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The ac t ion  of  r ad ica l  in i t ia tors  or  UV light on 1 ,3-dioxanes  that have a hydrogen a tom in the 2 p o s i -  
t ion leads to the c leavage  of a hydrogen a tom f r o m  the 2 posi t ion;  the thus fo rmed  rad ica l  can add to an 
unsa tura ted  compound to give a 2 - a l k y l - l , 3 - d i o x a n e  ~_]. This  rad ica l  can  a lso  be i s o m e r i z e d  to give,  a f te r  
hydrogen c leavage ,  the e s t e r  (analogous to that  shown in the scheme) .  In the p r e sen t  pape r  we examined 
the poss ib i l i ty  of t e l o m e r i z i n g  ethylene with 2 -me thy l - l , 3 -d ioxo l ane .  Substitution of the dioxolane in the 
2 posi t ion excludes  involvement  of the second hydrogen a tom in the reac t ion .  The t e lomer i za t ion  of ethylene 
with 2 - m e t h y l - l , 3 - d i o x o l a n e  was  run  in the p r e s e n c e  of e i ther  t e r t -bu ty l  peroxide  (TBP) at  150~ o r  b e n -  
zoyl peroxide  (BP) a t  90% Two s e r i e s  of t e l o m e r s  we re  identified in the reac t ion  mix tu re ,  namely  2-  
m e t h y l - 2 - a l k y l - l , 3 - d i o x o i a n e s  (Tn) and alkyl  ace t a t e s  (Tn a) (S = telogen).  The fo rmat ion  of the 
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The fo rmat ion  of the ace ta t e s  Tn a is  a s soc ia t ed  with opening of the r ing in rad ica l  A and subsequent  reac t ion  of the 
i s o m e r i c  r ad i ea l C  withethylene.  The a lkyl  dioxolanes  T n a r e  obtained by the usual t e lomer iza t ion  scheme.  The 
t e l o m e r s  Tn  (n = 1-3) and ace t a t e s  Tn  a (n = 2-4) we re  identified in the reac t ion  mix tu re  by GLC employing 
two phases  of d i f ferent  po la r i ty  and authentic s p e c i m e n s ,  which were  obtained by r eac t ing  ethylene glycol 
with the app rop r i a t e  methy l  ke tones .  The higher  t e l o m e r s  of  both s e r i e s  were  identified via the fact  that  
the l inear  r e l a t ion  log T - n  was obeyed.  The amount  of ace t a t e s  i n c r e a s e s  with inc rease  in the reac t ion  
t e m p e r a t u r e .  Up to 5% of ace t a t e s  Tn  a ,  when based  on the sum of all  of the t e l o m e r s ,  is fo rmed  at  90 ~ 
while at  150 ~ the i r  yield r e a c h e s  20%. The yield of Tn  a a lso  i n c r e a s e s  with i nc r ea se  in the m o n o m e r  con-  
ve r s ion .  However ,  a t  c lose  m o n o m e r - t e l o g e n  r a t io s  the dis t r ibut ion of the t e l o m e r s  by m o l e c u l a r  weight 
is but s l ight ly dependent  on the r e a c t i o n  t e m p e r a t u r e .  

The pa r t i a l  chain  t r a n s f e r  constants  for  the dioxolane s e r i e s  (C n = k t r / k p n ,  where  k t r  and kpn 
a r e  the r a t e  constants  of the chain t r a n s f e r  and growth reac t ions  for  the rad ica l  with n m o n o m e r i c  units) 
w e r e  ca lcula ted  f r o m  the data of the expe r imen t s  where  the yield of ace t a t e s  did not exceed 5-10% (Tables 
1 and 2). The m o n o m e r - t e l o g e n  ra t io  was va r i ed  by 6-7 t imes .  The degree  of filling the autoclave was 
80-90%, and the m o n o m e r  conve r s ion  did not exceed  30%. 

F r o m  Tab l e s  1 and 2 it can be seen that  C n is smal l  (~ 0.2) for  all  of the growing r ad i ca l s  and shows 
l i t t le  change e i ther  with i nc r ea s e  in the chain  length of the t e l o m e r  rad ica l  o r  when the reac t ion  t e m p e r a -  

t a r e  is  i n c r e a s e d  f r o m  90 up to 150 ~ 
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TABLE 3. T e l o m e r i z a t i o n  of Ethylene with 2 - M e t h y l - i ,  3-Dioxane 
(150 ~ Durat ion  of Expe r imen t s  0.5 h) 

Expt. TBP, 
No. l m o ~  

t7 0,23 

t8 0,23 

t9 0,30 

20 0,30 

~thylene Yield, in mole% of 
i c o n v e r  - 

~ ~ion,% di~176 
l a n e s  ! t c e t a t e s  

0,34 

0,42 

0,80 

1,10 

83 

85 

90 

86 

81,3 i8.7 

83,6 i6,3 

73.9 26,i 

77,5 22,2 

Mnount oftelomer homologs with n 
monomeric units (dioxolanes/a cetates 

5t, 

/d, 

42, 

31, 

25,2 i l  ,0 5,9 6,7 
~ ~ ~9,"--~ 

21,7 t5,2 9,0 t2,8 

21,5 i4,7 9,3 12,8 

20,9 t9,4 t2,3 t6,2 

2 -Methy l - l , 3 -d ioxo lane  in i ts  eff ic iency as  a chain c a r r i e r  in the reac t ion  with ethylene is  c lose  to 
the carboxyl ic  ac ids  and the i r  e s t e r s  [2]. The smal l  Cn values  show that the growing rad ica l s  r e a c t  m o r e  
eas i ly  with ethylene than with the telogen. The fact  that  Cn is not dependent on n shows that  the reac t iv i ty  
of the growing r a d i ca l s  is  c lose ,  i . e . ,  even  the f i r s t  growing rad ica l  B (n = 1) fai ls  to exper ience  the sub-  
s tant ia l  po la r  e f fec t  of the dioxolane r ing.  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  1-16 were  run  in s ta in less  s tee l  autoclaves  with a capaci ty  of ~10 ml .  P r i o r  to e x p e r -  
iment  the te logen was  f reed  of t r a c e s  of O 2 by the " f r e e z i n g - e v a c u a t i o n - t h a w i n g "  method.  The autoclaves  
a f t e r  charg ing  with the r e a c t a n t s ,  the amount  of which was  de t e rmined  by weighing with an a c c u r a c y  of 
0.01 g, w e r e  hea ted  in a bath and ro ta t ed  at  a speed  of 8 r p m .  The Cn values  were  ca lcula ted  using the 
Mayo equation [3, 4]. The expe r imen ta l  conditions a r e  given in Tab le s  1 and 2. 

E x p e r i m e n t s  17-20 w e r e  run  under  the conditions of Expe r imen t s  1-16,  but up to 90% m o n o m e r  con-  
v e r s i o n  (Table 3). 

E x p e r i m e n t s  22-23 were  run  in a ro ta ted  0.5 l i t e r  s teel  autoclave .  Into the autoclave were  r e s p e c -  
t ively charged  176.6 g (180.1 g) of 2-methyld ioxolane  and 0.75 g (0.79 g) of BP,  the sy s t em was purged 
with N 2 , and then ethylene was  added up to a p r e s s u r e  of 40 at [735.5 m m  of Hg] (at the exper imen t  t e m -  
pe ra tu r e ) ,  a f t e r  which the autoclave was heated  at  90 ~ for  5 h, pumping in ethylene as  it was absorbed .  
The i nc rea se  in the weight  of the r eac t i on  mix tu re  was 17.6 g (8.7 g) ; a f t e r  dist i l l ing off the s t a r t ing  dioxo-  
lane the weight  of the mix tu re  of t e l o m e r s  was  19.6 g (7.9 g). The mix tu re  of t e l o m e r s  f rom a number  of 
expe r imen t s  was  combined and f rac t iona l ly  dis t i l led through a column. He re  we isolated the t e l o m e r  
f rac t ions  T 1 (49 ~ (10 m m ) ,  weight  6.2 g), T 2 [80 ~ (10 m m ) ,  18.4 g], and T 3 [123 ~ (8 m m ) ,  2g], which con-  
mined 80-85% of the given t e l o m e r .  The GLC ana lys i s  conditions were :  column length 2 m ,  10% PEGA 
deposi ted on Chromoso rb ,  at  e i ther  60 or  80 ~ and 10% SKTPT deposi ted on C h r o m o s o r b ,  at  e i ther  80 o r  

120 ~ . 

CONCLUSIONS 

i. The telomerization of ethylene with 2-methyl-1,3-dioxolane proceeds with the formation of 2- 

methyl-2-alkyldioxolanes and alkyl acetates. 

2. The partial chain transfer constants (Cn) were measured at 90 and 150 ~ The Cn valuers are 
practically independent of the reaction temperature and the chain length of the growing radical. 
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