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summary 
Th i s  paper repor ts  new cat ionic r i ng -open ing  polymer izat ion of a 

sp i rophosphorane,  5 - p h e n y l - I ,  4, 6, 9 - te t raoxa-5-phosphasp i ro(  4, 4) nonane, 
I .  The polymer izat ion of  I was induced by cat ionic in i t ia to rs  such as 
methyl  t r i f luoromethanesu l (onate  (MeOTf) ,  BE3.OEt2, and Et30+-BF4 - to 
g ive polymer 2 cons is t ing of two d i f f e ren t  un i ts ,  2a and 2b. Dur ing  the 
reaction cycl ic" phosphonate 3 and I ,  4-dioxane wet-e- simulta--neously produced.  
The formation of  un i t  2b is considered to be due mainly to the cat ionic 
r i ng -open ing  polymer izat ion of 3. 

In t roduc t ion  
Cat ionic r i ng -open ing  polymer izat ions of  cyc l ic  phosphorus ( I I  I) 

compounds have been ex tens ive ly  studied (PETROV et al, 1960 and 1962 ; 
MUKAIYAMA et al, 1964 ; SHIMIDZU et al, 1965 and 1966 ; HARWOOD and 
PATEL, 1968 ; VOGT and AHMAD, 1977 ; SlNGH, 1979 ; KOBAYASHI et al 
1981a and 1981b). On the con t ra r y ,  the r i ng -open ing  polymer izat ion of 
cyc l ic  phosphoranes (pentacovalent  phosphorus species) has not been 
reported so fa r .  The present  paper descr ibes the f i r s t  instance of  the 
cat ionic r i ng -open ing  polymer izat ion of  a new monomer of sp i rophosphorane,  
5 -pheny l - 1 , 4 , 6 ,9 - t e t r aoxa -5 -phosphasp i r o (4 ,4 )nonane  ( I ) .  The p roduc t  
polymer (2) is consisted of two d i f f e ren t  phosphonate u-nits, 2a and 2b. 
By -p roduc t s  of a cyc l ic  phosphonate (3)and 1,4-d ioxane were formed 
du r i ng  the po lymer izat ion.  

Ph O 

m L'--o/ ~ o  -) \ Iph n k'~O/ \ P h  

3 2a ; m=l 

2b ; m=2 

Results and Discussion 
The cat ionic polymer izat ion of 1 was carr ied out by three in i t ia to rs  at 

60~ or 90~ in CHCI3 under  n i t rogen .  Polymeric materials were obtained 
af ter  usual wo rk -up  procedures (TABLE 1). Radical (AIBN at 60~ and 
anionic in i t ia to rs  (NaOCH3 at 60~ did not g ive polymer.  
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TABLE I 
Cationic Ring-Opening Polymerization of 1 a 

No In i t ia tor  Temp Time Polymer Mol. Wt. b 
(~ (hr)  Yield(%) 

I MeOTf 60 36 44 1050 

2 MeOTf 90 11 40 1200 

3 BF3"OEt 2 60 80 21 4100 

4 BF3.OEt 2 90 11 27 2600 

5 Et3 O+" BF4- 60 102 36 1500 

a) (1)=3.0mmol and ( ini t iator)=2mol% for I in 2.0ml of CHCI 3 under  
nTtrogen, CH2CI 2 being used as solvent for  No 5. 

b) Determined by vapor pressure osmometry in CHCI 3 at 35~ 

The polymer s t ruc tu re  was determined by IH and 31p NMR as well as 
IR spectroscopy and by analysis of the hydro lys is  products of the polymer. 
The IH NMR of polymer in CDCI 3 (sample No I in TABLE I) showed three 
kinds of  signals; a signal at ~7.0-8.1 due to phenyl protons (5H), a broad 
s inglet  at ~3.7 4.4 assignable to methylene protons of P(O)OCH2(4H), and 
a broad singlet  at 63 .1 -3 .7  ascribed to methylene protons of CH2OCH2(I.IH). 
From these peak areas, the rat io of the units 2a to 2b was calculated as 
27:73. The 31p NMR of the polymer (in CDCI~-sho~-ed only a single peak 
at +19.2 ppm( lower  f ield from external  H3PO 4 s tandard) ,  which was 
reasonably assigned to a phosphonate s t ruc tu re  2. The IR spectrum of the 
polymer showed a character is t ic  band of ~p=o at'1240 cm-1. 

The s t ruc tu re  of the product  polymer was examined also by the 
analysis of its hydro lys is ,  which was carr ied out in aqueous NaOH at 40~ 
for l h r .  Then,  the reaction mix ture was neutral ized with aqueous HCl 
solut ion.  The GLC analysis of the mix ture revealed that ethylene glycol 
and d ie thy lene glycol were formed in a molar rat io of 71:29. No other 
products of alcohol have not been detected. This result  indicates the rat io 
of the units of 2a:2b = 29:71, which is very  close to that obtained by IH 
NMR method. TABLE 2 summarizes the results of polymer samples No I ,  
3 and 5. 

TABLE 2 
Unit Contents of Polymers (2) 

From IH NMR From Hydrolysis 
Sample No 

2a(%) 2b(%) 2a(%) 2b(%) 

I 27 73 29 71 

3 38 62 38 62 

5 28 72 -- -- 

In o rder  to elucidate the reaction course, by-products  in the d ie thy l  
ether  layer (non-so lvent  for the reprec ip i ta t ion)  were examined. Two by-  
products,  cycl ic phosphonate 3 (19% yield based on 1 analyzed by 31p NMR) 
and of 1,4-d ioxane (25% molar y ie ld for I analyzed by GLC), were found. 
The formation of one molecule of 1,4-d ioxane is expected to be accompanied 
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by the product ion of  two melecules of 3, and there fore  the def ic i t  par t  of  3 
(25 x 2 - 19 = 31%) is assumed to h a v e  been consumed by cationic r ing -  - 
opening polymer izat ion.  

A l thouth  the polymerizat ion of  var ious cycl ic phosphonates was once 
repor ted (KORSHAK et al, 1957), the cationic r ing-open ing  polymerizat ion 
of  3 was examined in the present s tudy (TABLE 3). 

TABLE 3 a 
Cationic Ring-Opening Polymerizat ion of 3 

No In i t ia to r  Polymer Yield(%) Mol.Wt. b 

6 MeOTf 45 1 020 

7 BF3-OEt 2 22 1260 

a) 3.0mmol of 3 in 2.0mi of CHCI 3 in the presence o f2mo l  % 
in i t ia tor  for -3  at 60~ for 40hr .  

b) Determined b-y vapor pressure osmometry in CHCI 3 at 35~ 

The polymer s t ruc tu re  was determined as the uni t  2b by IH and 31p NMR 
and IR spectra. The IH NMR of the polymer (sample No 7, in CDCI 3) 
showed only  two signals at ~7.0-8.1 assigned to phenyl  protons (5H) and 
at ~3 .7-4 .4  due to methylene protons of P(O)OCH2(4H).  The 31p NMR of  
the polymer (CDCI 3) showed a s inglet  at § ppm. The IR spectrum was 
ve ry  similar to that of the polymer sample No I .  

Polymerizat ion Mechanism. Based on the above observat ions the 
fol lowing reaction courses are considered with MeOTf in i t ia to r .  I and 
MeOTf f i rs t  form an intermediate oxonium 4 which rearranges top--hosphonium 
5. Under the reaction condit ions at temperature above 60~ 5 is not stable 
and the Arbuzov type reaction take place in two paths; path A to produce 
a phosphonate- t r i f la te  6 which is a reaction mode to lead to uni t  2a and 
path B to produce 3 an-d [~-methoxyethyl t r i f l a te  7. 
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T r i f l a te  species, 6 and 7 for example, propagate by react ing wi th  1 via 
path A to form un i t  2a or via path B. Dur ing  these propagat ions~n which 
t r i f la tes  l ike T fO(CH2CH20)nR (n>2) hav ing an oxygen atom capable of 
back -b i t i ng  as exempl i f ied by 8 and 9 are formed, back-b i t ing  react ion 
takes place predominant ly  to p roduce-1 ,4 -d ioxane (KOBAYASHI et al, 1975 
and 1979). This expla ins why the alkal ine hyd ro lys i s  produced only  
e thy lene and d ie thy lene glycols and not the h igher  ethylene g lyco ls .  The 
cat ionic r i ng -open ing  polymerizat ion of 3 can be expla ined by the reaction 
w i th  a propagat ing t r i f l a tes ,  ROTf,  to form an intermediate phosphonium 10 
and to g ive 11 of un i t  2b. 

Exper imental  
Mater ials.  Monomer I was obtained by the reaction of 2 -pheny l - 1 , 3 , 2 -  

d ioxaphospholane wi th  ethy lene glycol  (MALAVAUD et  al, 1975; BONE and 
TRIPPETT,  1976); mp 132 134~ in a cap i l la ry  under  N2; 31p NMR (CHCI3) 
-19.2 ppm. Cycl ic  phosphonate 3 was prepared by the ox idat ion of 2- 
pheny l -1 ,3 ,2 -d ioxaphospho lane  in-benzene wi th bubb l ing  oxygen gas; bp 
150~ (0,3mmHg); 31p NMR (CHCI3) + 36.7 ppm. MeOTf was prepared by 
the reaction of t r i f luoromethanesu l fon ic  acid wi th  dimethyl  sul fate,  bp 
96-99~ The oxonium salt,  Et30+.BF 4- was obtained by the Meerwein's 
method. Al l  solvents and BF3.OEt 2 were pur i f i ed  by d is t i l la t ion  under  
n i t rogen.  

Polymerizat ion. A typical  run (No I )  was as fol lows. Into a tube 
under  n i t rogen 3.0mmol of I and 0.06retool of MeOTf were placed in 2~ 
of CHCI 3. The tube was sealed and kept at 60~ for 36hr .  The tube was 
opened and 2.0 ml of CHCI 3 was added to the reaction mix ture .  Then,  the 
mix tu re  was poured into 50ml of d ie thy l  ether to prec ip i ta te the polymeric 
materials. The prec ip i ta t ion  procedure was repeated twice to give 0.30 g 
(44%) of paste l ike materials af ter  d r y i n g  in vacuo. 

A lka l ine  Hydro lys is  of Polymer. In a 0.5ml of 0.2N-NaOH solut ion 
10rag of polymer sample was placed and the system was kept at 40~ for 
I h r .  Then,  the react ion mix ture  was neut ra l ized wi th  0.5N-HCI.  The GLC 
analysis was performed af ter  1.0ml of MeOH conta in ing methyl n-nonanoate 
as an in terna l  s tandard was added to the mix ture .  



329 

References 

BONE, S . A . ,  and TRIPPETT,  S. :  J.Chem. Soc., Perk in I. 156 (1976). 

HARWOOD, H . J . ,  and PATEL, N . K . :  Macromolecules 1, 233 (1968). 

KOBAYASHI ,  S. ,  MORIKAWA, K . ,  and SAEGUSA, T . :  Macromolecules 8, 
952 (1975); Polymer J. 11, 405 (1979). 

KOBAYASHI ,  S. ,  HUANG, M . Y . ,  and SAEGUSA, T . :  Polymer 13ull. 185 
(1981a). 

KOBAYASHI ,  S . ,  SUZUKI,  M.,  and SAEGUSA, T . :  Polymer Bu l l .  315 
(1981b). 

KORSHAK, V . V . ,  GRIBOVA, I . A . ,  and ANDREEVA, M . A . :  Izvest .  Akad.  
Nauk S . S . S . R . ,  Otdel .  Khim. Nauk 631 (1957); Chem. Abs t r .  51, 14621g 
(1957). 

MALAVAUD,  C. ,  CHARBONNEL, Y . ,  and BARRANS, J . :  Te t rahedron Let t .  
497 (1975). 

MUKAIYAMA,  T . ,  FUJISAWA, T . ,  TAMURA, Y . ,  and YOKOTA,  Y . :  
J. Org.  Chem. 29, 2572 (1964). 

NAUMAN, K . ,  ZON, G.,  and MISLOW, K . :  J. Am. Chem. Soc. 91, 7012 
(1969). 

PETROV. K . A . ,  N IFANTEV,  E .E. ,  and SPIKOVA, I . I . :  Vysokomol. Soedin. 
2, 685 (1960). 

PETROV, K . A . ,  N IFANTEV,  E .E . ,  KHORKHOYANU, L . V . ,  MERKULOVA,M. 
I . ,  and VO13LIKOV, V . F . :  Vysokomol. Soedin. 4, 246 (1962). 

SHIMIDZU, T . ,  HAKOZAKI ,  T . ,  KAGIYA,  T . ,  and FUKUI,  K . :  J. Polymer 
Sci. Part 13, 3, 871 (1965); Bu l l .  Chem. Soc. Jpn.  3__99, 562 (1966). 

SlNGH, G. : J. Org.  Chem., 4_44, 1060 (1979). 

VOGT, W., and AHMAD, N . U . :  Makromol. Chem. 178, 1711 (1977). 

Received and accepted August 7, 1981 


