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A THERMOLYSIS STUDY OF POLY (TRIMETHYLENE PHENYLPHOSPHINATE) 
AND POLY (2,2-DIMETHYLTRIMETHYLENE PHENYLPHOSPHINATE) . 
AND X-RAY STRUCTURE OF 2-OXO-2-PHENYL-4,4-DIMETHYL-1,2- 
OXAPHOSPHOLAN 

NMR 

GURDIAL SINGH 
E. I. du Pont de Nemours and Company, Inc . ,  T e x t i l e  F ibers  
Department, P ioneer ing Research Laboratory, Experimental 
S ta t ion ,  Mi lmington, Delaware, U.S.A. 

The syntheses of polyphosphinates 2 and 2a by t h e  r ing-opening 

po lymer iza t ion  of c y c l i c  phosphonites 1 and la  w i t h  CH31 as an 

i n i t i a t o r  have been repor ted  i n  1 i t e r a t ~ r e l - ~ .  These polymers 
thermal ly  decompose t o  g i v e  oxaphospholan 3 and a. 
paper, we present  evidence on the  mechanism of t h e i r  formation. 

I n  t h i s  

I 

ALkX ___, 

1 : R . H  21 R = H, X = I , &  
l a :  R = CH3 2a: R CH,, X = I 

d"C, 6% H 

Fur ther ,  the  X-ray c r y s t a l  s t r u c t u r e  o f  2-oxo-Z-phenyl-4,4- 
dimethyl -1,2-0xaphosphol an (9) has been determi ned and compared 
vs. i t s  p re fe r red  conformat ion i n  s o l u t i o n  der ived  from 'H and 
13C NMR. 

RESULTS AND DISCUSSION 

Polymer 2 ,  made from 0 . 2  mol o f  1 and 0.002 mol o f  2 - P r B r  as 
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initiator at 200°C, had 24% of oxaphospholan 3 as the decom- 
position product. 
in which it appeared as a singlet of 58.5 ppm vs. a multiplet 
(48.0-38.8 ppm) for the linear polymer. Its elimination most 
likely occurs via an unzipping process following first the 
rearrangement o f  the phosphinate end group, presumably involving 
Sn2 displacement of the halide by the phosphinate group: 

Its concentration was determined by 31P NMR, 

0 0 

The halide group appears to play an important role in the 
above reaction scheme. 
at 200°C in vacuo, the elimination of 3 essentially stopped 
because the ha1 ide had distilled as 1,3-dibromopropane. 

made at 180-185°C with CH31 as initiator. 
was present as decomposition product (631~ = 59.5 ppm). At temp- 
eratures %2OO0C the polymer formati on and decomposition occurred 
simultaneously giving 86-89% of a. 
(~3%) of the following cyclic anhydride was also isolat.ed. 

For example, when the polymer was heated 

Poly( 2,2-dimethyl trimethylene phenylphosphi nate) (20) was 
A small amount o f  3a 

However, a small amount 
Its 
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H3C, A H 3  
H2C/C'CH2 
9\o,P: I / O  

Sc6 %HS 

formation p o i n t s  t o  the  rearrangement of a t  l e a s t  some o f  t he  

phosphinate groups, presumably by the  same mechanism as i n  the  
case o f  the  t r imethy lene polymer. 

X-RAY STRUCTURE AND NMR DATA OF Q 

The X-ray ana lys is  of oxaphospholan Q (monocl in ic  c r y s t a l s )  
shows t h a t  t he  five-member r i n g  i s  puckered a t  C(8) making a 
d ihedra l  angle of 36.8" between t h e  planes de f i ned  by C(7), 
C(8), C(9) and P(1), 0(2) ,  C(7), C(9) as shown i n  F igure  1. 

FIGURE 1 X-Ray S t ruc tu re  of 3 

However, t h e  NMR data i n d i c a t e  t h a t  Q e x i s t s  i n  a d i f f e r e n t  

conformation i n  s o l u t i o n  (CDC13). 
hedra l  angles measured from X-ray and those est imated from the  
v i c i n a l  31P-13C coup l ing  constants us ing  Q u i n ' s  p l o t  f o r  P( I V )  
d e r i v a t i v e s  . The NMR angles would r e q u i r e  moving C(8) i n t o  the  
p lane o f  the  r i n g .  Fur ther ,  the  P-C bond has to be r o t a t e d  t o  
p o s i t i o n  one CH2 protons t rans  and t h e  o the r  gauche t o  the  P=O 
bond t o  s a t i s f y  t h e i r  JpH values of 13.0 Hz and 6.0 Hz, 

respec t i ve l y  . This r o t a t i o n  would r e s u l t  i n  pucker ing the  r i n g  

a t  t h e  oxygen atom. 

Table I l i s t s  the  PCCC d i -  
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TABLE I NMR and X-Ray Data 

Coup1 i ng  Constants D ihedra l  _- - Angles 
Hz X- Ray NMR 

98.2" 115-120' 

153" 138-143' 

PCll = 4.3 pc7c8c1 1 
PCl0 = 9.0 pc7c8c10 
PCg = 4.3 pc7c8c9 35.7" 10-200a 

of a Estimated from models and from s i n g l e  pathway Jpcccq 3 
e n 

$10.3 Hz c a l c u l a t e d  from J JpCCC9-LJPOC9 = 4.3 Hz and-using 
2Jpocg o f  6.0 Hz f rom monomeric 2a ( n  = I ) .  
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