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INVESTIGATIONS ON REACTIONS OF CYCLENE o~-OXIDES 

III. React ion  of 1 -Viny l -3 -cyc lohexene  with Sodioacetoacet ic  E s t e r  and Halogen 
Hydr ides*  
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UDC 547.717.72:542.944.5:543.422.4 

The reaction of 1-vinyl-3-cyclohexene dioxide with sodioacetoacetic 
ester and hydrogen hatides (HCI, HBr) is described. On the basis of IR 
absorption spectra, it has been established that the addition of acetO- 
acetic ester takes place to the oxide ring of the vinyl group with the 
formation of 1-acetyl-2(g)-(3',4'-epoxycyelohexyl)butyrolactone. The 
addition of HC1 depends on the reaction conditions: under mild condi- 
tions addition takes place predominant!y at the epoxycyclohexane 
group (85~ and under more severe conditions a mixture of productS 
of addition both to the oxide ring attached to the six-membered carbon 
ring and to the oxide ring of the ethylene grouping is formed in a ratio 
of 55 : 45. The ratio of the isomers with epoxyethyl and epoxycyclo- 
hexane groups in the product of the addition of HBr is 60 : 40~ 

In p reced ing  c o m m u n i c a t i o n s  [ 1 - 3 ]  i t  has  been 
shown that the oxide r ings  of 1 - v i n y l - 3 - c y e l o h e x e n e  
dioxide r eac t  d i f fe ren t ly  accord ing  to the med i um.  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 
s tudy of the r eac t i on  of 1 - v i n y l - 3 - c y c l o h e x e n e  dioxide 
(I) with sodioacetoacet ic  e s t e r  and with hydrogen  
ha l ides .  

It i s  known f rom the l i t e r a t u r e  that  sodioacetoacet ic  
e s t e r  r e ad i l y  r e a c t s  with a - o x i d e s  to fo rm the c o r -  
r e spond ing  ace ty lbu ty ro lac tone  de r iva t i ve s  [4, 5]. The 
IR s p e c t r u m  of the dioxide is  c h a r a c t e r i z e d  by the 
p r e s e n c e  of the peaks VasCH 2 3050, 1260, and 870 
cm -1 of the pu lsa t ion  and a s y m m e t r i c  v ib r a t i ons  of a 
monosubs t i tu t ed  epoxy r ing .  An absorp t ion  m a x i m u m  
of m e d i u m  in t ens i t y  with v = 920 cm -1 c o r r e s p o n d s  to 
the epoxy group condensed  with the s i x - m e m b e r e d  
r ing .  F r o m  changes  in  these  c h a r a c t e r i s t i c s  i t  i s  
poss ib le  to e s t i m a t e  the o r d e r  of addit ion to one or  
o ther  r i n g  of 1 - v i n y l - 3 - c y c l o h e x e n e  dioxide [3]. 

The IR s p e c t r u m  of the product  of the addi t ion of 
ace toace t ic  e s t e r  to the dioxide I lacks  the peak 
vasCH 2 = 3050 cm -1 which is  the mos t  r e l i a b l e  
ind ica t ion  of a t e r m i n a l  epoxy r ing ,  s ince  th is  reg ion  
i s  f ree  f rom the supe rpos i t i on  of o ther  peaks .  At the 
s ame  t ime,  the s p e c t r o g r a m  (figure) has a s t rong  
peak with vC= O = 1770 cm -1, which i s  c h a r a c t e r i s t i c  
for  a f i v e - m e m b e r e d  lac tone r i ng  [6] and abso rp t ion  
bands  of a hydroxyl  with VOH = 3500 cm -1 and of a 
double bond with vC= C = 1657 cm-1.  In addi t ion to 
vO= O = 1770 cm -1 the peak of the abso rp t ion  of the 
s t r e t c h i n g  v i b r a t i o n s  of the ca rbony l  group with a 
f r equency  of 1722 cm -1 is  c l e a r l y  seen .  

The r eac t i on  product  gives  a v io le t  co lo ra t ion  with 
f e r r i c  ch lor ide ,  deco lo r i ze s  p o t a s s i u m  p e r m a n g a n a t e  

solut ion,  and f o r m s  a 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  and 

a t h i o s e m i c a r b a z o n e .  

*For  c o m m u n i c a t i o n  II, see [1]. 

All th is  taken together  ind ica tes  that the addit ion of 
ace toace t ic  e s t e r  takes  place with the opening of the 
oxide r i ng  of the e thylene  group of I with the fo rmat ion  
of 1 -ace ty l -2  (3)- (3 ~, 4 ' - epoxycyc  lohexyl )butyro lac tone  
(IIa, b), which exis t s  as an e q u i l i b r i u m  mi x tu r e  with 

the enol ic  fo rm (E[Ia, b): 

CH3COCtlNaCOOC ~ I~ FO r~/" ' l  - c I | - C I I '  

L C2H~OOC 

~ - c . - c . ~ o .  7 

HaCCO 

II HaCOG II 
l l a , b  0 0 

/ -~CIl--Clt c, ~ ~ r 2 /OH 0/F'''x~-ctI-CFI2 

XC / \CFIa 
l l la, b 0 OH 

The value of the m o l e c u l a r  r e f r a c t i o n  found for  the 
product  of the addi t ion of ace toace t ic  e s t e r  to I (55.07) 
i s  be tween  the t h e o r e t i c a l l y  ca lcu la ted  r e f r a c t i o n s  for 
the ketonic  and enol ic  f o r m s .  

In addi t ion to the m a i n  product  of the i n t e r ac t i on  of 
ace toace t ic  e s t e r  with I, a l o w e r - b o i l i n g  subs tance  
with the compos i t ion  C10H1803 was  i so la ted ,  th is  be ing  
the product  of the r e a c t i o n  of the v iny lcyc lohexene  
dioxide with ethanol  [3]. 

As acid r eagen t s ,  we used hydrogen  ch lor ide  and 
b r o m i d e  in  e the r ea l  so lu t ion .  As i s  well  known, 
hydrogen  ha l ides  r e a d i l y  r e a c t  with c~-oxides to fo rm 

ha l ohyd r i n s  [4, 5]. 
The r eac t i on  of the dioxide with hydrogen  ch lor ide  

was  studied in m o r e  deta i l .  It was  found that  the 
cons tan t s  of the r e a c t i o n  p roduc t s  (table) differed 
accord ing  to the e x p e r i m e n t a l  condi t ions  ( t empera tu re ,  
amount  of solvent) .  This  can be explained by a change 
in  the ra t io  of the i s o m e r s  IV and V in  the r e a c t i o n  

produc ts :  

( C I ) I I O - - ~ - - C H - - C H ~  / ( ' ~ - C t l - -  C H~CI (0 tl ) 

~ 1  6mci) ( . o ) c ~ - ~ J  "o / " o I ' " 

IV \ 

We did not i nves t iga t e  poss ib le  s t e r e o i s o m e r s  in 

the r e a c t i o n  p roduc t s .  
The o r d e r  of addi t ion of HC1 to v iny leyc lohexene  

dioxide was  d e t e r m i n e d  on the ba s i s  of a s tudy of the 
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IR spectra: 1 ) 1- acetyl-2 (3)- (3 ', 4'-epoxycyclohexyl)butyrolactone; 
2) 4(3)-chloro-3(4)-hydroxy-!-vinylcyclohexane (VI); 3) 4(3)- 
chloro-l-epoxyethyl-3(4)-hydroxycyclohexane (IV), reference 
sample; 4) 4(3)-chloro-l-epoxyethyl-3(4)-hydroxycyclohexane, 
product of expt. No. 2 (the experimental conditions are given in 

the table). 
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IR a b s o r p t i o n  s p e c t r a  by m e a s u r e m e n t s  of  t he  peak  
i n t e n s i t i e s  o f  the  band w i t h  Uas = 3050 c m  -1  of  t he  
t e r m i n a l  epoxy  r ing ,  u s i n g  the  L a m b e r t - B e e r  law [1]. 
To d e t e r m i n e  the  a b s o r p t i o n  c o e f f i c i e n t  kv,  t he  
r e f e r e n c e  c o m p o u n d  3 ( 4 ) - c h l o r o - l - e p o x y e t h y l - 3 ( 4 ) -  
h y d r o x y c y c l o h e x a n e  (IV) w a s  o b t a i n e d  by the  f o l l o w i n g  
r o u t e :  

o(~ ' - i -cu=c,~ .,c~ ~cl~,o-f'~'-3_cw~c, ~ cn~co~, 
{ H 0 )Cl--k.~ 

vI  

r 
tno , c i - Q ~  "Xo/ 

I v  

The  p r e s e n c e  in t h e  IR s p e c t r u m  of  VI ( f igu re )  of  
t he  p e a k s  at  v~- -C  = 1650 c m  - i  (m), uC . -  H = 3080 c m  -1  
(m) ,  and the  bands  at 922 and 982 c m  - I  ( n o n p l a n a r  
d e f o r m a t i o n  v i b r a t i o n  o f  CH bonds) ,  wh ich  a r e  
c h a r a c t e r i s t i c  fo r  t he  v iny l  g r o u p ,  i n d i c a t e s  tha t  t h e  
f i r s t  s t a g e  of  t he  r e a c t i o n  i n v o l v e s  t h e  open ing  of  t he  
e p o x y  r i n g  and not  the  add i t i on  of  t he  HC1 to t he  double  
bond [7]. 

The  c o n s t a n t s  of  IV a r e  shown in  t h e  t a b l e  and the  
IR s p e c t r u m  i s  g i v e n  in  t he  f i g u r e .  

The  r e s u l t s  of  t he  m e a s u r e m e n t s  o f  the  a m o u n t  of  
IV in  t h e  p r o d u c t  of  t he  r e a c t i o n  of  I wi th  HC1 a r e  g i v e n  
in  t h e  t a b l e .  It c a n  be  s e e n  tha t  w i t h  a h i g h  d i lu t ion  o f  
t h e  r e a c t i o n  m i x t u r e  wi th  e t h e r  (0.2 N HC1 so lu t ion )  
and at  a l o w e r  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 ,  
t h e  c o n s t a n t s  of  t he  r e a c t i o n  p r o d u c t  a r e  c l o s e  to t h o s e  
o f  t h e  m o d e l  c o m p o u n d  IV, t he  r e s u l t s  i n d i c a t i n g  85% 
of  c o m p o u n d  IV (see  c u r v e s  3 and 4, f i g u r e ) .  When  a 
m o r e  c o n c e n t r a t e d  e t h e r e a l  s o l u t i o n  o f  HC1 (0.3 N) w a s  
u s e d  and t h e  r e a c t i o n  m i x t u r e  w a s  h e a t e d  to a h i g h e r  
t e m p e r a t u r e  (31 ~ C) w i t h  a p p r o x i m a t e l y  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  r e f r a c t i v e  i n d e x  and the  d e n s i t y  

r o s e  and t h e  r a t i o  o f  t he  i s o m e r s  IV and V b e c a m e  
55 : 45. W h e n  t h e  a m o u n t  of  h y d r o g e n  c h l o r i d e  w a s  

i n c r e a s e d  to 2.3 m o l e  p e r  m o l e  of  d i o x i d e  I, t he  two 
ox ide  r i n g s  r e a c t e d  s i m u l t a n e o u s l y .  

Thus ,  a s  in  t he  c a s e  of  t he  add i t i on  of  a l c o h o l s  and 
a - c h l o r o  e t h e r s  in  an  a c i d  m e d i u m  [1], t he  r e a c t i o n  
c o n d i t i o n s  h a v e  a g r e a t  i n f l u e n c e  on t h e  o r d e r  of  

a d d i t i o n  of  h y d r o g e n  c h l o r i d e  to  1 - v i n y l - 3 - c y c l o h e x e n e  

d i o x i d e .  The  m i l d e r  t he  c o n d i t i o n s  t h e  g r e a t e r  i s  t he  
e x t e n t  to  w h i c h  t h e  HC1 adds  to  t he  o x i d e  r i n g  of  the  
s i x - m e m b e r e d  c a r b o n  r i n g  of  t he  d iox ide ,  and the  

m o r e  s e v e r e  t h e  c o n d i t i o n s  t he  l o w e r  i s  the  s e l e c t i v i t y  

of  t h e  a d d i t i o n  o f  HC1. 

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

Reaction of sodioacetoacetic ester with 1-vtnyl -a-cyc lohexene  

dioxide (I). To the sodioacetoacetic ester prepared from 5 g (0.217 
g-atom) of Na in 75 ml of ethanol and 34.8 g (0.268 mole) of aceto- 
acetic ester was added 25 g (0.178 mole) of I prepared as described 
previously [3]. The contents of the reaction flask were heated with 
stirring at 55" C for 3.5 hr. On the following day, the alcohol was 
removed by suction filtration, and the reaction mixture was treated 
with 43 ml of 35~ acetic acid and was then diluted with water and 
extracted with ether. The ethereal extract was washed with water and 
dried with magnesium sulfate. After the ether had been driven off, the 
product was distilled twice in vacuum. Two fractions were collected: 

(1) 6.5 g (19.6%) of a substance with the following constants: bp 92- 
93 ~ (0.007 mm); d~~ n~1.4811. Found, %: C 64.66; 64.72; 
H 9.74; 9.81: MRD48.54. Calculated for CloHlslDs, o]~ C 64.48; 
H 9.74; MR D 48.79. (2) 5.2 g (13%) of a product with bp 135-136,5 ~ 
(0.007 mm); d~ ~ 1,1986; n~ ~ 1.5009. Found. %: C 64,27; 64,21; H 7.59, 
7.44; MR D 55.07. Calculated for C12H1604, %: C 64.27; H 7.19: MR D 
(ketonic form) 54.32; MR D (enolic form) 55.37. The substance 
decolorized potassium permanganate solution and gave a dark violet 
coloration with ferric chloride. The 2,4-dinitrophenylhydrazone and 
thiosemicarbazone were prepared but could not be purified by 
recrystallization, since when this was attempted uncrystallizable oits 
were deposited. 

Action of hydrogen halides on 1-vinyl-8-cyelohexene dioxide (I). 
With stirring, 0.139-0.085 mole (0.264 mole in experiment No. 4, 
table) of a 0.2-0.3 N ethereal solution of hydrogen halide was added 
to 0.107-0.086 mole of the dioxide. By means of ice water cooling 
the temperature was not allowed to rise above the figure given. After 
three hours' standing at 20" C (1 hr 10 rain at 1 5 - 1 8  ~ C in experiment 
No. 2, table), the reaction mixture was treated with 7% potassium 
hydroxide solution and washed with water. The ethereal layer was 
dried over magnesium sulfate. After the ether had been driven off, 
the produce was distilled twice in vacuum. The constants of the 
products obtained and their percentage contents of the isomers with 
the epoxyethyl group in each experiment are given in the table. 

4(3)-Chloro-l-epoxyethyl-3(4)-hydroxycyclohexane (IVN At room 
temperature, 1.16 l of a 0.2 N ethereal solution of hydrogen chloride 
(THc  1 = 0,00729), corresponding to 8.5 g (0.233 mole) of HC1 was 
added dropwise to 28.9 g (0.233 mole) of the dioxide I. After being 
left at room temperature for 3 hr, the reaction mixture was treated as 
described above. Two distillations gave 29.1 g (77.8%) of the 
chlorocyclohexane VIzwith the following constants:, bp 100-100.5 ~ 
(8 mm); d~ ~ 1.1067; n D 1.5008. Found, % C 59.72, 59.43; H 8.25, 
8.191 C1 21.96: 21.86; MRD 42.87. Calculated for CsH13C1OF 1, %: 
C 59.81; H 8.15; C1 22.07; MR D 42.87. 

23.6 g (0.147 mole) of VI in 59 ml of ether was oxidized [8] with 
17 ml of 84.2% acetyl hydroperoxide. Two distillations yielded 13.0 
g (50.0%) of the chlorocyclohexane IV, the constants of which are 
given in the table. 
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