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The react ion of es te r s  of 4 ,5-epoxy-2-hexenoic acid with ketones in the presence  of acid 
catalysts  gives 2 ,2 ,4- t r ia lkyl -5-(2-carboalkoxyvinyl) - l ,3-dioxolanes ,  the hydrogenation of 
which gives the corresponding saturated dioxolanes. The conformations and configurations 
of the dioxolanes obtained were studied by means of their  PMR spec t ra .  

We have previously studied the reduction of es te rs  of 4 ,5-epoxy-2-hexenoic acid with lithium alumi-  
num hydride and hydrogen in the presence  of Raney nickel [2]. The present  paper is devoted to the p r e p a r a -  
tion of dioxolanes I-VII (Table 1) by the reaction of es te r s  of 4 ,5-epoxy-2-hexenoic  acid with ketones in the 
presence  of acid catalysts  (BF 3 and FeC13). The s t ruc tures  of the synthesized compounds were established 
by hydrolysis  and IR and PMR spect roscopy.  The IR spec t ra  of the compounds contain absorption bands at 
1025-1055 cm -1, which are charac te r i s t ic  for acetals,  at 1715 cm -1, which are  charac te r i s t i c  for C = O  
bonds, and at 1650 cm -1, which are  charac te r i s t i c  for the C = C  bond. The absorption band at 840 cm -1 
charac te r i s t i c  for epoxides is absent.  

Dioxolanes VIII:XIII  (Table 2) were obtained by hydrogenation of I-VI with hydrogen in the presence  
of Raney nickel .  The absorption band charac te r i s t i c  for the C ~ C  bond is absent in the IR spec t ra  of these 
compounds, while the absorption band charac te r i s t i c  for acetals (1046 cm -1) is retained.  The configura-  
tions and conformations of the compounds obtained were established by means of PMR spect roscopy.  The 
resonance of the olefin protons in the PMR spect rum of dioxolane I appears as a typical quartet with a 
vicinal JCD constant of 15.2 Hz (Fig. 1). This value is typical for a t rans  orientation of the interacting p r o -  
tons attached to the double bond. It can fur ther  be seen that the doublet of the HC proton experiences sub- 
sequent splitting with the H B proton with a JCB constant of 6.0 Hz. This value attests to the fact that the 
conformation relat ive to the C3-C 4 bond is not s - t r ans  or  s - c i s ,  since, according to the Karp lus -Conroy  
angular corre la t ion ,  the vicinal constant should be considerably l a rge r  for such conformations.  The JCB = 
6.0 Hz value can,_._be explained by the fact that the s t ruc tura l  f ragments  of the C3-C 4 bond undergo free 
rotation. The J~C "urn constant for the s - t r ans  conformation should be on the order  of 12-14 Hz, while 
j g a u c h e  is about 2.5 Hz for the gauche conformations.  Thus, on averaging with the rotation, we obtain 

BC 
3j trans.  

= ~ ,23j gauche + BC ) - 5.6-6.3 Hz, which is in good agreement  with the observed value of 6.0 Hz. JBC 3 ~ BC 

The configuration of the substituents relat ive to the 1,3-dioxolane ring can also be established from 
the vicinal constants for the H B and H A protons.  F r o m  the explanations in Fig. 1, it can be seen that these 
protons interact  with a constant of 6.3 Hz. It is known [3] that the t rans constant for smal l  r ings,  including 
f ive-membered  rings,  is lower than the cis  constant.  We will therefore  assume that the JAB constant of 
6.3 Hz indicates a t rans orientation of the substituents.  It can be seen f rom the PMR spect rum that the 
protons of the gem-dimethyl  grouping have considerable nonequivalence, which decreases  pract ical ly  in- 

*See [1] for communication IV. 
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s i g n i f i c a n t l y  a s  the  t e m p e r a t u r e  r i s e s  {Av = 13.8 Hz a t  22 ~ and 13 Hz a t  100~ I t  would  s e e m  tha t  t h i s  can  
be  e x p l a i n e d  by  the  f ac t  t ha t  the  c o n f o r m a t i o n  of the  1 , 3 - d i o x o l a n e  r i n g  i s  f i xed  and has  the  f o r m  of e i t h e r  a 
ha l f  c h a i r  o r  an e n v e l o p e .  We think tha t  t h i s  a s s u m p t i o n  i s  i n c o m p e t e n t ,  and  tha t  the  d ioxo l ane  r i n g  i s  in a 
s t a t e  of c o n f o r m a t i o n a l  i s o m e r i z a t i o n ,  whi l e  the  n o n e q u i v a l e n c e  of the  m e t h y l  p r o t o n s  i s  due to a d i f f e r e n t  
e f fec t  of the  s u b s t i t u e n t s  on the  c h e m i c a l  sh i f t  of the  m e t h y l  g r o u p s  of  the  g e m - d i m e t h y l  g roup ing ;  i . e . ,  
t h e s e  m e t h y l  g r o u p s  a r e  d i a s t e r e o t o p i c  wi th  r e s p e c t  to  the  a s y m m e t r i c a l  5-C c a r b o n .  We nex t  c o n s i d e r  the 
c o n f o r m a t i o n  of the  m e t h o x y c a r b o n y l  g r o u p  r e l a t i v e  to t he  u n s a t u r a t e d  bond.  The  f ac t  tha t  the  H C and H D 
p r o t o n s  have  c o n s i d e r a b l e  n o n e q u i v a l e n c e  (A6 = 0.75 ppm) ,  du r ing  wh ich  the  H C p ro ton  i s  sh i f t ed  to  l o w e r  
f i e ld ,  i n d i c a t e s  tha t  the  H C p ro ton  i s  s u b j e c t  to c o n s i d e r a b l e  p a r a m a g n e t i c  a n i s o t r o p i c  in f luence  of the  CO 
g r o u p .  T h i s  is  p o s s i b l e  i f  i t  i s  no t  in con juga t ion  wi th  the  double  bond.  C o n s e q u e n t l y ,  we can h e r e  a s s u m e  
the  s - c i s  c o n f o r m a t i o n  of the  u n s a t u r a t e d  f r a g m e n t .  

The  s t r u c t u r e s  of the  s a t u r a t e d  1 , 3 - d i o x o l a n e s  w e r e  a l s o  e s t a b l i s h e d  by  an a n a l y s i s  of the PMR s p e c -  
t r a .  As  an e x a m p l e ,  we w i l l  c o n s i d e r  the  s p e c t r u m  of 2 , 2 , 4 - t r i m e t h y l - 5 - ( 2 - c a r b o m e t h o x y e t h y l ) - l , 3 - d i o x o l -  
ane  (Fig .  2). We iden t i f i ed  the  r e s o n a n c e  l i n e s  by double  h o m o n u c l e a r  r e s o n a n c e .  I t  can be  s een  f r o m  
F i g .  2 tha t  the  o r i e n t a t i o n  of the  s u b s t i t u e n t s  r e l a t i v e  to  the  1 , 3 - d i o x o l a n e  r i n g  i s  r e t a i n e d  d u r i n g  r e d u c t i o n ,  
bu t  the  c h e m i c a l  sh i f t s  of t he  HA and H B p r o t o n s  a r e  r e v e r s e d .  I t  s e e m e d  of i n t e r e s t  to us  to  e x a m i n e  the  
c o n f o r m a t i o n  r e l a t i v e  to the  C 2 - C  3 s i n g l e  bond .  I t  migh t  have  been  e x p e c t e d  f r o m  the g e n e r a l  c o n c e p t s  of 
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Fig. 1. PMR spect rum of 2 ,2 ,4- t r imethyl -5- (2-carbomethoxyvinyl ) -  
1,3-dioxolane (at 23~ 
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Fig. 2. PMR spect rum of 2 ,2 ,4- t r imethyl -5- (2-carbomethoxyethyl ) -  
1,3-dioxolane. The resul ts  with respec t  to total (~H2/2~ >> JHH') 
p r o t o n - p r o t o n  double resonance are  presented above the major  spec-  
t rum.  The as ter i sks  designate the lines affiliated with impuri t ies .  

conformational  analysis that the protons of the ot-CH 2 group should be magnetical ly nonequivalent, since 
they are  diastereotopic with respec t  to the asymmet r ica l  4-C carbon atom. However, it is apparent f rom 
the PMR spect rum (Fig. 2) that the cha rac te r  of the multiplicity of the 6 = 1.65 ppm signal, which is af- 
filiated with the o/-CH 2 group, attests to equivalency of the protons of this group. Thus, in this concrete  
case,  the effect of the anisotropy of the diamagnetic susceptibi l i ty  of the bond and atoms, as we l l  as the ef-  
fect of the e lect r ical  field of the dipoles on the nuclear  magnetic shielding constant of the protons of the a -  
CH 2 group, is apparently ~ compensated (H C and H C , protaas ,  Fig. 2). The assignment of the quartet  band 
at 1.65 ppm to the (~-CH 2 group is confirmed by homonuclear  double resonance.  As seen f rom Fig. 2, when 
the nuclear  spins of the (~-CH 2 group undergo "agitation," "decoupling" of the spin interaction of these p ro -  
tons of theft -CH 2 group (6 = 2.38 ppm) and with the methylidyne proton of the 4-HB group (5 = 3.94 ppm) is 
observed.  

The PMR and nuclear  magnetic double resonance spec t ra  of the protons of the/3 -CH 2 group are evi -  
dence for nonequivalence of the H D and H D, protons,  which may be due, it would seem, to the existence of 
the predominant t rans  conformation of the C2-C 3 ethane fragment at room tempera ture  (23~ As the t em-  
pera ture  of the sample r i ses ,  the contribution of the other conformation increases ,  and, as a resul t  of 
averaging of the chemical  shift, the band at 2.38 ppm should have become a tr iplet  (Fig. 2), which is con-  
t r a r y  to the experimental  observation.  At 100 ~ the charac te r  of the multiplet splitting of the band of the 
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-CH 2 group is retained, and the nonequivalence of the gem-dimethyl  grouping does not change: Av (+100 ~ = 
11.0 Hz. This indicates the diastereotopic cha rac t e r  of the H D and HD, protons, which are  two a bonds 
away f rom the asymmet r i ca l  4-C carbon atom. 

C4(~) 

~ f C \ o c .  3 R~. ) -~o / \CH . 

The dioxolane ring is configurationally s imi la r  to the unsaturated 1,3-dioxolanes descr ibed above. 
The s imi la r  cha rac te r i s t i c  resonances  of the H A and HB protons in this compound are  graphical ly  indicative 
of this .  The dioxolane r ings in sa turated and unsaturated compounds are  apparently conformational ly dif-  
ferent .  Inversion of the r ing between the envelope conformations occurs  in saturated compounds.  

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

PMR Spectra .  The PMR spec t ra  were recorded  with a Varian HA-100 D spec t romete r  during part ial  
scanning of the spec t ra .  The resonance conditions were stabilized f rom the line of te t ramethyls i lane (TMS)" 
or ch loroform,  which were the internal s tandards .  The samples  used were  15% (by volume) solutions in 
CC14. The nuclear  magnetic double resonance experiments  were  per formed by the side-band method with a 
Muirhead decade genera to r .  The es te r s  of 4 ,5-epoxy-2-hexenoic  acid were obtained by epoxidation of the 
appropriate  es te r s  of 2,4-hexadienoic acids [2]. 

2 ,2 ,4-Tr imethyl -5- (2-carbomethoxyvinyl ) - l ,3 -d ioxolane  g). A 7.4-g (0.052 mole) sample of methyl 
4 ,5-epoxy-2-hexenoate  was added dropwise with s t i r r ing  to a solution of 0.5 g of fe r r ic  chloride in 10 ml 
of acetone.  T h e  t empera tu re  was observed to r i se  to 50 ~ The react ion mass  was then heated at 50-60 ~ for 
2 h, cooled, and washed with saturated potassium carbonate solution. The precipitate was removed by 
fil tration and washed with e ther .  The ether  ext rac ts  were dried with anhydrous potassium carbonate,  and 
the solvent was removed  by distil lation in vacuo (with a water  pump). The residue was fractionated under 
higher vacuum to give 5.2 g (50%) of dioxolane I. Dioxolanes II-VII were s imi la r ly  obtained. 

2 ,2 ,4-Tr imethyl -5- (2-carbomethoxyethyl ) - l ,3 -d ioxolane  (VIII). A 3.7-g (0.018 mole) sample of 
dioxolane I in 30 ml of absolute alcohol was hydrogenated under the usual conditions in the presence  of 3.2 
g of Raney nickel .  The h y d r o g ~ a t i o n  was complete in 3 h af ter  absorption of the theoret ical ly  calculated 
amount of hydrogen.  The catalyst  was removed by fil tration, the alcohol was removed by distillation, and 
the res idue  was vacuum fract ionated to give 3 g (81%) of dioxolane VIII. Dioxolanes IX-XIII were s imi lar ly  
obtained. 

Hydrolysis of 1,3-Dioxolane I. A l-g sample of I was heated with 20 rnl of 5~ H2SO 4. The acetone 
formed was isolated as the p-nitrophenylhydrazone with rap 149 ~ The product did not depress the melting 
point of a genuine sample of the hydrazone. 
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