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Polymerization via Zwitterion. 
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Summary 

Spontaneous copolymerizations of 2-phenyl- 
4-oxo-5,6-benzo-l,3,2-dioxaphosphorinane, a 
new cyclic acyl phosphonite, (M N) with p- and 
o-substituted aromatic aldehydes (M E ) gave 
1:2 (M N : M E ) alternating copolymers. This 
copolymerization took place without added 
catalyst affording copolymers 22 via zwitterion 
6. The intermediate of spiro acvloxyphospho- 
r~ane ~ was detected in situ by 31p NMR. The 
formation of a stabilized intermediate 5 was 
taken as an important factor to control the 
1:2 composition. The scheme of the copoly- 
merization involving a zwitterion 6 was 
presented. For the comparison with the above 
system, copolymerizations of ethylene phenyl phos- 
phonite with aromatic aldehydes were also 
examined. 

Introduction 

We have explored a series of copolymerizations 
which take place spontaneously by mixing two monomers 
of a nucleophilic monomer (MN) and an electrophilic one 
(M E ) (SAEGUSA, 1977; SAEGUSA et al, 1975 and 1976; 
SAEGUSA and KOBAYASHI, 1978a). Phosphorus containing 
monomers of 2-phenyl-4-oxo-5,6-benzo-l,3,2-dioxaphospho- 
rinane (salicylyl phenyl phosphonite; SPO) and 2- 
phenoxy-4-oxo-5,6-benzo-l,3,2-dioxaphosphorinane (sali- 
cylyl phenyl phosphite; SPI) have recently been found 
as good M N monomers. Thus, SPO and SPI were successful- 
ly copolymerized with p-benzoquinone derivatives as M E 
to produce alternating copolymers (SAEGUSA et al, 1978c) 
(Eq. i). In the present paper we report novel copoly- 
merizations of SPO (MN) with aromatic aldehydes (ME, la 
~-l~f) (Eq. 2). The copolymerizations took place 

without added initiator to produce MN : M E = 1 : 2 
alternating copolymers 2a~2f consisting of both phos- 
phinate and ester groups in the main chain. In the relation to 
reaction (Eq.2),we have already reported the i:i alter- 
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(2) 

nating copolymerizations of 2-phenyl-l,3,2-dioxaphospho- 
lane (ethylene phenyl phosphonite ; EPO) with ortho or 
para formylbenzoic acids (SAEGUSA et al, 1978b). 

Experimental 

Matherials SPO was prepared and purified as pre- 
viously reported (SAEGUSA et al, 1978c). Commercially 
available aromatic aldehydes were used after purifica- 
tion. All solvents were purified by distillation 
according to the usual methods. 

Copolymerization Procedure. An example of 
copolymerization procedure was as follow. To 3 ml of 
solvent containing 3 mmol of SPO, 3 mmol of benzaldehyde 
la was added at room temperature under nitrogen, and the 
tube was sealed. Then, mixture was kept at 90~ After 
the reaction, the mixture was poured into a large amount 
of diethyl ether to precipitate the copolymer. The 
resulting copolymer after the reprecipitation was dried 
in vacuo to give white powder. 
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Results and Discussion 
Copolymerization of SPO with Aromatic Aldehydes. 

Some typical results of the copolymerization are shown 
in TABLE I. The structure of copolymers was established 

TABLE I 

Copolymerizations of SPO(M N) with Aromatic 
Aldehydes (M E ) * 

Time Yield Copolymer Molecular** 
No. M E (hr) (%) Structure Weight 

1 la 32 52 2a 2350 

2 l b  36 43  2 b  1 1 6 0  

3 l c  36 46  2 c  1 6 9 0  

4 l d  31  41  2 d  2 1 8 0  

5 l e  28  38  2 e  2 0 1 0  

6 I f  26  56 2 f  2 2 6 0  

* MN=ME=3 mmol in 3 ml chloroform at 90~ 

* * Determined by vapor pressure osmometry in 
chloroform at 35~ 

by spectroscopic analyses and by elemental analyses. 
IR and 31p NMR data of 2a are as follows : IR (KBr) 
1740 cm-i (VC=O), 1235~m -I ( ~ P=O), and 1200 cm-I 
(/P-O-At); 31p NMR (CHCI3) ~=+34.0 ppm (down field from 
80% H3P04). These spectral data strongly support the 
structure of copolymer 2~a. In the IH NMR spectra of 
the copolymers, signals due to phenyl and methyne 
protons overlaped and therefore IH NMR was not helpful 
to the structure analysis. The results of the elemental 
analyses (TABLE II) were in good agreement with the 
calculated value of 2~ unit. Data of 31p NMR and of 
elemental analyses are listed in TABLE II. It should 
be noted that the copolymer composition was 1:2 (MN:M E) 
in all cases. Copolymers 1-4 were white powder, and 
5 and 6 were light brown powdery materials. All 
copolymers were soluble in polar solvents such as 
chloroform, partially soluble in benzene, and insoluble 
in diethyl ether or n-hexane. 
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Scheme of Copolymerizations. The present copoly- 
merization is understood by the scheme which is based 
on the general pattarn of the spontaneous alternating 
copolymerization and the additional experimental find- 
ings in the present study. 

iPh X ~ O . p ~ P h  

o ~ o x 
3 

~ o.+, I Y _  
l ~ ~ ) ~ P  -- CHOCH0 0 /CH 0 

- - - -  o_ ~ _ o , $ ; %  o x ~ ~ . ~  -%~---x 
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0 5 
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X 

/CH 
0 \ . 0  ~:--, 

r~"wo- R ell--(/. % 
~ [ ~  +"Ph ~i-~ 
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6 [• X 

O..-CHo 0 e • , 
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co;  
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The reaction between SPO and l~induces a bond formation 
between the phosphorus atom and the carbonyl carbon of 
1 to lead 3, followed by an additional attack of 1 onto 

to produce a transient species ~ having 1:2 composi- 
tion. 4 is converted to the more stabilized species 5 
which i~ in equilibrium with another zwitterion ~, an "~ 
important key intermediate for both the initiation and 
propagation. At 35~ spiro acyloxyphosphorane 5 is 
spectroscopically detected in situ. The 31p NMR'- 
spectrum showed a signal at -13.5 ppm assignable to 5 
in the SPO-Ia system together with the signal due to 
the copolymer. Reactions of P(3) compounds and aroma- 
tic aldehydes generally gave phosphoranes (RAMIREZ, 
1966 and 1974). The corresponding phosphorane 5 in this 
study, however, is not stable enough to be isolated. 
The reaction between two molecules of 6 produces the 
initial propagating zwitterion !, in which the phospho- 
nium ring of the one molecule is opened by nucleophilic 
attack of the carboxylate anion of the other molecule. 

grows to 2 by the successive reaction with 6 to give 
the MN:ME=I:2 alternating copolymer ~. The f~rmation 
of a stabilized intermediate 5 controls the 1:2 
composition. 

In comparison with the copolymerizations of the 
above study the combination of EPO and aromatic 
aldehydes produced copolymers of the i:I composition 
without added catalyst. The copolymers, however, 
consisted of two kinds of unit in which the phosphorous 
atom of EPO is bound to C atom and to O atom of the 
carbonyl group. The ratio of C attack and O attack was 
dependent on the substituted group (Eq. 3). The ratio 
of m:n in ~ was determined by 31p NMR ; a signal at 

EP0 

(3) 

! 
�9 ~ 7 "  . , T .  

--(-CH2CH20- P-CHO -~CH2CH20-P-OCH 
Ph Ph 

8a 8b 

X:H m:n : 2 . 5 : 1  
X : o - C N  m:n : 2 . 0 : 1  

+34.8 assignable to phosphinate unit 8a and other one 
at +18.5 due to phosphonate unit 8b. Copolymers were 
light brown powder soluble in hig~y polar solvents 
such as DMF. 
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