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Summary 
A cycl ic phosphonite(1_) was copolymerized with 4,4'-diphenoquinones 

(2a-2c) to give 1:1 a l ternat ing copolymers (3a-3c) consist ing o f a  carboxy l ic  
acid ester and a t r i a r y l  phosphonate ester. Copolymerization took place 
wi thout added in i t ia tor .  During the reaction I was oxidized whereas 2 was 
reduced ( " redox copolymer izat ion") .  A mechanism invo lv ing a genet ic-  
zwi t ter ion intermediate (4) is proposed for the copolymerization. 

Int roduct ion 

We have recent ly reported 1:1 a l ternat ing copolymerizations of cycl ic 
acyl phosphonite or phosphite with p-benzoquinones to produce copolymers 
consist ing of carboxy l  ester group and phosphonate or phosphate in the 
main chain (SAEGUSA et al, 1979). The present paper describes an 
extension of this s tudy,  namely, the a l ternat ing copolymerization of a cycl ic 
acyl phosphonite, 2-pheny l -4-oxo-5,  6-benzo-1,3, 2-dioxaphosphorinane (1) 
with 4,4"-diphenoquinones (2) .  The combination of I and 2 produced 
a l ternat ing copolymers of phosphonate-ester type ('3) in ~vhich I was 
oxidized whereas 2 was reduced (" redox copolymeriz-ation"). - 
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1 2a; X=H 3a; X=H 
x:c.3 -6; x:c.3 

c; x=Cl c__; x=cI  

Results and DiScussion 
An equimolar reaction of I and 2a in PhCN at 110~ for 80 hr gave 

white powdery polymeric materrals in 5--7% yie ld af ter  precipi tat ion and 
d ry ing  in vacuo. Copolymerization resul ts of I with 2b and 2c are given 
in TABLE I .  Al l  polymers are powdery ,.aterrals solu--ble in p"--olar organic 
solvents such as CHCI3, DMF, and DMSO but insoluble in d ie thy l  ether and 
water.  Polymer 3b is pale yellow and 3c is white.  The molecular weights 
of the polymers we---re h igher in the reac--t-ion at 110~ than those at 150~ 
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TABLE 1 
Redox A l t e r n a t i n g  Copo lymer i za t ion  of  1 wi th  2_ a 

No So lven t  React ion Polymer 
2 
-- PhCN (ml) Temp(OC) T i m e ( h r )  Yield(%) S t r u c t u r e  Mol 'Wt.  b 

I 2a 3.0 110 80 57 3a 3820 

2 2a I .  5 150 50 30 3a 2770 

3 2b 3.0 110 70 71 3b 4430 

4 2b I .  5 150 60 57 3b 2300 

5 2c 3.0 110 80 75 3c 8590 

6 2c I .  5 150 70 40 3c 1530 

a) 1:2=3.0mmoi in PhCN so lven t .  
b) Determined by vapo r  p ressu re  osmometry in CHCl 3 at 35~ 

The copo lymer  s t r u c t u r e  was de te rmined  by IR, 31p NMR spec t roscopy ,  
and elemental  ana lys is .  The IR spect rum of  po lymer  sample No I shows 
c h a r a c t e r i s t i c  s t r e t c h i n g  bands at 1740 cm-1 ( ~ c = o )  and 1260 cm-1 (~p=o ) .  
The  31p NMR of  the copo lymer  showed a s ignal  at +12.2 ppm ind i ca t i ng  the 
t r i p h e n y l  phosphona te  ester  s t r u c t u r e  3a (TABLE 2). The resu l ts  o f  
e lemental  ana lys is  ( T A B L E  3) were in good agreement  w i th  the ca lcu la ted 
va lues of  the 1:1 composi t ion o f  I and 2a. 

TABLE 2 
Spect roscop ic  Data for  Copolymers  

Sample ~(31p)a I R ( K B r )  cm - I  
No ppm ~ c : o  ~)p:o 

I +12.2 1740 1260 

3b +11.8 1745 1250 

5 +12.4 1760 1290 

a) Chemical sh i f t  is pos i t i ve  to the downf ie ld  re la t i ve  to 
e x t e r n a l  H3PO4. b) IH NMR data (CDCI 3 w i th  TMS);  
66 .8 -8 .2  (aromat ic  p ro tons ,  13H) and ~2.2 (methy l  
p ro tons ,  12H). 

TABLE 3 
Elemental Ana lyses  o f  Copolymers  

Sample No Formula 3 C H P CI 

I (C25H1705P) n Calcd 70.10 4.00 7.23 
Found 69.28 4.30 7.28 

3 (C29H2505P) n Calcd 71.89 5.20 6.39 
Found 71.39 5.26 6.19 

5 (C25H1305PCI4)n Calcd 53.04 2.31 5.47 
Found 53.13 2.15 4.96 

25.05 
24.68 

a) The 1:1 composi t ion o f  I and 2. 
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X 

The above copolymerizat ion is considered to proceed via the fo l lowing 
way.  F i rs t ,  the in teract ion of  I__ w i th  2 gives a genet ic zw i t te r ion  4 i n  
which I behaves as a nuc leophi l ic  monomer (M N) whereas 2 acts as an 
e lec t roph i l i c  one (ME). Then,  the phenolate type anion of" 4 attacks the 
carbony l  carbon of the another  4 via the A rbuzov  type reaction to g ive 
r ise to a un i t  3 hav ing  carboxy la te  and phosphonate g roups .  

x \ x 

-O�9 
X / ~  ~ X  

4 

Thus ,  successive react ions between two molecules of  4__and/or between 4__ 
and a macrozwi t ter ion lead to the product ion of  1:1 a l te rna t ing  copolymer 3. 
Dur ing  the copolymerizat ion I__ was ox id ized whereas 2 was reduced ( " redox  
copolymer izat ion")  accompanied by the disappearance of the deep color of  
monomer 2 in the resu l t i ng  polymer 3. 

Experimental  
Mater ials.  I was prepared as repor ted p rev ious ly  (SAEGUSA et al, 

1979). 2a and 2c were obtained by ox idat ion of 4 , 4 ' - d i h y d r o x y d i p h e n y l  
and 3, 3',-5, 5'-tetr---achloro-4, 4 ' - d i h y d r o x y d i p h e n y l  (MAGATT I ,  1880) wi th  lead 
tetraacetate in 46% and 70% y ie ld ,  respect ive ly  (KONIG et al, 1960): 2__aa, 
brown crys ta ls ,  mp 165~ (dec . ) ,  IR (KBr )  1635 cm - I  ( ~ c = o ) ,  and 2c; 
red-orange c rys ta ls ,  not melted, IH NMR (DMSO-d6 )$8 .71 ,  IR (KBr ) - -  
1640 cm-1 ( V c = o ) .  The coupl ing react ion of  2 ,6-d imethy lphenol  was 
performed by isoamyl ~nitrite to g ive red -b rown crys ta ls  2b; mp 208-210~ 
'H NMR ( C D C I 3 ) $ 2 . 1 5  (12H) and $7.71 (4H) ,  IR (KBr )  16----36 cm-1 ()Jc=o) 
(JERUSSI, 1970). 

Copolymer izat ion.  A typ ica l  example of NO I was carr ied out as 
fol lows. A mix ture  of  I (732 mg, 3.0 mmol) and 2a (553 mg, 3.0 mmol) was 
dissolved in 3.0 ml of  P-hCN in a test tube under  n---itrogen. The tube was 
sealed and kept at 110~ for  80 h r .  Then,  tube was opened and the 
react ion mix tu re  was poured into a large amount of d ie thy l  ether  to 
prec ip i ta te  polymeric materials. The copolymer was separated and dr ied in 
vacuo to g ive 732 mg (57% y ie ld)  of 3a. 
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