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Summary 

The r ing opening polymerization of 3,9-bismethylene-2,4,8,10-tetra-  
oxa-spiro[5,5]undecane was invest igated.  I t  was shown that  th is  bifunc> 
t i o n a l  ketenacetal undergoes a rad ica l  homo- and copolymerization form- 
ing crosslinked polymers with a high degree of r ing opened units.  Using 
other i n i t i a t o r s  than radicals i t  is possible to get statements about the 
e lec t ron ica l  state of ketenacetal functions in saturated heterocycles. 

Introduction 

In 1964 ORTH described 3.9-bis-methylene-2,4,8,10-tetraoxa-spiro-  
[5,5]undecaee as a viscous mater ia l ,  pelymerising spontaneously in con- 
tac t  with the a i r  (1). Therefore he did not invest igate th is  compound 
fur ther ,  but there were also no references in the l i t e r a t u r e  u n t i l  today. 
Recognising th i s  molecule as a parent compound of b i func t iona l  ketenace- 
ta l s ,  we turned to th is  new f i e l d  of polymer chemistry regarding the r ing 
opening polymerizat ion of cyc l ic  ketenacetals. The present paper deals 
with the synthesis, character izat ion and polymerization of 3,9-bis-me- 
thylene-2,4,8,10-tetraoxa-spiro[5,5]undecane. 

Experimental part  

3,9-bisbromomethyl-2,4,8,10-tetraoxa-spiro[5,5]undecane 

13,6 g (100 mmol) 2.2.-b ishydroxymethyl -prepane- l .3-d io l ,  33,8 g (200 
mmol) bremoacetaldehyde dimethyl acetal  and a trace of p- to luenesul fonic 
acid were added to a 250 ml f lask with s t i r r e r  and water separator. Then 
the mixture was heated to a temperature of 130-140~ ( o i l  bath) u n t i l  the 
theore t i ca l  amount of methanol was col lected over a period of about 20 
minutes. Af ter s t i r r i n g  for  30 min at 80~ the pale yellow and viscous 
l i qu id  was cooled to 0% to become c rys ta l l i ne .  The crude product was ob- 
tained a f te r  r e c r y s t a l l i s a t i o n  from benzene/hexane (1:5) as colourless 
needles. 
y ie ld :  28.6 g (~ 82.6 % of t h . ) ;  m.p.: 103~ 

IR(KBr): 2985, 2952 and 2865 (CH), 1162 and 1128 (C-O-C), 731 (C-Br). 

13C NMR (CDC13): 6= 31.4 (CH2-Br), 32.4 (C(CH20)4), 68.7 and 70.3(CH2-0) 

99.3 ((RO)2CH-) 
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C9H14Br204 (346.0) Calc. C 31.24 H 4.08 Br 46.18 

Found C 31.77 H 3.69 Br 45.02 

3 ,9 -b ismethy lene-2 ,4 ,8 ,10- te t raoxa-sp i ro [5 ,5 ]undecane 

In a 250 ml 3-neck f l ask  wi th  s t i r r e r ,  condenser and dropping funnel  13.2 
g (120 mmol) potassium butoxide was d issolved in  80 ml o f  dry te t rahydro -  
furane (THF). Under a week stream of  n i t rogen and s t i r r i n g  17.3 g (50 m- 
mol) 1, d isso lved in 80 ml dry THF, was added dropwise to  the so lu t i on  
w i t h i n  30 min. A f te r  t h i s ,  the obtained mixture was s t i r r e d  f o r  anather 
6h at 65~ under n i t rogen.  
A f te r  coo l ing to room temperature the p r e c i p i t a t e d  KBr was separated and 
washed wi th 3 por t ions  o f  dry THF. The so lvent  was removed in  vacuum and 
the residue al lowed to  c r y s t a l l i z e  at 0%. Under s t r i c t  exc lus ion o f  moi- 
s ture the product was obtained as co lour less  needles from hexane/benzene 
(9:1) .  
y i e l d :  4.9 g (~ 52 % of  t h . ) ,  m.p.: 53% 

IR (nu jo l ) :  1678 (C=CH2, s), 1466 and 1378 (C-O-C). 

13C NMR (THF-ds):S= 36.7 (C(CH20)4) , 68.0 (=CH2), 69.6 (CH20), 161.4 

(C=CH 2) 

C9H1204 (184.2) Calc. C 58.92 H 6.56 

Found C 58.75 H 6.68 

Results and discussion 

In 1982 (2) BAILEY found, t ha t  2 -methy lene- l .3 -d ioxane undergoes a 
r ing  opening po lymer iza t ion  a f t e r  r a d i c a l  at tack wi th  a r ing opening 
degree of  avarage 85%. That is  the reason why we postu la ted,  tha t  2 must 
have s i m i l a r  p roper t ies  of  po lymer iza t ion ,  because o f  i t  i s  ~ i m i l a r  
s t ruc tu re .  The monomer was synthezised according to the f o l l ow ing  
equat ion:  

HO OH 2 /-~ ~ 
8, OCH3 " r / " - - ( O ~ ; ~ ' ~  -z2 KOC(CH3)3KBr = = = ( O ~ ; ~ =  (1) 

HO " -J  ~ 'OH" - & CH30H B O Br -2 HOC(CH3) 3 O 

In cont ras t  to  (1), 2 represents a c r y s t a l l i n e ,  co lour less so l i d ,  
which i s  s tab le  against  oxygen, but very sens i t i ve  to  moisture. I t  can 
be kept under n i t rogen fo r  a long t ime wi thout  any change. 
Fa l l i ng  back on (1) and (3), we expected a r ing-open ing po lymer iza t ion  
mainly by using r a d i c a l  i n i t i a t o r s .  Because o f  the b i f u n c t i o n a l i t y  p re f -  
erab ly  c ross l inked polymers have to  r e s u l t .  Table 1 show the experiments 
car r ied  out to  get in fo rmat ion  about the r e a c t i v i t y  o f  t h i s  b i f u n c t i o n a l  
ketenaceta l .  

In a l l  cases the homopolymerizat ion o f  2 leads to  i nso lub le ,  co lour -  
less polymers (2a-2e).  The IR-spectrum (Fig.T) demonstrates, tha t  there 
must be a r i ng  opening because of  the s igna l  at 1744 cm which corre-  
sponds to  the es ter -carbony! -group.  



Table 1 
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polymer i n i t i a t o r  so lvent  comonomer 

2a 1 wt.-% ke ta l  1) CH2Cl 2 - 

2b 1 wt.-% AIBN to luene 

2c 1 wt.-% AIBN - 

2d 1 wt.-% Et3OSbC16 CH2C12 

2e 1 wt.-% BF3.Et20 CH2Cl 2 

2 f  10 wt.-% NaOCH 3 THF 

2g 1 wt.-% CIoHsNa 2) CH2C12 

2h 1 wt.-% ke ta l  - C8H15NO~ 3) 

2 i  1 wt.-% ke ta l  - C4H6024~ 

cond i t ions  

RT, UV, 5h 

100~ 2.5h 

RT ~ 70~ 

RT, 10 min 

-78~ ~ RT 

RT ~ 65~ 5h 

RT, 3h 

RT, UV, 5h 

RT, UV, 5h 

1) 
2) 2.2-dimethoxy-2-phenyl-acetophenone 
3) naphthyl-sodium in THF-solut ion 
4) N,N-d imethy l -amino-ethy l -methacry la te  (double excess) 

v i ny l ace ta te  ( ten fo ld  excess) 

100 

80 

60 

c 
o LO 

20 
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t 
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35 
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Fig.1 IR spectrum of  2a(2b) in  KBr 

The 13C so l i d  s ta te  NMR spectrum (Fig.2) showes the s t r u c t u r a l  e le -  
ments conta in ing in  the cross l inked polymers. 

To assign.~he s igna ls  to  the carbon-atoms we used the d i r e c t  compari- 
son wi th the IJC NMR spectrum of  ! "  In t h i s  way we found tha t  the s igna ls  
at 30.5, 36.3, 62.5 and 102.2 ppm belong to  the non-r ing opened un i ts  of  
2. The a d d i t i o n a l  s igna ls  at 20.0 and 113.0 ppm and the very small  
carbonyl  s igna l  at 175.6 ppm i nd i ca te  the presence of  opened un i ts  in  the 
network. 

To form these structures the following mechanism is to discuss: 
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F ig .2  13C s o l i d  s ta te  spectrum of  2a (400 MHz, s tandard,  ex t .  adamantane) 
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There are two a l t e r n a t i v e  ways to  r eac t  a f t e r  r a d i c a l  a t t ack :  1) the 
chain growth w i t hou t  r i ng -open ing  (way a) .  The r e s u l t i n g  non-opened un i t s  
are main ly present  in  the network,  but of  course i t  i s  l i k e w i s e  poss ib le ,  
t h a t  the second i n t a c t  ke tenace ta l  group can add another s t a r t i n g  r a d i c a l  
or a growing chain end (way ab).  In the reverse case the r i n g  opening 
step i s  able to  go on pr imary (way b) f o l l owed  by two poss ib le  ways too .  
In every case the r e a c t i o n  has to  lead to  a c ross l i nked  polymer. Because 
of  the i n s o l u b i l i t y  o f  the samples we are not able to  d i s t i n g u i s h  the de- 
gree o f  r i ng  opening, but the value must be high because o f  the i n t ens i ve  
s igna l s  in  the spectrum (see F i g . 2 ) .  

Carry ing out the po l ymer i za t i on  in  bulk we observed an exp los ive  r e -  
ac t i on  w i th  complete decomposi t ion.  (exper iment  2c).  While the r a d i c a l  
i n i t i a t e d  po l ymer i za t i on  elapses r e l a t i v e  s low ly ,  the c a t i o n i c  po l ymer i -  
za t i on  (2d and 2e) take place immedia te ly  forming i n s o l u b l e  co lou r less  
polymers w i t h  s i m i l a r  p r o p e r t i e s  l i k e  those polymers obta ined from r a d i -  
ca l  po l ymer i za t i ons .  I t  i s  a lso remarkable t h a t  the po l ymer i za t i on  can 
not slow down using low temperatures (2e).  

According to  our except ions 2 does not reac t  in  the presence of  ba- 
ses undergoing an an ion ic  mechanism (exper iment  2 f  and 2g). Indeed bases 
are able to  s t a b i l i z e  ke tenaceta ls  l i k e  BAILEY repor ted  in  (4) .  

However, the r e s u l t s  of  our exper iments demonstrate t h a t  c l e a r l y ,  
ke tenaceta ls  as e l e c t r o n - r i c h  o l e f i n e s  accept e lec t ron  d e f i c i e n t  p a r t i -  

+ . , . 

c les ,  l i k e  Et , BF~ or radzca ls  (cyano l s o p r o p y l  radzca ls  or benzoyl ra -  
d i c a l s )  to  s t a r t  a - p o l y m e r i z a t i o n .  That i s  a lso the reason why e l e c t r o n -  
r i c h  compounds are not able to  re lease  a po l ymer i za t i on .  

| 

RO RO RO " .__. . /  
E~ 

(3) 

In (5) we repor ted  t h a t  N ,N-d imethy lamino-e thy l -methac ry la te  i s  an 
e f f i c i e n t  comonomer to  y i e l d  so lub le  o l igomers o f  f a s t  po lymer is ing  ke- 
t enace ta l s .  2 d i sso lves  very good in  the methacry la te .  A f t e r  i r r a d i a t i o n  
in  presence o f  i wt.-% k e t e l  (Tab. l )  a ye l l ow  t ranspa ren t  i n s o l u b l e  po- 
lymer was obta ined.  A s i m i l a r  r e s u l t  exper iment 2 i  g ives.  

Thus 2 represents  an e f f e c t i v e  comonomer to  reach e ross t inked  copo- 
lymers.  I t  i s  r e a l l y  reasonable f o r  commercial use to  add 2 in  a low r a -  
t i o  (1-5 wt.-%) to  r a d i c a l  po lymer izab le  and f i l m  fo rmat ion  monomers 
(e .g .  s ty rene,  v i ny lace ta te )  in  order  to  get  t r anspa ren t  and chemical  r e -  
s i s t e n t  f i l m s ,  because both samples are very s tab le  aga ins t  acides and 
bases. 

Fur ther  i n v e s t i g a t i o n s  regard ing  the copo lymer iza t ion  o f  monofunc- 
t i o n a l  ke tenaeeta ls  w i th  the b i f u n c t i o n a l  ke tenaeeta l  2 are in  prepara-  
t iono 

Acknowledgement 

We are very g r e a t f u l  
f i n a n c i a l  suppor t .  

t o  Deutsche Forschungsgemeinschaft f o r  i t s  



414 

References 

(1) H.Orth, Angew. Chem. 64 (1952) 544 

(2) W.J. Bai ley, Z. Ni. S.-R. Wu, J. Polym. Sci . ,  Polym. Chem. Ed. 20 

(1982) 3021 

(3) S.M. McE1vian, M.J. Curry, J. Am. Chem. Soc. 70 (1948) 3781 

(4) W.J. Bai ley, S.-R. Wu, Z. Ni, Makromol. Chem. 183 (1982) 1913 

(5) E. Klemm, Th. Schulze, Makromol. Chem. 194 (1993) 2087 

Accepted August 3, 1993 C 


