
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

α-Methylstyrl-and Styrlphosphazene Monomers and Polymers
Christopher W. Allena; Jonathan C. Shawa

a Department of Chemistry, University of Vermont, Burlington, Vermont, U.S.A.

To cite this Article Allen, Christopher W. and Shaw, Jonathan C.(1987) 'α-Methylstyrl-and Styrlphosphazene Monomers
and Polymers', Phosphorus, Sulfur, and Silicon and the Related Elements, 30: 1, 97 — 100
To link to this Article: DOI: 10.1080/03086648708080531
URL: http://dx.doi.org/10.1080/03086648708080531

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648708080531
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Plrosphorur and Sulfw; 1987, Vol. Jo, pp. 97-100 
Photocopying permitted by License only 

0 1987 Gordon and Brcach Science Publishers, Inc. 
Riated in the United Kingdom 

a-METHYLSTYRL-AND STYRLPHOSPHAZENE MONOMERS AND POLYMERS 

CHRISTOPHER W. ALLEN* and JONATHAN C. SHAW 
Department o f  Chemistry, Universi ty o f  Vermont, 
Burlington, Vermont 05405, U.S.A. 

Abstract 
phosphazenes, N3P3F6-n t CgH4C(CHJT=CH2In (n=1,2) i s  reported. 
A t  the b i s  stage o f  subst i tut ion,  a l l  isomers are observed 
wi th  the c i s  non-geminal species predominating. The mono a- 
methy ls tyr l  der ivat ives enter i n t o  f a c i l e  copolymerization 
reactions wherein both terminal  and pennultimate mechanisms 
are observed. The synthesis and homopolymerization o f  
styrlpentafluorocyclotriphosphazene i s  also reported. 

The synthes s o f  the m and e a-methylstyrl- 

Recent work has shown tha t  the range o f  synthesis o f  new and 
in te res t ing  cyclo- and polyphosphazene der ivat ives can be drama- 
t i c a l l y  enhanced by incorporat ion o f  an organofunctional unit  as 
a substi tuent on a phosphorus atom.1 This substi tuent can serve 
as the s i t e  for various synthet ic transformations leading t o  new 
monomeric and polymeric phosphazenes. The use o f  the para- 
aminophenoxy substi tuent as an organofunctional u n i t  has been 
explored i n  d e t a i l  by the Allcock group2 and by Kumar et. al.3 
We have focused our invest igat ions on alkeny14p5 and a lkyn l6 
substituents. The alkenyl  phosphazenes represent novel o l e f i n i c  
monomers which al low f o r  the incorporation, v i a  copolymerization, 
o f  the cyclophosphazenes and many o f  t h e i r  usefu l  propert ies i n t o  
t r a d i t i o n a l  organic polymers.7 We have been conducting a syste- 
matic study o f  the synthesis, spectroscopic propert ies and reac- 
t i v i t y  o f  o le f ins d i r e c t l y  bonded t o  the cyclophosphazene 
moiety598 and those separated from the phosphorus atom by a 
spacer group .499 This par t i cu la r  ser ies o f  invest igat ions 
involves o l e f i n i c  groups separated from the cyclophosphazene by a 
phenyl group. 

The f i r s t  system t o  be invest igated was the a-methylstyrene 
system. Both the meta (1) and para (2) a-methylstyrylpenta- 
fluorocyclotriphosphazenes were prepared from hexafluoro- 
cyclotriphosphazene and the appropriate l i thium reagent. A l l  new 
materials were characterized by elemental analysis, mass spectro- 
metry, ir and nmr ('H, "C, "F, 31P) spectroscopy. The chemical 
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N3P3F6 + Li # C(CH3)=CH2- N3P3F5 @ C(CH3)=CH2 

s h i f t s  o f  the vinylidene, =CH2 protons are i d e n t i c a l  i n  1 and 2 
suggesting the absence o f  s i g n i f i c a n t  mesomeric electron with- 
drawal from the a r y l  unit by the phosphazene. The di f ference i n  
the &v iny l  carbon chemical s h i f t s  f a l l  between those observed i n  
systems with s ign i f i can t  mesomeric in teract ions and those where 
such in teract ions cannot occur. This observation indicates e i ther  
low degrees o f  mesomeric in te rac t ion  or the more l i k e l y  effect of 
e lec t ros ta t i c  s t a b i l i z a t i o n  of a r y l  change density by the posi- 
t i v e  phosphorus center. A t  the stage f b i s  subst i tut ion,  a l l  
three isomers of N3P3F4 [C&l4C(CH3)=CH$2 are formed. These sys- 
tems were characterized by GC-mass spectrometry and nmr spec- 
troscopy. The r a t i o  o f  geminal t o  cis-non-geminal t o  trans-non- 
geminal isomers is 116.111.5 f o r  the para-a-methylstyrl 
der ivat ives and 112.8:l.l i n  the meta system. Although the pre- 
dominance o f  non-geminal isomers can be ascribed t o  s t e r i c  
ef fects,  the pre feren t ia l  formation o f  the c i s  isomer i s  counter- 
i n t u i t i v e .  This observation may be ra t iona l i zed  by postu la t ing an 
e lec t ros ta t i c  a t t r a c t i o n  between the electron poor a r y l  r i n g  on 
the phosphazene and the electron r i c h  a r y l  r i n g  i n  the l i thium 
reagent thus favoring a c i s  attack. 
c i s  isomer i n  the meta der ivat ive can be ascribed t o  the s t e r i c  
e f f e c t  o f  the meta substi tuent. 

Both 1 and 2 enter i n t o  f a c i l e  copolymerization reactions 
w i th  styrene or para-chlorostyrene. The phosphazene incor-  
porat ion i n  the copolymer i s  the highest observed f o r  alkenyl- 

The decreased amount o f  the 

CH3 
A 

@CH=CH2 

1 y=1.4 
2 y=1.8 

N3P3F5 

phosphazene monomers. The maximum degrees o f  incorporat ion 
achieved requires tha t  there are regions o f  a t  leas t  two phospha- 
zene u n i t s  l inked together. This s t ruc tu ra l  feature has not been 
previously observed i n  organophosphazene copolymers. 
these observations are re la ted t o  the moderation o f  the phospha- 
zene induced o l e f i n  p o l a r i t y  by the a r y l  spacer group interposed 
between the two func t iona l i t ies  i n  question. Semiquantitative 
information on the magnitude o f  t h i s  e f f e c t  has been obtained 
from the r e a c t i v i t y  r a t i o s  and Alfrey-Price (Q,e> parameters for 
1 and 2. The r e a c t i v i t y  r a t i o s  (r2) o f  1 and 2 as calculated by 
the Mortimer-Tidwell non-linear leas t  squares approach are within 
the 95% j o i n t  confidence l i m i t s  o f  each other suggesting s i m i l a r  

Both o f  
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r e a c t i v i t y .  The r e a c t i v i t y  r a t i o  for  styrene ( r l )  as w e l l  as r2 
are both l e s s  than one i n d i c a t i n g  an a l t e r n a t i v e  tendency. This 
suggests the  p o s s i b i l i t y  o f  an e l e c t r o s t a t i c  i n t e r a c t i o n  between 
the  nuc leoph i l i c  s t y r y l  group and the  e l e c t r o p h i l i c  phosphazene. 
The ca lcu la ted  Q values f o r  1 and 2 are reduced from styrene 
showing a reduc t ion  i n  mesomeric i n te rac t i ons .  The ca l cu la ted  e 
values are s i g n i f i c a n t l y  higher than t h a t  o f  styrene or  
n i t ros ty rene  r e f l e c t i n g  the h i g h l y  po la r  nature o f  1 and 2. The 
thermal decomposition o f  the  copolymers o f  1 and 2 when s tud ied  
by TGA show a two step unzipping process corresponding t o  
phosphazene and styrene loss respec t ive ly  as the  temperature 
increases. 
before s i m i l a r  event for  copolymers of 2 i n d i c a t i n g  a r o l e  f o r  
s t e r i c  d e s t a b i l i z a t i o n  i n  the  meta subs t i t u ted  der iva t ives .  The 
copolymers o f  1 and 2 with methyl methacrylate were a l so  obtained. 
Attempts t o  ca l cu la te  r e a c t i v i t y  r a t i o s  lead t o  so lu t i ons  with 
very l a rge  95% j o i n t  confidence l i m i t s  i n  the  phosphazene mono- 
mer. We were, however, able t o  achieve a good fit o f  the  data 
using a pennult imate model. Thus, i n  these systems, t h e  reac- 
t i v i t y  o f  t he  te rmina l  r a d i c a l  i s  s i g n i f i c a n t l y  modif ied by the  
presence o f  a phosphazene func t i on  i n  the  pennult imate pos i t i on .  

Although a broad spectrum o f  copolymers cou ld  be prepared 
from 1 or 2, a l l  attempts ( rad i ca l ,  ca t i on i c ,  anionic)  a t  homopo- 
l ymer i za t i on  were unsuccessful. We therefore turned our a t t e n t i o n  
t o  the preparat ion o f  a phosphazene bearing a styrene, r a t h e r  
than an a-methylstyrene, subst i tuent.  Since an ion ic  polymeriza- 
t i o n  of styrene i s  i n i t i a t e d  by organol i th ium reagents, i n d i r e c t  
rou tes  were explored. A r y l  pentafluorocyclotriphosphazenes with 
carbonyl groups i n  the para p o s i t i o n  (3,4) were prepared from 
para-bromobenzaldehyde and para-bromoacetophenone by f i r s t  con- 
v e r t i n g  the  carbonyl t o  the  ace ta l  and then prepar ing the  l i thium 

The decomposition of t h e  copolymers o f  1 begins 

0 0 
I1 

N3P3F5@H (3) N3P3F5 @- CCH3 (4) 

reagent. 
removed t o  g i ve  3 and 4. However, the  W i t t i g  reac t i on  on 3 gave 
only degradation products as d i d  the  reduc t ion  o f  4 t o  t h e  alco- 
hol .  
methoxystyry l  phosphazene ( 5 ) .  I n t e r e s t i n g l y ,  5 was unreac t ive  
with respect t o  borohydride or aluminum hydr ide addi t ion.  
Fortunately,  hydrostanation o f  5 proceeded smoothly and B- 
e l im ina t i on  o f  t r i bu ty l t i nmethox ide  from the  r e s u l t i n g  organot in  
d e r i v a t i v e  occured spontaneously on s i l i c a  g e l  g i v i n g  r i s e  t o  the  
styrylpentafluorocyclotriphosphazene ( 6 ) .  

After coupl ing with N3P3F6 the  p r o t e c t i n g  group was 

An a l t e r n a t i v e  rou te  was developed s t a r t i n g  from an a- 
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(5) (C4Hg)3SnH 1 S i l i ca  

N3P3F@CH=CH2 

The 13C chemical s h i f t  o f  the vinylidene carbon i n  
fur ther downfield than even 4-nitrostyrene, making 
most electron deficient styrene derivatives known. 

(6 

6 occurs 
6 amongst the 
Polymerization 

o f  6 v ia radical  i n i t i a t i o n  proceeded smoothly t o  g i v e  the homo- 
polymer (71, a polymer having a carbon chain backbone and an 
inorganic surface. The molecular weights o f  7 are 102,000 and 

AIBN (71 6 60' (fHCH21" 

C6H4N3P3F5 

374,000 for Mn and M,,, respectively. Thermal decomposition o f  7, 
as monitored by TGA, s tar ts  about 80' higher than that  for 
polystyrene and the polymer retains f i f t een  t o  t h i r t y  percent o f  
i t s  o r ig ina l  weight a t  temperatures o f  900' t o  1100 'C. This 
observation suggests the poss ib i l i t y  o f  thermal decomposition o f  
carbon chain polymers with inorganic surfaces as a potent ia l ly  
new route t o  ceramic materials. 

This 
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