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The reac t ion  of divinyl e thers  of 1,1- and 1,2-diols with isopropyl  alcohol in the p r e sence  
of t e r t -bu ty l  peroxide  gave,  in addition to t e l o m e r s ,  cyclic adducts (1 : 1), to which the 5- 
m e t h y l - 4 - ( 2 - h y d r o x y - 2 - m e t h y l p r o p y l ) - l , 3 - d i o x o l a n e  s t ruc tu re  (in the case  of divinyl e thers  
of gem-dio ls )  or  the 2 - m e t h y l - 3 - ( 2 - h y d r o x y - 2 - m e t h y l p r o p y l ) - l , 4 - d i o x a n e  s t ruc tu re  (in the 
case  of the vic-diols)  was ass igned.  

The reac t ions  of vinyl e thers  with alcohols under acid ca ta lys is  conditions have been studied in detail 
[1]. However ,  nothing is known regard ing  the poss ib i l i ty  of the addition of alcohols to vinyl e thers  in the 
p r e sence  of rad ica l  ini t ia tors .  

Our invest igat ions have demons t ra ted  that the divinyl e thers  of 1,1- and 1,2-diols can undergo homo-  
lyt ic  reac t ions  with alcohols.  We obtained cyclic  adduets in yields of 40-50% by the action of excess  i so-  
propyl  alcohol on these e thers  under conditions involving initiation by  t e r t -bu ty l  peroxide (Table 1). A high 
degree  of dilution is n e c e s s a r y  because  of the sma l l  c h a i n - t r a n s f e r  constants for  the alcohols [2]. 
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The selection of isopropyl alcohol was deliberate, according to the data in [2], this alcohol adds more 
readi ly ,  by a radica l  m e c h a n i s m ,  to olefins than other  al iphat ic  alcohols and is l e s s  inclined to undergo t e lom-  
e r i za t ion  reac t ions  

The fo rmat ion  of the cyclic  adducts can be r e p r e s e n t e d  by the following scheme:  
(CH3)aCOOC(CH3) 3 ~ 2(CH3)3C O 

(CH3)3CO" + }{C(CH3)2(OH) ~ (CH3)3COH + C(CH3)2(O]]! or 

(CH3)3CO' -~ HC(CH:~)2(OH) ~ CH4+ CH3COCHa ~-(~(CH~)2(OH) 
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We obse rved  a s i m i l a r  cycl izat ion in the r eac t ion  of the s a m e  e thers  with dialkyl phosphites under 
homolytic  ca ta lys is  conditions [3-5]. Unambiguous conclusions regard ing  the s t r u c t u r e s  of the phosphono- 
me thy l - l , 3 -d ioxo l anes  and 1,4-dioxanes were  drawn f r o m  an analys is  of the IR and PMR spec t r a  and seve ra l  
chemical  t r ans fo rma t ions .  These resu l t s  provide  a bas i s  for  assuming  that the reac t ion  of divinyl e thers  of 
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Fig. I. IR spectra: i) 5-methyl-4-(2-hydroxy- 
2-methylpropyl)-l,3-dioxolane; 2) 2-isopropyl- 
5-methyl- 4- (2-hydroxy- 2-methylpropyl)- 1,3- 
dioxolane; 3) 2,5-dimethyl-4- (2-hydroxy-2- 
methylpropyl)- 1,3-dioxolane; 4) 2-methyl-3- (2- 
hydroxy-2-methylpropyl)- 1,4-dioxane; 5) 2,5-di- 
methy l -  3- (2-hydroxy-  2 -methy lpropyl ) -  1,4-dioxane. 

g e m -  and vic-diols  with isopropyl  alcohol would lead 
to cyclic adducts (1 : 1) of s i m i l a r  s t ruc tu re ,  i .e. ,  1,3- 
dioxolanes (I-HI) and 1,4-dioxanes (IV, V). 

This is in good a g r e e m e n t  with the fact  that the 
addend in rad ica l  rac t ions  genera l ly  at tacks the P -  
ca rbon  a tom of the vinyloxy group [6] and is also in 
good ag reemen t  with the known ease  of fo rmat ion  of 
5- and 6 - m e m b e r e d  r ings.  

An analysis  of the IR spec t r a  (Fig. 1) indicates 
that l inear  s t ruc tu re s  of the CH 2 = CHO-R-OCH2CH2C- 
(CH3)2OH [R = -  CH2- , - (CH2)2-, > C H -  CHa, > CHCH- 
(CH3)2,- CH2CH(CH3)] type a r e  excluded, s ince all of 
the cha rac t e r i s t i c  f requencies  of the vinyloxy group 
a r e  absent.  The s t rong band at 3450-3510 cm - t  c o r -  
responds  to the s t re tching vibrat ions  of the t e r t i a r y  
hydroxyl group. However ,  the identification of the in- 
plane deformat ion  vibrat ions  of the hydroxyl group 
(1300-1400 cm -l) and of the band at 1150 em - t ,  which 
is cha rac t e r i s t i c  for  t e r t i a r y  alcohols [7], is compl i -  
cated because  of the p re sence  of bands of the 1,3- 
dioxolane and 1,4-dioxane r ing,  which lie in the s ame  
regions  and compl ica te  the spec t r a l  p ic ture .  The pu-  
r i t i e s  of the products  were  conf i rmed by gas- l iquid  
chromatography.  Acetaldehyde,  de te rmined  as the 
2 ,4-dini t rophenylhydrazone,  was isolated f rom the 
hydrolys is  of II. 

Additional informat ion regard ing  the s t ruc tu r e s  
of I-V can be obtained by investigating the IR s p e c t r a  
of dilute solutions.  Two m a j o r  absorpt ion  bands a r e  
obse rved  in the IR spec t r a  of T, II, IV, and V (Table 2, 
Fig. 2) at 3547-3615 cm- l ;  the h igh-f requency bands 
(3610-3615 cm-t )  co r r e spond  to the absorpt ion  of the 
unbonded t e r t i a r y  hydroxyl group [8] [which is yet  an-  
other  conf i rmat ion  of the a s s u m e d  s t ruc tu r e s  (I-V)], 
while the low-f requency  bands (3530-3550 cm -1) a re  
aff i l iated with in t r amolecu la r  hydrogen bonds. 

The addition of isopropyl  alcohol to divinyl e thers  
of glycols is accompanied  by te lomer iza t ion .  The 
o l igomers  obtained a r e  thick, viscous liquids, some  
of which a re  soluble in water .  The IR spec t r a  of the 
t e l o m e r s  a re  cha r ac t e r i z ed  by absorpt ions  at 3440- 
3500 (stretching vibrat ions  of the OH group), and at  
1640 and 1715-1735 cm -1, which a re  pecul ia r  to the 
carbonyl  group. 

Monoadducts could not be isola ted f rom the r e -  
act ion of isopropyl  alcohol with the divinyl e thers  of 
1,3- and 1,4-butylene glycols ; ve ry  viscous t e lomer s  
were  p r i m a r i l y  obtained in yields of 50-70%. 

E X P E R I M E N T A L  

2- IV[e thy l -5 -methy l -4 - (2 -hydroxy-2-methy lpropyl ) - l ,3 -d ioxo lane  (II). A mix ture  of 9.5 g (0.083 mole) 
of 1,1-divinyloxyethane,  157 g (2.6 moles)  of isopropyl  alcohol,  and ~ 2 g of t e r t -bu ty l  peroxide was heated 
in an ampul at 120-125~ for  48 h. Removal of the excess  isopropyl  alcohol and the unchanged e ther  (156.3 
g) by f ract ionat ion gave 5.3 g (44% based on the r e c o v e r e d  divinyl e ther  of the glycol) of cyclic  product  II 
with bp 52.5-53.5~ (1.5-2 mm)  (Table 1) and 5 g of a ve ry  v iscous ,  yellow te lomer .  The r e c o v e r e d  divinyl 
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TABLE 1. Adducts  of Divinyl E the r s  of  1,1-  and 1 ,2-Diols  with I s o -  
p ropyl  Alcohol  (I-V, f o r m u l a s  in the text) 

I 

II 

III 

IV 

V 

H 

CHz 

i-C3H7 

H 

CH3 

�9 Bp, ~ d,~O nD~~ 
(press., mm) 

MR D 

found talc. 

1~,~-10r5 1,(~3~i 1,44~0 41,47 

,32,5---63,5 { 0,9890 i 1.4-378] 46,23 
(1,5--2) 1 , I 
70 --7050,96871.43@61 54,99 
( 1,5~2)' I 
895'--90 1,0094 ~ 1,4492 46,32 

,32'(6~5'2,5 , ~  0,9807 1 4436 50,94 
(1--1,5) 

41,96 

46,6C 

56.61 

46,6C 
I 

51,25 

Empirical Fo 
formula 

C8H~O3 59.9 

C,HlaOa CY2.2 

CuH2203 65.2 

C9HI803 62,0] 

CloH~oOs 63, 

~ - ~  H ~'% ld, ~alc., 

1O,060,010,I 47 

10,362,010,444 

10,7 ] 6'5,3 l 1,040 
] 

10,610'3162'053,810,410,8 [ 4338 

TABLE 2. F requenc i e s  of  the S t re tch ing  Vibra -  
tions of the Hydroxyl  Group in I -V  

free bonded 1 _1 
Compound vOH , em-1 uOH ,cm- Lu. cm 

I 
II 

IV 
V 

3612 
3615 
3512 
3~12 

3:562 
3547 
3636 
3532 
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Fig. 2. IR s p e c t r a  in the r e g i o n  of  the OH s t r e t c h -  
ing v ib ra t ions  (0.002 M solut ions  in CC14, l a y e r  
th ickness  50 mm) .  The R o m a n  n u m e r a l s  c o r r e -  
spond to the num be r s  of the compounds  in Table  1. 

e the r  was  d e t e r m i n e d  by hyd ro ly t i c  ox ima t ion  [1]. 
The a p p r o p r i a t e  ca lcu la t ions  d e m o n s t r a t e d  that  
1.6 g of divinyl e the r  was  r e c o v e r e d  f r o m  the r e -  
act ion.  

The s y n t h e s e s  of  I and I I I -V w e r e  c a r r i e d  
out s i m i l a r l y .  The compounds  obta ined (Table 1) 
a r e  quite s table ,  t r a n s p a r e n t  l iquids ,  s o m e  of  which  
a r e  soluble  in wa te r .  

Hydro ly s i s  of 2 - M e t h y l - 5 - m e t h y l - 4 - ( 2 - h y -  
d r o x y - 2 - m e t h y l p r o p y l ) - l , 3 - d i o x o l a n e  (II). A m i x -  
tu re  of 1 g of II, 10 ml  of  w a t e r ,  and five drops  of 
concen t r a t ed  h y d r o c h l o r i c  ac id  was  hea ted  at 70-  
95 ~ C fo r  2 h. The ace ta ldehyde ,  which was  co l lec ted  
in a cooled  r e c e i v e r ,  was d e t e r m i n e d  as the 2,4-  
d in i t ropheny lhydrazone  [9]. A total  of  0.3 g of  the 
c o r r e s p o n d i n g  2 ,4 -d in i t ropheny lhyd razone  with mp  
147~ (orange form) was  obta ined ( l i t e ra ture  mp  
146 ~ C). 

Reac t ion  of 1 ,4-Buty lene  Glycol  Divinyl E the r  
with I sopropy l  Alcohol .  A mix tu r e  of 9.5 g (0.066 
mole)  of 1 ,4-buty lene  glycol  divinyl e the r ,  120 g 
(2.0 mole)  of  i sopropyl  a lcohol ,  and 2 g of t e r t -  
butyl  pe rox ide  was hea ted  in an ampul  at  120-125~ 
for  46 h. The unchanged m a t e r i a l  (121 g, 78-81~ 
and low-boi l ing  p roduc t s  [2.5 g, 45-96~ (2 mm)] 
w e r e  r e m o v e d  by  dis t i l la t ion,  and 5.2 g (54%) of a 
v e r y  v i s c o u s ,  s t i cky ,  s l igh t ly  w a t e r - s o l u b l e  t e l o m e r  
was  obta ined in the r e s idue .  The y ie ld  of the t e lo -  
m e r  in the r e a c t i o n  of 1 ,3-buty lene  glycol  divinyl 
e the r  with i sopropyl  alcohol  under  the s a m e  con-  
dit ions was  70%. 

The IR s p e c t r a  w e r e  obtained with a UR-10 
s p e c t r o m e t e r .  
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