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VII.* STUDY OF THE REACTION OF SOME ESTERS OF 
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E s t e r s  of 5(4) -hydroxy-4(5) -a lkoxy-2-hexenoic  acid were  obtained by reac t ion  of e s t e r s  of 
4 ,5 -epoxy-2-hexeno ic  acid with alcohols in the p r e sence  of acid ca t a ly s t s .  I t  was e s t ab -  
l i shed that  the reac t ion  p roceeds  se l ec t ive ly  in the p r e s e n c e  of s m a l l  amounts of  BF 3 with 
p redominant  opening of the oxide r ing on the s ide  of the e s t e r  group.  

We have  p rev ious ly  studied the r eac t i on  of s o m e  e s t e r s  of 4 ,5 -epoxy-2-hexenoic  acid with ketenes [2] 
In the p r e s e n t  communica t ion  we have studied the d i rec t ion of opening of the epoxide r ing in e s t e r s  under  
the influence of alcohols in the p r e s e n c e  of acid ca ta lys t s  (H2SO4, KU-2, and BF3). As in the case  of o ther  
epoxides [3, 4], the reac t ion  of the above oxides with alcohols may proceed  with the fo rmat ion  of i s o m e r i c  
alkoxy alcohols with the following s t r u c t u r e s :  

CH3--CH-- CH-- CH~CHCOOC2H 5 
I 

CH3 -~CH-CH-CH~GHCOOC2H5 CH30 H OIt OCH31 
% /  c . ~ : . - - c . - c . = c . c o o g , ,  

OCH 3 OH 
|1 

The reac t ion  of the oxides with alcohols in the p r e s e n c e  of BF 3 gives p r i m a r i l y  i s o m e r  I (Table 1), and 
i s o m e r  II is f o rmed  in 1.5-2% amounts ,  accord ing  to the resu l t s  of g a s - l i q u i d  ch roma tog raphy  (GLC). In a 
detai led invest igat ion of this reac t ion  in the p r e sence  of other  ca ta lys t s  (H2SO 4 and KU-2), i t  was shown that  
the reac t ion  conditions have a g r ea t  effect  on the se lec t iv i ty  of the addition of the alcohols ; depending on the 
reac t ion  condit ions,  a second i s o m e r  is fo rmed  along with product  I .  The ra t io  of the i somer i c  e s t e r s  was 
de te rmined  by GLC (Table 2). 

The s t r u c t u r e  of the alkoxy alcohols obtained was proved on the basis  of IR and m a s s  spec t ro s co p y .  
The IR s p e c t r a  of the alkoxy alcohols contained absorpt ion  bands c h a r a c t e r i s t i c  for  the C -----O group of 
e s t e r s  (1723 cm- t ) ,  C----C groups (1650 cm-1) ,  and OH groups (3450 c m  -1) linked by an in t e rmolecu la r  
hydrogen bond. We es tab l i shed  the type of hydrogen bond by IR spec t ro scopy .  The p r e sence  of a hydroxyl  
group was also conf i rmed  by acylat ion of e s t e r  IV with acetyl  ch lor ide  in ch lo ro fo rm in the p r e sence  of 
pyr id ine .  

The m a s s  s p e c t r u m  of ethyl 4 - e thoxy-5 -hydroxy-2 -hexenoa t e  (IV) contained intense peaks with m / e  

45 (CH3CH=(~H), 85 [ C~I C = O  ] and 159(H2C 2 +=CH-CH2COOC2Hs).  The absence  of ion peaks with 

/ 
m / e  73 (CHaCH =+C2H~) inthe  mass  s p e c t r u m  c o n f i r m s  that  the hydroxyl  group is at tached to the ca rbon  
a tom in t h e 5  posi t ion and that  the ethoxy group is a t tached to C 4. 

* See [1] for  communica t ion  VI.  
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The c o r r e c t n e s s  of the p roposed  s t r u c t u r e  was also p roved  by a chemica l  method - by convers ion  of 
e s t e r  IIi  to the known 4-ethoxyhexanoic  acid [5]. 

H~(Ni) CH3CH_CH_(CH2)2COOC2 H~ CH3CH_ CH_ CH=CHCOOC2H " 
I 1 5 I I , 

c.~,~.-~:.-(c.~cooc~.~ 
Br OC2H5 V N =: I~ 

C H.~CH2CH--(CH2)2COOC2 H 5 ~ CH3CH2--~H(CH2)~COOH 

OC2H 5 OC2H 5" 

V.' VII 

CH3CH--C, H--(CH2)2COOC H s 
I I 2 

CH3OC 0 O%H 5 

VIII 

Thus,  openingup the epoxide r ing in e s t e r s  of 4 ,5 -epoxy-2-hexanoic  acid with alcohols in the p re sence  
of BF 3 occurs  on the s ide  of the e s t e r  group;  this is in a g r e e m e n t  with the influence of the inductive effect  
of the methyl  group.  

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

The IR s p e c t r a  of f i lms of the subs tances  were  r eco rded  with an IKS-14 s p e c t r o m e t e r  (NaC1 and LiF  
p r i sms )  at 700-3700 c m  -1. The m a s s  s p e c t r a  were  r eco rded  with an MKh-1303 s p e c t r o m e t e r  at 100 ~ with 
an ionizing vol tage of 30 eV. Chromatography  was c a r r i e d  out with a UKh-1 ch roma tog raph  with a 3 - m -  
long column with SE-301 on NaCl; the c a r r i e r  gas was hydrogen,  and the flow ra te  was 50 m l / m i n  at 150 ~ 
The e s t e r s  of 4 ,5 -epoxy-2-hexenoic  acid were  obtained by the method in [6]. 

Ethyl 5 -Hydroxy-4 -e thoxy-2 -hexenoa te  (III). The reac t ion  of 9 g (0.059 mole) of ethyl 4 ,5 -epoxy-2 -  
hexenoate  and 28 ml of ethanol in the p r e s e n c e  of 0,2 ml of BF 3 e thera te  at 50-60 ~ gave 4.6 g (50%) of a sub -  
s tance  with bp 120-122 ~ (2 mm) ,  n~ 1.4575, d~ ~ 1.0276, and R f  0.28 [in e the r -hexane  (1:1)] .  Found, %: C 
59.8; H 8.9. C10H1804. Calculated,  %: C 59.4; H 8.9. Compounds I I -VII  (Table 1) w e r e  s i m i l a r l y  obtained. 

Ethyl  5 -Hydroxy-4-e thoxyhexanoa te  (IV). A 4.04 g (0.02 mole) Sample of ethyl 5 -hyd roxy-4 -e thoxy-  
2-hexenoate  was hydrogenated  with hydrogen over  Raney nickel .  The theore t ica l ly  ca lcula ted  amount of 
hydrogen (450 ml) was absorbed .  Dis t i l la t ion of the reac t ion  mix ture  gave 3.6 g (8.8%) of an e s t e r  with bp 
105-107 ~ (4 ram), n~ 1.4370 and d~ ~ 1.01!0.  Found, %z C 58.9; H 10.01. C10H2004. Calculated,  %: C 58.8; 
H 9.8. 

Ethyl 5 -Bromo-4-e thoxyhexanoa te  (V). A solution of 5.6 g of P B r  5 in 20 ml  of CHC13 was added drop-  
wise  to a solution of 5.5 g (0.027 mole) of IV in 10 ml of ch lo roform,  and the mix tu re  was heated for  12 h 
and poured into wa te r .  Workup gave 3.2 g (45%) of a subs tance  with bp 118-119 ~ (5 mm),  n~ 1.4630, d~ ~ 
1.2051, and R f  0.68 [ h e x a n e - e t h e r  (1 : 1)]. Found, %: C 44.8; H 7.2. C10H19BrO 3. Calculated,  %: C 44.9; 
H 7.1. 

Ethyl  4-Ethoxyhexanoate  (VI). A 2 g s amp le  of zinc dust was added to a solution of 2.1 g (0.008 mole) 
of 5 -b romo-4-e thoxyhexano ic  acid in 10 ml  of glacia l  acet ic  acid.  Neutra l izat ion of the reac t ion  mix ture  
with EaCH gave 0.5 g (35%) of a subs tance  with bp 97 ~ (3 mm) and n~ 1.4470. Found, %: C 63.8; H 10.1. 
Ci0H2003. Calculated,  %: C 63.5; H 10.0. 

4-Ethoxyhexanoic  Acid (VII). Ethyl 4-e thoxyhexanoate  (VI) was heated with 10 ml  of 0.5% alcoholic 
KOH, and the mix tu re  was worked up to give VIII with bp 115 ~ (2 ram) and n~ 1.4525. The physical  constants  
of the product  we re  in a g r e e m e n t  with the l i t e r a tu re  data [5]. 

Ethyl  5 -Ace toxy-4-e thoxyhexanoa te  (VIII). Acylat ion of 1.1 g (0.005 mole) of IV was c a r r i e d  out with 
18 ml of CH3COOC1 in 15 ml  of c h l o r o f o r m  in the p r e s e n c e  of 8 ml  of pyr id ine .  The mix tu re  was worked up 
to give 1 g of VIII with bp 110 ~ (3 mm),  r ~  1.4360 and d 2~ 1.0061. Found,  %: C 58.2; H 8.8; MR D 63.69. 
C12H2205. Calculated,  %: C 58.5; H 8.9; MR D 62.34. 
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