t e  of t h e  a d d i t i o n  o f  t h e  
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p-dibrsmobenzene, The r e a c t i o n  mixture  was r e f l u x e d  a t  40°C f o r  
a n o t h e r  22 hours  a f t e r  t h e  a d d i t i o n  of r e a g e n t s .  The  magnesium 
s a l t s  were f i l t e r e d  o f f  under N, a tmosphere,  and t h e  f i l t r a t e  was 
d i s t i l l e d ,  White c r y s t a l s  (31 .5  g, 48.0% y i e l d )  w i t h  a me l t ing  
p o i n t  o f  50°C were c o l l e c t e d ,  I n  a n o t h e r  p r e p a r a t i o n  (85246) 
65g (54%)  was c o l l e c t e d .  

(2) Hydrolysis o f  p-Phenylene-bis(chlorodimethylsilane)(81150) 

p-Phenylene-bis(chlorodimethylsi1ane) (31.5 g,  0.12 mole) i n  
about  300 m l  o f  e the r  was added dropwise t o  a s t i r r i n g  s o l u t i o n  
of 9 .6  g o f  sodium hydroxide i n  160 m l  of water main ta ined  a t  O 0 C  
over  a p e r i o d  of  15 minutes .  T h e  mixture  was t h e n  k e p t  a t  -15°C 
f o r  1 8  h r ,  and t h e  e t h e r a l l a y e r  was s e p a r a t e d  from t h e  aoueous 
l a y e r .  The  e thera l  washings o f  t h e  aqueous l a y e r  was combined w i t h  
t h e  o r i g i n a l  e the ra l  l a y e r  and evapora ted  a t  room tempera tu re  
(1 mm H g ) .  The y i e l d  was 28.3 g of  c rude  p roduc t .  R e c r y s t a l l i z a t i o n  
from cyclohexane-e ther  mixture  y i e l d e d  15 . lg  (55.5% y i e l d )  of  
wh i t e  powder ( m p  133-134OC). I n  ano the r  p r e p a r a t i o n  (85247) 
37.8 g (60.3% y i e l d )  of w h i t e  powder ( m p  133-136OC) w a s  c o l l e c t e d .  

( 1 )  C h l o r o d i m e t h y l e t h o x y s i l a n e  

I n  a o n e - l i t e r  f lask  f i t t e d  w i t h  s t i r r e r ,  condenser ,  thermom- 
e t e r ,  and a dropping  funne l  was p laced  181  g ( 1 . 4 1  moles)  of  d i -  
c h l o r o d i m e t h y l s i l a n e  i n  about  500 m l  of anhydrous e the r .  Anhy- 
d rous  e t h a n o l  (64 .5  g ,  1 . 4 1  moles)  and 110 g ( 1 . 4 1  moles)  of 
d r ied  p y r i d i n e  were mixed i n  t h e  dropping f u n n e l  and added dropwise 
t o  t h e  s i l a n e  solution at OOC Over a p e r i o d  of' about 1 hour .  The wh i t e  
p r e c i p i t a t e  was f i l t e r e d  o f f  and t h e  excess  s o l v e n t s  were d i s t i l l e d  
from t h e  f i l t r a t e .  T h e  y i e l d  of  product  was 1 1 2  Q ( 0 . 8 1  mole) ,  
57.5%. 

( 2 )  p-Phenylene-bis(dimethylethoxysi1ane) 

A flame-dried 4-necked, o n e - l i t e r  f l a s k  c o n t a i n i n g  14 .6  g 
( 0 . 6  mole) of Mg was f i t t e d  w i t h  two dropping  f u n n e l s ,  a thermom- 
e t e r ,  a s t i r r e r ,  a N i n l e t ,  and a condenser .  About 50 m l  o f  a 
s o l u t i o n  made up of  84.3 g (0 .27  mole) of  p-dibromobenzene and 
200 m l  of e the r  was added. Af te r  t h e  Grignard r e a c t i o n  was s t a r t ed ,  
84 g ( 0 . 6  mole) cf chlorodimethylethoxysilane i n  about  250 m l  o f  
e ther  was added dropwise c o n c u r r e n t l y  w i t h  t h e  dropwise a d d i t i o n  
of p-dibromobenzene-ether s o l u t i o n .  

The r a t e  of a d d i t i o n  of p-dibromobenzene was governed by  t h e  
r e f l u x i n g  tempera ture .  After  t h i s  a d d i t i o n ,  t h e  r e a c t i o n  mix tu re  
was r e f l u x e d  f o r  16 hours  and t h e  s a l t  was f i l t e r e d  o f f  i n  a d r y -  
box. D i s t i l l a t i o n  gave 64.2 Q o f  a l i q u i d  c rude  p roduc t .  

( 3 )  p-Phenylene-bis(dimethylsilano1) 

A s o l u t i o n  made up of NaOH (27.14 g, 0.68 mole) ,  MeOH 
(158.7 m l ) ,  and H,O (22.6 m l )  was added t o  a s o l u t i o n  of 64.2 p 
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O f  c rude  p-phenylene-bis(dimethy1ethoxysilane). 
27.1 g ( 0 , 6 8  mole) of NaOH i n  180 m l  o f  water was added w i t h  stir- 
r i n g .  After one hour t h e  mixture  was poured i n t o  an ice-co ld  
s o l u t i o n  of 233.6 g (1 .73moles)  potassium dihydrogen phosphate i n  
about  1700 m l  of water. T h e  mixture  was l e f t  a t  -15OC f o r  1 6  
hours  and t h e n  f i l t e r e d .  A s o l i d  was r e c r y s t a l l i z e d  from benzene 
and petroleum ether i n  11% y i e l d  ( 6 . 2  g ,  mp 133OC). 
s p e c t r a  are c o n s i s t e n t  w i t h  t h e  desired p roduc t .  

2. p -Phenylene-bis(methylphenylsilano1) 

After 5 minutes  

I R  and NMR 

a. Via Hydrolysis o f  p-Phenylene-bis(chloromethylpheny1- 
si 1 ane) 

( 1 )  p-Phenylene-bis(chloromethylpheny1silane) 

R e c r y s t a l l i z e d  p-dibromobenzene (38  g, 0.16 mole) i n  about  
350 m l  of e the r  was added t o  1 5 . 1  ,g (0.64 mole) of Mg t u r n i n g s  
i n  200  m l  of t e t r a h y d r o f u r a n .  After t h e  Grignard r e a c t i o n  was 
s tar ted t h e  rest of t h e  p-dibromobenzene was added dropwise con- 
c u r r e n t l y  w i t h  123 g (0.64 mole) of  methylphenyldichlorosilane. 
After a d d i t i o n ,  t h e  r e a c t i o n  mixture  was heated t o  40°C and 
s t i r red f o r  1 6  hour s .  The magnesium sa l t s  were f i l t e r e d  under  
N2 atmosphere.  The s o l v e n t s  were d i s t i l l e d  o f f  and t h e  r e s i d u e  
was d i s t i l l e d  through a C l a i s e n  head. The 30.9 g (50% y i e l d )  
f r a c t i o n  (210-32OoC/0.5 mm Hg) was i d e n t i f i e d  by I R  and NMR 
spectra t o  be  t h e  major p o r t i o n  of t h e  desired p roduc t .  

( 2 )  p-Phenylene-bis(methylphenylsilano1) 

Crude p-phenylene-bis(chloromethylphenylsi1ane) (30.9 g ,  
0.08 mole) i n  about  250 m l  o f  e ther  w a s  added t o  a cooled ( O O C )  
aqueous s o l u t i o n  o f  sodium hydroxide made up of  6.4 g (0.16 mole) 
sodium hydroxide i n  110  g water over  a 15-min p e r i o d .  The e theral  
l a y e r  was separated and combined w i t h  e ther  washings of  t h e  aaueous 
l a y e r .  After evapora t ion  of  t h e  e ther ,  wh i t e  powdery c r y s t a l s  
were c o l l e c t e d .  R e c r y s t a l l i z a t i o n  from toluene-petroleum e the r  
gave 4.06 g (14 .5% y i e l d )  o f  w h i t e  powder (mp 135-145OC). I R  
and NMR s p e c t r a  were c o n s i s t e n t  w i t h  t h e  s t r u c t u r e .  

b. Via Hydro1ysi.s o f  p-Phenylene-bis(ethoxymethylpheny1- 
si 1 ane) 

( 1 )  Chloroethoxymethylphenylsi lane 

p y r i d i n e  (632 g, 8 moles)  was added dropwise t o  a c o n s t a n t l y  
s t i r red s o l u t i o n  of methylphenyldichlorosilane (1528 g,  8 moles )  
i n  3 l i t e r s  o f  anhydrous d i e t h y l  e the r  ma in ta ined  a t  1 0 ° C .  
m i x t u r e  was - s t i r r ed  f o r  a n  a d d i t i o n a l  30 minutes  and t h e n  t h e  
p y r i d i n e  h y d r o c h l o r i d e  was c o l l e c t e d  on a f i l t e r  and  washed 
twice w i t h  600 m l  p o r t i o n s  of  anhydrous d i e t h y l  e the r .  The com- 
b i n e d  f i l t r a t e  and washings were s t r i p p e d  o f  s o l v e n t .  Dis t i l la-  
t i o n  of t h e  r e s i d u a l  l i q u i d  y i e l d e d  t h e  major  f r a c t i o n  of p roduc t  
(1169 g, 73% y i e l d )  which b o i l e d  a t  58-5goC/1.55 mm Hg. 

A m i x t u r e  of anhydrous e t h a n o l  (368  g ,  8 moles) and anhydrous 
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(2) 

Separate s o l u t i o n s  o f  chloroethoxymethylphenylsilane (828  g ,  
4 . 1 2  moles )  i n  500 m l  of anhydrous t e t r a h y d r o f u r a n  and p-dibromo- 
benzene (436 g,  1 - 8 5  moles)  i n  1 0 0 0  m l  t e t r a h y d r o f u r a n  were 
added dropwise a t  a ra te  s u f f i c i e n t  to m a i n t a i n  r e f l u x  i n t o  a 
1 2  l i t e r ,  th ree-necked ,  round-bottomed f l a s k  c o n t a i n i n g  magnesium 
t u r n i n g s  (100 .2  g ,  4 . 1 2  g-atm) i n  500 m l  anhydrous t e t r a h y d r o -  
f u r a n .  The r e a c t i o n  mix tu re  was r e f l u x e d  o v e r n i g h t ,  and  t h e n  
coo led  to room t e m p e r a t u r e .  Add i t ion  of 1 l i t e r  of anhydrous 
e the r  p r e c i p i t a t e d  magnesium sa l t s ,  which were f i l t e r e d  by  s u c t i o n  
and washed t h r e e  times w i t h  600 m l  of e the r .  The combined f i l t r a t e  
and washings were s t r i p p e d  of  s o l v e n t  and t h e  r e s i d u e  was d i s t i l l e d  
u s i n g  a 7-inch Vigreux  column. The p r o d u c t ,  a c o l o r l e s s  l i q u i d ,  
( b p  204-205°C/0.55 mm Hg, n:5 1.5545)  was o b t a i n e d  i n  50% y i e l d  
(376.6 g ) .  

( 3 )  p-P henyl ene- bi s (methyl phenyl si 1 anol ) 

A s o l u t i o n  of  sodium hydroxide  (110.8 g,  2.77 mole)  i n  
775 m l  methanol and 1 1 9  m l  water was added w i t h  s t i r r i n g  t o  
p-phenylene-bis(ethoxymethylphenylsilane)(376 g,  0.924 mole) 
i n  525 m l  e t h a n o l .  Af te r  s t a n d i n g  f o r  f i v e  minu tes ,  t h e  m i x t u r e  
was t r ea t ed  w i t h  an a d d i t i o n a l  amount of sodium hydroxide  ( 1 1 0 . 8  g ,  
2.77 mole)  i n  800 m l  wafuer. After s t a n d i n g  f o r  one hour  w i t h  
i n t e r m i t t e n t  s t i r r i n g ,  t h e  mix tu re  was n e u t r a l i z e d  w i t h  a s a t u r a t e d  
aqueous s o l u t i o n  o f  po ta s s ium dihydrogen phosphate  a t  5OC. The  
r e a c t i o n  mix tu re  was a l lowed t o  s t a n d  f o r  t h r e e  hours  t h e n  i t  was 
f i l t e r e d  and a i r  d r i e d .  T r i t u r a t i o n  of t h e  c rude  s o l i d  w i t h  a 
minimum amount o f  c o l d  d i e t h y l  e t h e r  y i e l d e d  130 grams of  w h i t e  
s o l i d  w i t h  a m e l t i n g  range o f  148-157O~.  C o n c e n t r a t i o n  of  t h e  
e t h e r  f i l t r a t e  y i e l d e d  85 g of s o l i d  ( m p  127-132OC, [lit. ( r e f .  57)  
mp 128-140°C]). Both f r a c t i o n s  were d i s s o l v e d  i n  a c e t o n e ,  
f i l t e r e d ,  and r e c o v e r e d  by removal of s o l v e n t .  The p u r i f i e d  
p roduc t  had t h e  same mp r ange  and had a combined weight  of 
1 6 2  g (50% y i e l d ) .  

3 .  p -Phenylene-bis (methyl vi nyl s i  lanol ) 

a. C h l o r o e t h o x y m e t h y l v i n y l s i l a n e  

By a procedure s imilar  to t h a t  d e s c r i b e d  i n  s e c t i o n  I V .  B .  
3. b.  (l), 196 .5  g (1.39 moles) of methylvinyldichlorosilane i n  
1 0 0  m l  d r y  e the r  was conver ted  to 1 0 9  g (1 .26  moles, 90% y i e l d )  
of chloroethoxymethylvinylsilane. 

b. p -Phenylene-bis(ethoxymethylvinylsi1ane) 

About 50 m l  o f  an  e thereal  ( 4 0 0  m l )  s o l u t i o n  of 98.4 g ( 0 . 4 1 7  
mole) of p-dibromobenzene was added to 30.5 g ( 1 . 2 6 ~ - a t o m s ) o f  
Mg and 75 m l  of d r y  t e t r a h y d r o f u r a n  i n  a four-necked, o n e - l i t e r  
f lask  f i t t e d  w i t h  s t i r rer ,  thermometer,  condenser ,  N 2  i n l e t  and 
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droppifig funnels. After the Grignard reaction was started, 109 g 
( 1 - 2 6  moles) of chloroethoxymethylvinylsilane was added dropwise. 
The temperature of the reaction was maintained at reflux by the 
rate of addition of the etheral solution of p-dibromobenzene. 

The reaction mixture was allowed to reflux for 60 hours 
after the addition of p-dibromobenzene and chloroethoxymethyl- 
vinylsilane. The magnesium salts were filtered off, and the 
filtrate was distilled. The fraction (bp  130-15O0C/O.05 mm) 
was collected and identified by NMR to be the desired product 
(95.3% pure by VPC). The yield was 38.23 g (0.125 mole, 30%). 

c .  

p-phenylene-bis(ethoxymethylvinylsi1ane) (38.23 g, 0.13 mole) 
in 25.6 ml of absolute ethanol was added slowly to a cooled (OOC) 
methanol solution of sodium hydroxide and water (77 ml, 15.4 a ,  
12.2 ml, respectively). Upon neutralization with potassium 
dihydrogen phosphate, white crystals were formed (mp 84OC). 
crystallization from benzene yielded 17.95 g ( 5 7 %  Yield) Of white 
powder (mp 92-95OC). 
structure . 

p -Phenyl ene-bi s (methylvi nyl si 1 anol) 

Re- 

NMR and IR spectra were in accord with the 

4. 4,4'-Bis (dimethyl hydroxysi lyl )biphenyl 

a. 4,4' -Bis(chlorodimethylsi lyl )biphenyl 

4,4'-Dibromobiphenyl (24.47 g, 0.081 mole) dissolved in a 
mixture of 150 ml of toluene and 50 ml of benzene was-placed in 
a one-liter, four-necked flask fitted with a condenser, stirrer, 
dropping funnel, N, inlet, and thermometer. The flask was 
flushed with nitrogen and 118 ml ( 0 . 2 6  mole) of a hexane 
solution of n-butyllithium in a sealed dropping Tunnel was added 
slowly with rapid stirring. The reaction temperature was kept 
at 30°C. 

After the addition, the reaction mixture was refluxed at 
7 8 ° C  for 0.5 hour. After cooling, the above reaction mixture 
was added with rapid stirring to 52.3 (0.41 mole) of redistilled 
dichlorodimethylsilane, and this was refluxed for another 2.5 
hours at 78OC under N2 flush. It was then cooled and stirre 
N2 for 20 hours. After filtration of  the salts under N2 
evaporation of the solvents yielded 24.9 g (0.0735 mole, 91%) 
of crude product. In another preparation 35 g (0.11 mole, 
51.5% yield) of  purified product was obtained. 

b. 4,4'-Bis(dimethy1 hydroxysi lyl )biphenyl 

4,4~-Bis(chlorodimethylsilyl)biphenyl (24.9 g, 0.0735 mole) 
in 300 ml of ether was added dropwise to a rapidly stirring, 
cooled (OOC) solution of 5.88 g (0.15 mole) of NaOH in 100 ml of 
water over a period of 15 minutes. The aqueous layer was separated 
and washed with ether (150 ml), and the wash was combined with 
the ether layer. The ether was evaporated off, and the residue 
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was washed w i t h  ace tone  and d r i ed .  A w h i t e  s o l i d  (mp 174-175"C) 
was ob ta ined .  I ts  I R  spectrum was similar i n  most r e s p e c t s  t o  t ha t  
ob ta ined  f o r  p-phenylene-bis(dimethylsilano1) except  f o r  two 
medium i n t e n s i t y  bands a t  1000 cm-I. These bands can b e  a t t r i b u t e d  
t o  t h e  b iphenyl .  The y i e l d  was 1.5 g (7.3%). I n  a n o t h e r  prepara-  
t i o n  6.62 g (0.022 mole, 22% y i e l d )  of t h e  p u r i f i e d  w h i t e  powder 
(mp 165-173OC) was o b t a i n e d .  

5. 4,~'-Bis(hydroxymethylphe~ylsilyl)biphenyl 

a. 4,4'-Bis (ethoxymethyl phenyl si lyl )biphenyl 

4,4'-Dibromobiphenyl ( 6 3  g, 0.2 mole) d i s s o l v e d  i n  150 m l  
of  t o l u e n e  and 50 m l  of benzene was p laced  i n  a o n e - l i t e r ,  four -  
necked f l a sk  f i t t e d  w i t h  a condenser ,  s t i r rer ,  dropping  funne l ,  
N2 i n l e t ,  and thermometer. The f l a s k  was f l u s h e d  w i t h  N2, and 
261 m l  (0.61 mole) of a hexane s o l u t i o n  of n -bu ty l l i t h ium i n  a 
sealed dropping funne l  was added dropwise w i t h  r a p i d  s t i r r i n g .  
After t h e  a d d i t i o n  t h e  r e a c t i o n  mixture  was r e f l u x e d  a t  78OC 
f o r  0.5 h r  under NP. 

After coo l ing ,  t h e  above r e a c t i o n  mixture  was added w i t h  
r a p i d  s t i r r i n g  t o  201 g (1.01 moles) of chloroethoxymethylphenyl- 
s i l a n e  under N2, and t h e ' r e a c t a n t s  were r e f luxed  a t  78Oc f o r  
ano the r  2.0 h r .  The mixture  was then  cooled  and s t i r red  under 
N, f o r  20  hours .  After f i l t r a t i o n ,  t h e  r e s i d u e  was washed t h r e e  
times w i t h  1 0 0 - m l  p o r t i o n s  o f  ho t  benzene and combined w i t h  t h e  
f i l t r a t e .  The s o l v e n t s  were t h e n  d e v o l a t i l i z e d .  C l a i s e n  d i s t i l l a t i o n  
y i e l d e d  70 g (0 .145  mole, 72%) of  crude product .  

b. 4,4'-Bis (hydroxymethylphenylsi lyl )biphenyl 

Sodium hydroxide (17.4 g ,  0.435 mole) i n  121.8 m l  of water 
was added dropwise t o  a r a p i d l y  s t i r r i n g  mixture  composed of 7 0  g 
(0.145 mole) o f  4,41-bis(ethoxymethylphenylsilyl)biphenyl, 300 
m l  o f  d r y  e the r ,  17.4 g (0.135 mole) sodium hydroxide,  104.4 m l  
methanol ,  and 16 m l  H20. After  , the  a d d i t i o n ,  t h e  mixture  was 
n e u t r a l i z e d  w i t h  potassium dihydrogenphosphate and kep t  a t  -15°C 
f o r  16 h r .  Af te r  f i l t r a t i o n  t h e  s o l i d  and t h e  aqueous l a y e r  were 
washed w i t h  d r y  e t h e r  and t h e n  s e p a r a t e d .  After d e v o l a t i l i z i n g  
t h e  e the r ,  a t a n  o i l  was l e f t ,  and no s o l i d s  p r e c i p i t a t e d  a f t e r  
adding a 50-50 petroleum e ther  ( b p  30-6OOC) and t o l u e n e  mix tu re .  
S i m i l a r l y ,  t h e  a d d i t i o n  of benzene produced no s o l i d s .  The o i l  
was l e f t  i n  petroleum e t h e r  f o r  6 d a y s .  Af te r  t h e  evapora t ion  
of t h e  e ther ,  a d d i t i o n  of  t o l u e n e  produced 3.5 g (4.1% y i e l d )  o f  
w h i t e  powder (mp 102-105°C). I R  and NMR s p e c t r a  were c o n s i s t e n t  
w i t h  t h e  s t r u c t u r e .  

6. 4,4'-Bis(dimethylhydroxysilyl)biphenyl Ether 

a. 4,4'-Bis(dimethy1ethoxysi l y l  )biphenyl Ether v i a  Gri g n a r d  

T h i s  compound was p repa red  v i a  a Grignard r e a c t i o n  w i t h  the 

Reaction 

f o l l o w i n g  s t o i c h i o m e t r y :  
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260 (1.88 moles) of c h l o r o d i m e t h y l e t h o x y s i l a n e .  
45 e 68 g (1.88 moles) of Mg turnings. 
235.18 g (0.72 moles) of bis-(p-bromophenyl) ether in 

400 ml THF. 

The procedure is essentially the same as that f o r  the preparation 
of ~,4*-bis(ethoxymethylphenylsilyl)biphenyl ether. Fractional 
distillation gave 63 g (24% yield) of gold colored liquid 
(bp = 186-192/9.6 mm, n:5 1.5185). 

b. 4,4'-Bis(dimethylethoxysilyl)biphenyl Ether v i a  S o d i u m  

A mixture of 45.47 g (0.14 mole) of bis(p-bromophenyl) ether 
42.4 g (0.36 mole) of chlorodimethylethoxysilane (81157), 14.1 g 
(0.6l-gratom)-of sodium wire (0.5 mm), and about 500 ml of ether 
was refluxed with rapid stirring for 60 hours. The fine sus- 
pension was centrifuged off and the supernatant was devolatilized 
at 25OC/ 1 mm Hg. Fractional distillation gave 28.6 g (54.8% 
yield) product. 

c .  

4,4'-Bis(dimethylethoxysilyl)biphenyl ether (18.1 g, 0.048 

4,4' - B i  s (dimethyl hydroxysi lyl ) bi phenyl Ether 

mole) in 70 ml of EtOH was added slowly with stirring to NaOH 
(9.95 g) in 3.9 ml of MeOH. After 10 minutes, 9.95 g of  NaOH in 
45 ml of H20 was added slowly to the reactants. After one hour 
the reactants were added dropwise with stirring to 51.1 g (0.38 
mole) of KH2P04. A white precipitate was filtered from the water 
after the reactants were left stirring for one hour. After re- 
peated recrystallization from acetone-petroleum ether mixture, 
2.1 g (13.6%) of white solids (mp 88Oc) were obtained. IR and 
NMR spectra agreed with the structure. In another preparation 
a white powder with mp 90°C and a yield of 24.8% was obtained. 
An attempt t o  prepare the compound through hydrolysis of 4,4'- 
bis(chlorodimethylsily1)biphenyl ether was unsuccessful. 

7. 4,4'-Bis(hydroxymethylphenylsilyl)biphenyl Ether 

a .  4,4'-Bis(ethoxymethylphenylsilyl)biphenyl Ether 

Mg turnings (41.97 g, 1.69 moles) were placed in a 3-liter, 
4-necked f lask  fitted with stirrer, thermometer, condenser, dry N2 
irlet, and dropping funnels. After flushing the flask with N 
for 15 minutes, approximately 200 ml of the chloroethoxgmethy?- 
phenylsilane solution (338 g, 1.69 mole in 180 ml of THF) was added. 
The Grignard reaction was started with ethylbromide, after which 
20 ml of the bis(p-bromophenyl) ether solution (208 g, 0.643 mole 
in 400 ml of THF) was added rapidly. With stirring the temperature 
was raised to 71°C, where the.rest of the silane was added rapidly. 
The rest of the bis(p-bromophenyl) ether solution was added s l o w l y  
to maintain a gentle reflux without stirring. At the end of the 
addition, stirring was commenced,with an ice bath to control the reazticn 
temperature. The reactants were reacted at 71OC for an additional 
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16  houf-s, cooled and t h e n  f i l t e r e d .  The f i l t r a t e  was combined 
w i t h  the washings and s o l v e n t  were d e v o l a t i l i z e d ,  F r a c t i o n a l  
d i s t i l l a t i o n  y elded f i v e  f r a c t i o n s ,  
95e7  g(from 283-295OC/0.2 mm$ 
95 g from 0 ,32  mole dibromo compound. 

The  las t  f r a c t i o n  weighed 
Yield of a second p r e p a r a t i o n  was 

b .  

4,4~-Bis(ethoxymethylphenylsilyl)biphenyl e t h e r  (95 .7  g, 
0.192 mole)  was added t o  1 0 9  m l  o f  a b s o l u t e  e t h a n o l  i n  a 4-l i ter  
beaker. To t h i s  s o l u t i o n  was added s lowly  w i t h  s t i r r i n g  an  
a l c o h o l i c  s o l u t i o n  (23  g, 0.576 mole o f  NaOH i n  162 m l  of methanol  
and 24.8 m l  H 2 0 )  o f  NaOH.  After 5 minu tes ,  a n  aqueous s o l u t i o n  
(23  g ,  0.576 mole of NaOH i n  167  ml o f  water) of NaOH was added 
slowly w i t h  s t i r r i n g .  After one hour ,  an  i c e  c o l d  s a t u r a t e d  
po ta s s ium dihydrogen phosphate  s o l u t i o n  was added u n t i l  t h e  
mix tu re  became n e u t r a l .  After 1 6  hours  a t  room t e m p e r a t u r e ,  
r e p e a t e d  r e c r y s t a l l i z a t i o n  from 50:50 t o l u e n e  and l i g r o i n  (60/go0)  
f a i l e d  t o  produce a c r y s t a l l i n e  p r o d u c t .  NMR spec t rum o f  t h e  
c l e a r  gum was c o n s i s t e n t  w i t h  t he  d e s i r e d  p r o d u c t .  After  30 days  
t h e  gum was r e d i s s o l v e d  i n  e ther  and t h e  s o l u t i o n  added to n- 
hexane coo led  to -7OOC. The p roduc t  s e p a r a t e d  as a white  powder 
(mp 4 O O C ) .  

8. p -Phenylene-bis (dimethylmethoxysi lane) 

a. 

A m b t u r e o f  80.8 m l  ( 2 . 0  moles)  of  a b s o l u t e  methanol and 

Chl oromethoxydimethyl si 1 ane 

160.7 m l  ( 2 . 0  moles)  o f  p y r i d i n e  was added s l o w l y  w i t h  s t i r r i n g  
to 258 g ( 2 . 0  moles)  o f  d i c h l o r o d i m e t h y l s l l a n e  i n  300 m l  of d r y  
e ther  i n  a 2 - l i t e r  f l a sk  p r e v i o u s l y  f l u s h e d  w i t h  d r y  N2, a t  l5OC. 
S t i r r i n g  was con t inued  a t  room tempera tu re  f o r  one hour a f t e r  
a d d i t i o n .  The mix tu re  was f i l t e r e d  and t h e  w h i t e  p y r i d i n e  
hydroch lo r ide  was washed w i t h  s e v e r a l  p o r t i o n s  of  d r y  e t h y l  e t h e r ,  
The f i l t r a t e  and washings were combined and d i s t i l l e d .  The y i e l d  
of chloromethoxydimethylsilane (bp  71-78OC) was 92.9 g (0 .75  mole, 
3 8 % ) .  

Is. Grignard Reaction with p-Dibromobenzene- 

A s o l u t i o n  o f  80 g (0.34 mole) of  p-dibromobenzene and 
92.9 g (0.75 mole) of chloromethoxydimethylsilane i n  300 m l  o f  d r y  
t e t r a h y d r o f u r a n  was added t o  18.23 g (0 .75  mole) of Mg i n  150  m l  
o f  d r y  t e t r a h y d r o f u r a n  a t  a ra te  t o  ma in ta in  r e f l u x  a f t e r  f i rs t  
i n i t i a t i n g  t h e  r e a c t i o n  w i t h  e t h y l  bromide. The m i x t u r e  was 
r e f l u x e d  o v e r n i g h t  under  n i t r o g e n ,  cooled  t o  room t empera tu re ,  
and f i l t e r e d .  A d d i t i o n a l  sa l ts ,  p r e c i p i t a t e d  by a d d i t i o n  of  
e ther  to t h e  f i l t r a t e ,  were f i l t e r e d ,  and washed w i t h  e t h e r .  
The clear f i l t r a t e  was f r a c t i o n a l l y  d i s t i l l e d .  The f r a c t i o n  
c o l l e c t e d  a t  78-8loC/0.25 mm e l u t e d  as a s i n g l e  peak on VPC 

- - 
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a n a l y s f s ,  and t h e  t r a p p e d  peak had a n  i n f r a r e d  spec t rum con- 
s i s t e n t  f o r  the  p r o d u c t ,  NMR a n a l y s i s  of a hydro lyzed  sample 
as c o n s i s t e n t  f o r  t h e  co r re spond ing  s i l o x a n e .  

9. 

a. From Phenyltrichlorosilane 

The p r o c e d u r e  deve loped  by Tak iguch i  (ref e 243. was fo l lowed .  
P h e n y l t r i c h l o r o s i l a n e ,  (31 .7g ,  0.15 mole)  i n  210  m l  o f  d i e t h y l  
e ther  was added t o  8 . l g  of  H20 (0 .45  mole)  and 41.9g of  a n i l i n e  
(0 .45  mole)  d i s s o l v e d  i n  750 m l  o f  d i e t h y l  e t h e r  while  t h e  t e m -  
p e r a t u r e  was kept  a t  OQ-50C. The r e a c t i o n  m i x t u r e  was f i l t e r e d  
and t h e  i n s o l u b l e  a n i l i n e  h y d r o c h l o r i d e  by-product was washed 
w i t h  e t h y l  a c e t a t e .  The f i l t r a t e  was c o n c e n t r a t e d  t o  p r e c i p i t a t e  
a whi te  s o l i d ,  which was f i l t e r e d  and washed w i t h  pe t ro l eum 
ether  (30-60°C)i The s o l i d  weighed 1 0 . 2  g (43 .6% y i e l d )  a f t e r  
d r y i n g  under  vacuum at  room t e m p e r a t u r e ,  and melted a t  134-137OC. 
Its NMR spec t rum gave a p r o t o n  count  t h a t  co r re sponded  e x a c t l y  
t o  t he  desired compound. Its i n f r a r e d  a b s o r p t i o n  spec t rum also 
gave bands c o n s i s t e n t  w i t h  t he  d e s i r e d  p roduc t  ( r e f .  2 5 ) .  

b .  From Phenyltriethoxysilane - 

A method s imi la r  t o  r e f e r e n c e  25 W a s  u sed ,  e x c e p t  tha t  
p h e n y l t r i e t h o x y s i l a n e  ra ther  t h a n  p h e n y l t r i m e t h o x y s i l a n e  was 
u s e d  as t h e  r e a c t a n t .  

P h e n y l t r i e t h o x y s i l a n e ,  25.0g ( 0 . 1 0 4  m o l e ) ,  was s t i r r e d  
w i t h  23.0g of  H20 (1.25 mole,  4 X  t h e o r e t i c a l ) ,  c o n t a i n i n g  0 .5% 
a c e t i c  a c i d  as a c a t a l y s t .  The t e m p e r a t u r e  was k e p t  a t  O O C .  

A he t e rogeneous  mix tu re  was s t i l l  p r e s e n t  a f t e r  1 6  hours  o f  
s t i r r i n g  

The emul s ion  was e x t r a c t e d  w i t h  60 m l  of d i e t h y l  e the r  and 
t h e  e ther  i n s o l u b l e  f r a c t i o n  was e v a p o r a t e d  t o  d r y n e s s .  The 
r e s u l t i n g  white  s o l i d  1 . 0 5  g (6 .5% y i e l d )  gave  an  i n f r a r e d  ab- 
s o r p t i o n  spec t rum similar t o  that  g i v e n  by r e f e r e n c e  4 and i t  
s o f t e n e d  a t  125OC, but  d i d  n o t  m e l t .  I t s  NMR spec t rum gave a 
low p r o t o n  coun t  f o r  OH. 

I n  a second r e a c t i o n  on t h e  same s c a l e ,  a 1 . 0 %  a c e t i c  
a c i d  s o l u t i o n  was used as t h e  c a t a l y s t .  The p r o d u c t  weighed 
0.58; ( 3 . 2 %  y i e l d ) ,  had a m e l t i n g  p o i n t  of 124-128O6, and had a n  
i n f r a r e d  a b s o r p t i o n  s p e c t r a  i d e n t i c a l  t o  t h e  f irst  p r o d u c t .  

10. Diphenyl vinylsi lanol 

a .  Phenylvinylethoxychlorosilane 

A s o l u t i o n  c o n t a i n i n g  68.3 g ( 1 . 4 8  mole) e t h a n o l  and 1 1 7 . 2  g 
(1.48 mole)  p y r i d i n e  i n  130  m l  e ther  was added w i t h  s t i r r i n g  t o  a 
s o l u t i o n  of  300 g (1 .48  mole)  phenylvinyldichlorosilane i n  330 m l  
e ther  a t  - 5 O C  u n d e r  a b l a n k e t  o f  n i t r o g e n .  The p y r i d i n e  hydroch lo r -  

140 



removed by f i l t r a t i o n  and washed w i t h  l a  o f  e ther  
as t h e n  d i s t i l l e d  from t h e  f i l t r a t e  a t  a tmosphe r i c  p r e s s u r e ,  

The r e s i d u e  weighed 232 g (1 .09  mole, 7 3 % ) .  

b. 

S o l u t i o n s  c o n t a i n i n g  232 g (1 .09  mole)  pheny lv iny le thoxy-  
c h l o r o s i l a n e  i n  1 0 0  m l  t e t r a h y d r o f u r a n  and 152 g ( 0 . 9 7  mole) 
bromobenzene i n  300 m l  t e t r a h y d r o f u r a n  were added s i m u l t a n e o u s l y  
unde r  n i t p o g e n  t o  26.5 g (1 .09  mole) magnesium t u r n i n g s  i n  200 m l  
t e t r a h y d r o f u r a n  a t  a ra te  t o  m a i n t a i n  r e f l u x .  The m i x t u r e  was 
r e f l u x e d  f o r  1 6  hrs  and ' then coo led .  E t h e r  ( l a )  was added t o  
p r e c i p i t a t e  magnesium sa l t s  and t h e  m i x t u r e  was f i l t e r e d .  The 
f i l t r a t e  was d i s t i l l e d  and t h e  f r a c t i o n  b o i l i n g  at  12loC/0.5 mm 
c o l l e c t e d  (146 g). 

c, Diphenylvinylsilanol 

A s o l u t i o n  of  34.3 g (0 .858  mole)  o f  sodium hydroxide  and 
23.3 m l  water i n  180  m l  methanol  was added w i t h  s t i r r i n g  t o  146  g 
(0 .57  mole)  diphenylethoxyvinylsilane i n  250 m l  e t h a n o l .  F i v e  
minu tes  l a t e r  34.3 g NaOH i n  186 ml o f  water was added and s t i r r i n g  
was c o n t i n u e d  f o r  1 hour .  The s o l u t i o n  was n e u t r a l i z e d  w i t h  s a t u -  
rated aqueous p o t a s s i u m  dihydrogenphosphate ,  p r e c i p i t a t i n g  a n  oil. 
The aqueous s o l u t i o n  was e x t r a c t e d  w i t h  12 e the r ,  t h e  e ther  s o l u t i o n  
was combined w i t h  t h e  o i l ,  and t h e  e ther  was removed from t h e  pro-  
duc t  a t  25 mm p r e s s u r e .  The NMR s p e c t r a  o f  t h e  p r o d u c t  was c o n s i s -  
t e n t  f o r  t h e  s i l a n o l .  

1 1 .  Dimethyl-p-tolylsilanol 

a. Dimethyl -p-tolylchlorosilane 

A s o l u t i o n  o f  253 g ( 2  moles )  of  p - c h l o r o t o l u e n e  and 1 0  g 
of e t h y l  bromide i n  about  1 0 0  m l  of anhydrous t e t r a h y d r o f u r a n  
was added dropwise  t o  58.6 g ( 2 . 2 5  moles )  of Mg i n  4 0 0  m l  of 
t e t r a h y d r o f u r a n  unde r  n i t r o g e n  wh i l e  s t i r r i n g  v i g o r o u s l y  and 
h e a t i n g  a t  6 O O C .  An exothermic  r e a c t i o n  o c c u r r e d  d u r i n g  which 
t h e  t e m p e r a t u r e  r o s e  t o  95OC. After t h e  r e a c t i o n  s u b s i d e d ,  t h e  
mix tu re  was heated o v e r n i g h t  at  45OC. The Gr igna rd  s o l u t i o n  was 
t r a n s f e r r e d  t o  a n  addi- t ion f u n n e l  under  n i t r o g e n  and added drop-  
wise a t  65OC t o  a s t i r r e d  s o l u t i o n  of  4 2 0  g ( 3 . 2 6  mole)  of  
d i m e t h y l d i c h l o r o s i l a n e  i n  200 m l  of anhydrous e the r .  The m i x t u r e  
was r e f l u x e d  f o r  1 h r ,  and f i l t e r e d .  The f i l t r a t e  was d i s t i l l e d ,  
y i e l d i n g  250 g ( 6 8 % )  of  dimethyl-p-tolylchlorosilane t h a t  b o i l e d  
at  55"C/0.9 mm. (nL5 1 .506) .  

b. Tetrqmethyldi-p-tolyldis+loxane 

Dimethyl-p-tolylchlorosilane ( 1 2 0  g ,  0 .65 mole) was added 
w i t h  v igorous  s t i r r i n g  t o  644 g of  wa te r - i ce  mixture  a t  O O C .  

The mix tu re  was s t i r r e d  for 30 min. a t  O°C and t h e n  e x t r a c t e d  
w i t h  two 400-ml p o r t i o n s  of e ther .  The e the r  e x t r a c t  was washed 
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w i t h  water s e v e r a l  times, t rea ted  w i t h  sodium b ica rbona te  and 
f f l t e r e d .  Removal o f  e ther  by  f l a sh  evapora t ion  l e f t  104.6 g 
( 1 0 0 % )  of t h e  d i s i l o x a n e .  

c ,  D i m e t ~ y l ~ p ~ t o l ~ l s i l a n o l  Sodium S a l t  

sa l t  of d ime thy lpheny l s i l ano l  from t h e  d i s i l o x a n e  was fo l lowed.  
T h i s  sodium s a l t ,  which was e x t r a c t e d  from i n s o l u b l e  s o l i d s  i n  
petroleum e the r ,  melted a t  65OC. The first c rop  o f  sodium sa l t  
ob ta ined  from 70 g of d i s i l o x a n e  weighed 28 g. 
of t h e  i n s o l u b l e  r e s i d u e  w i t h  b o i l i n g  methanol y i e l d e d  more product .  

The procedure of  Hyde ( r e f .  58) f o r  p r e p a r a t i o n  of  t he  sodium 

Repeated t r ea tmen t  

d .  Dimethyl -p-tolyl s i  lanol 

The sodium s a l t  of  the  above s i l a n o l  (28 g, 0.15 mole) was 
added w i t h  rap id  s t i r r i n g  at 4 O C  to a mixture  o f  12.6 m l  of g l a c i a l  
a ce t i c  a c i d ,  150 ml of  e ther ,  and 300 m l  o f  water. The ether 
layer  was separated, washed w i t h  two 25O-ml  p o r t i o n s  of  water, 
and d i s t i l l e d .  Product c o l l e c t e d  a t  84OC/O.g mm weighed 17 .9  g. 

e. Attempted Hydrolysis o f  Dimethyl-p-tolylchlorosilane 
t l  

A s o l u t i o n  o f  113 g ( 0 . 6 1 4  mole) of chlorodimethyl-p- tolyl-  
s i l a n e  i n  300 m l  o f  e ther  was added w i t h  s t i r r i n g  t o  a mixture  of 
24.6 g of NaOH i n  300 m l  o f  water and 200 m l  of e ther  a t  - 2 O C  
t o  O O C .  
Product  was i s o l a t e d  by d i s t i l l a t i o n  a t  0 . 2  mm. and i d e n t i f i e d  
as tetramethyl-di-p-tolyldisiloxane frorr) i t s  b o i l i n g  p o i n t  and By 
i t s  i n f r a r e d  spec t ra .  

Then t h e  e ther  layer  was separated and washed wieh water. 

f .  Bromomethylation o f  Dimethyl-ptolylsilanol 

N-Bromosuccinimide (19.2 g, 0 .108  mgle) was added t o  a 
s t i r r ed  s o l u t i o n  of 17.95 g ( 0 . 1 0 8  mole) of dimethyl-p- tolyl-  
s i l a n o l  i n  300 m l  r e f l u x i n g  carbon t e t r a c h l o r i d e  under n i t r o g e n .  
After r e f l u x i n g  f o r  20  hour s ,  an a l i q u g t  o f  t he  mixture  l ibera ted  
i o d i n e  from K I .  About 0.05 g of azo-bis-$sobutyyonitrile was 
added and w h i t e  l i g h t  was shown on t h e  r e f l u x i n g  mixture .  After 
3 hours ,  t he  K I  t e s t  was nega t ive .  Succinimide was removed by 
f i l t r a t i o n  and v o l a t i l e s  were d i s t i l l e d .  The bulk  o f  t h e  product  
d i d  n o t  d i s t i l l  below 2 O O O C  a t  0 . 7  mm. 

of tetramethyl-di-p-bromomethylphenyldisiloxane and t e t r a m e t h y l -  
l-(p-tolyl)-3-(p-bromomethy-phenyl)disiloxane i n  a ratiQ of  
about  7 to 6. 

I n f r a r e d  and NMR ana lys i s  showed t h e  p roduc t  t o  be a mix tu re  
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1 2 ,  p ~ B r o r n o m e t h . y l p h e ~ y l d i ~ h e ~ y l s i l a n o 1  

a a Chl o r o d i  phenyl - p - t o l y l  s f 1  ane 

Tolylmagnesium c h l o r i d e  was prepared by adding  dropwise 200 g 
(1.58 moles)  of p-ch loro to luene  i n  150 m l  o f  d r y  THF t o  38.4 g 
(1 ,58  moles)  of magnesium i n  350 m l  o f  d r y  THF a t  68°C i n  a three- 
l i t e r  f lask equipped w i t h  stirrer, thermometer,  condensor ,  and 
n i t r o g e n  i n l e t .  Twenty minutes  a f t e r  a d d i t i o n  was completed t h e  
mix tu re  g r a d u a l l y  t u r n e d  deep brown. The r e a c t i o n  f lask  was l e f t  
f o r  s i x t e e n  hours  a t  68*C. 

The tolylmagnesium c h l o r i d e  ( =  1;58 mole) was added q u i c k l y  from 
a 2000-ml s e p a r a t o r y  f u n n e l  t o  600 g(2.37 moles)  of d ipheny ld i -  
c h l o r o s i l a n e  i n  a three- l i te r  f lask equipped w i t h  condenser ,  thermo- 
meter, and n i t r o g e n  inlet. The t empera tu re  r o s e  g r a d u a l l y  d u r i n g  
a d d i t i o n  t o  6 5 O C ,  where I t  mainta ined  i t s e l f  for f i v e  minutes  
fo l lowing  a d d f t i o n .  A h e a t i n g  mant le  was a p p l i e d  t o  m a i n t a i n  r e f l u x  
of  t h e  r e a c t i o n  mix tu re  a t  68aC f o r  two hours .  

The mix tu re  was f i l t e r e d  under  n i t r o g e n  and t h e  s o l i d  was 
washed w i t h  s e v e r a l  250-ml p o r t i o n s  of d r y  e t h y l  e ther .  The f i l t r a t e  
was t i e v o l a t i l i z e d  at  60"C/lO mm, and t h e n  f r a c t i n a t e d  to y i e l d  
0,84 mole (53%) of' a yel low s o l i d  b o i l i n g  a t  171-183°C/o.45mm and 
m e l t i n g  ah 5 8 - 6 P C  (Ref59 r e p o r t s  bp. 175-185O~/0.2 m m ) .  

b.  p-Tolylcli ,phenylsi  l a n o l  

p - T 6 l y l d i p h e n y l c h l o r a s i l a n e  258.7 g (0 .84  mole) was d i s s o l v e d  
i n  1 0 0 0  m l  of d r y  e t h y l  e t h e r  and p l a c e d  i n  a s e p a r a t o r y  f u n n e l .  
The s i l a n e  was shaken  w i t h  s u c c e s s i v e  500-ml p o r t i o n s  o f  water 
u n t i l  t h e  w a t e r  was n e u t r a l  t o  pH p a p e r .  The e t h e r  was removed 
a t  4 O 0 C / 1 O  mm y i e l d i n g  a w h i t e ,  o i l y  s o l i d .  The s o l i d  was washed 
w i t h  s e v e r a l  p o r t i o n s  of pe t ro l eum e t h e r  ( 3 0 - 6 o 0 c ) ,  T h i s  l e f t  
1 6 4  4 g (35  e 8% 1 o f  p - t o l y l d t p h e n y l s i l a n o l ,  m e l t i n g  range  90-95"C 
( r e p o r t e d  by r e f .  59, 94-95"C) .  I t s  NMR spectrum was c o n s i s t e n t  
f o r  t h e  p r o d u c t .  

Bromomethylation . o f  t h e  S.i,fanol 

N-bromosuccinim1d.e (11.8 g, 0 .066  mole) was added to 15.62 g 
(0 ,060  mole) d i p h e n y ~ - p - t 0 3 y l s l l a n o l  i n  250 ml. o f  carbon t e t r a -  
c h l o r i d e ,  and t h e  milxture was heated t o  6 O o C  and i r radiated w i t h  
u l t r a v i o l e t  l i g h t  f o r  1 .5  hours. An i n s o l u b l e  f r a c t i o n  o f  t h e  
succ in imide  by-product was c o l l e c t e d  on a f i l t e r ,  and t h e  s o l v e n t  
was removed from t h e  f i l t r a t e  by f lash evapora t ion .  The r e s i d u e  was 
d i s s o l v e d  i n  ether and cooled t o  -70°C, and a n o t h e r  f r a c t i o n  of  
succ in imide  was c o l l e c t e d  on a f i l t e r .  The e ther  was t h e n  removed, 
and the r e s i d u e  was d lSso lved  i n  benzene,  The benzeneso lu t ion  was 
removed from t h e  e l u e n t ,  The in f r a red  and NMR s p e c t r a  o f  t h e  
r e s u l t Z n g  product  i n d i c a t e d  t h a t  it was free of  succ in imide  and 
t h a t  100% of t h e  m e t h y l  groups were brominated.  , 

with 67% and 85% bromomethylation were o b t a i n e d ,  
I n  two S i m i l a r  runs  w i t h  less N-bromosuccinimide, p r o d u c t s  
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13. 1 :7-Dichlorohexamethyl trisiloxane and 1 ~ 9 - D i c h l o ~ o o c t a m e t h y l ~  
tetrasiloxane 

Dimethy ld ich lo ros i l ane  (464.5g, 3.60 moles)  was hydro lysed  
i n  e ther  w i t h  32.5 m l  ( ~ 8 0  mole) water i n  a n  e q u a l  volume o f  
dioxane fo l lowing  t h e  procedure  o f  Patnode and Wilcock ( ref .  6 0 ) .  
F r a c t i o n a l  d i s t i l l a t i o n  o f  p r o d u c t s  y i e l d e d  4 1  g t r i s i l o x a n e  
( 9 g 0 2 %  p u r i t y  by VPC) and 39 g t e t r a s i l o x a n e  (97.5% p u r i t y ) .  

14. H e p t a m e t h y l - l - a z a - 3 , 5 - d i o x a - 2 , 4 , 6 - t r i s i l a c y c l o h e x a n e  

The procedure  d e s c r i b e d  i n  ref .  28 was fo l lowed  w i t h . 4 0 . 5 - g  
(0.146 mole) 1,7-dichlorohexamethyltrisiloxane. The product  
c o l l e c t e d  a t  63-64OC/22 mm was 94.2% p u r e ' b y  VPC a n a l y s i s .  F u r t h e r  
d i s t i l l a t i o n  gave .99 .3% p u r i t y ,  

1 5 .  Bis(methylamino)methylphenylsilane 

Dichloromethylphenylsilane (76.4 g, 0.4  mole) was r e a c t e d  
with.methylamine a t  5OC fo l lowing  t h e  procedure  d e s c r i b e d  i n  
re f .  27, D i s t i l l a t i o n  y ie lded  a 50 g f r a c t i o n  b o i l i n g  a t  
117,5"C/19 mm t h a t  had n$6 1.5094. VPC a n a l y s i s  showed one 
peak and NMR spec t ra  was c o n s i s t e n t  f o r  t h e  above named p r o d u c t .  
Addi t ion  of  a drop  of water to t h e  NMR sample caused complete 
d i sappea rance  o f  N-CH3 p r o t o n s .  

D. P.REPARATION O F  PHOSPHQROUS-CONTAINING CROSSLINKING AGENTS 

1 ,  p - P heny 1 e,n e d i.p ho s p ho n i c Ac i d 

a. 

Two l i t e r s  of 3 O / 4 O 0 C  petroleum e the r  was added t o  a 3 - l i t e r ,  4- 

B i B ( d e t,hy 1,ami no ) c h 1 o ro p h os p h i ne 

necked flask f i t t e d  w i t h  s t i r re r ,  thermometer,  and dropping  f u n n e l ,  
and cooled t o  - L ~ O O C .  Phosphorus t r i c h l o r i d e  (137.5 g ,  1 . 0  mole)  was 
added s lowly ,  m a i n t a i n i n g  t h e  t empera tu re  o f  t h e  r e a c t a n t s  a t  - 7 O O C .  
A p6troXeum ether  s o l u t i o n  [a92 ( 4  moles)  of d i e t h y l  amine, and 
400 m l  o f  36/4Q* petroleum ether rs was added s lowly  o v e r  a p e r i o d  of  
3.5 h o u r s ,  After t h e  r e a c t a n t s  reached  room tempera tu re ,  t h e  amine 
hydroch lo r ide  was f i l t e r e d  o f f  and washed w i t h  s e v e r a l  p o r t i o n s  of 
Detroleum e ther .  The washings and t h e  f i l t r a t e  were combined and - 
h e v o l a t i l i z e d  at 4 5 O C / l O  mm, F r a c t i o n a l  d i s t i l l a t i o n  y i e lded  only 
one f r a c t i o n  (115 g,  54,5%; 52OC/O.2 mm; 

~ 26 ,5  1.4862, reported nD 
1 .4932) .  "D 

b .  

Mg t u r n i n g s  (36.0 g, 1 . 5  moles)  i n  1 0 0  m l  o f  THF were p laced  
i n  a 2-1Tter,  3-necked f l a sk  f i t t e d  w i t h  s t i r r e r ,  condenser, n i t r o g e n  
i n l e t , d r o p p i n g  f u n n e l  and thermometer.  
o f  t he  p-dibromobenzene s o l u t i o n  (177.0 g ,  0.75 mole i n  375 ml of  
THF) was added w i t h  r a p i d  s t i r r i n g ,  E t h y l  bromide was used as 

p -Phenylene di -Gri gna,rd Reagent 

Approximately 1 0 0  m i  
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s t a r t e r  f o r  t h e  Gr igna rd  r e a c t i o n ,  The rest  of t h e  p-dibromo- 
benzene w a s  added dropwise t o  m a i n t a i n  a g e n t l e  r e f l u x .  After t h e  
a d d 1 t i o n ) t h e  mix tu re  was r e f l u x e d  f o r  17 hours ,  

C ,  

Bis(diethy1amino)chlorophosphine (115 g,  0.546 mole)  i n  
100 m l  o f  pe t ro leum e the r  (80/100°) was p laced  i n  a 3 - l i t e r ,  
4-necked f lask  f i t t e d  w i t h  s t i r re r ,  thermometer,  condense r ,  
W I n l e t ,  and dropping  funne l .  Approximately 0.75 mole o f  t h e  
Q h g n a r d  r eagen t  i n  500 m l  of THF and 500 m l  o f  pe t ro leum e t h e r  
(80/100°) were added. The phosphine was t h e n  added s lowly  w i t h  
r a p i d  s t i r r i n g  under  N 
t o  70°C where t h e  r e a g g n t s  t u r n e d  brownish i n  c o l o r .  
were r e f l u x e d  f o r  an  ' a d d i t i o n a l  1 8  hours  and t h e n  were f i l t e r e d  whi l e  
h o t ,  
and combined w i t h  t h e  f i l t r a t e ,  White c r y s t a l s  appeared a f t e r  
d e v o l a t i z a t i o n  of the s o l v e n t s ,  After washing w i t h  e t h a n o l  and 
water,the c rys t a l s  were dr ied  i n  a vacuum d e s i c c a t o r  ( y i e l d  39 g 
(38%) ;  mp l o O Q C ) .  

atmosphere and t h e  t empera tu re  was raised 
The r e a g e n t s  

A l l  s o l i d s  were washed w i t h  b o i l i n g  petroleum e ther  (80/100°) 

d ,  p -Phenylenediph,osphonic Acid 

The p-phenylene-bis(tetraethy1phosphorous diamide)  was added 
i n  small p o r t i o n s  t o  50% n i t r i c  a c i d  o v e r  a two-hour p e r i o d .  V i o l e n t  
r e a c t i o n  occur red .  The r e s u l t i n g  pa le  ye l low s o l u t i o n  was re- 
f l u x e d  f o r  5 hours  and cooled .  White c r y s t a l s  p r e c i p i t a t e d .  After 
f i l t r a t i o n  and washing wi th  ace tone  they  gave 10 g of  product  
(mp - 2 8 3 - 2 8 5 0 ~ ) .  

2 ,  p- -Phenyl ene-bi , s  (phenylphosphi n i c  Aci d l  

D i e t hyl am i no p h e ny 1 c h 1 o ro ~ h o  s p h i ne a, 

Two l i t e r s  o f  30/40° pet ro leum ether  was added t o  a 3 - l i t e r ,  
4-necked flask f i t t e d  w i t h  stirrer, thermometer,  and dropping 
fPXnYlel, a d  CoOled t o  -?O°C. Dichlorophenyl  phosphine (179 g ,  
1.0 mole) was added slowly, main ta fn ing  the  t empera tu re  o f  t h e  
reactants a t  -7O*C. A pe t ro leum e ther  s o l u t i o n  [146g ( 2  moles)  
of d i e t h y l  m i n e ,  and 200 m l  of 30/40° pe t ro leum e ther ]  was 
added s lowly  over a p e r i o d  of 3.4 hours .  After t h e  r e a c t a n t s  
reached  room tempera tu re ,  t h e  amine hydroch lo r ide  was f i l t e r e d  
o f f  and washed w i t h  several  p o r t i o n s  of' pe t ro leum e the r .  The 
washings and the f i l t r a t e  were combined and d e v o l a t i l i z e d  a t  
45*C/10 mm4 F r a c t i o n a l  d i s t i l l a t i o n  yielded only  one f r a c t i o n  
( 9 0  1 ~ 9  39%; 95-96'C/Oe6 m m ) .  

b.  p -Phenylene di-Grignard Redgent 

Mg t u r n i n g s  (2T02 g s  1.08 moles)  e n  200 ml of THF were 
p l a c e d  i n  a 3 - l i t e r ,  4-necked flask f i t t e d  w i t h  s t irrer,  condenser ,  

i n l e t ,  d ropping  f u n n e l  and thermometer. Approximately 1 0 0  m l  
t h e  p-dibromobenzene s o l u t i o n  ( 1 2 7 . 4  g, 0,54  mole i n  400 m l  

145 



of  t h e  THF) was added w i t h  r a p i d  s t i r r i n g .  The res t  o f  t h e  p- 
dibromobenzene was added dropwise to m a i n t a i n  a g e n t l e  r e f l u x .  
After t h e  a d d i t i o n  t h e  mix tu re  was r e f l u x e d  f o r  23 h o u r s ,  

c .  p -Phenylene-bis(phenyldiethy1arninophosphine) 

A p p r o x i m a t e l y  0.54 mole o f  t h e  Gr ignard  r e a g e n t  i n  500 m f  
o f  THF and 5 G O  m l  o f  pe t ro leum e the r  (80/100°) were p laced  i n  a 
3 - l i t e r ,  &-necked f lask  f i t t e d  w i t h  stirrer, thermometer,  
condenser ,  N2 i n l e t ,  and dropping  f u n n e l .  
Gr igna rd  r e a g e n t  t o  7OoC, 9 0 . 0  g (0 .39 mole) o f  d ie thylamino-  
phenylchlorophosphine ,  i n  300 m l  of pe t ro leum e ther  (60-110°), 
was added s lowly  w i t h  r ap id  s t i r r i n g  under  N2. 
m i x t u r e  was r e f l u x e d  f o r  a n  a d d i t i o n a l  23 hour s  
and t h e n  f i l t e r ed  a f t e r  coo l ing .  The pe t ro leum e ther  washings 
of t h e  s o l i d s  were combined w i t h  t h e  f i l t r a t e ,  After devola- 
t i l i z a t i o n  of t h e  s o l v e n t s ,  a ye l low v i s c o u s  l i q u i d  remained. 
Pe t ro leum e t h e r  was added t o  t he  o i l .  It s o l i d i f i e d  af ter  s t a n d i n g  
o v e r n i g h t  and was r e c r y s t a l l i z e d  from 1:1 ethanolzhexane .  The 
w h i t e  s o l i d  p roduc t  melted a t  163-171°C, NMR a n a l y s i s  was 
c o n s i s t e n t  f o r  t h e  product  and i n d i c a t e d  p u r i t y  o f  about  85-90%. 

After h e a t i n g  t h e  

The r e a c t i o n  

d, p - P h e n y l e n e - b i s ( p h e n y l p ~ h o s p h j n i c  A c i d )  

p-Phenylene-bis(phenyldiethy1aminophosphine)  (25  g 0.058 mole)  
was added i n  small p o r t i o n s  t o  189.7 m l  37% HNO , A . v i o l e n t  r e a c t i o n  
o c c u r r e d ,  r e s u l t i n g  i n  an  i n s o l u b l e  brown gum t h t  was r e f l u x e d  i n  
a c i d  f o r  seven hour s .  After Cooling and f i l t e r i n g  t h e  mix tu re ,  t h e  
yellow solid was washed w i t h  200 ml o f  ace tone ,  r e c r y s t a l l i z e d  
from e t h a n o l  and d r i e d  i n  (2 vacuum d e s i c c a t o r  f o r  1 6  hours  a t  room 
t empera tu re ,  The S o l i d  d i d  n o t  melt be low 315°C. NMR a n a l y s i s  
was c o n s i s t e n t  f o r  t h e  p r o d u c t ,  

Ana lys i s  Calc'd: C, 60.3; H,  4 .48 ;  P ,  17.26, 
Found: C ,  60,l; H ,  4 ,68;  P, l 7 .08 .  

E, T I T A N I U M .  c H E L A , f E L O L Y M E R S  .,.WI,TH AL,KOXY S U B S T I T U E N T S  

1 1  

a .  $ o u d w  ...e-f 5 5 ' -8 I s ( b a1 i cy1 - N- b u  t y  1 i m i  no ) m e t  h ane 
w i  th T e t r _ a ! @ t o x y , $ i m c  

5 , 5 t - B i s ( s a l $ c y 2 - N ~ b u t y ~ i m % n ~ ) m e t h a n e  (5.316 g,  0.0145 mole) 
in 170 ml of dry pyr id ine  i n  8 dry f lask  under oxygen-free n i t r o g e n  
was s t i r r e d  and reFLraxed, and 50 m l  of p y r i d i n e  was d i s t i l l e d  
i n t o  a Dean-Stark t r a p .  The s o l u t i o n  was cooled t o  100°C, and 
4,911 g ,  (0 ,0145 mal%) of t e t r a b u t o x y t i t a n l u m  d i s s o l v e d  i n  1 0  ml 
a$ d r y  p y r i d i n e  was hdded q u i c k l y ,  Tho s o l u t i o n  was heated  a t  
100bC f o r  1, haulz and a t  r e f l u x  f o r  2 hours  du r ing  which time 50 r n l  

146 



of p y r e d i n e  was d i s t i l l e d .  S o l v e n t  and p roduc t  b u t a n o l  were t h e n  
removed under  vacuum l e a v i n g  a tough,  l i g h t  amber c o l o r e d  r e s i n  
t h a t  s o f t e n e d  a t  90-110°C and s o l i d i f i e d  on exposure t o  moi s t  a i r  
a t  10O-12O0C t o  a b r i g h t  red,  i n f u s i b l e  ( o v e r  3 O O O C )  s o l i d .  

b ,  Large-Scale Condensation o f  5,5'-Bis(salicyl-N- 
buty1imino)methane with Tetrabutoxytitanium 

T e t r a b u t o x y t i t a r i - m  886 g ,  0 . 0 7 0 9  mole) w a s  added dropwise 
t o  a p y r i d i n e  s o l u t i o n  of  26.798 g (0.0709 mole) of 5 ,5 ' -b i s -  
(salfcyl-N-buty1imino)methane i n  a d r i e d  a p p a r a t u s  under  n i t r o g e n  
a t  90°C. The r e a c t i o n  was heated f o r  2 h r s .  at,9Q°C? and t h e n  
was r e f l u x e d  f o r  5 h r s ,  s lowly  d i s t d l l i n g  o f f  t h e  p y r i d i n e .  The 
remaining s o l v e n t  was removed under  vacuum (0.05 mm Hg llO°C f o r  
3 h r ) .  The d r i e d  yel low amber r e s i n  s o f t e n e d  a t  110-125°C. 

C .  Condensation o f  Tetrabutoxytitanium with 5,5'-Bis- 
(salicyl-N-buty1imino)methane and Triethylsilanol 
851 2 

Tet rabu toxy t i t an ium (4.974 g ,  0.0146 mole) was added drop- 
wise t o  a p y r i d i n e  s o l u t i o n  of  5,5'-bis(salicyl-N-butylimino) 
methane inn a d r i e d  a p p a r a t u s  under  N2 a t  100OC. The r e a c t i o n  
was h e a t e d  a t  r e f l u x  f o r  3 hour s ,  s lowly  removing 1 0 0  m l  o f  p y r i -  
d i n e  by  d i s t i l l a t i o n .  T r i e t h y l s i l a n o l  (1.932 g, 0.0146 mole) was 
added dropwise a f t e r  c o o l i n g  t o  8ooc, h e a t e d  a t  8ooc f o r  1 hour 
and t h e n  r e f l u x e d  f o r  5 hours .  Most o f  t h e  s o l v e n t  was s t r i p p e d  
o f f  by  d i s t f l l a t i o n .  The remaining s o l v e n t  was removed under 
vacuum and t h e  b r i g h t  yel low polymer was d r i e d  a t  llO°C, 0 . 0 1  mm 
Hg f o r  5 hours .  T h i s  polymer has a s o f t e n i n g  p o i n t  of  1O5-13O0C 
b e f o r e  c r o s s l i n k i n g .  

d. Condensation o f  5,5'~Bis(8-hydroxyquinolino)methane 
with Tetraisopropoxytitanium 

A s o l u t i o n  c o n t a i n i n g  4.26 g ( 0 . 0 1 4 1  mole) of 5,5'-bis(8- 
hydroxyquino1ino)methane and 2.65 g (0.0282 mole) of phenol  i n  
200  m l  o f  d r y  q u i n o l i n e  was heated t o  130°C f o r  30 minutes  under  
d r y  n i t r o g e n .  The mix tu re  was t h e n  cooled  t o  llO°C and 4 . 0 0  g 
( 0 , 0 1 4 1  mole) t e t r a i s o p r o p o x y t l t a n i u m  was added. The  s o l u t i o n  
was h e a t e d  a t  13OoC f o r  2 hour s  and a t  r e f l u x  f o r  3 hours  d u r i n g  
which time 1 0 0  m l  o f  q u i n o l i n e  was d i s t i l l e d .  On c o o l i n g ,  a small 
amount of  s o l i d  s e p a r a t e d ,  b u t  t h e  bu lk  of  product  was s o l u b l e .  
The polymer condensed when heated i n  moi s t  a i r  a t  8ooc i n  q u i n o l i n e  
s o l u t i o n  t o  a g e l  t ha t  y i e l d e d  an i n f u s i b l e  solid on removal of  , 

s o l v e n t .  

e, Condensation o f  Bis-(4-,hydroxy-3-octan~ylphenyl)ether 

The above l i g a n d  (4.2768 g ,  0,009408 mole) i n  200 m l  d r y  

with Tetrabu,toxyti tanium 

p y r i d i n e  i n  a d r y  f lask  under  oxygen-free n l t r o g e n  was s t i r r e d  
and r e f l u x e d  and 100 m l  p y r i d i n e  was d i s t i l l e d  i n t o  a Dean-Stark 
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on was coo led  t o  95OC, 3 , 2 0 2  g (Oe009408 mol 

ing  r e f l u x  o v e r n i g h t ,  
l l a t i o n  a t  a tmospher ic  

and the  s o l u t i o n  r ted t o  reflux. 

ng a t  12OoC/Oa10 mm. The r e s i n  d i d  no t  

f. 

The p r o c e i u r e  was the same as i n  e above w l t h  8 ,688 g (0.020 
male) t h i s  ligand and 6.807 g (0,0200 male) t e t r a b u t o x y t i t a n i u m .  
'Phe polymer i so lated was b l a c k  and so f t ened  s t a r t i n g  a t  a b c u t  30°C. 

2 ,  

( 1 )  Male Rat fo  2 n l f 3  o f  l r l  

A d r y  p y r i d i n e  s o l u t i o n  ( 1 9 0  m l )  c o n t a i n i n g  1 4 . 1 0 2  g 
(0 .0384  mole) o r  5 ,5~-b i s ( sa l i cy l -N-bu ty l imino)meehane  was 
$ t i p r e d  and r e f l u x e d  i n  a d r y  f l a s k  under  oxygen-free n i t r o g e n ,  
and 40 m l  of' p y r i d i n e  was d i s t i l l e d  i n t o  a Dean S t a r k  t r ap .  The 
m l u t i o n  was cooled  t o  90OC and 2.376 ,g ( 0 . 0 1 9 2  mole) o f  re- . 
d i s t i l l e d  d i e t h y l z i n c  in 1 0  ml. of . anhydrous  p y r i d i n e  was added. 
After one-half  hour a t  90°C, 6.480 g (0.0192 mole) of r e d i s t i l l e d  
t e t r a b u t a x y t i t a n i u m  i n  20 ml of d r y  p y r i d i n e  was added, and t h e  
r e s u l t i n g  red s o l u t i o n  was r e f l u x e d  f o r  3 hours .  During t h i s  
time 1 0 0  m l  af  p y r l d i n e  was d i s t i l l e d .  
covered a f t e r  complete removal of  solvent i n  vacuum. 

An amber r e s i n  was re- 

, R a t i o  t n / T + .  o f  3.3:1_ 

Condensation was c a r r i e d  o u t  i n  t h e  manner recorded  above 
except  t h a t  3.217 Q ( 0 . 0 2 6 0  mole) of  r e d i s t i l l e d  d i e t h y l z i n c  and 
2.626 g (0 .0077 mole) of' r e d i s t i l l e d  t e t r a b u t o x y t i t a n i u m  were 
reacted wi th  12.376 g (0.03377 mole) of 5 ,5 ' -b i s ( sa l i cy l -N-  
bu ty l imino)  methane. A pa l e  amber r e s i n  was ob ta ined  a f t e r  
d r y i n g  i n  vacuum. 

Mote .R.atls t n / T 1  o f  3 : l  

F i f t y  m l  p y r i d i n e  was d i s t i l l e d  i n t o  t h e  trap from a s o l u t i o n  
of  300 m l  p y r i d i n e  covltaining 36.620 g (0.1000 mole) of t h e  above 
ligand, 
of  d i e t h y l z i n c  was added, After 2 1/2 hours  a t  90°C, 8.883 e: , 

(0 ,0261  mo1e)of t e t r a b u t a x y t i t a n i u m  i n  60 m l  o f  p y r i d i n e  was added. 
About 60 m l  of p y r i d i n e  was distilled over  8 p e r i o d  of 4 hours .  
Then t h e  s o l u t l o n  was kept  a t  l l O ° C  ove rn igh t  and s o l v e n t  was 
removed by d i s t i l l a t i o n  the nex t  day .  

did not flaw f r ee ly  below 3OOQC, 

'Phe solution was cooled t o  90°C, and 9.1158 g ( 0 . 0 7 3 9  mole) 

F i n a l  d r y i n g  of t h e  #olymer 
was a t  1200c/0. 0 mrn Hg. The polymer s o f t e n e d  a t  138Oc, bu t  



ole Ratio Zn/li o f  1:1.33 

T h i s  polymer was prepared e x a c t l y  as i n  p a r a g r a p h ( 3 )  above 
w i t h  29.296 g ( 0 ~ 0 8 0 0  mole) o f  l i g a n d ,  4.2386 g (0.03435 mole)  o f  
d i e t h y l z i n c ,  and 15.540 g (0.04565 mole) of  t e t r a b u t o x y t i t a n i u m ,  
The polymer s o l u t i o n  was separated i n t o  two par ts .  One pa r t  was 
kep t  f o r  s o l u t i o n  a p p l i c a t i o n s  to adhes ive  specimens and t h e  
o t h e r  p a r t  was d i s t i l l e d  to remove a l l  s o l v e n t .  Dry polymer 
i s o l a t e d  from t h e  second par t  so f t ened  a t  148OC b u t  d i d  n o t  m e l t  
comple te ly  below 300OC. 

b. Condensation o f  Bis(4-hydroxy-3-octanoylphenyl)ether 
with D iethylzinc and Tetrabutoxytitanium 

The above l igand  (18.183 g ,  0 .0400 mole) i n  200 m l  p y r i d i n e  
I n  a d r y  f l a s k  under  oxygen-free n i t r o g e n  was s t i r r e d  and 50 m l  
p y r i d i n e  was d i s t i l l e d  i n t o  a Dean-Stark t r a p .  The s o l u t i o n  was 
cooled  t o  90°C, 2.3208 g,  (0.01870 mole)  d i e t h y l z i n c  was added, 
and t h e  s o l u t i o n  r e f l u x e d  two hour s .  Then 7.2478 g (0.02130 
mole) t e t r a b u t o x y t i t a n i u m  was added and t h e  s o l u t i o n  r e f l u x e d  
ove rn igh t .  The polymer,  p a r t  o f  which was i n s o l u b l e  i n  b o i l i n g  
p y r i d i n e ,  was i s o l a t e d  as above. The r e s i n  s o f t e n e d  a t  2 1 O O C  bu t  
d i d  n o t  melt below 3OO0C. 

F ,  TITANIUM CHELATE POLYMERS W I T H  SILANOL- O R  VINYL-SUBSTITUENTS 

1 ,  Con.densation. o f  Tetraisopropoxytitanium with 5,5'-Bis(salicyl- 
habutylimino),methane and Phenylene-bis(methylphenylsilano1) 

a, Ti-to-Si R a t i o  1:4 (88554) 

T e t r a i s o p r o p o x y t i t a n i u m  (1 .345  g; 0.0047 mole)  was condensed 
w i t h  (1 .737 g; 0.0047 mole) of 5,5'-bls(salicyl-N-butylimino)- 
methane by dropwise a d d i t i o n  o f  t h e  t i t a n i u m  compound to a re- 
f l u x i n g  benzene s o l u t i o n  ( 2 0 0  m l )  o f  t h e  l i g a n d  o v e r  a p e r i o d  
o f  one-half  hour .  The benzene was d i s t i l l e d  o f f  u n t i l  about  a 
20% s o l u t i o n  of t h e  prepolymer  remained.  Then 3.323 g ,  ( 0 , 0 0 9 5  
mole)  of  phenylene-bis(methylphenylsilano1) was added i n  100 m l  
o f  benzene t o  t h e  prepolymer  s o l u t i o n  a t  room t e m p e r a t u r e ,  The  
r e a c t i o n  was t h e n  warmed to 4 O o C  and h e l d  a t  40-45OC f o r  20  h o u r s ,  
The s o l v e n t  was d i s t i l l e d  o f f  under  reduced  p r e s s u r e ,  and t h e  
polymer was d r i ed  a t  5OoC/O101 mm Hg for 3 hour s .  I t s  s o f t e n i n g  
r ange  was 80-9O0C. 

The d r i e d  polymer was t r i t u r a t e d  w i t h  two 150-ml p o r t i o n s  
of e t h y l  e t h e r  and t h e  washings were e v a p o r a t e d  t o  d y r n e s s .  
Approximately 22% of  t h e  c r u d e  polymer (1 .345  g )  was s o l u b l e  i n  
e the r*  

The p u r i f i e d  e t h e r - i n s o l u b l e  p o r t i o n  s o f t e n e d  a t  250-280Oc 
and was s o l u b l e  i n  benzene,  I t s  i n t r i n s i c  v i s c o s i t y  was 1 . 2 9 .  



T e t r a i s o p r o p o x y t i t a n i u m  (1 ,327  g ,  0 .00467  moles )  was added 
t o  1,711 g (Ob0O460 mole)  o f  5,5f-bis(salicyl-N-butylimino)- 
methane,  i n  a r e f l u x i n g  benzene s o l u t i o n ,  and t h e  benzene was 
d i s t i l l e d  o f f  u n t i l  about  a 10% s o l u t i o n  of polymer remained.  
Phenylene-bis(methylphenylsilano1) (9 .816 g ,  0.0280 mole)  was 
d i s s o l v e d  i n  150  m l  of w a r m  ( 4 5 O C )  benzene  and t h e  above polymer 
s o l u t i o n  was added t o  i t  w i t h  s t i r r i n g .  The r e . s u l t i n g  s o l u t i o n  
was heated at  45-5OoC f o r  3 hours  and t h e n  was s t i r red  o v e r n i g h t  
a t  room t e m p e r a t u r e ,  The benzene was d i s t i l l e d  o f f  a t  r educed .  
p r e s s u r e  ( 3 5 - 4 O O C )  and t h e  d r i e d  polymer was r e d i s s o l v e d  i n  
benzene and  e v a Q o r a t e d  t o  d r y n e s s  a second t i m e  w i t h  f i n a l  d r y i n g  
o f  t h e  polymer a t  4O0C/O.01 mm Hg f o r  2 h o u r s .  

The d r i ed  polymer was t r i t u r a t e d  w i t h  two 150-ml p o r t i o n s  
of e t h y l  e t h e r ,  and the  e ther  s o l u t i o n  was e v a p o r a t e d  t o  d y r n e s s .  
The weight  of  e x t r a c t e d  material was 9.63 g.  The m a t e r i a l  t h a t  
was i n s o l u b l e  i n  e t h e r  was r e d i s s o l v e d  i n  benzene (most of  t h e  
e t h e r - i n s o l u b l e s  were s o l u b l e ) ,  and t h e  benzene s o l u t i o n  was 
f i l t e r e d  qnd e v a p o r a t e d  t o  d r y n e s s  y i e l d i n g  a c l e a r  ye l low amber 
r e s i n  s o f t e n i n g  at  80-90Oc. A sample of t h e  polymer was t r i t u r a t e d  
w i t h  e t h y l  e t h e r .  About 2 0 %  of t h e  polymer was s o l u b l e  i n  e t h e r .  
The ye l low r e s i n o u s  material tha t  was i n s o l u b l e  i n  e the r  had a 
s o f t e n i n g  r ange  of  26O-29O0C, 

, 

C ,  T i - t o - S i  R a t i o  1 : 4  on 0.36 M o l e ,  S c a l e  ('108984) 

A s o l u t i o n  o f  t e t r a i s o p r o p o x y t i t a n i u m  ( 1 0 2 . 4 3 0  g ,  0.3604 mole) 
i n  310 m l  of d r y  benzene was added t o  5,5'-bis(salicyl-N-butylimino)- 
methane ( 1 3 2 , 1 4 1  g ,  0.3604 mole)  i n  7770 m l  of d r y  benzene w i t h  
s t i r r i n g  a t  r e f l u x  t e m p e r a t u r e  unde r  a n i t r o g e n  atmosphere 
t h e  a d d i t i o n ,  4250 m l  o f  benzene was d i s t i l l e d  o f f  a t  a t m o s p h e r i c  
p r e s s u r e  ( 5% polymer s o l u t i o n ) .  Then p-phenylene-bis(methy1-  
p h e n y l s i l a n o l )  ( 2 5 2 . 6 6 2  g,  0 .7208  mole)  was added as a s l u r r y  i n  
a t c t a l  of  2 l i t e r s  of d r y  benzene a t  3 0 ° C ,  T h i s  formed a g e l  
i n i t i a l l y  b u t  d i s s o l v e d  comple t e ly  a f t e r  2 h o u r s .  The r e s u l t i n g  
s o l u t i o n  was s t i r r e d  f o r  1 7  h o u r s ,  The s o l v e n t  was vacuum d i s -  
t i l l e d  and t h e  ye l low r e s i d u e  d r i e d  under  vacuum, y i e l d i n g  405 g 
o f  p r o d u c t ,  T h i s  was t r i t u r a t e d  5 times w i t h  anhydrous d i e t h y l  
e t h e r ,  f i l t e r e d ,  and vacuum d r i e d  f o r  36 h o u r s .  The e t h e r - i n s o l u b l e  
f r a c t i o n  weighed 260 g. 

A f t e r  

T e t r a i s o p r o p o x y t i t a n i u m  (3.87 g ,  0 , 0 0 1 4  mole)  was added 
dropwise  t o  a r e f l u x i n g  s o l u t i o n  of 5 , 5 + - b i s ( s a l i c y l - N -  -dimethyl-  
aminopropyl9mino)methane (5 .78  g, 0,0014 mole)  i n  d ry  benzene 



over  a1 p e r i o d  o f  30  minu tes ,  The benzene was d i s t i l l e d  o f f  u n t i l  
a s o l u t i o n  of =lo% c o n c e n t r a t i o n  remained,  After  c o o l i n g  to 
4 0 ° C ,  p-phenylene-bis(methylphenylsilano1) (9 .54 g,  0 . 0 0 2 7  mole)  
i n  100 m l  of d r y  benzene w a s  added and t h e  r e a c t i o n  was s t i r r e d  
18  hour s  a t  40-5OoC. 
s o l v e n t s  under  r educed  p r e s s u r e .  
i n  250 m l  of w a r m  benzene,  c o o l i n g  t h e  s o l u t i o n  to room t e m p e r a t u r e ,  
and c o l l e c t i n g  t h e  p r e c i p i t a t e d  (presumably higher  molecu la r  
weight) f r a c t i o n  on a f i l t e r .  T h i s  s o l i d  was washed w i t h  two 
100 m l  p o r t i o n s  o f  e t h y l  e t h e r  and d r i e d  f o r  5 hours  at 0.05  mm 
H g  a t  room t e m p e r a t u r e .  I t s  s o f t e n i n g  range  was 150-18OOc. 

Crude polymer was recove red  by  removing 
It was f r a c t i o n a t e d  b y  d i s s o l v i n g  

3. Condensation o f  N,N-Dimethyl-N',N'-bis(8-hydroxy-5-quinolyl- 
methy l ) - l , 3 -p . ropaned ia rn ine  with Tetraisopropoxytitanium and 
p-Phenylene-bis(methylphenylsilano1) 

T h i r t y  m l  o f  a d r y  benzene s o l u t i o n  c o n t a i n i n g  5.1303 g 
(0 ,01805 mole)  t e t r a i s o p r o p o x y t i t a n i u m  was added under  n i t r o g e n  
Lo 400 m l  r e f l u x i n g  benzene s o l u t i o n  c o n t a f n i n g  7.5187 g (0.01805 
mole)  o f  t h e  above l i g a n d .  After  t h e  a d d i t i o n ,  3 2 0  m l  of benzene 
was d i s t i l l e d .  
when 100 m l  benzene was added and t h e  m i x t u r e  warmed t o  4 O O C .  
A s l u r r y  o f  12.6534 g (0 ,03610 mole) p-phenylenebis(methylpheny1- 
silanol) i n  50 m l  d r y  benzene was added. 
o c c u r r e d  a t  t h i s  p o i n t .  

A ye l low S o l i d  p r e c i p i t a t e  t h a t  d i d  n o t  r e d i s s o l v e  

Complete s o l u t i o n  

The s o l u t i o n  was k e p t  as 39OC f o r  15 h r s ,  a f t e r  which t i m e  
The s o l v e n t  was vacuum d i s t i l l e d  and a ye l low s o l f d  wad p r e s e n t .  

the r e s i d u e  d r i ed  under  vacuum. 
t r i t u r a t e d  f o u r  times w i t h  anhydrous e t h e r  and d r i e d  t o  g i v e  
1 4 . 5  g of  p r o d u c t  that  s o f t e n e d  a t  205OC. 
i n  benzene and p y r i d i n e .  

The ye l low-colored  polymer was 

The polymer i s  i n s a l u b l e  

4. Condensation o f  5,5'-~is(7-octanoyl-8-hydroxyquinolino)- 
methane with Tetraisopropoxytitanium (100285) 

A s o l u t i o n  o f  t e t r a i s o p r o g o x y t i t a n i u m  (2.6535g,  0.00934 mole)  
i n  30 m l  of d r y  benzene was added t o  5 ,5 r -b i s (7 -oc tanoy l -8 -  
hydroxyquino1ino)methane (5.1810g, 0.00934 mole) i n  300 m l  of 
dry benzene w i t h  s t i r r i n g  a t  r e f l u x  t e m p e r a t u r e  under  a n i t r o g e n  
a tmosphere .  Af t e r  t he  a d d i t i o n ,  200 m l  o f  benzene was d i s t i l l e d ,  
T h i s  was t h e n  s t i r r e d  f o r  one hour  wi thou t  any appearance  of  a 
p r e c i p i t a t e .  A s l u r r y  of p-phenylene-bis(methylphenylsilano1) 
(6 ,5479gS 0.01868 mole)  i n  200  m l  of benzene was added and t h e  
r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  17 h o u r s . d u r i n g  which t i m e  
t h e  polymer remained i n  s o l u t i o n .  The s o l v e n t  was vacuum d i s t i l l e d  
and t h e  ye l low r e s i d u e  d r i ed  under  vacuum, y i e l d i n g  11.3g. T h i s  
was t r i t u r a t e d  w i t h  anhydrous d i e t h y l  e ther  f o u r  t imes and f i l t e r e d ,  
The e ther  i n s o l u b l e  f r a c t i o n  weighed 2 . 5  g and was i n s o l u b l e  i n  
benzene and p y r i d i n e .  



The e the r  s o l u b l e  f r a c t i o n  was t r i t u r a t e d  w i t h  a b s o l u t e  
e t h a n o l  f o u r  times and f i l t e r e d ,  The i n s o l u b l e  f r a c t i o n  weighed 
4g and was i n s o l u b l e  i n  benzene and p y r i d i n e .  
was 220°C-2950C I) 

Its s o f t e n i n g  range  

5. 

a .  I n  Benzene S o l u t i o n  

A s o l u t i o n  of 2.0672 g (0600727 mole)  o f  t e t r a i s o p r o p o x y -  
t i t a n i u m  i n  1 0  m l  of d r y  benzene was added t o  3.3356 g (0.00727 
mole)  o f  t h e  above pu re  l i g a n d  i n  1 0 0  m l  o f  d r y  benzene a t  r e f l u x  
t e m p e r a t u r e  u n d e r  a n  N 2  a tmosphere.  F i r s t ,  130  m l  o f  benzene 
was d i s t i l l e d  from t h e  r e a c t i o n  a t  a tmosphe r i c  p r e s s u r e  and t h e n  
a s o l u t i o n  o f  5.0988 g (0.01455 mole)  of p-phenylene-bis(methy1- 
p h e n y l s i l a n o l )  i n  150 m l  of d r y  benzene was added. 

The. s o l u t i o n  was s t i r r e d  f o r  63 h r .  a t  room t e m p e r a t u r e  
u n d e r  an  N 2  a tmosphere.  The s o l v e n t  was d i s t i l l e d  under  vacuum 
and t h e  ye l low s o l i d  r e s i d u e  was d r i e d  unde r  vacuum a t  4 O O C .  
The i s o l a t e d  s o l i d ,  7 .40  g, was t r i t u r a t e d  f o u r  times w i t h  an- 
hydrous  d i e t h y l  e ther  and f i l t e r e d .  The e ther  i n s o l u b l e  f r a c t i o n  
weighed 1 .68  g, was i n s o l u b l e  i n  beneene and s o f t e n e d  a t  195*C. 
The e ther  s o l u b l e  part weighed 4.29 g, s o f t e n e d  a t  73OC, hardened  
by 125OC, and r e s o f t e n e d  a t  155OC. The e t h e r  s o l u b l e  f r a c t i o n  
was s t i r red i n  350 m l  of e t h a n o l  and f i l t e r e d ,  The 1 6 2 0  g o f  
e t h a n o l  i n s o l u b l e  s o l i d  s o f t e n e d  a t  185OC. All i s o l a t e d  s o l i d s  
had e s s e n t i a l l y  t h e  same IR spectra .  

A second similar p r e p a r a t i o n  was done wi th  6.88 g of l i g a n d  
that  c o n t a i n e d  a small amount of benzene - inso lub le  i m p u r i t y .  The 
p r o d u c t s  i s o l a t e d  were simiiar t o  t h o s e  i n  t he  smaller s c a l e  run .  
The e t h a n o l  i n s o l u b l e  f r a c t i o n  had a m o l e c u l a r  weight o f  1800 by 
v a p o r  phase osmometry. 

b, I n  P y r i d i n e  S o l u t i o n  

A s o l u t i o n  o f  4 .510  g (0 .0159 mole) of  t e t r a i s o p r o p o x y -  
t i t a n i u m  i n  30 m l  o f  d r y  p y r i d i n e  was added w i t h  s t i r r i n g  t o  
7 , 2 8 2  g(0 .0159 mole)  o f  the above l i g a n d  i n  380 m l  d r y  p y r i d i n e  
a t  r e f l u x  i n  a n i t r o g e n  a tmosphere ,  
d i s t i l l e d  a t  atmospherdc p r e s s u r e  and t h e n  180 m l  p y r i d i n e  
f o l l o w e d  by a s o l u t i o n  of  91,125 g (0 ,0317  m6les) o f  p-phenylene- 
bis(methylphenylsi1anol) i n  195 m l  p y r i d i n e  was added t o  t he  
r e s i d u e ,  
t u r e  and t h e n  t h e  s o l v e n t  was removed by vacuum d i s t i l l a t i o n .  
The residue was t r i t u r a t e d  f o u r  times w i t h  e ther .  The washed 
p r o d u c t  weighed 6 . 3  g and d i d  n o t  s o f t e n  below 27OOC. 

About 400  m l  of s o l v e n t  was 

The s o l u t i o n  was s t i r r e d  for 60 hour s  a t  room tempera- 



6 .  
w i t h  Tetraisopropoxytitanium 

a. I n  Toluene (100272) 

A s o l u t i o n  of t e t r a i s o p r o p o x y t i t a n i u m  ( 4 . 2 4 4 2 g ,  0.01493 mole)  
i n  30 ml of d r y  t o l u e n e  was added t o  N,N-bis(8-hydroxy-5-quinolyl- 
methy1)butylamine (5.7848g, 0.01493 mole)  i n  320 m l  o f  d r y  t o l u e n e  
wi th  s t i r r i n g  a t  r e f l u x  t empera tu re  under  a n i t r o g e n  atmosphere.  
About 280 m l  of s o l v e n t  was d i s t i l l e d  from t h e ' f l a s k  a t  atmos- 
p h e r i c  p r e s s u r e  and on c o o l i n g  a ye l low p r e c i p i t a t e  r e s u l t e d .  
A s l u r r y  of  p-phenylene-bis(methylphenylsilano1) (10.46686, 
0.02986 mole)  i n  300 ml of d r y  benzene was added and t h e  mix tu re  
was heated t o  45OC. Eve ry th ing  d i s s o l v e d  and t h e n  a n o t h e r  
p r e c i p i t a t e  formed as t h e  s o l u t i o n  was s t i r r ed  f o r  1 7  hours  a t  
room t e m p e r a t u r e .  

The s o l v e n t  was removed by vacuum d i s t i l l a t i o n ,  l e a v i n g  
a ye l low r e s i d u e  weighing 15 .1g .  
w i t h  anhydrous d i e t h y l  e ther  and f i l t e r e d .  The e ther  i n s o l u b l e  
f r a c t i o n ,  a f t e r  vacuum d r y i n g ,  weighed 9.9g.  T h i s  p roduct  had 
a s o f t e n i n g  r ange  of 210-25OOC and was i n s o l u b l e  i n  benzene and 
p y r i d i n e .  

T h i s  was t r i t u r a t e d  f o u r  t imes 

b .  I n  Toluene and Xylene (100281) 

The same p rocedure  was fo l lowed  as i n  I V . F . 6 . a .  on a 0 . 0 1 5  
mole s c a l e ,  excep t  t h a t  a f t e r  removal of t h e  t o l u e n e  i n  t h e  f i r s t  
r e a c t i o n  s t e p ,  250 m l  of xy lene  was added t o  t h e  prepolymer.  
The prepolymer s o l u t i o n  was heated a t  r e f l u x  f o r  one hour  and t h e  
xylene  t h e n  d i s t i l l e d  a t  a tmosphe r i c  p r e s s u r e .  Then t h e  xylene  
a d d i t i o n ,  h e a t i n g  and removal was repeated once more.  The s i l a n e -  
d i o l  w a s  added and t h e  procedure  used i n  I V . E . 6 . a .  resumed. The 
product  weighed 1 1 . 4  g ,  s o f t e n e d  from 220  t o  2 7 5 O C ,  and was 
i n s o l u b l e  i n  benzene and p y r i d i n e .  

7. I f  

A s o l u t i o n  of  t e t r ak i s (d ime thy1amino)  t i t a n i u m  (IV), (4,1317g, 
0.01843 mole)  i n  30 m l  o f  d r y  benzene was added t o  N N-bis- 
(8-hydroxy-5-quinoly1methyl)butylamine (7 ,1409g,  0.01843 mole)  
i n  400 r n l  of  d r y  benzene w i t h  s t i r r i n g  a t  r e f l u x  t empera tu re  
under  a n i t r o g e n  atmosphere.  
formed,and dimethylamine evo lved ,  A p o r t i o n  (130 m l )  of t h e  
s o l v e n t  was d i s t i l l e d ,  t h e  r e a c t i o n  mix tu re  was a l lowed t o  r e f l u x  
f o r  40 minu tes  and t h e n  an a d d i t i o n a l  70  m l  of s o l v e n t  was 
d i s t i l l e d ,  A s l u r r y  of p-phenylene-bis(methylphenylsi1anol) 
(12,9205g, 0,03686 mole)  i n  350 m l  of d r y  benzene was added and 
heated f o r  2 hour s  and t h e n  s t i r r e d  a t  room tempera tu re  f o r  63 h r s  
d u r i n g  which t i m e  t h e  p roduc t  remained i n s o l u b l e .  

During t h e  a d d i t i o n  a p r e c i p i t a t e  
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The s o l v e n t  was removed by vacuum d i s t i l l a t i o n  l e a v i  
ye l low r e s i d u e  weighing 2 0 , 2 g ,  a f t e r  d r y i n g  under  vacuum. 
was t r i t u r a t e d  f o u r  times w i t h  anhydrous d i e t h y l  e t h e r  and 
f i l t e r e d ,  
weighed 14 ,6g .  
a s o f t e n i n g  r a n g e  of 185-260Oc. 

The e ther  i n s o l u b l e  f r a c t i o n ,  a f t e r  vacuum d r y i n g ,  
It was insolub2.e i n  benzene and p y r i d i n e  and had 

8. Co n d e n s a t i o n  o f  5,5'-Bis(salicyl-N-butylimino)methane with 
tetraisopropoxyti t a n i u m  a n d  diphenylvinylsi lanol 

a. S t a n d a rd Procedure (106634) 

A s o l u t i o n  of 6.389 g (0.0225 mole)  t e t r a i s o p r o p o x y t i t a n i u m  
i n  30 m l  d ry  benzene was added w i t h  s t i r r i n g  t o  a s o l u t i o n  of 
8 ,240  g (0 ,0225  mole)  of  t h e  l i g a n d  i n  475 m l  benzene at  r e f l u x  
unde r  n i t r o g e n .  About 220  m l  o f  s o l v e n t  was d i s t i l l e d  from t h e  
f lask  a t  a tmosphe r i c  p r e s s u r e  l e a v i n g  a n  o range ,  v i s c o u s  s o l u t i o n .  
An a d d i t i o n a l  250 m l  o f  d r y  benzene w a s  added t o  d i l u t e  t he  polymer.  
Then a s o l u t i o n  of  10.692 g (0 .0450 mole p l u s  5% e x c e s s  by w t . )  o f  
p h e n y l v i n y l s i l a n o l  i n  200  m l  o f  benzene was added and the  s o l u t i o n  
was s t i r r e d  f o r  17 hrs  a t  room t e m p e r a t u r e .  The s o l v e n t  was re- 
moved by vacuum d i s t i l l a t i o n  t o  l e a v e  17 .70  g of s o l i d .  T h i s  s o l i d  
Was t r i t u r a t e d  f i v e  times w i t h  d i e t h y l  e t h e r ,  l e a v i n g  11.65 g of 
s o l i d .  The p r o d u c t  s o f t e n e d  a t  140-185OC and had a r e l a t i v e  
v i s c o s i t y  i n  1% benzene s o l u t i o n  of 1 . 0 3 .  Another  p roduc t  weighing 
2 . 4  g separated from t h e  e t h e r  on s t a n d i n g .  
235-27OOC and t h e  r e l a t i v e  v i s c o s i t y  of 0 .9% s o l u t i o n  was 1 . 0 2 .  
A second p r e p a r a t i o n  w i t h  7 . 5  g l i g a n d  y i e l d e d  a s imilar  p r o d u c t .  

I t  s o f t e n e d  a t  

b. I n  Toluene (106673) 
A similar p r e p a r a t i o n  was c a r r i e d  ou t  i n  t o l u e n e .  The 

e t h e r  i n s o l u b l e  product  s o f t e n e d  i n  t h e  range  135-215OC and had 
a molecu la r  weight of 1660 by vapor phase osmometry. 
i n  t h e  NMR was 
t o  l i g a n d  i n  t h e  p r o d u c t .  

I t s  spectrum 
c o r r e c t  f o r  a 2 : l  mole r a t i o  o f  d i p h e n y l v i n y l s i l o x y  

c .  W i t h  Tetrakis(dimethylamino)titanium(IV) i n  Place o f  
T e t r a i s o p r o p o x y t i , t a n i u m  (106684) 

A similar p r e p a r a t i o n  on 0.0288 mole s c a l e  was c a r r i e d  
o u t  w i t h  t e t r a k i s ( d i m e t h y 1 a r n i n o ) ~ ~ t ~ ~ U ~  (Iv') i n  benzene s o l u t i o n .  
The p r o d u c t s  were i n s o l u b l e  i n  hexane, s o l u b l e  i n  benzene and 
f r a c t i o n a t e d  by e t h e r .  
s o l u b l e  f r a c t i o n s  were 1720  and 1635, r e s p e c t i v e i y .  The NMR 
s p e c t r a  were a l s o  similar t o  the produc t  o b t a i n e d  i n  t o l u e n e  
from tetraisopropoxytitanium. 

Molecular  weights of  e ther  i n s o l u b l e  and 
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d. Reverse Addition (100290) 

A solution of 5,5T-bis(salicyl-N-butylimino)methane 
(1,9801g9 0,005401 mole) in 100 ml of dry benzene was added to 
tetraisopropoxytitanium (3.0701g, 0.010802 mole) in 750 ml of 
dry benzene at reflux temperature with stirring and under a 
nitrogen atmosphere. After the addition, 355 ml of solvent was 
distilled and the reaction cooled to room temperature. A solution 
of diphenylvinylsilanol (4.8900g3 0.021604 mole) in 300 ml of dry 
benzene was added and stirring continued for 45 minutes. This 
was heated to reflux and 380 ml of solvent distilled. An addition 
of 200 ml of dry benzene was then made and 100 ml more of the 
solvent distilled. 
methane (1.9801g5 0.005401 mole) in 300 ml of dry benzene was 
then added at reflux, 425 ml of the solvent distilled, and 
stirring continued at room temperature for 63 hours. 

The solvent was distilled and the yellow residue vacuum 
dried at 40°C for 17 hours yielding 8.2g. This was triturated 
with petroleum ether (30-60~) four tines and decanted. The 
vacuum dried residue weighed 7.lg and was soluble in benzene. 
It had a molecular weight of 1900 by vapor phase osmometry. 

A solution of 5,5f-bis(salicyl-N-butylimino)- 

e. High L i g a n d  Concentration (108814) 

A solution of 3,805g (0 .01338 mole) tetraisopropoxytitanium 
in 5 ml dry benzene was added, under nitrogen, with stirring to 
4.904 g (0.01338 mole) 5,5'-bis(salicyl-N-butylimino) methane in 
6 ml dry benzene at 40°C. Four successive 10 m l  portions of ben- 
zene were added and then distilled. Then to the cooled viscous 
solution was added 6.057 g (0.02676 mole) of diphenylvinylsilanol 
in 50 ml benzene. The viscous mass was left standing overnight at 
room temperature and then the solvent was removed by vacuum dis- 
tillation. The dried residue weighed 10.4 g .  It was triturated 
four times (mortar and pestle) with diethyl ether, leaving 7.5 g 
of yellow powder. This product was 81.5% soluble in benzene and 
softened in the range of 93°-1400C. The benzene-soluble fraction 
had a molecular weight of 2900 by vapor phase osmometry. 

9. Condensation o f  ~,5'-Bis(salicyl-N-butylimino)methane with 
T e t r a i s o p r o p o x y t i t a n i u m ,  Diphenylvinylsilanol and p-Phenylene- 
b i s ( me t h yTp h e ny 1 s i 1 an o 1 ) 

A solution of' 4.4128g (0.01553 mole) tetraisopropoxytitanium 
in 30ml dry benzene was added, under nitrogen, with stirring to 
5.6925g (0,01553 mole) ~,5'-bis(salicyl-N-butylimino)methane in 
335m1 dry benzene at reflux, About 22Oml o f  solvent was distilled 
from the flask at atmospheric pressure and a slurry of 5.4437g 
(0.01553 mole) p-phenylene-bis(methylphenylsilano1) in l O O m l  
dry benzene was added simultaneously with a solution of 3.5152g 
(0,01553 mole) diphenylvinylsilanol in 150ml dry benzene. This 
was heated slightly to dissolve the silanols and then stirred 
at room temperature for 63 hrs. 



The s o l v e n t  was removed by vacuum d i s t i l l a t i o n  l e a v i n g  a 
ye l low r e s i d u e  weighing 13 .5g .  
e t h e r  f o u r  times and f i l t e r e d .  The e ther  i n s o l u b l e  f r a c t i o n ,  
a f t e r  vacuum d r y i n g ,  weighed 10.3g,  s o f t e n e d  from 170 t o  28OOC 
and was i n s o l u b l e  i n  benzene,  

T h i s  was t r i t u r a t e d  w i t h  d i e t h y l  

1 0 .  Condensation of 5,5'~Bis(salicylaldehydo)methane with Tetra- 
isopropoxytitanium (100289) 

A s o l u t i o n  o f  t e t r a i s o p r o p o x p t i t a n i u m  (2.7560g,  0.00970 mole)  
i n  30 m l  o f  d r y  benzene was added t o  5,5f-bis(salicylaldehydo)- 
methane (2.4856g,  0.00970 mole)  i n  350 m l  o f  d r y  benzene w i t h  
s t i r r i n g  a t  r e f l u x  t e m p e r a t u r e  under  a n i t r o g e n  atmosphere.  
The s o l u t i o n  immediately became c loudy ,  The m i x t u r e  was c h i l l e d  
t o  2 8 O C  and a s o l u t i o n  o f  d i p h e n y l v i n y l s i l a n o l  (4 .3912g,  0.01940 mole)  
i n  50 m l  o f  d r y  benzene was added. T h i s  was s t i r r e d  a t  28OC f o r  
35 m i n u t e s ,  and t h e n  heated t o  r e f l u x  -and 320 m l  o f  s o l v e n t  
d i s t i l l e d .  Two a d d i t i o n s  of  250 m l  of d r y  benzene were made and 
e a c h  d i s t i l l e d .  Another 250 m l  o f  benzene was made and s t i r r i n g  
was c o n t i n u e d  f o r  63 hour s .  A t  t h i s  time t h e r e  was a n  orange  
p r e c i p i t a t e  p r e s e n t .  The s o l v e n t  was d i s t i l l e d  and t h e  ye l low 
r e s i d u e  vacuum d r i e d ,  y i e l d i n g  6 . l g .  T h i s  was t r i t u r a t e d  f o u r  
times w i t h  anhydrous  d i e t h y l  e the r  and f i l t e r e d .  The e ther  
i n s o l u b l e  f r a c t i o n  weighed 5.2g and was i n s o l u b l e  i n  benzene and 
p y r i d i n e  

1 1 .  Condensation fo 5,5'-Bis(.salicyl-N-butylimino)methane with 
Diethylrinc., Tetraisopropoxytitanium a n d  p-Phenylene-bis- 
(methylphenylsilanol) 

a. Mole Ratio Zn:Ti of 4:l (108917) 

D i e t h y l z i n c  (2.9482g;  0.02387 mole) was added w i t h  s t i r r i n g  
t o  a s o l u t i o n  o f  10.9965g ( 0 . 0 3 0 0  mole)  5,5'-bis(salicyl-N-butyl- 
imino)  methane d i s s o l v e d  i n  540 m l  o f  d r y  p y r i d i n e  a t  8 5 " ~  i n  an 
oxygen-free n i t r o g e n  a tmosphere .  T h i s  was s t i r r e d  a t  85Oc f o r  
20 minu tes  and t h e n  heated a t  r e f l u x  f o r  1 hour .  T e t r a i s o n r o -  
poxy t i t an ium (1 .7433g;  0.00613 mole) i n  20 m l  o f  p y r i d i n e  was 
added a t  r e f l u x .  Then abou t  300  m l  o f  s o l v e n t  was d i s t i l l e d  a t  
a tmosphe r i c  p r e s s u r e  l e a v i n g  a v i s c o u s  orange-red s o l u t i c n  w h i c h  
was coo led  t o  room t e m p e r a t u r e .  A s o l u t i o n  of  4.2975e; (0 .01226 
mole)  p-phenylene bis(methylphenylsilano1) i n  250 m l  d r y  p y r i d i n e  
was added and t h e  s o l u t i o n  s t i r r e d  f o r  1 6  h o u r s .  

The  s o l v e n t  was d i s t i l l e d  unde r  vacuum w i t h  s l i g h t  heat  
l e a v i n g  a r e s i d u e  weighing 16.7g.  T h i s  was t r i t u r a t e d  f i v e  times 
w i t h  d i e t h y l  e t h e r  and f i l t e r e d .  The e t h e r  i n s o l u b l e  f r a c t i o n ,  
a f t e r  vacuum d r y i n g ,  weighed 1 4 , 0 g ,  s o f t e n e d  from 135OC to 160°C, 
and was s o l u b l e  i n  p y r i d i n e .  I t s  r e l a t i v e  v i s c o s i t y  i n  a 0.5% 
p y r i d i n e  s o l u t i o n  was 1 . 0 4 .  
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ole Ratio Zn:Ti o f  19:l (108923) 

rn'- &rle same procedure was followed as in a above, except that 
3.4997g (0.32834 mole) diethylzinc was added to 10.9965g (0.0300 
mole) 5,5v-bis(salicyl-N-butylimino) methane. After this re- 
action, tetraisopropoxytitanium (0.4718g9 0.00166 mole) was added 
at reflux. During the early stage of the distillation at atmos- 
pheric pressure a precipitate separated, which did not redissolve 
when the p-phenylene bis(methylphenylsilano1) (1.1638g, 0.00332 
mole) was added. 

After 16 hours of stirring, the solvent was distilled 
leaving a residue of 11.4g, which was triturated four times with 
anhydrous diethyl ether and filtered. The ether insoluble por-  
tion, after vacuum drying, weighed 10.2g and softened from 130°C 
to 1600~. It was insoluble in pyridine. 

12. Condensation o f  5,5'-bis(salicyl-N-butylimino)methane with 
Diethyltinc, Tetraisopropoxytitanium and Diphenylvinylsilanol 
j 108920) 

The procedure described in IV.F.11, a was followed except 

10.9965g (0.0300 mole) of 5,5t-bis(saiicyl-N-butylimino) 

2.9502g (0.02389 mole) of diethylzinc; 
1.7366g (0.00611 mole) of tetraisopropoxytitanium; 

that the following reagents were used: 

methane; 

and, 2,766Og (0.01222 mole) of diphenylvinylsilanol. 

After the solvent was distilled under vacuum, a residue 
weighing 14.0g remained. 
diethyl ether and filtered. The ether insoluble fraction, after 
vacuum drying, weighed 11.2g and softened from 135°C to 16oOc. 
This product was initially soluble in pyridine but separated 
from solution on standing, 

This was triturated five times with 

G .  S U B S T I T U T I O N  OF I S O C Y A N A T E  GROUPS ON T I T A N I U M  C H E L A T E  POLYMER 

1 ,  Direct Substitution 
Tetraisopropoxytitanium (3.1259 ga  0.011 mole)- in-200-m-T- 

.of dry benzene was added dropwise t o  a refluxing solution of 
4,0315 g, (01011 mole) of 5,5'.bis(salicya-N-buey3.imino)methane 
in 370 ml of dry benzene. 
room temperature after distilling of 300 m1 of benzene. p-Tolyl- 
dimelhylsllanol (3.66 g, 0.022 mole) was added In 100 rn l  of dry 
benzene and the reaction was stirred for 1 h o u r &  Then the benzene 
was vacuum-distilled off. The po.lymer was dried at 4O0C/0.O05 mm 

The polymer solution was cOoled to 

f o r  2 hours and then redissolved in 200 ml of d r y  benzene. 
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N,N'-Dibromodimethylhydantoin (2 .516 g, .0.0088 mole) 
added i n  50 m l  of d r y  benzene,  and t h e  mix tu re  was s t i r r e d  a t  
room t e m p e r a t u r e  under u l t r a v i o l e t  l i g h t  f o r  45 min, and t h e n  
f i l t e r e d  under  n i t r o g e n .  S i l v e r  c y a n a t e  (4 .642 g,  0 .0211 mole) 
was added t o  t h e  cloudy f i l t r a t e  a t  room temperature. 
s t i r r i n g  o v e r n i g h t  (18 h r )  t h e  r e a c t i o n  mix tu re  was -f_ilter-ed in-- 
t h e  drybox and t h e  f i l t r a t e  evapora t ed  t o  d r y n e s s  under  reduced 
p r e s s u r e .  The f i l t r a t e  y i e lded  a rubbe ry  material t,hat had a 
s o f t e n i n g  r ange  of l15-12D°C, and showed a p a i r  of a b s o r p t i o n  
peaks i n  t h e  i n f r a r e d  t h a t  are c h a r a c t e r i s t i c  of. i s o c y a n a t e  

After 

(4.42p,  4 . 6 0 ~ ) .  

2 .  S u b s t i t u t i o n  o f  t h e  p-Bromometh.ylphenyldiphenylsi1anoxy 
Group on  t h e  T i t a n i u m  C h e l a t e  P o l y m e r  

A s o l u t i o n  c o n t a i n i n g  4.099 g (0 .0144  mole) of t e t r a i s o p r o -  
poxyt i tan ium i n  10 m l  of anhydrous benzene was added t o  a r e f l u x i n g  
s o l u t i o n  of 5.285 g (0 .0144  mole) o f5 ,5 '  bis(salicy1-N-buty1imino)methane 
i n  250 ml of anhydrous benzene. 
a 4-hour p e r i o d ,  d u r i n g  which 200 m l  was c o l l e c t e d .  
s o l u t i o n  was t h e n  cooled t o  room t empera tu re  and a benzene s o l u t i o n  
c o n t a i n i n g  10.65 g (0 .0288 mole)  o f  p-bromomethylphenyldiphenylsilanol 
was added. The r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  18 hours  and 
t h e n  t h e  s o l v e n t  was removed under  reduced p r e s s u r e .  The c rude  polymer 
was washed w i t h  e the r ,  and t h e  e ther  i n s o l u b l e  f r a c t i o n  was r e d i s s o l v e d  
i n  benzene. 

Benzene was s lowly  d i s t i l l e d  ove r  
The polymer 

H .  Z I N C  CHELATE POLYMER P R E P A R A T I O N S  

1.  S t a t i s t i c a l  S t u d y  

P u r i f i e d  5,5'-bis(salicyl-N-n-butylimino)methane 
(5.1000 g, 0.0139 mole) was d i s s o l v e d  I n  t h e  s o l v e n t  of  choice  
under a d r y  n i t r o g e n  atmosphere.  
was removed by d i s t i l l a t i o n ,  and then  t h e  s o l u t i o n  was cooled 
t o  90°C. For  q u i n o l i n e  and 2 -ch lo ropyr id ineY the s o l u t i o n  was 
heated t o  120°C f o r  45 minutes and t h e n  cooled t o  90°C. 

r e d i s t i l l e d  d i e t h y l z i n c  was added o v e r  a two-minute p e r i o d .  
After the a d d i t i o n  was complete, t h e  r e a c t i o n  mixture was al lowed 
t o  s t i r  a t  90°C for e l t h e r  1, 5, o r  20 hours .  The polymer was 
i s o l a t e d  from t h e  s o l v e n t  by h e a t i n g  a t  150°C under a vacuum 
'( ~ 1 5  mm H g )  f o r  4 hours .  

and r e a c t i o n  times used i n  each of t h e  27 experiments  and g i v e s  
t h e  r e l a t ive  v i s c o s i t y  of the product  polymer found f o r  2% 
s o l u t i o n s  of polymer i n  p y r i d i n e  a t  25°C. 

With a p y r i d i n e  so lven t ,  30 m l  

To the r e s u l t i n g  s o l u t i o n  a t  90°C, 1.72 g (0.0139 mole) of  

Table 19 o u t l i n e s  t h e  combination of  concen t r a t ion ,  s o l v e n t ,  

Analys is  f o r  va r i ance  by  t h e  standard procedure ( r e f .  7 ) 
showed t h a t  e f f e c t s  of  s o l v e n t ,  concen t r a t ion ,  and a s o l v e n t -  
c o n c e n t r a t i o n  i n t e r a c t i o n  were s i g n i f i c a n t  (99% conf idence  



T a b l e  1 9  

C C H E L A T E  P O L Y  EKIZATIOMS A 
VISCOSITIES O F  P O L Y M E R  PRGCsCCTS 

R u n  No. 

I 
2 
3 
4 
5 
0 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
2 G  
21 
2 2  
23 
24 
25 
26 
2 7  

Combi nat ign*  

3 B b  
3 A a  
2 A b  
1 c c  
2 C a  
1 C b  
2 B b  
3 B a  
1 B a  
2 B a  
1 A a  
1 A c  
2 c c  
1 A b  
3 c c  
3 C b  
3 A b  
1 B c  
2 c t :  
2 A c  
2 B a  
3 A c  
3 C a  
3 E c  
2 A i ;  
1 6 b  
1 C a  

Re1 a t i  ve V i  s c o s i u  

1 . 4 6 7  
1 . 5 2 4  
1 . 2 9 0  
1 . 5 1 9  
I .37E 
1 . 4 0 7  
1 . 2 4 5  
1 . 4 4 0  
1 . 3 9 3  
1 . 3 7 4  
1 . 4 6 9  
1 . 5 2 4  
1 . 4 8 2  
1 . 3 6 6  
1 . 4 3 8  
? . 4 5 6  
1 . 3 5 6  
1 . 3 7 4  
1 . 4 3 7  
1 . 3 6 5  
1 . 3 0 0  
1 . 3 8 8  
1 . 4 0 4  
5 . 4 2 6  
1 , 5 1 4  
1 . 2 4 7  
1 . 5 2 7  

- 

* C c n c e n t r a t i o E 5  : 1 = 
2 =  
3 =  

S o l  v e n t s :  A =  
E =  
c =  

R e a c t i o n  Time: a =  
t j =  
c =  

1 5 %  
1 0 %  
8% 

py r i d i ne 
q u i  no1 i ne 
2 - c h l o r o p y r i d i n e  
1 h o u r  
5 h o u r s  
20 h o u r s  
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l e v e l ) .  
bes t  s o l v e n t ,  
three s o l v e n t s  were: 

The s o l v e n t  e f f e c t  showed that  2 -ch lo ropyr id ine  was the 
Average v a l u e s  f o r  r e l a t i v e  v i s c o s i t i e s  i n  t h e  

Average 
R e l a t i v e  

S o l v e n t  v i s c o s i t y  

2-Chloropyr id ine  1.449 

P y r i d i n e  1.399 

Q u i n o l i n e  1.374 

The v a r i a t i o n s  caused by c o n c e n t r a t i o n  changes were small and 
there was a c o n c e n t r a t i o n - s o l v e n t  i n t e r a c t i o n .  I n  2 -ch lo ropyr i -  
d i n e  there-was a very  s l i g h t  a d v a n t a g e - a t  high c o n c e n t r a t i o n :  

Average o f  3 Tests 
Concen t r a t  ion, $ i n  2-Chloropyr id ine  

15 1.484 
10 1.432 
8 1.433 

2. L a r g e - s c a l e  C h e l a t e  Polymer P r e p a r a t i o n  i n  2 - C h l o r o p y r i d i n e  

D i s t i l l e d  2 -ch lo ropyr id ine  (310 m l )  was dropped th rough  a 
1 2  x 1 i n .  column packed w i t h  1116-in.  L inde  4 A  mo lecu la r  

. s i e v e s  i n t o  t h e  r e a c t i o n  f l a s k  c o n t a i n i n g  32.7595 g (0 .0895 mole) 
of  p u r i f i e d  5,5'-bis(salicyl-N-n-butylimino)methane i n  a d r y  
n i t r o g e n  a tmosphere .  The s o l u t i o n  was s t i r r e d  and  heated a t  1 2 O O C  
f o r  45 min. ,  t h e n  coo led  t o  g O ° C  and 11.0394 g (0 .0895 mole)  
of d i e t h y l z i n c  was added .  Two a d d i t i o n a l  0.033-g p o r t i o n s  of 
d i e t h y l z i n c  were made a t  1-hour i n t e r v a l s  and the  s o l u t i o n  
f i n a l l y  heated a t  150°C f o r  3 h o u r s .  The polymer was i s o l a t e d  
from the  s o l v e n t  by heating a t  150°C under vacuum. 

R e l a t i v e  v i s c o s i t i e s  of 2% s o l u t i o n s  of t he  polymer i n  
p y r i d i n e  were: 

After I n i t i a l  After 
Add i t ion  o f  Second 

Diethyl Zinc Add i t ion  

1.566 
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The polymer gave  a n e g a t i v e  B e i l s t e i n  t e s t  f o r  c h l o r i n e ,  
. The above d e s c r i b e d  che la te  polymer was f r a c t i o n a t e d  by  

f i r s t  d e p o s i t i n g  the  polymer on glass micro beads and then  
e l u t i n g  with mixed s o l v e n t s ,  

3. P o l y m e r i z a t i o n  i n  T r i p h e n y l p h o s p h i n e  

Triphenylphosphine,  r e c r y s t a l l i z e d  from e t h y l  e t h e r  and 
d r i e d  i n  a vacuum d e s i c c a t o r  ove r  P205,and t h e  l i g a n d  were a d d e d  
to the  r e a c t i o n  f l a s k  under a d r y  n i t r o g e n  atmosphere and heated 
to 120°C f o r  45 mine D i e t h y l z i n c  was added w i t h  s t i r r i n g  a f t e r  
c o o l i n g  the  s o l u t i o n  t o  95°C. A d d i t i o n a l  0.3% p o r t i o n s  of d i e t h y l -  
z i n c  were added 1 hour  a f t e r  t h e  i n i t i a l  charge  and t h e  r e a c t i o n  
t h e n  he ld  a t  140°C f o r  abou t  2 h o u r s .  One r u n  was c a r r i e d  o u t  
w i t h  10% r e a c t a n t  c o n c e n t r a t i o n  on a 0.03 mole s c a l e .  Another 
r u n  wi th  5% r e a c t a n t  c o n c e n t r a t i o n  was on a 0 .01 mole s c a l e .  
Polymer was . i s o l a t e d  by p r e c i p i t a t i o n  from benzene and p u r i f i e d  
by cont inuous  e x t r a c t i o n  wi th  benzene i n  a Soxh le t  e x t r a c t o r .  

4 *  P o l y m e r i z a t i o n  i n  1 : 1  T r i p h e n y 1 p h o s p h i n e : D i o x a n e  

The c o n c e n t r a t i o n  of  r e a c t a n t s  was 3% and t h e  s c a l e  was 0.01 mole. 
The p rocedure  was the same as w i t h  t r i pheny lphosph ine  above .  

5. P o l y m e r i z a t i o n  in D i o x a n e  

The s o l u t i o n  of l i g a n d  i n  d ioxane  was heated f o r  45 min and then  
cooled  to gO"C, and a n  e q u i l m o l a r  amount of d i e t h y l z i n c  was 
added .  Twenty d rops  of p y r i d i n e  were added when a small amount 
of polymer s tar ted to p r e c i p i t a t e .  The s o l u t i o n  was heated f o r  
a b o u t  3 hours  and p roduc t  i s o l a t e d  from benzene.  

Spec t ro -g rade  dioxane,  d r i e d  ove r  molecular  s i e v e s  was u s e d .  

6 .  P o l y m e r i z a t i o n  o f  S u b s t i t u t e d  I m i n e  D e r i v a t i v e s  o f  5 , 5 ' -  
Bis(salicyla1dehydo)methane 

Cond i t ions  f o r  each of t h e  l i g a n d s  were: 

1. 10% c o n c e n t r a t i o n  r e a g e n t s .  

2 1) P y r i d i n e  s o l v e n t  a 

3. S c a l e  approx ima te ly  0.014 mole. 

4 e Reac t ion  t empera tu re  90°C. 

S o l u t i o n s  of  the  l i g a n d  i n  p y r i d i n e  were r e f l u x e d  an a 
Dean-Stark t r a p  under oxygen-f ree  n i t r a g e n  and t h e n  cooled 
t o  90°C. An equimolar  amount of d i e t h y l z i n c  w a s  added .  The 
p roduc t  was i s o l a t e d  by d i s t i l l i n g  o f f  most of t h e  s o l v e n t  under 
n i t r o g e n  and add ing  benzene to t he  r e s i d u e  to p r e c i p i t a t e  polymer,  
The polymer was e x t r a c t e d  i n  a S o x h l e t  w i t h  benzene f a r  s e v e r a l  
hour s  to i n s u r e  removal of  p y r i d i n e  and d r i e d  i n  a vacuum oven.  
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The p r o d u c t s  were yellow powders.  With t h e  e x c e p t i o n  of t h e  
p r o d u c t  from the  n - h e x y l - s u b s t i t u t e d  l i gand ,  none of t h i s  
se r ies  of l i g a n d s  gave a polymer that  d i s s o l v e d  i n  p y r i d i n e  t o  
g i v e  a 2 s  s o l u t i o n ,  even a f t e r  extended p e r i o d s  o f  h e a t i n g .  The 
p r o d u c t  from the i s o b u t y l - s u b s t i t u t e d  l i g a n d  was most s o l u b l e  
and a l s o  had tt!e lowes t  s o f t e n i n g  p o i n t .  

7. Polymerizations Using Alternate Orqano Zinc Compounds 

a. Dibutyl zi nc 

A s o l u t i o n  of 3.64 g 5,5'-bis(salicyl-N-n-butylimino)methane 
i n  20 m l  d r y  2 -ch lo ropyr id ine  was heated under  n i t r o g e n  to 1 2 O O C  
for 4 0  min. Then 1.7940 g (0 .0145 mole)  o f  d i b u t y l z i n c  was added 
and t h e  s o l u t i o n  was raised to 1 7 0 " ~  and k e p t  t h e r e  for 5 h o u r s .  
The polymer was i s o l a t e d  by  removing t h e  s o l v e n t  a t  1 5 O o C  unde r  vacuum. 

b. Diphenylzinc 

Dipheny lz inc  i n  1 0  m l  o f  p y r i d i n e  was added s lowly  t o  
3 .495 g of 5,5'-bis(salicyl-N-n-butylimino)methane i n  89 ml of 
p y r i d i n e  unde r  n i t r o g e n  at  1 2 O O C .  The r e a c t i o n  s o l u t i o n  was 
ma in ta ined  a t  1 2 O o C  for 5 h o u r s ,  and t h e n  t h e  polymer was iso- 
l a t e d  by removing t h e  s o l v e n t  under  vacuum a t  1 2 O O C .  

8. Polymerizations with Dimethylcadmium 

The p o l y m e r i z a t i o n s  were run  i n  10% p y r i d i n e .  
cadmium was added a t  80°c,  and t h e  s o l u t i o n  maintained a t  8 0 ° c  
f o r  2 hours ,  and t h e n  hea ted  t o  r e f l u x  and r e f l u x e d  o v e r n i g h t .  
I n  one r u n  w i t h  5,5~-bis(salicyl-~butylirnino)rr?~thane 
polymer i s o l a t e d  a t  t h i s  stage had a s o f t e n i n g  p o i n t  of 270-285O~, 
and a r e l a t i v e  v i s c o s i t y  i n  2$ p y r i d i n e  s o l u t i o n  o f  1.33. Add i t ion  
of  0.01 g excess  dimethylcadmium t o  t h e  r e a c t i o n  mixture a t  80°c ,  
fo l lowed by r e f l u x  ove rn igh t ,  y i e l d e d  a polymer w i t h  r e l a t i v e  
v i s c o s i t y  of 1.38. A d u p l i c a t e  po lymer i za t ion  y i e l d e d  polymer 
w i t h  s o f t e n i n g  p o i n t  of  193-273"C and a r e l a t i v e  v i s c o s i t y  o f  1 . 2 1  
a t  stage one.  Two a d d i t i o n s  of 0.02 g excess  dimethylcadmium, 
each  fo l lowed by  re f  lux  o v e r n i g h t ,  ' gave  o n l y  s l i g h t  improvement 
i n  t h e  polymeric  p r o d u c t .  

The d imethyl -  

S o f t e n i n g  R e l a t i v e  
Po in t ,  O c  vis cos i t  y 

S t a g e  2 204-265 1 .26  

S t a g e  3 200-286 1.31 

The same p rocedure  was used for condensa t ion  w i t h  5 , 5 ' - b i s ( s a l i c y l -  
N-hexy1imino)methane. 
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Copolymerization with diethylzinc and dimethylcadmium was 
with a mole ratio of 4 Zn t o  1 Cd, .Diethylzinc was added to the 
ligand first, followed immediately by dimethylcadmium, 

9. Polymeri zation o f  5,5'-Bi s (8-hydroxyqui no1 i no)methane wi th 
Diethylzinc 

Diethylzinc was added to a solution of 5 g of 5,5'-bis- 
(8-hydroxyquino1ino)methane in 3.5% concentration in pyridine 
solvent at 90°C. 
half the stoichiometric amount of diethylzinc had been added, 
The mixture was heated to reflux and then the pyridine was 
distilled off and replaced.with quinoline t o  make a 3.5% solution. 
The polymer remained insoluble after refluxing overnight 
at. 237°C. -The polymer did not soften -under 300°C. 

Polymer started to precipitate after about one- 

10. Copol ymeri zati ons o f  5,5 ' -Bi s (8- hydroxyqui no1 i no)methane 
and 5,5'-Bis(salicyl-N-n-butylimino)methane with Diethylzinc 

In the first preparation, both ligands were dissolved in 
a 10% solution of pyridine and the diethylzinc added at 90°C. 
For this run, 2 g of the above hydroxyquinoline and 3 g of the 
above salicylaldehydeimine ligands were used. A polymer 
precipitated which did not redissolve on heating overnight at 
ref lux e 

recovered by evaporation of the solvent in a vacuum oven. The 
insoluble fraction weighed 1.88 g, did not soften under 3OO0C, 
and its adsorption spectra in the infrared was very similar to 
the spectra of the polymer resulting from 5,5'-bis(8-hydroxy- 
quino1ino)methane. 
softened at 220-236OC. Viscosity of a 2% solution in pyridine 
was 1.35. This polymer was a copolymer but with only a small 
amount of the quinoline ligand incorporated in it. 

by reaction of excess diethylzinc with 5,5'-bis(salicyl-N-butyl- 
imino)methane and then adding the stoichiometric amount of 5,5'- 
bis(8-hydroxyquino1ino)methane to complete the polymerization. 
A copolymer formed from 25% 5,59bis(8-hydroxyquinolino)methane 
and 75% 5,5'-bis(salicyl-N-butylimino)methane had a softening 
point of 273-282OC and its relative viscosity in 2% concentration 
pyridine was 1.43. 

The insoluble polymer was isolated and the soluble portion 

The soluble polymer weighed 3.89 g and 

Soluble copolymers were obtained by forming a prepolymer 

1 1 .  Crosslinking o f  Chelate Polymers with Aluminum 

A solution of 20.2100 g of 5,5f-bis(salicyl-N-n-butylimino)- 
methane in 350 cc of dry pyridine was heated in the standard 
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p o l y m e r i z a t i o n  r e a c t i o n  f l a s k  under  d r y ,  oxygen-free n i t r o g e n  
and 1 0 0  m l  o f  p y r i d i n e  was d i s t i l l e d  o f f .  The s o l u t i o n  was 
cooled t o  90°C and one-ha l f  o f  a s o l u t i o n  of 5.0297 g of  d i e t h y l -  
z i n c  i n  20 cc o f  p y r i d i n e  was added.  The s o l u t i o n  was r e f l u x e d  
f o r  30 min, and cooled t o  gO"C, and 0.8191 g of  t r i e thy la luminum 
was added .  The s o l u t i o n  was r e f l u x e d  60 min, cooled t o  gO"C, 
and the remaining d i e t h y l z i n c  added .  Then the  s o l u t i o n  was 
r e f l u x e d  o v e r n i g h t .  The s o l u t i o n  was brought  t o  peak v i s c o s i t y  

t The polymer s o l u t i o n  a t  t h i s  stage i s  n o t  h y d r o l y t i c a l l y  s tab le . )  
A p y r i d i n e  s o l u t i o n  c o n t a i n i n g  0.2418 g of decaned io ic  a c i d  was 
added .  This caused t h e  s o l u t i o n  f i rs t  t o  become f l u i d  and t h e n  
s l o w l y  t o  i n c r e a s e  i n  v i s c o s i t y  on h e a t i n g ,  which was done f i r s t  
a t  120."C o v e r n i g h t ,  and t h e n  a t  237°C o v e r n i g h t  when the  
p y r i d i n e  was replaced wi th  q u i n o l i n e .  The polymer was i s o l a t e d  
i n  two b a t c h e s .  The f i rs t  was i s o l a t e d  by e v a p o r a t i o n  of s o l v e n t  
i n  a vacuum oven  a t  l 5 O o C / l 0  mm and s o f t e n e d  a t  170-204"C. The 
second was p r e c i p i t a t e d  by  add ing  the q u i n o l i n e  s o l u t i o n  t o  ben- 
zene .  The s o l i d  was washed w i t h  benzene.  T h i s  batch s o f t e n e d  
a t  190-260"~.  

a g e l )  by adding  a p y r i d i n e  s o l u t i o n  of  d i e t h y l z i n c  dropwise .  

12. Condensation o f  sym-Bis(salicyloxymethy1)tetramethyldisiloxane 
with Diethyl z i  nc 
Two condensa t ions  on approximate ly  0.01 mole s c a l e  were 

c a r r i e d  o u t  i n  p y r i d i n e  s o l u t i o n .  . T h e  s t o i c h i o m e t r i c  amount of 
d i e t h y l z i n c  d i s s o l v e d  i n  d r y  p y r i d i n e  was added ove r  a p e r i o d  of  
about 15 min. t o  t h e  d i s i l o x a n e  compound i n  d r y  p y r i d i n e  a t  90°C 
i n  a n  oxygen-free,  n i t r o g e n  atmosphere.  The s o l u t i o n s  were re- 
f l u x e d  o v e r n i g h t ,  s o l v e n t  was d i s t i l l e d ,  and t h e  r e s i d u e  e x t r a c t e d  
wi th  e t h a n o l  ( r u n  1) o r  benzene ( r u n  2)  and d r i ed  i n  a vacuum oven 
a t  90°C. The . i n s o l u b l e  r e s i d u e s  d id  n o t  melt below 3 O O O C .  A 
r e s f d u e  d e t e r m i n a t i o n  w i t h  i s o l a t i o n  o f  t h e  z i n c  component as 
the c h l o r i d e  and s u l f i d e  confirmed t h e  p re sence  o f  z i n c  'in t h e  
polymer e 

I .  POLYCHELATOTITANODIORGANOSILOXANES 

1 .  Low Molecular Weight a,w-Dichloropolydimethylsiloxane 

Dimethy ld ich lo ros i l ane  (116 g, 0.90 mole >, octamethyl t+ra-  
c y c l o s i l o x a n e  (134 g, 0 .45 mole) ,  and ,-0.1 g of Feel3 were mixed 
w e l l  and  sealed i n  a 300-ml s ta inless  s t ee l  bomb. The r e a c t a n t s  
were heated a t  200°C f o r  4 hours ,  and the a,w-dichloropolydimethyl- 
s i l o x a n e  was d i s t i l l e d  o f f  immediately af ter  c o o l i n g  under a N2 
atmosphere.  The maj.or f r a c t i o n  had MW = 250 (NMR method).  The 
y i e l d  was 80 g.  
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2 .  

F r e s h l y  prepared a,w-dichloropolydimethylsiloxane was hydro-  
l y z e d  s l o w l y  a t  O°C a f t e r  comple t ion  o f  d i s t i l l a t i o n .  N a H C 0 3 ,  
H20 (a f o u r - t i m e s  mole e x c e s s  o f  e a c h  w i t h  r e s p e c t  t o  t h e  d i c h l o r o -  
s i l o x a n e  l 9  benzene a n d  a c e t o n e  (1 l i t e r  o f  e a c h  p e r  mole of N a H C 0 3 )  
were p l a c e d  i n  a 3000-ml Morton f l a s k  w i t h  stirrer. D i c h l o r o s i -  
l oxane  i n  a d r o p p i n g  f u n n e l  was added dropwise  o v e r  a 3/4-hour 
p e r i o d  a t  O°C. A t  the  end o f  h y d r o l y s i s ,  the  benzene-ace tone-  
water m i x t u r e  was d i s t i l l e d  o f f .  The major  f r a c t i o n  of the d i o l  
had a MW = 320-350 (NMR method) .  

3. Tetramethyldisiloxane-l ,3-diol 

209 m o l e s )  was p l a c e d  i n  a 5 - l i t e r  Morton f l a s k  e q u i p p e d  w i t h  
d r o p p i n g  f u n n e l  and s t i r re r .  The  f l a sk  was p l a c e d  i n  a me thano l -  
Dry I c e  b a t h  to keep  t h e  e x o t h e r m i c  r e a c t i o n  at O O C .  NH, gas 
was b u b b l e d  i n t o  t h e  water as 321 g ( 2 . 4 8  m o l e s )  o f  d i m e t h y l -  
d i c h l o r o s i l a n e  was added s l o w l y  u n t i l  t h e  r e d d i s h - b l u e  end  p o i n t  
(pH 7 .5 -8 .0 )  of bromthymol b l u e  and p h e n o l p h t h a l e i n  was r e a c h e d .  
T h i s  pH was m a i n t a i n e d  t h r o u g h o u t  t h e  r e a c t i o n .  Af te r  a l l  t h e  
d i m e t h y l d i c h l o r o s i l a n e  was added, t h e  s t i r r i n g  w a s  s t o p p e d ,  and  
1300 g o f  N a C l  was added to p r e c i p i t a t e  t h e  dimer.  The  r e a c t i o n  
m i x t u r e  was c o o l e d  a t  -15°C f o r  24 h o u r s .  White  n e e d l e s  ( 7 3  g; 
45% y i e l d )  were o b t a i n e d  from b o i l i n g  n-hexane e x t r a c t i o n s  and 
r e c r y s t a l l i z a t i o n  (mp 66Oc).  

v e n t  was added to d u p l i c a t e  samples  of d imer  (0 .2  g )  i n  t e s t  t u b e s .  
The t u b e s  were heated to d r i v e  o f f  t h e  s o l v e n t s  a n d  t h e n  heated 
a g a i n  t o  1 4 0 ° C  f o r  5 m i n u t e s .  
by t h e  NMR method. 

F o l l o w i n g  a p r o c e d u r e  descr ibed  i n  r e f .  38 ,  water (3756 m l ,  

To t e s t  f o r  a u t o p o l y m e r i z a t i o n ,  benzene or ch lo ro fo rm &s s c L  

Molecular  we igh t s  were de termined  

4. Hydrolysis o f  a,w-Dichloropolydimethylsiloxane i n  Pyridine 

3 ,w-Dichloropolydimethylsiloxane (66 g i was slowly added t o  
a m i x t u r e  of 151.6 g (1.82 m o l e s )  of p y r i d i n e  a n d  34.6 g (1.82' 
m o l e s )  of water. The r e a c t a n t s  were k e p t  a t  0 ° C  w i t h  a methanol-  

Dry Ice b a t h .  The e x c e s s  p y r i d i n e  was d i s t i l l e d  o f f  a n d  t h e  re- 
main ing  d i o l  was k e p t  i n  a brown b o t t l e .  
i n t o  a t h i c k  f l u i d  w i t h i n  a week. 

T h i s  d i o l  po lymer ized  

5 .  Preparation o f  Poly(bis-acety1acetonatotitano)dimethylsiloxane 
Elastomer 

To 8 .30  g ( 0 . 0 5  mole)  of  tetramethyldisiloxane-1,3-diol i n  
an  Er l enmeyer  f l a s k  was added %50 m l  d r i e d  2-propanol  and  2 . 4 2  g 
(0 .0067  mole)  of bis(acetylacetonato)diisopropyltitanium(IV). 
The m i x t u r e  was heated to 7OoC where s l i g h t  c l o u d i n e s s  o c c u r e d .  
The m i x t u r e  was f i l t e r e d  t h r o u g h  "M" g l a s s  f r i t t e d  f i l t e r ,  a n d  
t h e  f i l t r a t e  w a s  poured  i n t o  a 3-necked f l a s k  w i t h  a N2 a tmosphere .  
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The e x c e s s  2-propanol  was s lowly  d i s t i l l e d  o f f  unde r  r educed  
p r e s s u r e ,  Then t h e  p o t  t e m p e r a t u r e  was g r a d u a l l y  i n c r e a s e d  to 
1 2 5 O C  where t h e  r e a c t i o n  byproduct  , 2-propanol ,  was d i s t i l l e d  
o f f  a t  0 . 5  mm Hg p r e s s u r e .  The t e m p e r a t u r e  was k e p t  at  1 2 5 O C /  
0 . 5  mm H g  p r e s s u r e  for th ree  h o u r s .  The y i e l d  was 1 2 . 6  g ( 6 5 . 9 % ) .  

6. Crosslinking o f  Poly(bis-acety1acetonato)titanodimethylsiloxane 
Elastomers 

Samples of e l a s t o m e r s  weighing a b o u t  1 g were p l a c e d  i n  6a-1~11 
test t u b e s  w i t h  l i g a n d s  and  heated t o  140°C i n  a sand  ba th  f o r  16 
hour s  

Weight of Weight of 
Elas tomer ,  Ligand, 
A Ligand 

' Q u i n i z a r i n  0.970 0.071 

A n t h r a r u f i n  1 .230  0.090 

7.  Crosslinking o f  Titanium Polymer with a,~-Dihydroxypoly- 
dimethylsiloxane 

Bis(acetylacetonato)diisopropoxytitanium(IV) (0 .406  g ,  
0 . 0 0 1 1  mole)  was added to each  of f i v e  60-mi t e s t  t u b e s .  The 
s t o i c h i o m e t r i c  amount of  t e t r a d e n t a t e  l i g a n d s  was added to 
r e s p e c t i v e  t u b e s  to g i v e  a T i / l i g a n d  r a t i o  o f  2 .  Benzene (10 ml) 
w a s  added to e a c h  t u b e  and was t h e n  p l a c e d  i n  a p r e h e a t e d  s a n d  
b a t h  a t  50°C for 1 6  h o u r s .  A t  t h e  end  o f  t h i s  p o l y m e r i z a t i o n ,  
8 g (0 .00138 mole) of a,u-dihydroxypolydimethylsiloxane o l i g o m e r  
was added.  The sand  b a t h  was heated to 100°C a t  15  mm H g  f o r  
2 .5  h o u r s ,  t h e n  was heated t o  1600~ a t  1 mm Hg f o r  65 h o u r s .  
c o n t r o l  t u b e  was r u n ,  b u t  w i thou t  t h e  a d d i t i o n  o f  any c r o s s l i n k i n g  
l i g a n d s .  

A 

Wei h t  of Weight of 
T i  (Oipr$n (Acac ) a ,  Ligand, 

Ligand .gg 
2,5-Dihydroxy-p- 0.406 7 . 7 5 ~ 1 0 ' ~  

Napht hazar i n  0.406 i . 0 5 ~ 1 0 - ~  

be nz oqu i n 0  ne 

Q u i n i z a r  i n  0.406 1 .32x10e1 

A n t h r a r u f i n  0.406 1 J2xlO-l 

None ( c o n t r o l )  0.406 - 
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I n  a n o t h e r  r u n  f i v e  samples  of 1 . 7 0  g (0,005 mole)  of  
bis(acetylacetonato)dibutoxytitanium(IV) were used  i n  p l a c e  
of t h e  d i i s o p r o p o x y t i t a n i u m  complex 

Weight of 

dime t hy l s i  loxane  , 
Weight of  cx w-Dihy droxyp o l y -  

Ligand,  
_g _g Ligand 

1 4-Dihydroxyanthra-  0.901" 

l J5 -Dihydroxyan th ra -  o.g01* 

qu inone  

qu inone  

5 ,5 ' -Bis (8-hydroxy-  0 .1519* 
qu ino1 ino)me thane  

2 . 7  

3.0  

4.0 

None ( c o n t r o l  - *I 3 . 0  

* Benzene as s o l v e n t  

** P y r i d i n e  as s o l v e n t  

The a p p r o p r i a t e  amounts of b i s (  acety1acetonato)dibutoxy- 
t i t a n i u m ( I V ) ,  t h e  l i g a n d s ,  and  t h e  s o l v e n t s  i n  each  t u b e  were 
mixed and heated g r a d u a l l y  to 70°C i n  a sand  b a t h  under  a N, 
a tmosphere .  The p r e s s u r e  was reduced  i n  o r d e r  t o  d i s t i l l  o f f  
t h e  s o l v e n t s .  When most s o l v e n t s  were d i s t i l l e d  o f f ,  t h e  p o t  
t e m p e r a t u r e  was ra i sed  to 75OC for 30 minutes  and t h e n  c o o l e d .  
The a p p r o p r i a t e  amounts o f  dihydroxypolydimethylsiloxane were 
added to each  t u b e  and t h e  r e a c t i o n  t e m p e r a t u r e  was k e p t  a t  100°C 
and ~ 2 . 5  mm H g  t o  d i s t i l l  o f f  t h e  r e a c t i o n  b y p r o d u c t ,  n -bu tano l .  
The t e m p e r a t u r e  was t h e n  raised to 135OC and k e p t  t h e r e  for s i x  
h o u r s .  The p r o d u c t s  were g r a i n y  and b roke  up e a s i l y .  No s o f t e n i n g  
p o i n t s  were t a k e n .  

8 .  C r o s s l i n k i n g  o f  E l a s t o m e r  w i t h  T e t r a d e n t a t e  L i g a n d s  

of l i g a n d  were d i s s o l v e d  i n  =5 m l  of p y r i d i n e  under  a Nz atmos- 
phe re .  The s o l u t i o n s  were h e a t e d  g r a d u a l l y  t o  1 0 0 ° C  under vacuum 
(0.2 mm Hg). 
a l l  p y r i d i n e  was d i s t i l l e d  o f f .  
f o r  f i v e  hour s ,  A t  t h e  end of t h i s  p e r i o d ,  the  polymers were r e -  
moved and t h e i r  s o f t e n i n g  p o i n t s  de te rmined .  A c o n t r o l  was a l s o  
r u n ,  b u t  w i thou t  t he  a d d i t i o n  of any  c r o s s l i n k i n g  l igand .  

Elas tomer  w i t h  T i /S i  r a t i o  1/15 (0.8 g )  and 2 .4  x mole 

The t empera tu re  w a s  g r a d u a l l y  raised to 4 5 0 ° C  a f t e r  
The r e a c t a n t s  were k e p t  a t  4 5 0 ° C  



Ligand 
Weight 
A 

Qu inizarine -2 -sulfonic acid 0.077 

4,41-Diarnino-l,11-dianthrimide 0.111 

0.161 

4,51-Dibenzarnido-l,11-dianthrimide 0.161 

4,41-Dibenzamido-l,11-dianthrimide 

9. Crosslinking o f  Elastomer with the Ligand Tris(2-hydroxy- 
phenyl ) -sym-tri azi ne 

The titanium elastomer (1.5 g) with Ti/Si ratio 1/15 in 
toluene was refluxed for 25 hours prior to addition of 0.178 g 
(0.0005 mole) of ligand to give a Ti/ligand ratio %2. This 
reaction mixture was refluxed for three hours at 112OC. Then the 
toluene was distilled off and the temperature of the reaction 
flask was raised to 22OOC for 16 hours. The softening range 
was 160-180Oc. 

10. Co-condensation o f  Tetramethyldisiloxane-1 ,3-diol a n d  Di- 
phenylsilanediol with Bis(acetylacetonato)dibutoxytitanium(IV) 

Tetramethyldisiloxane-lY3-diol (4.0 g ,  0.024 mole) and 
diphenylsilanediol (8.34 g, 0.038 mole) to give a phenyl-methyl 
ratio of 0.811 were condensed with bis-(acetylacetonato) dibutoxy 
titanium(IV1 (4.04 g, 0.0103 mole) in %150 ml of benzene to give 
a starting Ti/Si ratio of 1/8.4. The benzene-water azeotrope was 
first distilled off at reduced pressure. Then the reaction flask 
was heated to 15OoC at 0.5 mm Hg, where the elastomer started to 
congeal. The temperature was reduced to 145OC at 0.5 mm Hg, and 
was left at this temperature for 16 hr. The yield was 11 g (74%). 

1 1 .  Condensation o f  Diphenylsiloxanediol with Bis(acety1acetonato)- 
di butoxyti taniurn(1V) 

Diphenylsiloxanediol (21.63 g, 0.1 mole) 7.84 g (0.02 mole) 
of bis(acety1acetonato)dibutoxy titaniumCIV) .and approximately 180 
r n l  of benzene in 500 ml three-necked flask was gradually warmed 
to 85OC. During gradual warm-up, the water-benzene azeotrope 
was distilled off, followed by benzene. At 100°C and 0.7 mm Hg 
all reaction by-product butanol was distilled off. Upon cooling, 
the reaction hardened to a hard, reddish-orange resin (softening 
point 35-45OC). Continued heating to 235OC turne? the resin to 
dark brownish orange. This resin is very soluble In common 
organic solvents. (Ti/Si - 1 J 5  f o r  startinq reagents.) 
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used 

12. 

In another preparation a starting Ti/Si ratio of 1 / 2 0  was 
and the product has a softening range of 55-6OoC. 

Condensation o f  P o l y m e t h y l v i n y l s i l o x a n e d i o l  with Bis(acety1- 
acetonato)dibutoxytitanium(IV) 

a. Preparation o f  Polymethylvinyl si loxanediol 

To fifty grams ( 0 . 3 5  mole) of 9 9 . 9 %  pure (by VPC) methyl- 
vinyldichlorosilane in 670 ml of ether was added, with constant 
stirring over a period of 10 min, a mixture of 29 .4  g of  NaOH in 
539 ml of water and 134  ml of ether. After concentrating the 
ether and discarding the excess water, an oily product with an 
average NMR molecular weight of 355 was obtained. 

b. Preparation o f  Elastomer 

A mixture of 5 g ( 0 . 0 1 4 4  mole) of polymethylvinylsiloxane- 
diol ( 0 . 0 5 5  g-atom Si) and 2.60  g of bis(acety1acetonato)dibutoxy 
titanium(1V) ( 0 . 0 0 6 8 )  g-atom Ti) was prepared, giving a start- 
ing Ti/Si ratio of 1 1 8  in %80 ml benzene. The mixture was heated 
to 4OoC under reduced pressure and the benzene-water azeotrooe 
was distilled off. After all benzene were distilled o f f ,  the 
reactants congealed at 85Oc/0.7 mm Hg. The reaction was continued 
for another hour. A transparent, light yellowish-colored elastomer 
was obtained. The yield was 5 . 3 2  g ( % 8 1 % ) .  

In another preparation a starting Ti/Si ratio of 1 / 1 4 . 8  was 
used and the reaction was run at llO°C f o r  one hour. 

13. Preparation o f  P o l y c h e l a t o t i t a n o m e t h y l p h e n y l s i l o x a n e  Elastomer 

a. Preparation o f  M e t h y l p h e n y l d i s i l o x a n e d i o l  

Methylphenyldichlorosilane ( 9 8 . 6  g, 0 .52  mole) in 750 ml of dry 
Et20 was added slowly ( 3 . 5  hr) at room temperature to a mixture 
of 43 .4  g (1.09moles)of NaOH, 800 ml of water, and 200 g of Et,O 
in a one-liter Morton flask fitted with stirrer and thermometer. 
The organic layer was separated and concentrated with air at room 
temperature and then kept at -15OC f o r  24 hrs. White crystals 
were obtained after the addition of isopentane and then were 
chilled in an acetone-Dry Ice bath. Pure crystals were obtained 
by recrystallization from benzene-isopentane. Yield was 26 .18  g 
( 1 7 . 1 % )  (mp 64-98OC). 
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b e  P r e p a r a t i o n  o f  E l a s t o m e r  

Apprcpriate amounts of crystalline 193-dimethyl-1,3-diphenyl- 
disiloxane-193-diol and bis (ace ty1ace tona to)d ibutoxyt l tan iuc ;  (IV) 
(Table 20) in % 150 M1 of Genzeiic ~ac:-! V ~ T F  Fla.ced in t.!iree-necked, 
round-bottomed flasks. The benzene was distilled off first under 
slight vacuum. The temperature was increased to %l25OC and at 
this temperature the reaction by-product butyl alcohol was dis- 
tilled off (%0.5-1.5 mm Hg). At 165Oc the polymers started to 
congeal and began to turn darker in c o l o r .  The elastomers were 
heated for another 2 hours. 

T a b l e  20 
MOLE R A T I O S  OF T I T A N I U M  C O M P L E X E S  A N D  DIOL USED I N  T H E  P R E P A RATION 

OF DIFFERENT Ti/Si ELASTOMERS 

Ratio A m o u n t  o f  Diol Amount o f  T i ( O B u ) 2 ( a ~ a c ) ~  
Ti/Si S a m p l e  Weiqht,g Moles Weight,g M o l  es 

(MW = 2 4 9 . 3 2 )  

(MW = 2 9 0 . 1 2 )  

(MW = 2 9 0 . 2 )  

0 . 0 4 0 1  7 . 8 4  0 . 0 2 0 0  1 / 4  ( 7 7 5 4 6 )  10 

1 /8 ( 7 7 5 4 3 )  8 . 4 3  0 . 0 2 9 0  2.85 0 . 0 0 7 2 6  

1/10 ( 7 7 5 4 1  ) 10 0 . 0 3 4 4  2 . 7 0  0 . 0 0 3 4 4  

1 4 .  C r o s s l i n k i n g  o f  Chelatotitanodiorganosiloxane E l a s t o m e r s  

a. With 1 ,4-Di h y d r o x y q n t h r a q u i n o n e  and 1 ,5-Di h y d r o x y a n t h r a -  
q u i n o n e  

( 1 )  F i r s t  M e t h o d  

(1/10 Ti/Si ratio, 4.6 g), in =150 ml of redistilled and dried 
benzene, were refluxed for 2 hr and 0.068 of ligand was 
added to each to give a Ti/ligand ratio of 2.0. 
head was added and the benzene was distilled off. 
flasks were heated gradually. 
respectively, samples were taken, and their softening ranges 
and melting points determined. 

Two samples of polychelatotitanomethylphenylsiloxane elastorner 

A distilling 
The reaction 

At 100, 120, 140, 160 and 18ooc ,  

(2) Second Method 

Two samDles of 2.6 g each of the copolymers (Me/@ = 110.8 
polychelatotitanodimethylsiloxane and p o l y c h e l a t o t i t a n o d i p h e n y l -  
siloxane) were crosslinked with the above two tetradentate ligands 
(ligand/Ti ratios were all 1/51. 
above except that 0.114 g of ligand was used in each case. 

The procedures were the same as 
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b .  

The following preparations were carried out by essentially 
the same procedure as those described above. The stoichiometrics 
are listed in Table 21; 

T a b l e  21 
S t a r t i n g  W e i g h t  o f  W e i g h t  o f  L i g a n d / T i  

Sample  N o .  E l a s t o m e r  ( T i / S i )  E l a s t o m e r , g  L i g a n d ,  g R a t i o  

77546 
( 7 0 1 6 4 )  

Me, b ( 1 / 4 )  4 .95  0 .72  

701 66  Me, V i  ( 1 / 1 4 . 8 )  2 . 5 1  0 . 1 9  1 / 2  
( 7 0 1  6 8 )  

701 73 Me, V i  ( 1 / 8 )  2.66 0 . 2 1  1 / 3  
( 7 0 1  7 4 - a )  

701 73 Me, V i *  ( 1 / 8 )  2 .66  0.21 1 / 3  
(701  7 4 - b )  

"0 .027 g b e n z o y l  p e r o x i d e  added t o  r e a c t a n t s .  

c .  W i t h  5 , 5 ' - B i s  ( 8 - h y d r o x y q u i  no1  i n o ) s u l  f o n e  

Polychelatotitanodimethylsiloxane elastomer (1/100 Ti/Si 
ratio, 1.75 g ) ,  dissolved in 150 ml benzene was reacted with 
0.16 g of the above bisbidentate ligand dissolved in 50 ml of 
pyridine to give a Ti/ligand ratio of 1/2. After all solvents 
were distilled, the reaction flask was gradually heated to 165°C 
at 1 mm Hg and was kept there f o r  16 hours. 
polymer had a softening point of 115°C. 

The crosslinked 

d .  W i t h  1 , 6 - D i h y d r o x y p h e n a z i n e  

Polychelatotitanodimethylsiloxane elastomer (1/15 Ti/Si 
ratio, 1.5 g )  was crosslinked with 1,6-dihydroxyphenazine 
0.0782 g ,  0.000388 mole). The reaction procedure was the same 
as with 1,4-dihydroxyanthraquinone. 
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e .  

194-Dihydroxyanthraquinone (O,g6 g ,  0 .0004  mole)  was added 
t o  20  g of  t h e  above r e s i n  a f t e r  i t  was d i s s o l v e d  i n  benzene .  
The r e a c t a n t s  t u r n e d  deep b l u e .  Af te r  a l l  benzene  and a c e t y l a c e t o n e  
were d i s t i l l e d ,  t h e  r e a c t a n t s  were a l l o w e d  t o  r ema in  a t  115OC 
a n d  0 . 5  mm H g  f o r  1 6  h o u r s .  The p r o d u c t ,  when c o o l e d  was a h a r d ,  
ra ther  c r y s t a l l i n e  r e s i n  ( s o f t e n i n g  p o i n t  45-5OoC, mp 50-55OC). 

J .  LIGAND SUBSTITUTED SILOXANE OLIGOMERS 

1 .  A t t e m p t e d  P r e p a r a t i o n  o f  H y d r o x y a n t h r a q u i n o n e  S u b s t i t u t e d  
D i  c h l  o r o s i  1 a n e  

a .  R e a c t i o n  o f  Q u i n i z a r i n  w i t h  CH3SiC13 i n  P y r i d i n e  

M e t h y l t r i c h l o r o s i l a n e  was p u r i f i e d  by  d i s t i l l a t i o n  (bp ob- 
t a i n e d  66.2-67.0,  l i t e r a t u r e  66.4/760 m m ) .  Q u i n i z a r i n  r e c r y s t a l -  
l i z e d  from a c e t i c  a c i d  ( 3 . 0 ,  0 .0125 mole)  was p l a c e d  i n  a 250-ml 
f l a s k  equpped w i t h  t he rmomete r ,  s t i r r e r  and r e f l u x  c o n d e n s e r .  
Dry benzene  ( 5 0  m l )  and  d r y  p y r i d i n e  ( 1 0  m l ) ,  and  H C 1  s c a v e n g e r ,  
were added. C H 3 S i C 1 3  ( 1 . 9  g, 0 .0125 mole)  i n  50 m l  o f  benzene  
was t h e n  added s l o w l y  t o  t h e  above-mentioned m i x t u r e .  A s l i g h t  
warming o f  t h e  m i x t u r e  was n o t e d .  Af t e r  t h e  a d d i t i o n  o f  m e t h y l -  
t r i c h l o r o s i l a n e  w a s  c o m p l e t e ,  t h e  r e a c t i o n  m i x t u r e  was r e f l u x e d  
f o r  f o u r  h o u r s .  

The s a l v e n t  was t h e n  e v a p o r a t e d  o f f  under  vacuum a t  80,"C and  
0.1 mm p r e s s u r e  t o  remove a l l  benzene and  u n r e a c t e d  C H 3 S i C 1 3 .  A 
brown s o l i d  remained .  NMR and  I R  spectra showed the  p r e s e n c e  o f  
pyridimium c h l o r i d e .  However, no CH3-$i--group was detected by 
NMR . 

Q u i n i z a r i n  (6.66 g )  i n  150 m l  d r y  xy lene  and  m e t h y l t r i c h l o r o -  
s i l ane  (6 m l )  i n  50 m l  x y l e n e  were mixed i n  a f lask  under  d r y  
n i t r o g e n .  The r e a c t i o n  m i x t u r e  was b rough t  t o  a s low r e f l u x i n g  
of  the  s o l v e n t  (137°C ), and h e a t i n g  was c o n t i n u e d  f o r  seven h o u r s .  
Slow e v o l u t i o n  of H C 1  was n o t e d  d u r i n g  h e a t i n g .  The s o l v e n t  and  
v o l a t i l e s  were removed unde r  vacuum a t  4O"C/O.l mm. A brownish  
s o l i d  remained.  I R  and NMR spec t ra  o f  t h i s  s o l i d  d i d  n o t  show t h e  
p r e s e n c e  of t h e  desired p r o d u c t .  



C .  
M e t h y l t r i c h l o r o s i l a n e  

The monopotassium sa l t  o f  q u i n i z a r i n  was p r e p a r e d  by reac t ing  
q u i n i z a r i n  w i t h  KOCH3 i n  methanol ,  and  was used  as s u c h  a f t e r  re- 
moving a l l  s o l v e n t .  A s l i g h t  e x c e s s  o f  q u i n i z a r i n  was used  t o  
e l imina te  e x c e s s  base i n  the  subsequen t  r e a c t i o n s .  

To 13 g of  q u i n i z a r i n  i n  200 m l  of  a b s o l u t e  methanol  was added 
50 ml of  0.1004M KOCH3 i n  benzene s o l u t i o n  under  c o n s t a n t  s t i r r i n g .  
The c o l o r  of  t h e  s o l u t i o n  became dark  red.  No t e m p e r a t u r e  r i se  
was n o t e d  d u r i n g  t h i s  a d d i t i o n .  The s o l v e n t  was t h e n  remove6 by 
d i s t i l l i n g  o f f  a t  64°C and  t h e n  a p p l y i n g  f u l l  vacuum a t  80-90°C 
f o r  two h o u r s .  Complete removal  was ef fec ted  by a l l o w i n g  t h e  re- 
s u l t i n g  s o l i d  t o  remain  o v e r n i g h t  a t  25OC/O.l m. Small  amounts 
of  q u i n i z a r i n  subl imed on the 'walls of the  d i s t i l l a t i o n  a p p a r a t u s .  

To t h i s  s a l t  (0.0542 mole of q u i n i z a r i n )  was added 200 m l  of 
d r y  e ther .  The m i x t u r e  was s t i r r e d  unde r  Ne f o r  20  minu tes .  The 
s o l u t i o n  was t h e n  coo led  w i t h  i c e  t o  l 5 " C ,  a n d  6.0 m l  (0.050 mold 
of the CHSSiC13 i n  50 m l  of  e t h e r  was added dropwise o v e r  a 10- 
minute  p e r i o d .  F i n a l l y ,  t h e  r e a c t i o n  mix tu re  was r e f l u x e d  for 
f o u r  hour s .  

The s o l v e n t  was removed by d i s t i l l a t i o n  and f reed  of traces 
of  e the r  by pumping under  vacuum. The r ema in ing  red s o l i d  was n o t  
s o l u b l e  i n  any  s o l v e n t s  f o r  NMR i n v e s t i g a t i o n .  The I R  s p e c t r a  
showed t h e  p r e s e n c e  of  t h e  s t a r t i n g  s o l i d  o n l y  w i t h  two a d d i t i o n a l  
bands a t  9.2 a n d  9.9 p. 

d .  Reac t ion  o f  M e t h y l d i c h l o r o s i l a n e  with Q u i n i z a r i n  

To 150 m l  o f  d r i e d  diglyme i n  a 1 - l i t e r  f lask  c o n t a i n i n g  6 g 
(0 .050 mole I of  q u i n i z a r i n  was added s l o w l y  6 m l  of m e t h y l d i c h l o r o -  
s i l a n e ,  CHsSiHC12, i n  50 m l  of d r i e d  d ig lyme.  No h e a t i n g  of the 
r e a c t i o n  mix tu re  was no ted  d u r i n g  the  a d d i t i o n  of  t h e  c h l o r p s i l a n e  
o r  d u r i n g  the e v o l u t i o n  of g a s .  The r e a c t i o n  m i x t u r e  was heated 
t o  40°C f o r  two h o u r s .  A f t e r  c o o l i n g ,  the  e ther  was removed a t  
5 O 0 C / O . l  mm. A brown s o l i d  remained,  which was shown by IR t o  be 
u n r e a c t e d  q u i n i z a r i n .  

e .  Reac t ion  o f  Q u i n i z a r i n  with Excess CH,SiCl, 

Three grams of  q u i n i z a r i n  t h a t  was p u r i f i e d  by  r e c r y s t a l l i z a -  
t i o n  f rom t o l u e n e ,  was p l a c e d  i n  a 250-ml round-bottomed f l a s k  
e q u i p p e d  w i t h  c o n d e n s e r ,  s t i r r e r ,  and  d r y  n i t r o g e n  i n l e t .  To 
t h i s ,  50 m l  o f  CH3SiC13 was added and  the m i x t u r e  was b r o u g h t  
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t o  the  r e f l u x i n g  p o i n t  of c H ~ S i C 1 3  (bp 67°C). 
c o n s t a n t l y .  Some of  it might have been CH3SiC13 swept  o u t  by the 
n i t r o g e n  stream. R e f l u x i n g  was c o n t i n u e d  f o r  s i x  d a y s ,  The excess 
C H 3 S i C 1 3  was swept  o f f  w i t h  NE, and the red-brown s o l i d  t h a t  re- 
mained beh ind  was freed of  v o l a t i l e s  unde r  vacuum. The I R  spec t rum 
o f  t h i s  s o l i d  showed it  t o  be mainly q u i n i z a r i n  w i t h  p o s s i b l e  con- 
t a m i n a t i o n  by material c o n t a i n i n g  S i -0  bonds.  

2 .  A t t e m p t e d  P r e p a r a t i o n  o f  H y d r o x y n a p h t h o q u i n o n e  S u b s t i t u t e d  
D i c h l o r o s i l  a n e  

a .  P r e p a r a t i o n  o f  N a p h t h a z a r i n  

Naph thaza r in  i s  no l o n g e r  commerc ia l ly  a v a i l a b l e .  Fo l lowing  
e t h o d  of prepar ing  a tho rough  l i t e r a t u r e  search to f i n d  the  best 

t h i s  l i g a n d  the p rocedure  of  Zahn and Ochwalt ? re f .  61)  was selected.  
The r e a g e n t s ,  20 g of  maleic anhydr ide  and  22 g hydroquinone,  were 
added to a m e l t  c o n s i s t i n g  o f  200g anhydrous  A 1 C 1 3  and  4 0  g N a C 1  
at 180"~ and the m e l t  held a t  180 t o  2 2 O o C  f o r  one hour .  After  
c o o l i n g ,  it w a s  added t o  water and HC1 added t o  p r e c i p i t a t e  c r u d e  
p r o d u c t .  T h i s  was e x t r a c t e d  i n t o  benzene,  t h e n  e x t r a c t e d  back 
into a NazC03 s o l u t i o n .  It was f i n a l l y  separated o u t  o f  water 
af ter  a c i d i f i c a t i o n  w i t h  HC1,  and  t h e n  dr ied.  About 4 g were ob- 
t a i n e d  by t h i s  method. 

b .  R e a c t i o n  o f  5 , 8 - D i h y d r o x y - 1  , 4 - n a p h t h o q u i n o n e  w i t h  
C H s S i C l  i n  C H C l  

Naph thaza r in  ( 9 . 5  g ,  0.050 mole)  i n  200 m l  of d r i ed  C H C l  
was s t i r r e d  unde r  N 2  f o r  two hour s .  Then, 6.0 m l  (0.050 mole7 of  
C H & i C 1 3  i n  50 m l  of  C H C 1 3  was added s l o w l y  a t  room t e m p e r a t u r e  
to t h e  n a p h t h a z a r i n  m i x t u r e .  The t e m  e r a t u r e  of  the r e a c t i o n  mix- 
t u r e  was b rough t  to 57°C (bp o f  C H C 9 3  7 , a n d  was r e f l u x e d  f o r  f o u r  
days ,  d u r i n g  which time e v o l u t i o n  of  HC1 was n o t e d .  

The s o l v e n t  was d i s t i l l e d  o f f  unde r  vacuum, l e a v i n g  a p u r p l e  
c o l o r e d  s o l i d  s o l u b l e  o n l y  i n  a c e t o n e .  NMR and I R  s p e c t r a  showed 
i t  to be decomposi t ion  p r o d u c t  o n l y .  

c .  R e a c t i o n  o f  t h e  M o n o p o t a s s i u m  S a l t  o f  N a p h t h a z a r i n  
w i t h  C H q S i C l l  

The monopotassium salt of n a p h t h a z a r i n  w a s  prepared as f o l -  
lows:  11 m l  o f  1.004 m KOCH3 s o l u t i o n ,  d i l u t e d  t o  50 m l  w i t h  
benzene ,  was added slowly t o  2 .220 g of  n a p h t h a z a r i n  i n  -50 m l  
DMF; The m i x t u r e  t u r n e d  p u r p l e  w i t h  t h e  appearance of a s i m i l a r l y  
c o l o r e d  s o l i d  which separated o u t  of s o l u t i o n .  The s o l i d  was t h e n  
f reed  of  DMF and  benzene by d i s t i l l a t i o n  under  vacuum a t  75"C/ 
0.5 mm. 
d i r e c t  pumping a t  25 C/O.1 mm o v e r n i g h t .  

F i n a l  d r y i n 5  of  t h e  po ta s s ium salt  was accompl ished  b y  
Dry e ther  1150 m l l  and  
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t h e n  2 m l  CH3SiC13 i n  50 m l  e the r  was added to 3.05 g of  t h i s  s a l t  
unde r  Ne. The r e s u l t i n g  s o l u t i o n  was r e f l u x e d  f o r  f i v e  hour s  and  
s o l v e n t  was e v a p o r a t e d .  The I R  s p e c t r a  of  t h e  r e s i d u e  was i d e n -  
t i c a l  t o  t h a t  o f  t h e  po ta s s ium sa l t  o f  n a p h t h a z a r i n .  

3 .  R e a c t i o n  o f  t h e  Monosodium S a l t  o f  Bis(8-hydroxyquino1ino)- 
m e t h a n e  w i t h  CH3SiC13 

T h r e e  grams o f  t h e  sodium s a l t  o f  bis(8-hydroxyquino1ino)- 
methane was p r e p a r e d  as f o l l o w s :  2 . 9 6  grams o f  l i g a n d  was p l a c e d  
i n  1 0 0  m l  of  d r y  DMF and 8 2 . 0  m l  of 0.1222N N a O C H 3  ( 0 . 0 1  m o l e )  
added t o  t h e  DMF m i x t u r e  u n d e r  s t i r r i n g .  The y e l l o w  c o l o r  became 
s t r o n g e r ,  i n d i c a t i n g  s a l t  f o r m a t i o n .  The y e l l o w  s o l i d  was f i l t e r e d  
o f f ,  washed w i t h  DMF and e t h e r  and d r i e d  a t  30°C u n d e r  vacuum f o r  
t h r e e  h o u r s .  

To t h i s  s o l i d  i n  a 500-ml round-bottomed f lask  was added 150 m l  
of d r y  e t h e r .  
i n  50 m l  of e ther  while  t h e  mix tu re  was c o n s t a n t l y  s t i r r ed .  A 
w h i t i s h  p r e c i p i t a t e  formed a l o n g  w i t h  the ye l low s o l i d .  No hea t ing  
of' the  mix tu re  w a s  no ted  d u r i n g  t h e  a d d i t i o n .  S t i r r i n g  was c o n t i n -  
ued f o r  12  h o u r s .  The v o l a t i l e s  were pumped o f f  unde r  vacuum a t  

To t h i s  mix tu re  was added s l o w l y  10 m l  of  CHsSiC13 

50"c. 

The I R  s p e c t r a  of the f ree  l i g a n d ,  i t s  monosodium s a l t ,  a n d  
t h e  p roduc t  i n  q u e s t i o n  were t a k e n .  The spec t rum o f  t h e  p roduc t  
was n o t  ve ry  much d i f f e r e n t  f rom t h a t  o f  the l i g a n d .  However, no 
S i - 0  band was observed  i n  t h e  9-10 micron r e g i o n .  The i n s o l u b i l i t y  
of  t h i s  p r o d u c t  i n  several s o l v e n t s  made i t  imposs ib l e  t o  f ree  i t  
f rom the N a C l  t h a t  might have formed d u r i n g  the r e a c t i o n .  Product  
was shown by I R  t o  be the r e s u l t  of  decomposi t ion  of s t a r t i n g  
material .  

4 .  A t t e m p t e d  P r e p a r a t i o n  o f  Bis(salicy1-N-buty1imino)methane 
S i l i c o n  M o d i f i e d  L i g a n d  

Three d i f f e r e n t  r e a c t i o n s  were car r ied  o u t .  Two employed t h e  

a .  F i r s t  Method 

Bis(salicy1-N-buty1imino)methane ( 7 . 3 3  g )  was d i s s o l v e d  i n  
benzene  and 0 . 7 8  g of  NaH-Nujol d i s p e r s i o n  was added to t h e  mixture, 
Afte r  s t i r r i n g  f o r  one hour ,  the  small amount of  p r e c i p i t a t e  t ha t  
had formed was f i l t e r e d  and  the  b r i g h t  ye l low s o l u t i o n  was t r a n s -  
f e r r e d  t o  a n o t h e r  f l a sk .  To t h i s ,  3.0 g (2.4 m l )  of CH3SiC13 i n  
200 m l  of d r i e d  benzene was added ,  whereupon a n  immediate p r e c i p i -  
t a t e  formed. S t i r r i n g  of t he  r e a c t i o n  mix tu re  was c o n t i n u e d  ove r -  
n i g h t .  

sodium sal t  of  t h e  l i g a n d ,  a n d  one the  f r ee  l i g a n d  i t s e l f .  
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The p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w i t h  benzene,  a n d  
d r i e d  i n  a vacuum. The I R  spec t rum o f  the s o l i d  showed a band at 
3.511 due to imine h y d r o c h l o r i d e  and  bands a t  8p (Si-CH3) and  9-1% 
(si-0) 0 

Some of t h i s  s o l i d  w a s  t r e a t e d  w i t h  p y r i d i n e  to decompose any  
amine h y d r o c h l o r i d e s .  It was t h e n  e v a p o r a t e d  to d r y n e s s  a n d  ex- 
t r a c t e d  w i t h  benzene .  The I R  spec t rum o f  t h i s  material showed a 
band a t  9-lop f o r  S i -0 ,  b u t  w a s  r a d i c a l l y  d i f f e r e n t  f rom t h a t  of  
the S c h i f f  base. 

b .  Second M e t h o d  

A second expe r imen t  i nvo lved  a d d i n g  the CH3SiC13 to the sodium 
salt o f  the S c h i f f  base a l l  a t  once.  For t h i s ,  7.33 g of  t h e  
S c h i f f  base was employed and  was reacted w i t h  0.778 g of NaH-Nujol 
d i s p e r s i o n  i n  150 m l  of benzene .  A y e l l o w  p r e c i p i t a t e  formed. To 
t h i s ,  3 .14  g (5.0 m l )  of CHsSiC13 i n  50 m l  of benzene was added 
q u i c k l y .  A p r e c i p i t a t e  formed immediately.  A f t e r  f i l t r a t i o n ,  
washing w i t h  benzene,  and  d r y i n g  under  vacuum i t  had t h e  same 
spec t rum as t h a t  o b t a i n e d  by the f i r s t  method, above .  

c .  T h i r d  Method 

A t h i r d  expe r imen t  u t i l i z e d  the f ree  l i g a n d  i n s t e a d  of i t s  
sodium sa l t .  For t h i s ,  7.33 g of S c h i f f  base w a s  d i s s o l v e d  i n  
250 m l  of d r i e d  benzene,  and  3 .0  g (2 .4  m l )  of CH3SiC13 d i s s o l v e d  
i n  50 m l  of benzene was added to t h e  s o l u t i o n  under  c o n s t a n t  stir- 
r i n g .  A ye l low,  gummy p r e c i p i t a t e  formed a t  the walls o f  the re -  
a c t i o n  f l a sk  a l o n g  w i t h  a cop ious  p r e c i p i t a t e .  The p r e c i p i t a t e  
w a s  f i l t e r e d  o f f  and  washed w i t h  benzene.  Its I R  spec t rum a f t e r  
d r y i n g  was similar to t h a t  o b t a i n e d  by b o t h  p r e v i o u s  methods,  
above .  

T h i s  p r e c i p i t a t e  af ter  treatment w i t h  p y r i d i n e  was e v a p o r a t e d  
to d r y n e s s .  Trea tment  w i t h  benzene gave a benzene-so luble  f r a c -  
t i o n .  The i n s o l u b l e  f r a c t i o n  showed a n  amine h y d r o c h l o r i d e  band 
a t  "3.511 a n d . m i g h t  be the h y d r o c h l o r i d e  undecomposed w i t h  p y r i d i n e .  

The benzene-so luble  f r a c t i o n ,  a f t e r  b e i n g  t a k e n  t o  d r y n e s s ,  
was e x t r a c t e d  w i t h  hexane. The hexane-so luble  material ,  a f t e r  
removal  of the s o l v e n t ,  had a n  I R  spec t rum similar to that o f  t h e  
f ree  Schi f f  base l i g a n d .  The hexane - inso lub le  p o r t i o n  had a broad  
band a t  9-10 w, which c o u l d  be due to fo rma t ion  of polymer con-  
t a i n i n g  S i - 0  bands .  

I n  a d d i t i o n ,  t h e  gummy material t h a t  had o r i g i n a l l y  formed 
on the  walls o f  t h e  r e a c t i o n  f l a sk  a f t e r  d r y i n g  was shown to have 
I R  bands  a t  3.5 p due to fNH'C1' and  a t  9-10 u due to Si-0 .  
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c1 
e ther  + BuLi --> 

dc H= oc H~ 

L i  

OC H2 OC H3 

L i  

Q$l + BuCl 

6 C  HZ OC H3 

c H3 
C1- $ i -C1 

i 

L i C l  f Q$l 
bC H2 OC H3 

a .  R e a c t i o n  1 

n-Butyl l i t h i u m  (3 .2  g j  i n  hexane vias added t o  400 m l  of  
sodium-dr ied  e t h e r  cooled  to -40°C by means  of a C02-acetone 
e x t e r n a l  b a t h .  When 5-c h l o r o  -8-hydroxyquinol  i n e  methoxymethyl 
e t h e r  (11.2 g )  i n  150 m l  of e the r  was added to t h e  above-men- 
t i o n e d  s o l u t i o n ,  a da rk  red c o l o r  deve loped .  The t empera tu re  was 
ma in ta ined  between -40 and -35°C. T h e n ,  5.8 ml of  CH3SiC13 i n  
25 m l  of e t h e r  was added q u i c k l y  w i t h  v igo rous  s t i r r i n g .  A ye l low 
p r e c i p i t a t e  formed as the  m i x t u r e  was a l lowed to r e a c h  -10°C. 
Then t h e  t e m p e r a t u r e  was a l l o w e d  t o  r e a c h  2 5 O C .  
was e v a p o r a t e d  o f f  under  vacuum. 
was v e r y  s o l u b l e  i n  t h e  most  common s o l v e n t s .  
d i c a t e d ,  however,  t h a t  t h e  p r o d u c t  d i d  n o t  c o n t a i n  t h e  s i l i c o n -  
q u i n o l i n e  l i n k a g e .  

The  s o l v e n t  
The p r o d u c t  of  t h i s  r e a c t i o n  

MMR s p e c t r a  i n -  

b .  R e a c t i o n  2 

An a d d i t i o n a l  r e a c t i o n  l i k e  t h e  one d e s c r i b e d  above was r u n ,  
b u t  a l l  s t e p s  were c a r r i e d  o u t  a t  25°C i n s t e a d  o f  at -40°C. 
brownish  s o l i d  was o b t a i n e d ,  v e r y  s o l u b l e  i n  s o l v e n t s ,  b u t  a g a i n  
t h e  des i r ed  p r o d u c t  was n o t  o b t a i n e d .  

A 
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6 .  

a. Preparation o f  H e p t a m e t h y l c h l o r o m e t h y l c y c l o t e t r a s i l o x a n e  

T h i s  compound was p r e p a r e d  u s i n g  t h e  p r o c e d u r e  o f  K r i e b l e  
and  E l l i o t t  ( r e f .  62) by b u b b l i n g  d r y  c h l o r i n e  i n t o  251.9 g 
( 0 . 8 5  mole)  of octamethylcyclotetrasiloxane i n  a n i t r o g e n  
a tmosphe re  i n  a o n e - l i t e r ,  t h ree -necked  f l a s k  c o o l e d  by  a n  i c e  
b a t h  and e q u i p p e d  w i t h  a l a r g e  m a g n e t i c  e g g  f o r  s t i r r i n g ,  a g a s  
i n l e t  t u b e  e x t e n d i n g  to t h e  bot tom o f  t h e  f l a s k ,  a r e f l u x  conden- 
se r  and thermometer ,  and  a l a r g e  c e n t e r  neck  which h e l d  a q u a r t z  
t u b e  and a G.E. 4 - w a t t  g e r m i c i d a l  lamp. The e f f l u e n t  f rom t h e  
c o n d e n s e r  l e d  to a hydrogen  c h l o r i d e  s c r u b b e r  c o n t a i n i n g  water. 

The c h l o r i n e  f low ra te  was a d j u s t e d  so  t h a t  t h e  maximum 
t e m p e r a t u r e  was 36OC. After  r e a c t i n g  f o r  30 m i n u t e s ,  t h e  sys t em 
was f l u s h e d  w i t h  d r y  n i t r o g e n  f o r  10 m i n u t e s .  The r e a c t i o n  
m i x t u r e  showed a 22.9 g g a i n  i n  w e i g h t .  

The r e a c t i o n  m i x t u r e  was washed and  c e n t r i f u g e d  w i t h  two 
200-ml a l i q u o t s  of  water and  c l a r i f i e d  w i t h  F u l l e r ' s  e a r t h .  
The m i x t u r e  was t h e n  d i s t i l l e d  u n d e r  r educed  p r e s s u r e  u s i n g  a 
one - foo t  column packed  w i t h  glass h e l i c e s .  Af te r  r e c o v e r i n g  
89.1 g of  s t a r t i n g  mater ia l ,  56.1 g o f  p r o d u c t  was r e c o v e r e d  a t  
7OoC/3.0 mm Hg p r e s s u r e .  

A n a l y t i c a l  r e s u l t s  showed a p u r i t y  o f  91.5% b y  VPC w i t h  no 
s t a r t i n g  mater ia l  p r e s e n t .  NMR and  I R  were c o n s i s t e n t  w i t h  t h e  
s t r u c t u r e .  

b. P r e p a r a t i on o f  H e p t a m e t h y l s a l i c y c l o x y m e t h y l c y c l o t e t r a -  
s i l o x a n e  

The p r o c e d u r e  o f  Merker  and S c o t t  ( r e f .  56 )  for p r e p a r a t i o n  
o f  sym-bis(salicyloxymethyltetramethyldisi1oxane) was u s e d .  A 
s o l u t i o n  of heptamethylchloromethylcyclotetrasiloxane (33.1 g )  I n  
50 m l  o f  d imethyl formamide  was added to sodium s a l i c y l a t e  (17.5 g )  
i n  50 m l  o f  d imethyl formamide ,  and t h e  s o l u t i o n  was h e a t e d  a t  
r e f l u x  f o r  a b o u t  3 h o u r s .  Sodium c h l o r i d e  was removed by f i l t r a -  
t i o n ,  an  e q u a l  volume o f  benzene  was added t o  t h e  f i l t r a t e ,  and 
t h e  s o l u t i o n  was washed w i t h  f i v e  50-ml p o r t i o n s  o f  water .  The 
benzene  l a y e r  was d r i e d  o v e r  MgSOL, and s o l v e n t  was e v a p o r a t e d .  
The r e s i d u e  was an  o i l  t h a t  d i d  n o t  d i s t i l l  below 125OC/0.25 mm. 
The o i l  was c o o l e d  and t r e a t e d  w i t h  sodium c a r b o n a t e  s o l u t i o n  by 
s t i r r i n g  f o r  one hour ,  t a k e n  up i n  benzene ,  and r e c o v e r e d  b y  
removing s o l v e n t .  The NMR a n a l y s i s  and i n f r a r e d  s p e c t r u m  o f  t h e  
o i l  i n d i c a t e d  t h e  e x p e c t e d  p r o d u c t .  A VPC o f  t h e  o i l  showed 3 
m a j o r  peaks o f  47.2, 31.4  and  7.7%. These da ta  i n d i c a t e d  t h a t  
t h e  o i l  i s  a m i x t u r e  o f  th ree  c y c l i c  s i l o x a n e s  w i t h  t h e  s a l i c y l a t e  
s u b s t i t u e n t  on e a c h .  



A sample of  heptamethylchloromethylcyclotetrasiloxane was 
r e f l u x e d  i n  dimethylformamide o v e r n i g h t  and r e c o v e r e d  by the  same 
p r o c e d u r e  used  above ,  
unchanged, i n d i c a t i n g  no i s o m e r i z a t i o n .  

The VPC o f  t h e  r e c o v e r e d  p r o d u c t  was 

K. CONDENSATION OF p-ARYLENE-BIS(DIORGANOSILAN0LS) WITH BIS- 
(ACETYLACETONATO)DIBUTOXYTITANIUM 

1 .  General Procedure 

The g e n e r a l  p rocedure  f o r  t h e  p r e p a r a t i o n  of t h i s  c l a s s  o f  
polymers i s  as f o l l o w s  : The weighted amount of  p - a r y l e n e - b i s ( d i -  
o r g a n o s i l a n o l )  monomer was d i s s o l v e d  i n  approximate ly  75  m l  o f  d r y  
benzene.  Then t h e  a p p r o p r i a t e  amount (depending on t h e  desired 
T i / S i  atom r a t i o )  of bis(acety1acetonato)dibutoxy t i t a n i u m  (IV) 
was added. The r e a c t a n t s  were al lowed t o  r e f l u x  from 1 - 2  h r .  
Then t h e  s o l v e n t s  were d i s t i l l e d  o f f  a t  t e m p e r a t u r e s  no g r e a t e r  
t han  8 o o c  under  vacuum. The r e a c t a n t s  were t h e n  heated a t  2 . 1 2 O o C  
under  vacuum from 1-3 h r .  The p r o d u c t s  were g e n e r a l l y  l i g h t  yel low 
o r  f a i n t  g reen ,  c r y s t a l l i n e  materials m e l t i n g  from below room 
t e m p e r a t u r e  t o  o v e r  1 0 0 O C .  T a b l e  2 1  summarizes t h e  r e s u l t s .  

2. Crosslinking o f  Polychelatotitano-p-arylene-bis(diorgan0- 
siloxane) 

where i s  a b i s - h i d e n t a t e  l i g a n d  o r  a t e t r a -  
d e n t a t e  
exchange r e a c t i o n .  

l i g a n d  capab le  of undergoing l i g a n d  

The l i g a n d  exchange c r o s s l i n k i n g  r e a c t i o n s  were c a r r i e d  o u t  
by f i r s t  d i s s o l v i n g  t h e  polychelatotitano-p-arylene-bis(diorgan0- 
s i l o x a n e )  i n  d r y  benzene.  Then t h e  a p p r o p r i a t e  amount of c r o s s -  
l i n k i n g  l i g a n d  was added. After r e f l u x i n g  from 1-20 h o u r s ,  t h e  
s o l v e n t  was d i s t i l l e d  o f f  in vaeuo and t h e  r e a c t a n t s  h e a t e d  t o  
12OOC for 1-20  h o u r s .  T a b l e  22  summarizes t he  r e a c t i o n  c o n d i t i o n s ,  
s t o i c h i o m e t r y ,  and t h e  m e l t i n g  range  of  t hese  c r o s s l i n k e d  polymers .  
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3 .  

The condensation as well as the crosslinking reactions were 
carried out as described for previous polymer systems. 

In a 3-necked, 250-1111 flask, fitted with distilling head, 
and thermometer, was added 4.6 g (0.00904 mole) of acetylace- 
tonatodibutoxydiphenylphosphinatotitanium (IV), 4.08 g (0.0181 
mole) of p-phenylene-bis(dimethylsilanol), and 1 ~ 1 0 0  ml of anhydrous 
benzene. The reactants were heated to reflux temperature (82OC) 
until dissolved. The solvents were then distilled off and the 
reactants left at 8ooc at 0.5 mm for 2 hours. The yield was 
7.13 g (97%) (mp 35-48OC). 

Table 22 summarizes the crosslinking of these polymers. 

4 .  P r e p a r a t i o n  o f  B o r o n - C o n t a i n i n g  P o l y c h e l a t o t i  t a n o - p - A r . v l e n e -  
b i s ( d i o r g a n o s i 1 o x a n e )  

a.  R e a c , t i o n  o f  p - P h e n y l e n e - b i s ( r n e t h y l p h e n y l s i l a n o 1 )  and  
T r i m e t h o x y  B o r o x i n  

To 2.00 g (0.00572 mole) of p-phenylene-bis(methylpheny1- 
silanol), dissolved in %lo0 ml of dry benzene under N2 flush 
in a 3-necked flask, was added from an eye dropper 0.332 g 
(0.00191 mole) of trimethoxy boroxin. The reactants were heated 
to reflux temperature f o r  2 hr. The solvent was then removed 
under reduced pressure, and the temperature was raised to 
118°c/0.15 mm Hg for 1.75 hours. The product was white crystalline 
material with melting range of 27 to 34OC. The yield was 2.02 g 
(66.7% of t,heoretical yield). 

b .  R e a c t i o n  o f  Polychelatotitanosiloxane w i t h  T r i m e t h o x y  
B o r o x i n  

To 0.935 g of polychelatotitanosiloxane polymer, containing 
0.00154 g-atom Ti, dissolved in %150 ml d r y  benzene in a 3-necked 
flask, was added 0.089 g (0.000513 mole) of trimethoxy boroxin 
from an eye dropper. 
orange. After the solvent was distilled off, the temperature 
was raised to 95OC/O.3 mm Hg for 3 hr. 

The solution immediately turned light 

The yield of the orange product was 1.01 g (1~99%) (mp 44-85OC). 
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C .  
and Trimethoxy Boroxin 

To 2-00 g (0.00512 mole) of bis(acety1acetonato)dibutoxy 
titanium (IV) dissolved in hot benzene under N2 was added 0.44 g 
(0.00256 mole) of  trimethoxy boroxin from an eye dropper. --The 
reactants were warmed gradually to reflux temperature and kept 
there for 16 hr. 
reactants left at room temperature at 1.9 mm Hg f o r  8 hr. The 
product was an amber-colored, viscous liquid. 

The solvent was then distilled off, and the 

d. Crosslinkinq o f  Boron-Containinq P o l y c h e l a t o t i t a n o s i l o x a n e  
Pol y m e  r s 

The procedure for the crosslinking reactfon is the same as 
reported earlier. Table 23 summarizes the results. 

5. Polymerization o f  p-Phenylene-bis(methylphenylsilano1) with 
B i s ( a c e t y l a c e t o n a t o ) d i b u t o x y t i t a n i u m ( I V )  

a. First Reaction 

p-Phenylene-bis(methylphenylsilano1) 12.5 g (0.00715 mole) 
in 2 100 ml of benzene was placed in a 250-m19 3-necked flask 
fitted with distilling head, thermometer, and Teflon sleeves. 
After complete dissolution of the silanol, 1.395 g (0.00358 mole) 
of bis(acety1acetonato)dibutoxy titanium (IV) was added. The 
benzene was then distilled off under reduced pressure and the 
reactants were left at 8o0c/o.8 mm for one hour. The yield 
was 2.95 g (87.5%) and the melting range of the product was 
50-68OC. 

b. Second Reaction 

The above product (0.5 g) was dissolved in hot xylene and 
refluxed for 18 hours at 136OC. The solution beczme copper 
colored at reflux temperature and deep brown at the end of 18 hours. 
Its molecular weight by vapor phase osmometry was 3600. 

c. Third Reaction 

The remaining product was further polymerized at 15O0C/O.7 rnm 
f o r  16 hours. The melting range was increased to 60-130"C. It 
had both a benzene soluble and a benzene insoluble fraction. 
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6. Condensation o f  P o l y c h e l a t o t i t a n o s i l o x a n e  with Bisphenol-A 

a. Co-polymerization o f  P o l y c h e l a t o t i t a n o s i l o x a n e  with 
Bi sphenol - A  

- .  
Polychelatotitanosiloxane (Ti/Si = 1/4), 3.29 g (containing 

0.00348 g-aton Ti), was dissolved in hot benzene then 0.863 g 
(0.00121 mole) of bisphenol-A was added. After refluxing i’or 
1.5 hours, the solvents were distilled o f f  under reduced pressure. 
The reactants were kept at gOoC/0.7 mm f o r  1.5 hours .  Melting 
range of the polymer is 30-55OC. 

b, Crosslinkinq o f  Polychelatotitanosiloxane-bisphenol-A 
Copolymer 

To 1.0 g (0 .000838  g-atom Ti) of the above copolymer 
(dissolved in hot benzene), was added 0.0983 g(O.000409 mole) 
of  1,4-dihydroxyanthroquinone. After refluxing for 1.0 hour, 
the solvents were distilled off and the reactants left at 
.120°C/0.4 mm f o r  2.5 hours. Melting range of the product is 
4 0-140° C . 
7. P o l y c h e l a t o t i t a n o s i l o x a n e s  with 1,7-Bis(dimethylhydroxysilyl)- - 

m - c a r b o r a= 

a. Condensation o f  1 ,7-Bis(dimethylhydroxvsilyl)-m-carborane - - w i t h B i s ( a G t  y 1 a c e to n a to ) d i b u t o x ~ y  t i t a n i u m ( I V ) 

1,7-Bis(dimethylhydroxysilyl)-m-carborane (0.5 g, 0.0017 
mole) and bis(acety1acetonato)dibutoxytitanium (IV) (0.67 g, 0.0017 
mole) were.dissolved in benzene at reflux temperature. 
15 minutes, the solvent was removed under reduced pressure, and 
the reactants were heated to 12OoC/0.9 mm for 3.5 hours. 
was 1.07 g (~100%; melting range = 25 - 40OC). 

After 

The yield 

b. Condensation o f  P o l y c h e l a t o t i t a n o s i l y l c a r b o r a n e  with 
p-Phenylene-bis(methylphenylsi.lano1) 

Polychelatotitanosilylcarborane (1.07 g containing 
0.0017 g-aton Ti) was dissolved in hot benzene with p-phenylene- 
bis(methylphenylsilano1) (0.598 g, 0.0017 mole). After refluxing 
for 15 minutes, the solvents were removed under reduced pressure 
and the reactants were heated to 110°C/0.7 mm for 4 hours, The 
yield was 0.97 g, and the melting range was 30 - 4OOC. 
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C. 

The above polymer (0,485 g, 0.00086 g-aton Ti) was dissolved 
in hot benzene. 1,4-Dihydroxyanthraquinone (0.103 g, 0.0004 mole) 
was added, After refluxing for 1 5  minutes, the solvent was re:noved 
under reduced pressure, and the reactants were heated to 115"C/0.8 
mm f o r  1.5 hours. The melting range was 25 - 64Oc. 

d. Condensation o f  P o l y c h e l a t o t i t a n o s i l o x a n e  with 1,7-Bis- 
ldimethyl hydroxysi lyl )-m-carborane 

Polyzhelatotitanoheterosiloxane ( 0 . 2  g ,  0.00022 
g-aton Ti),'prepared from a four-to-six mole ratio of p-phenylene- 
bis(methylphenylsilano1) and 4,41-bis(hydroxymethylphenylsilyl) 
biphenyl, was dissolved in hot benzene. 1, 7-Bis- 
(dimethylhydroxysily1)-m-carborane (0.013 g, 0.000044 mole) was 
added and the solvent was removed under reduced pressure after 
refluxing f o r  15 minutes. 
mm f o r  1 hour, 10 minutes. 

The reactants were heated to 117OC/O.7 

e. Crosslinking o f  P o l y c h e l a t o t i t a n o h e t e r o s i l y l c a r b o r a n e  
wi th 5,5 ' -Bi s (sal icy1 -N-butyl imi no)methane 

The procedure is the same as reported previously for other 
crosslinking reactions, The product polymer from (93091), 
containing 0.00022 g-atom Ti, was dissolved in hot benzene with 
0.0797 g (0.00022 mole) o f  5,5-bis(salicyl-N-butylimino)methane. 
After refluxing f o r  15 minutes, the solvent was removed under 
vacuum. The reactants were then heated to 12i0c/0.8 mm for 1 hr. 
The melting range was 70-80Oc. 

8. Condensation o f  Bis(acetylacetonato)dibutoxytitanium(IV) 
with p-Phenylene-bis(methylphenylsilanol), Si :Ti = 8:l 

Bis(acety1acetonato)dibutoxytitanium (1.622 g, 0.0041 
moles) in 20 ml dry benzene was added dropwise to a refluxing 
solution of 5.798 g (0.0165 moles) p-phenylenebis(methylpheny1- 
silanol) in 125 ml benzene. The solvent was distilled and the 
residue was heated at 125OC/O.O7 mm for 1.5 hours. 

9. Condensation o f  P o l y p h e n y l e n e - b i s ( m e t h y l P h e n y l s i 1 o x a n e s )  

a. By Reaction o f  p-Phenylene-bis(methylphenylsilano1) 

with Bis(acetylacetonato)dibutoxytitanium(IV) 

with B i s ( m e t h y 1 a m i n o ) m e t h y l p h e n y l s i l a n e  

p-Phenylene-bis(methylphenylsilanol)(5.215 g, 0.0149 mole) 
and 2.294 g (0.0127 mole) bis(methy1amino)methylphenylsilane 
were dissolved in dry benzene under nitrogen. The benzene was 
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t h e n  removed by f r e e z e - d r y i n g  and t h e  r e s i d u e  was heated a t  
750C/Oe5 mm, f o r  2 h o u r s ,  The molecu la r  weight  o f  t h e  r e s i d u e  

be 13,500, 
as de termined  by vapor  phase  osmometry i n  benzene and found t o  

b .  By Reaction o f  p-Phenylene-bis(methylphenylsilano1) 
with Heptamethyl-1 - a i a - 3 , 5 - d i o x a - Z , 4 , 6 - - t r i s i  lac.yclo- 
hexane 

A benzene s o l u t i o n  of 7 g ( 0  02 mole)  p-phenylene-bis ( m t h y l -  
p h e n y l s i l a n o l )  and  3.76 g( d :elk mole) heptamethyl-l-aza-3,5-dioxa- 
2,4,6--trisilacyclohexane was heated t o  r e f l u x  and t h e  benzene was 
d i s t i l l e d .  The r e s i d u e  was heated a t  15OoC o v e r n i g h t  and t h e n  a t  
150°c/o.2 mm f o r  a .5  h r s .  ' T h e  product  was a l i q u i d  t h a t  had 3050 
molecu la r  weight by vapor  phase  osmometry, 

c. Reaction o f  Silanediol Prepolymer No, 98460 with 
Bis(acetylacetonato(dibutoxytitanium(1V) 

A 2.36 g sample of 98460 prepolymer  and 0 . 2 7 3  g b i s ( a c e t y 1 -  
acetonato)dibutoxytitanium(IV) were d i s s o l v e d  t o g e t h e r  i n  benzene.  
The s o l v e n t  was d i s t i l l e d  and t h e  r e s i d u e  l e f t  a t  12OoC/0.2 mm 
f o r  2 h r s .  P r o p e r t i e s  o f  t h i s  polymer are g iven  i n  T a b l e  17. 
Polymer 98465 w a s  a l s o  p repa red  by  t h i s  method. 

L. PREPARATION OF POLYTITANOSILOXANES B Y  REACTION OF TETRAISO- 
PROPOXYTITANIUM WITH SILANEDIOLS 

1 .  Direct Reactions 

a. With p-Phenylene-bis(methylphenylsilano1) 

A d r y  benzene s o l u t i o n  c o n t a i n i n g  1.302 g (0.00458 mole)  
t e t r a i s o p r o p o x y t i t a n i u m  was added w i t h  s t i r r i n g  t o  3,206 g 
(0.00916 mole) p-phenylene-bis ( m e t h y l p h e n y l s i l a n o l )  d i sso l -ved  i n  
150 m l  benzene and under n i t r o g e n .  The benzene was removed by 
f r e e z e - d r y i n g  and t h e  r e s i d u e  was heated a t  80°C/0.2mm f o r  2 
hour s .  The r e s i d u e  s o f t e n e d  a t  12O-23O0C. It was washed w i t h  
e ther  t o  remove low molecu la r  weight f r a c t i o n s .  The e t h e r  i n -  
s o l u b l e  f r a c t i o n  was 97% 'of t h e  c rude  p roduc t ;  it was comple te ly  
s o l u b l e  i n  benzene and had a molecu la r  weight  of  23,500. 

mo lecu la r  weights o f  7400 (98475) and 1 1 , 0 0 0  (98492) .  
SSmilar ppepa r&ions  on a double  s c a l e  yieldeg polymers w i % h  
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b, 

A procedure similar to a, above, was used with 1.6108 g 
tetraisopropoxytitanium and 5.0002 g bis(hydroxymethylpheny1- 
sily1)biphenyl ether. The polymer started to precipitate slowly 
after the reagents were mixed. It did not redissolve when the 
mixture was heated to reflux. The mixture was left at room 
temperature overnight and then the polymer was isolated as above 
Less than 5% of the crude product was soluble in benzene. 

c. With p-Phenylene-bis(methylvinylsilano1) 

A dry benzene solution containing 3.9490 g (0.01389 mole) 
tetraisopropcxytitanium was added to a stirred benzene solution 
of 0.6958 g (0.02778 mole) p-phecy;ene-bis(methylvinylsila,noi) 
and 8.7650 g (0.0250 mole) p-phenylene-bis(methylphenylsilano1) 
at 40OC. 
heated at 1080C/0.35 mm for 2 hours. 
are given in Table 18. 

The benzene was removed by freeze-drying and the residue 
The properties of the product 

d .  With Excess p-Phenylene-bis(methylphenylsilano1) 

Tetraisopropoxytitanium (1.842 g, 0,00646 moles) was added 
with stirring to a solution of 4.646 g p-phenylenebis(methylpheny1- 
silanol) in dry benzene under nitrogen. The benzene was removed 
by freeze-drying at 0.2 mm and the residue was heated at 75OC/O.2 mm 
for 2 hrs. The crude product (3.0 g) was pulverized and washed 
with three successive portions of ethanol. The first wash con- 
tained 1.15 g, the second 0.06 g and the last 0.17 g. 

2. P o l y c h e l a t o t i t a n o s i l o x a n e  from the Condensation o f  p-Phenyl- 
ene-bis (methyl phenyl si lanol ) with Tetraisopronoxyti tanium 
a n d  Bis(acetylacetonato)diisopropoxytitanium(IV) 

A solution of 1.2262g (0.00431 mole) tetraisopropoxyti- 
tanium in 5 ml dry benzene was added rapidly, under nitrogen, 
with stirring to 5.039g (0.01437 mole) p-phenylene-bis(methy1- 
phenylsilanol) in 100 ml benzene at 5OOC. To this was added 
rapidly a solution of 0.4088g (0.00144 mole) tetraisopropoxy- 
titanium and 1.0474g (0.00287 mole) bis(acety1acetonato)diiso- 
propoxytitanium in 10 ml benzene. After distilling about three- 
quarters of the benzene at atmospheric pressure, the remainder 
was removed by vacuum. The dried solid weighed 6.lg. After 
triturating four times with diethyl ether, the dried solid 
weighed 4.5g and had a softening range of 190-205°C. This solid 
was completely soluble in benzene. Its molecular weight was 
4390 by vapor gressure osmometry. 
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3 ,  

a .  C o n d e n s a t i o n  R e a c t i o n  

Bis(acety1acetonato)diisopropoxytitanium (10.9290g, 0 .0300 
mole)  ir, 30 m l  d r y  benzene was added t o  a s t i r r e d  s l u r r y  o f  
p h e n y l s i l a n e t r i o l  (3 .1244g,  0.0200 mole)  i n  200  m l  d r y  benzene  
a t  room t e m p e r a t u r e .  After s t i r r i n g  f o r  3 h o u r s ,  t h e  benzene was 
removed unde r  vacuum from t h e  r e s u l t i n g  c l e a r  y e l l o w  s o l u t i o n .  
The d r i e d  s o l i d  p r o d u c t  weighed 1 O . O g  and was s o l u b l e  i n  a b s o l u t e  
e t h a n o l .  

A p o r t i o n  o f  t h i s  p r o d u c t  ( 6 . 0 g )  was r e f l u x e d  i n  d r y  
benzene f o r  3 h o u r s .  The benzene  was d i s t i l l e d  a t  a t m o s p h e r i c  
p r e s s u r e  and t h e  r e s i d u e  was d r i e d  u n d e r  vacuum f o r  1 6  h o u r s .  
The r e s i d u e  w a s  5 - 5 g  of y e l l o w  s o l i d  t h a t  s o f t e n e d  between 
90-12OOC. It had a m o l e c u l a r  weight  o f  1 0 1 0  b y  vapor  phase  
osmometry and was s o l u b l e  i n  benzene and e t h a n o l .  

b .  L i g a n d  E x c h a n g e  R e a c t i o n s  

5,5'-Bis(salicyl-N-butylimino)methane (1 .0997g;  0 . 0 0 3  mole)  
and polymer 1 0 8 9 2 9  (1 ,0450g;  0.003 g-atom T i )  were d i s s o l v e d  i n  
50 m l  o f  d r y  benzene  and h e a t e d  t o  r e f l u x .  The benzene was d i s -  
t i l l e d  o v e r  30 m i n u t e s  and t h e  r e s i d u e  d r i e d  in vacuo .  It d i d  n o t  
s o f t e n  up t o  3 O O O C .  

Polymer 108929 (0 .5225g;  0.00015 g-atom T i )  and 5 , 5 ' -  
bis(salicy1-N-buty1imino)methane (0 .5499g;  0 . 0 0 1 5  mole)  were 
d i s s o l v e d  i n  15  m l  d r y  benzene and f r e e z e - d r i e d  f o r  1 6  h o u r s .  
T h i s  y i e l d e d  a homogeneous s o l i d  t h a t  i n i t i a l l y  s o f t e n e d  a t  
45 t o  80°C and t h e n  r e h a r d e n e d  above a b o u t  8 5 O C .  

4 .  P r e p a r a t i o n  o f  P o l y t i t a n o s i l o x a n e s  w i t h  S i H  S u b s t i t u e n t s  

The g e n e r a l  p r o c e d u r e  used  t o  p r e p a r e  t h e s e  polymers  i s  
i l l u s t r a t e d  u s i n g  polymer 105622,  as f o l l o w s .  A 1 . 5  g sample of  
105622 and 1 . 0  g d i p h e n y l s i l a n e  were d i s s o l v e d  i n  1 2 5  m l  o f  
anhydrous  benzene .  The benzene  was d i s t i l l e d  a t  a t m o s p h e r i c  
p r e s s u r e  and t h e n  t h e  r e s i d u e  was h e a t e d  a t  6 O o C  a t  0 .5  mm p r e s s u r e  
f o r  22 h o u r s  to remove e x c e s s  d i p h e n y l s i l a n e .  The i n f r a r e d  s p e c t r a  
of  t h e  r e s i d u e  h a s  a l a r g e  a b s o r p t i o n  a t  2130 cm"' t h a t  i s  
c h a r a c t e r i s t i c  o f  t h e  SiH g r o u p .  The a b s o r p t i o n  c h a r a c t e r i s t i c s  
of t h e  v i n y l  g roup  have abou t  1 0 %  of t h e i r  i n i t i a l  i n t e n s i t y .  



1 .  Test for Tensile Shear Strength 

T e s t  specimens of r e s i n s  on e i t h e r  321 s t a i n l e s s  s t e e l  or 
2014-T6 aluminum were p r e p a r e d  and t e s t ed  to conform to t e s t  
method ASTM D1002-64. An I n s t r o n  T e n s i l e  Tester ,  Model TT-C 
w i t h  s e l f - a l i g n i n g  g r i p s ,  was used a t  a r a t e  of 0.05 i n c h  p e r  
minute  ( 1 4 0 0  p s i / m i n . ) .  Tes ts  a t  -100, 150, 200 ,  and 25OOC 
were done i n  a t e m p e r a t u r e - c o n t r o l l e d  chamber f i t t e d  t o  t h e  
I n s t  ron .  

2. Cleaning Treatments 

a. Standard Aluminum Etch 

Alurninurii s t r i p s  p r e v i o u s l y  degreased  by immersion in tri- 
c h l o r o e t h y l e n e  were c l e a n e d  by immersion for 10-15 min. a t  
65-70OC is, a ba th  c o n s i s t i n g  o f :  

30 p a r t s  by weight  d i s t i l l e d  water; 10 parts by 
Wei@it H~SOL, ( sp  gr 1 . 8 4 ) ;  1 pa r t  by weight  
sodium dichromate 

T h e  s t r i p s  were t h e n  r i n s e d  i n  runnice; d f s t j l l e d  wa te r  for: 1C 
mlnutes  and d r i e d  at room tempera tu re .  

b. Titanium Acid Etch 

Ti tan ium s t r i p s  were dipped i n  a s o l u t i o n  having t h e  compo- 
s i t i o n  37% HC1/85% H3P04/49% HF ( 2 0 : 2 : 1  by  volume) f o r  1 2 0  seconds 
a t  ambient t empera tu re .  Res idua l  ac id  was wached from t h e  s t r ip s  
w i t h  d i s t i l l e d  wa te r  and  e t h e r .  

c. Titanium Surface Treatment with Chlorine Trifluoride 

These s t r i p s  were s u p p l i e d  by Dr. S.  P .  Terpko who prepared 
them by t h e  procedure  d e s c r i b e d  i n  r e f .  5. 

3. Fabrication of Adhesive Test Specimens 

a. Optimized Titanium Chelate Polymer Formulations 

( 1 )  Standard Cure 

( a )  Di s so lve  71 p a r t s  by weight of p l a s t i c i z e d  
t i t a n i u m  c h e l a t e  polymer [A]*  and 2 9  par ts  by 
weight p h e n y l s i l a n e t r i o l  i n  400  par ts  by 
volume of ace tone .  



(b) Remove the acetone quickly by evaporation at 
about 1 mm pressure in a vacuum desiccator, 

(c) Preheat the freshly etched aluminum samples 
to 17OOC and immediately coat both joint 
surfaces, using 0.1 g of formulation per 
square inch. The formulation melts and can 
be smeared evenly over the surface with a 
flat spatula. 

(d) Precure the open surfaces 3 minutes at 17OOC. 
Couple the joints and press at 1500 psi for 
30 minutes at 17OOC. Complete the cure at 
17OOC for 65 hours. 

( 2 )  A c c e l e r a t e d  Cure  

(a) Mix 71 parts by weight of plasticized titanium 
chelate polymer [A]", 29 parts by weight 
phenylsilanetriol, and 1 part by volume of a 
3% benzene solution of A-1100 in 400 parts by 
volume of acetone. 

(b) Remove the acetone quickly as in 2 above and 
use immediately. 

(c) Coat aluminum surface as quickly as possible 
as in 3 above. 

(d) Couple the joints immediately and press at 
170°C at 2500 psi for 30 minutes. Complete 
the cure at 170°C for 24 hours. 

b. S o l u t i o n  A p p l i c a t i o n  o f  T i t a n i u m  Po1,ymers 

The crosslinking agent was dissolved in an 10% solution of 
"B" stage resin. The resultant blend was applied as a thin film 
t o  the aluminum test specimens on a hot plate, a layer of resin 
and crosslinking agent being built up by 2-5 coats of blend. 
After the solvent was removed, the test strips were paired and 
cured in the Carver press at 1 6 0 O c .  

"[A]  is 80 parts by weight titanium chelate polymer derived from 
5,5'-bis(salicyl-N-butylimino)methane and p-phenylene-bis- 
(methylphenylsilanol) and 20 parts by weight 4,4'-bis(methyl- 
phenylhydroxysily1)biphenyl ether. 



C *  Powder Application o f  Titanium Polymers 

Weighed q u a n t i t i e s  of r e s i n  and c r o s s l i n k i n g  agent  were 
mixed and ground t o g e t h e r  i n  a g l a s s  mor t a r .  
of mix was a p p l i e d  t o  t h e  t e s t  area of one A 1  s t r i p  he ld  i n  t h e  
sample j i g .  The second A 1  s t r i p  was p laced  on t o p ,  and t h e  
pair was then  cured  i n  t h e  hea ted  Carver  p r e s s  a t  16OOC. 

Approximately 0 . 1 . 8  

d. Application o f  Zinc Chelate Polymers 

T e s t  specimens of z i n c  c h e l a t e  polymers  were p r e p a r e d  on 
321 s t a i n l e s s  s t e e l .  Two methods o f  c o a t i n g  specimens were used.  
I n  one method, t h e  specimens were heated i n  a n  i n e r t  a tmosphere ,  
and r e s i n  powder w a s  melted on t h e i r  s u r f a c e .  The r e s i n  was 
s p r e a d  w i t h  a d o c t o r  blade,  and specimen pairs  were j o i n e d  and 
c o o l e d  under  s l i g h t  p r e s s u r e .  

I n  t h e  second method, specimens were p r e c o a t e d  w i t h  r e s i n  
from a p y r i d i n e  s o l u t i o n .  After  s o l v e n t  was e v a p o r a t e d ,  specimen 
p a i r s  were j o i n e d  and heated to t h e  m e l t i n g  p o i n t  of t he  r e s i n  
unde r  p r e s s u r e  and f i n a l l y  coo led  unde r  p r e s s u r e .  

e. In Situ Crosslinking o f  P o l y c h e l a t o t i t a n o s i l o x a n e s  

The g e n e r a l  p rocedure  used  i s  i l l u s t r a t e d  by t h e  c r o s s -  
l i n k i n g  r e a c t i o n  (11, below. The prepolymers  were t h e n  a p p l i e d  
t o  aluminum s u b s t r a t e s  and  t h e  aluminum j o i n t s  coupled  and c u r e d  
a t  1 7 O o C  i n  a n  oven.  

(1) Polymer ( 2 . 0 0  g )  w i t h  S i : T i  r a t i o  o f  2 : l  p r e p a r e d  from 
p-phenylene-bis(methylphenylsilano1) and m e l t i n g  at 
5O-6Ooc was d i s s o l v e d  i n  benzene and 0.508 g of  5 , 5 ' -  
bis(salicy1-N-buty1imino)methane was added. After 
r e f l u x i n g  f o r  1 5  min t h e  benzene was removed and t h e  
r e s i d u e  was l e f t  a t  12ooc/0 .6  mm f o r  2 h o u r s .  The 
c r u d e  p roduc t  s o f t e n e d  under  110OC. It c o n s i s t e d  o f  
0 . 2 9  g e ther  s o l u b l e  and 1.77 g e t h e r  i n s o l u b l e  ( m p  
8 0 - 2 1 0 0 ~ )  f r a c t i o n s .  



2 )  Use of p r o c e d u r e  (1) w i t h  p-phenylene-b is (p  y l p h o s p h i n i c  
a c i d )  i n  p y r i d i n e  y i e l d e d  p r o d u c t s  w i t h  s o f t e n i n g  p o i n t s  
above 1 5 O O C .  T h e r e f o r e ,  e l a s t o m e r  and c r o s s l i n k i n g  
agen t  were mixed by e i t h e r  g r i n d i n g  t o g e t h e r  t h e  two 
powders o r  by  d e p o s i t i n g  t h e  c r o s s l i n k i n g  a g e n t  o n t o  
t h e  e l a s t o m e r  from a n  a c e t o n e  s o l u t i o n .  The mixes s o  
o b t a i n e d  were t h e n  c u r e d  in s i t u  on aluminum a t  1 7 O O C .  
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