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The influence of the reaction condRions on the order of addition of 
alcohols and c~-chloro ethers in an acid medium to dioxides of 1- 
vinyl-3-cyclohexene is described on the basis of a determination of the 
percentage content of the ratio of the isomers by IR spectroscopy. It 
has been established that under mild conditions the addition takes 
place selectively with the predominant opening of the oxide ring 
attached to the six-membered carbon ring. More severe conditions 
(higher temperature, smaller amount of solvent) favor the formation 
of isomers with an opened oxide ring on the ethylene grouping. 

We have p r e v i o u s l y  shown on the bas i s  of a quan t i t a -  
t ive  study of IR absorp t ion  s p e c t r a  that the addit ion of 
acid and bas i c  r e a g e n t s  to the dioxide of 1 - v i n y l - 3 -  
cyc lohexene  takes  p lace  with the opening of the oxide 

r i n g  a t tached to the s i x - m e m b e r e d  ca rbon  r i n g  or  with 
the opening of the oxide r ing  of the e thylene grouping  
of the dioxide [1,2] .  

In an acid m e d i u m ,  a lcohols ,  ch lo ro  e t h e r s ,  and 
dia lkyl  p h o s p h o r o c h l o r i d i t e s  add p redominan t ly  to the 
epoxyeyc lohexane  group,  and bas ic  r e a g e n t s  such as ,  
for  example ,  a lcohols  in the p r e s e n c e  of sod ium,  and 
amines  r e a c t  with the oxide r ing  of the e thylene g roup-  
ing [1,2].  

In a m o r e  de ta i l ed  study of these  r e a c t i o n s  in an 

acid m e d i u m ,  it  was found that  the r e a c t i o n  condi t ions  
( t e m p e r a t u r e ,  amount  of solvent)  have a g r ea t  inf luence  
on the s e l e c t i v i t y  of addition; depending on them,  the 

product of addit ion to the oxide r ing  of the e thylene 
grouping  (II) m a y  be f o r m e d  to a g r e a t e r  o r  s m a l l e r  
extent ,  in addit ion to the p roduc t  of addit ion to the 
oxide r i n g  at tached to the s i x - m e m b e r e d  carbon r ing( I ) .  

(X) R O " ~ / C H - - C H 2  /(~x,/CH--CH2_oR(x ) 

(RO)X/V ~  
! I I  

X=OH, R=--C~H7 , 
X=CI, R=-CH2OCH3, -CH_~OC~Hs, --CH2OC3H~ 

In the p r e s e n t  communica t i on ,  we give the r e s u l t s  

of a m o r e  de ta i l ed  study of the r e a c t i o n  of 1 - v i n y l - 3 -  
hexene  dioxide with propanol  in the p r e s e n c e  of boron 

t r i f l uo r ide  e t h e r a t e  and with a - e h l o r o  e t h e r s  in the 
p r e s e n c  e of zinc ch lor ide .  

In s tudying the r eac t i on  with propanol ,  our  a t tent ion 
was d i r e c t e d  to the fact  that  r e a c t i o n  p roduc t s  with 
d i f fe ren t  cons tan ts  w e r e  obtained,  depending on the 
t e m p e r a t u r e  of the r eac t i on  m i x t u r e  and on the amount  

of so lvent  (the s a m e  alcohol)  (Table 1). With an i n c r e a s e  

in the t e m p e r a t u r e  of the r eac t i on  m i x t u r e  or  with a 

d e c r e a s e  in the amount  of so lven t ,  the r e f r a c t i v e  index 

* F o r  par t  I, s ee  [2]. 

andthe specific gravity increased, which shows a change 

in the ratio of the isomers in the reaction products. 

In order to determine the percentage content of 

isomers with an unopened epoxyethyl ring in the re- 

action product, measurements were made of the peak 
intensities of the characteristic absorption bands 
vasCH~ (3050 c m  "1) of the epoxyethyl  grouping  [3]. The 

m e a s u r e m e n t s  w e r e  c a r r i e d  out in an IKS-14 i n f r a r e d  
s p e c t r o m e t e r  with an L iF  p r i s m  by the d o u b l e - b e a m  

schem e .  P o t a s s i u m  b r o m i d e  ce l l s  with a s ingle  l a y e r  
th ickness  (0.062 cm) w e r e  used  fo r  al l  the s a m p l e s .  
The c o n c e n t r a t i o n s  of the so lu t ions  (in CC14) w e r e  s e -  

l ec ted  in such a way that the optical densities (log 10A 

were between 0.20 and 0.60. The measurements 
were carried out by the base line method [4], the 

tangent to the background at the point v ~ 3200 cm -I 

being selected as the base line. The correctness of 
this selection was confirmed by studying the fulfillment 

of the Lambert-Beer law for solutions of standard 

substances. The errors introduced by neglecting the 
absorption of the second component (If) at the point 

of measurement did not exceed 10%. For a number of 

products, the isomer content was also determined 

from a calibration graph constructed with standard 

mixtures. The difference between the results of the 

two methods was not greater than 10%. To determine 

the absorption coefficient k3050 , the standard compounds 
IV [ ] - epoxyethyl-3 (4)-hydroxy-4 (3)-propoxycyclohex- 
anel 

~ / C H = C H ~  + C3H~OH --BF 3 (CaH70)HO\~/CH~CH 2 CH3COOOH 

0 x-'/"/~' ] (HO)C H O/~- - 
3 ~' III 

O 
(C3H70) H O ~ . . . / C H  --CH 2 

L 1 
( HO )C3H70/I '~V 

and VI [ 1 - e p o x y e t h y l - 3 ( 4 ) - c h l o r o - 4 ( 3 ) - e t h o x y m e t h o x y -  
cyclohexane]  

x,.~/CH= Clt~ ZnCl~ 
O ~  + CICH2OC~H 5 

( C~ HsOClt20)CI/~'~ C'H~CH 2 CHaCOOOH 

(CI)C2 H5 OCH 2 0 / ' ~ V  

/% 

vl 

w e r e  p r e p a r e d  by independent  syn thes i s .  
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T h e  IR  s p e c t r a  of  t h e  m o d e l  c o m p o u n d s  o b t a i n e d  
a r e  g i v e n  in  t h e  f i g u r e .  As  f o l l o w s  f r o m  t h e  f i g u r e s  

of  T a b l e  1,  u n d e r  m i l d  r e a c t i o n  c o n d i t i o n s  w i t h  p r o -  
p a n o l  ( E x p e r i m e n t  1) ,  t h e  c o n t e n t  of  i s o m e r s  w i t h  

a n  e p o x y e t h y l  g r o u p  (I) in  t h e  r e a c t i o n  p r o d u c t s  w a s  
a m a x i m u m .  A s  t h e  t e m p e r a t u r e  w a s  r a i s e d  to  30 ~  
40 ~ C ( E x p e r i m e n t s  2 a n d  3) ,  w i t h  t h e  s a m e  r a t i o s  
of  t he  r e a c t a n t s ,  t h e  c o n t e n t  of  t h e s e  i s o m e r s  g r a d u -  

a l l y  d e c r e a s e d  and ,  c o r r e s p o n d i n g l y ,  t h e  c o n t e n t  of  

i s o m e r s  w i t h  a n  e p o x y  r i n g  a t t a c h e d  to  t he  s i x - m e m -  

b e r e d  c a r b o n  r i n g  (II) g r a d u a l l y  i n c r e a s e d .  W h e n  t h e  
d i l u t i o n  of  t h e  r e a c t i o n  m i x t u r e  w i t h  a l c o h o l  w a s  d e -  

c r e a s e d  ( E x p e r i m e n t s  4 a n d  5) ,  a p p r o x i m a t e l y  e q u a l  
a m o u n t s  o f  I a n d  I I  w e r e  f o r m e d .  In  t he  f i r s t  e x p e r i -  

m e n t ,  no  p r o d u c t  of  t h e  a d d i t i o n  of 2 m o l e s  of  a l c o h o l  
to  t h e  d i o x i d e  w a s  i s o l a t e d  a t  a l l ,  in  t he  l a s t  e x p e r i -  

m e n t  i t s  y i e l d  a m o u n t e d  to  48 .9% of  t h e o r e t i c a l ;  t h e  

c o n s t a n t s  h a v e  b e e n  g i v e n  p r e v i o u s l y  [1]. 

S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  w i t h  r e s p e c t  to  

t h e  r e a c t i o n  of  1 - v i n y l - 3 - c y c l o h e x e n e  w i t h  ~ - c h l o r o  

e t h e r s .  W h e n  t h e  r e a c t i o n  w i t h  c h l o r o d i m e t h y l  e t h e r  

w a s  p e r f o r m e d  in  d i e t h y l  e t h e r  s o l u t i o n ,  t h e  a d d i t i o n  

t o o k  p l a c e  a l m o s t  c o m p l e t e l y  (95%) w i t h  t h e  o p e n i n g  

of  t h e  o x i d e  r i n g  a t t a c h e d  to  t h e  s i x - m e m b e r e d  c a r b o n  

r i n g .  In t h e  a b s e n c e  of  a s o l v e n t  (w i th  c h l o r o m e t h y l  
e t h y l  a n d  w i t h  c h l o r o m e t h y l  p r o p y l  e t h e r s ) ,  t h e  r e -  

a c t i o n  t o o k  p l a c e  v e r y  v i g o r o u s l y ,  m a k i n g  i t  n e c e s s a r y  

to  a p p l y  c o o l i n g  w i t h  a c o o l i n g  m i x t u r e  c o n t a i n i n g  

s o l i d  c a r b o n  d i o x i d e .  C o n s e q u e n t l y ,  t h e  r e p r o d u c i b i l -  

i t y  of  t h e  e x p e r i m e n t s  w a s  s o m e w h a t  l o w e r  t h a n  in  

t h e  r e a c t i o n  w i t h  a l c o h o l s .  W h e n  t h e  t e m p e r a t u r e  of  

t h e  r e a c t i o n  m i x t u r e  w a s  l o w e r e d ,  t h e  p e r c e n t a g e  of  

i s o m e r s  I in  t h e  m i x t u r e  of  p r o d u c t s  i n c r e a s e d .  T h e  

o r d e r  of a d d i t i o n  w a s  a l s o  a p p a r e n t l y  a f f e c t e d  by  t h e  
m a n n e r  in  w h i c h  t h e  r e a c t i o n  w a s  p e r f o r m e d :  w h e t h e r  

t h e  z inc  c h l o r i d e  w a s  a d d e d  to  a m i x t u r e  of t h e  r e -  

a c t a n t s  o r  t h e  d i o x i d e  w a s  g r a d u a l l y  a d d e d  d r o p w i s e  

to  t h e  c o o l e d  c h l o r o  e t h e r  c o n t a i n i n g  t h e  z inc  c h l o r i d e .  
In t h e  l a t t e r  c a s e ,  m u c h  r e s i n  w a s  f o r m e d ,  i t  w a s  n o t  

a l w a y s  p o s s i b l e  to  i s o l a t e  t h e  r e a c t i o n  p r o d u c t ,  a n d  t h e  

r a t i o  of  t h e  i s o m e r s  v a r i e d  m a r k e d l y  ( T a b l e  2) .  

We  f o u n d  n o  i n f l u e n c e  w h a t e v e r  of  t h e  r e a c t i o n  c o n -  

d i t i o n s  on  t h e  c o m p o s i t i o n  of  t h e  p r o d u c t s  of t h e  i n t e r -  

a c t i o n  of  t h e  d i o x i d e  w i t h  d i e t h y l  p h o s p h o r o c h l o r i d i t e .  

R e g a r d l e s s  of  t h e  t e m p e r a t u r e  c o n d i t i o n s ,  t h e  s a m e  
p r o d u c t  w i t h  t h e  c o n s t a n t s  r e p o r t e d  p r e v i o u s l y  [2] w a s  

i s o l a t e d .  In  t h i s  c a s e  t h e  c o n t e n t  of i s o m e r s  w i t h  a n  
e p o x y e t h y l  g r o u p  w a s  100%. 

EXPERIMENTAL 

Reaction of vinylcyclohexene dioxide with n-propanol. The 1- 
vinyl-3-cyclohexene dioxide, which was obtained by a method de- 
scribed previously [1], had the following constants: bp 97 ~176 C 
(9 mm); d~ ~ 1.0967; n~ 1.4782. Boron trifluoride ethereate was ad- 
ded in drops in an amount of 0.07 ml per 0.1 mole of dioxide to a 
mixture of the dioxide and n-propanol in the molar ratios shown in 
Table 1. After some time, the temperature of the reaction mixture 
rose. It was not allowed to rise above the figure given (ice-water 
cooling). After cooling, the reaction mixture was kept at room tem- 
perature and was then treated with 3~ sodium carbonate solution 
and extracted with ether. The ethereai layer was washed with water 
and dried with magnesium sulfate. After the ether had been distilled 
off, the reaction product was twice distilled in vacuum. For con- 
stants and analysis, see Table 1. 

Synthesis of 1.ethoxyethyl.3(4)-hydroxy-4(3)-propoxycyclohex- 
ane (IV). 

a) Reaction of the monooxide of 1-vinyl-3-cyclohexene with pro- 
panol. The monooxide was obtained by the method given previously 
[1] and had bp 43.5*-44.5 ~ C (7 mm); d z~ 0.9574; n~ 1.4684. 0.15 ml 
of BF s etherate was added to a mixture of 30 g (0.242 mole) of the 
oxide and 145 g (2.413 mole) of propanol (rise in temperature). By 
cooling, the temperature of the mixture was not allowed to exceed 
35 ~ C. After 3-hr standing at room temperature, the reaction mixture 
was diluted with water and extracted with ether, and the ethereal 
layer was treated with 30]0 sodium carbonate solution washed with 
water, and dried with magnesium sulfate. Two distillations from an 
Arbuzov flask yielded 30.0 g (67.401o) of 1-vinyl-3(4)-hydroxy-4(3)- 
propoxycyclohexane (III): bp 113~ ~ C (10 mm); dZa ~ 0.9593; n~ 
1.4691. Found, 0]0: C 71.55; 71.76; H 11.19; 11.00; MR D 53.52. 
Calculated for CItH200~,%: C 71.69; H 10.97; MR D 53.50. 

b) Oxidation of 1-vinyl-3(4)-hydroxy-4(3)-propoxycyclohexane 
with acetyl hydroperoxide. 16.1 ml of 82.7~ acetyl hydroperoxide 
obtained by B. A. Arbuzov's method [6] was added to 25 g (0.136 
mole) of III dissolved in 68 ml of absolute ether. After 8 days' stand- 
ing at room temperature, the reaction mixture was treated with 7% 
potassium hydroxide solution and was washed with water, and dried 
with magnesium sulfate. After the ether had been distilled off, the 
product was twice distilled in vacuum. This gave 18.0 g (66.2%) of 
1-epoxyexhyl-3(4)-hydroxy-4(3)-propoxycyclohexane (IV); bp 97 ~ 
98 ~ C (0.04 mm); d~ ~ 1.0478; n~ 1.4730. Found, %: C 65.77; 65.64; 
H 10.00; 10.28; MR D 53.62. Calculated for CrtH2003, %: C 65.97; 
H 10.07; MR D 53.41. 

i 

I 

]]~ spectra: a) 1-epoxyethyl-3(4)-hydro~y-4(3)-propoxycyclohex- 
ane (IV); b) 1-epoxyethyl-3(4)-chloro-4(3)-etho~etho~ycyclo-  

h e x a n e  (VI).  
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Reaction of vinylcyclohexeae dioxide with a-chloro ethecs. Zinc 
chloride at the rate of 0.1 g per 0.1 mole of dioxide was added to a 
mixture of the dioxide and the chloro ether cooled to +5 ~ C (the ratio 
of the reactants is shown in Table 2). The temperature of the reaction 
mixture tended to rise but was kept down to the figure given by cool- 
ing. Then the mixture was heated at 40~ ~ C for 1-2 hr (about 3 
hr in the experiment with chloro dimethyl ether). After the zinc chlo- 

ride had been filtered off and the excess of chloro ether had been 

removed under reduced pressure, the residue was distilled twice in 

vacuum. The reaction in ether was carried out in the same way as in 

the absence of a solvent except for the fact that the mixture of re- 

actants was dissolved in ether in the proportion of 40 ml of ether to 

I0 g of dioxide. The yields and constants of the products ate given 

in Table 2. 

Synthesis of 3(4) - chloro- 1- epoxye~hyl-4(8) - e~hoxyme~hoxycyclo - 

hexane (VI). 
a) Reaction of 1-vinyl-3-cyclohexene monooxide with chloro- 

methyl ethyl ether. At a temperature of 5"-10 ~ C, 20 g (0.211 mole) 
of the ehoro ether was added to a solution of 28 g (0.225 mole) of 
vinylcyclohexene oxide in 40 ml of absolute toluene containing 0.1 
g of zinc chloride. Then the mixture was heated for 1 hr 20 rain at 
40~ ~ C, after which the zinc chloride was filtered off and the tol- 
uene was distilled off in vacuum. Two distillations of the residue 
yielded 18.2 g (89.0%) of 8(4)-chloro-4(3)-ethoxymethoxy-l-vinyl- 
cyclohexane (V): bp 67*-68* C (0.05 ram); d z~ 1.0842; n~ 1.4688. 
Found, %: C 60.76; 60.64; H 8.75; 8.80; MR D 68.89. Calculated for 
CllHIgCIOz%:_ C 60.40; H 8.76; MR D 58.48. 

b) Oxidation of 8(4)-chloro-4(8)-ethoxymethoxy-l-vinylcyclo- 
hexane with acetyl hydroperoxide. To 13.2 g (0.060 mole) of V dissolved 
in 30 ml of absolute ether was added 7.2 ml of 82.6% acetyl hydroper- 
oxide. After it had been allowed to stand for 7 days at room temper- 
ature, the mixture was treated as described above. After the ether had 

been driven off, the product was distilled twice in vacuum. This 
gave 6.8 g (4q.~)  of 3(4)-chloro-l-epoxyexhyl-4(3)-ethoxymethoxy- 
cyclohexane (VI): bp 95"-96* C (0.01 ram); d~ ~ 1.1283; N~ 1.4740. 
Found, %: C 56.31; 56.18; H 8.30; 8.15; MR D 56.48. Calculated for 
CllH19C10~, %: C 56.28; H 8.16; MR D 58.89. 

The elementary analyses were performed by T. S. Krivovaya. 
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