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On the other hand, when the sample was prepared by 
compression molding, the scattering patterns were of two 
types. One has maximum intensity at particular azimuthal 
angles (2n + 1)~/4 (n  = 0-3). The other has maximum 
intensity a t  n r / 2  (n  = 0-3). Using a proper choice of the 
correlation distance parameter, theoretical calculations 
were carried out to explain the characteristic azimuthal 
dependence on the basis of a model associated with ori- 
entation disorder of the rodlike lamellae with respect to 
the spherulitic radius. The calculated pattern became 
circular with decreasing correlation distance. The calcu- 
lated results were close to the observed ones with a suitable 
choice of the parameter R / a .  The scattering patterns at 
various extension ratios were investigated by assuming an 
affine deformation model of the spherulite. The calcula- 
tion was restricted to the scattering from a perfect 
spherulite. The results were rather close to the observed 
patterns in the case of two kinds of spherulites. That is, 
the one corresponded to a positive spherulite and the other 
to a spherulite whose lamellar axes orient in the radial 
direction and the optical axes orient a t  45O to lamellar axis. 
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Spiro(acy1oxy)phosphoranes (1) are new pentavalent 
phosphorus species, originally prepared by us. They are 
reactive monomers and give various types of phospho- 
rus-containing polymers (2).132 Polymerizations of 1 take 
place by heating, without added initiator. 

2 // 
0 

1, X =  0, CH, 

Spiro(acy1oxy)phosphoranes having a P-H bond (2- 
oxo-1,4,6,9-tetraoxa-5-phosphaspiro[4.4]nonanes 3) are 
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known.3 We examined the polymerizability of 3 in order 
to obtain polyphosphonates having a P-H bond (4). It 
turned out, however, that 4 was not formed by simple 
heating of 3. The present paper reports a novel polym- 

7 

3 

erization of 3 with the aid of the carbonyl compounds 
benzaldehyde, p-benzoquinone, and methyl acrylate. The 
function of these carbonyl compounds is to accept an acidic 
hydrogen ("proton-trapping agent"). 

Results and Discussion 
First, monomers 3a,b were prepared by a new ester- 

exchange reaction; i.e., the reaction of 2-phenoxy-1,3,2- 
dioxaphospholane (5) with a-hydroxy acid 6 quantitatively 
gave 7 with liberation of phenol. Compound 7 is in 
equilibrium with 3 as shown by 31P NMR analysis; 3 is a 
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Table I 
Polymerization of 3 Using Proton-Trapping Agent a 

polymer proton- 
trapping yield, 

no. 3 agent solvent temp, "C time, h % structure mol wt  appearance 

1 3a PhCHO PhCN 130  45 54 8a 5000 white powder 
2 3a PhCHO CHC1, 90 60  52 8a 3500 white powder 
3 3b PhCHO CHCI, 90 60 68 8b 3100 white powder 

4 3a 00 PhCN 130  40 67 9 4500 brown powder 

5 3a MA PhCN 1 3 0  35 43 10 2900 paste 
3 was prepared from 5 and 6 in situ. 3 and the proton-trapping agent (each 3.0 mmol) were dissolved in 1.5 mL of 

Determined by vapor pressure osmometry in solvent under nitrogen. 
CHCI, a t  35 "C. 

The mixture was subjected to  polymerization. 
Methyl acrylate. 

Table I1 
Spectroscopic Data of Polymers 

sample 31P NMR 

1 3300 (OH), 1760  (C=O), 3.8-5.2 (m, OCH,CH,O, CH,C(O), CH, 7 H), + 18.9 

3 3350 (OH), 1755  (C=O), 3.8-5.2 (m, OCH,CH,O, CH, 5 H), 5.7-6.0 +15.8 

no. IR (neat), cm-I 'H NMR (CDCl,) a (CDC1,) 

1260 (P=O) 

1255 (P=O) 

1265 (P=O) 

7.1-7.7 (m, C,H,, 5 H) 

(m, OCH, 1 H), 6.8-7.7 (m, C,H,, 1 0  H )  

6.8-8.1 (m, C,H,, 4 H )  

4.0-5.0 (m, 4 H, OCH,CH,O) 

4 3250 (OH), 1770 (C=O), 3.8-5.0 (m, OCH,CH,O, CH,C(O), 6 H), -5.8 

5 1755 (C=O), 1260 (P=O) 2.8-3.0 (m,  PCH,CH,C( 0), 4 H), 3.7 (s, CH,, 3 H),  

Chemical shifts are negative upfield from external 80% H,PO, standard. 

+17.8 

Chemical shifts relative to  Me,&. 

more stable form than 7. The failure of polymer 4 to form 
from 3 is probably due to the equilibrium 3 + 7. 

P-OPh t H O C H C 0 2 H  - 
1 - P h O H  
I 

5 R 

6 

b; R =  Ph U 

3 a , R = H  
b, R =  Ph 

It is well-known that P(II1) compounds are very reactive 
toward various electrophiles. Therefore, the electrophile 
benzaldehyde was employed to achieve the polymerization 
of 3a by modification of the P(II1) species 7a (see Reaction 
Mechanism). Then, it became possible to produce polymer 
8a (Table I). Polymer 8a is a white powdery material 

A 
8a 

soluble in polar organic solvents such as CHCl,, CH,CN, 
DMF, and PhCN but insoluble in water and in the less 
polar organic solvents diethyl ether and hexane. 

The structure of polymer sample no. 1 was determined 
to be 8a on the basis of spectroscopic data (Table 11) as 

well as elemental analysis (Table 111). 
Similarly, 3b and benzaldehyde gave polymer 8b. p -  

8b 

Benzoquinone and methyl acrylate function as electro- 
philes, too, and were found to give polymers 9 and 10, 
respectively. The 3:electrophile composition of these 
polymers is 1:l. 

/ 0 / 

10 

OH 

9 

Reaction Mechanism. The reaction of 3a with benz- 
aldehyde was followed by 31P NMR (Figure 1). First, 3a 
was prepared in situ by the reaction of 5 with glycolic acid 
(6, R = H). Figure 1A shows the quantitative production 
of 3a having a P-H bond (JpH = 892 Hz centered at -27.0 
ppm). Then, benzaldehyde was added to the system, 
which was kept at 90 OC for 1 h. In the 31P NMR spectrum 
of the system (Figure 1B) two new peaks appeared in 
addition to those of 3a. The peak a t  +18.9 ppm is due to 
polymer 8a and the other peak at -23.8 ppm was assigned 
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Table I11 
Analytical Data of Polymers 

calcd found 

no. formula % C  % H  % P  % C  % H  % P  

JPH I 892 Hz ( A )  1 I 

4.81 
4.92 
4.04 
5.20 

A 

Figure  1. 31P NMR spectra: (A) 5 + glycolic acid; (B) benz- 
aldehyde added to system (A); (C )  after polymerization was 
complete. 

to a new spiro(acyloxy)phosphorane, 13. After further 
reaction at  90 “C for 18 h only one peak, due to polymer 
8a, was observed (Figure IC). 

From these results a possible reaction course is given in 
Scheme I. An electrophile X reacts with 7 to give a 
transient zwitterion 11. Since 11 has an acidic hydrogen 
on the carboxyl group, proton transfer takes place to give 
a more stable phosphonium-carboxylate zwitterion 12. 
This species is in equilibrium with spiro(acy1oxy)- 
phosphorane 13, which was actually observed directly by 
31P NMR during the reaction as a stable intermediate 
(Figure 1B). It is also conceivable that the direct reaction 
between 3 and X gives rise to 13. Intermediate 12 is the 
key intermediate of the polymerization responsible for the 
production of polymers 8-10. 

In order to express the above functions of the electro- 
phile X, we wish to call X a “proton-trapping agent”. The 
reactivity of 3 is modified by X and 3 becomes polymer- 
izable. 

Experimental Section 

Materials. Glycolic acid and mandelic acid were commercial 
reagents, which were purified by recrystallization. 2-Phenoxy- 
1,3,2-dioxaphoapholane (5) was prepared according to the reported 
method; bp 65 O C  (0.2 mmHg).4 Solvents were dried over P206 
and fractionally distilled before use under nitrogen. 

Polymerization Procedure. A typical run was as follows. At 
room temperature glycolic acid and 5 (3.0 mmol each) were placed 
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11.38 48.58 4.90 11.04 
8.89 58.47 5.02 8.62 

11.30 43.97 3.91 10.94 
12.28 38.48 5.39 11.97 

Scheme I 

3 

H iransfer 

0-  

I I  
HX-P’ 7 

I ‘9 

13 
1 1  

X H  = H ~ O H ,  

1 
OH 

8 9 10 

in benzonitrile (1.5 mL) in an ampule under nitrogen and allowed 
to stand for 0.5 h to give 3 quantitatively. Into this mixture 3.0 
mmol of benzaldehyde was added and the ampule was sealed and 
kept a t  130 “C for 45 h. Then, the ampule was opened and the 
benzonitrile was distilled out in vacuo from the mixture. Chlo- 
roform was added to dissolve the polymer and the solution was 
poured into a large amount of diethyl ether to precipitate the 
polymer. This reprecipitation procedure was repeated 3 times 
to separate the polymer, which was then dried in vacuo to give 
0.44 g (54% yield) of a white powdery polymeric material (Sa). 
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