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The  c onfigurations and p r e f e r r e d  conformat ions  in s e r i e s  of 4 ,5-d ia lkyl -  and 4 ,5 ,5 - t r i a lky l -  
subst i tuted 2 ,2 -d ime thy l - l , 3 -d ioxanes  were  studied. It  was proved by PMR spec t roscopy  
that the low-boil ing i s o m e r s  have the c is  configuration,  while the high-boil ing i s o m e r s  have 
the t r ans  configurat ion;  m o r e o v e r ,  all  of the i s o m e r s  a r e  found in the p r e f e r r e d  cha i r  con-  
fo rmat ion .  This conformat ion  exper iences  a ce r t a in  amount of dis tor t ion,  the degree  of 
which depends on the number  and c h a r a c t e r  of the subst i tuents  in the 5 posit ion.  

We have p rev ious ly  [2-5] studied the conformat ions  of 5-subst i tu ted  2 ,2 -d ime thy l - l , 3 -d ioxanes  and, 
using PMR and dipole moment  methods ,  we have shown that the i r  p r e f e r r e d  conformat ion  is a f lexible 
form,  the analyt ical  indexes of which a r e  the p r e sence  of a gem-d ime thy l  group singlet  (5 ~ 1.30 ppm) and 
a v e r y  sma l l  nonequivalence (or a lmos t  comple te  equivalence) of the signal of the methylene  protons in the 
4 and 6 posi t ions .  The conf igurat ion of 4 ,5 -d ia lky l - l , 3 -d ioxanes ,  which do not have a subst i tuent  in the 2 
posit ion,  can be pred ic ted  by the methods of conformat ional  analys is ,  based  on the rule  of a s y m m e t r i c  in-  
duction and allowing for  the fact  that  4 ,5-subs t i tu ted  1,3-dioxanes cannot undergo ep imer iza t ion  [6]. In [6] 
we only br ie f ly  indicated the routes  to the solution of the p rob lem of the configurat ion of 4 ,5 -d ia lky l -2 ,2 -  
d ime thy l - l , 3 -d ioxanes ,  but we did not d iscuss  this p rob lem.  

The p re sen t  communica t ion  is devoted to a study of the configurat ions and the proof  of the p r e f e r r e d  
conformat ions  of s t e r e o i s o m e r i c  2 , 2 , 4 - t r i m e t h y l - 5 - a l k y l -  (A) and 2 ,2 ,4 - t r ime thy l -5 ,5 -d i a lky l - l , 3 -d ioxanes  
(B). The synthes is  of compounds of the A and B types and the i r  separa t ion  into s t e r e o i s o m e r s  have been 
p rev ious ly  desc r ibed  [6]. We [6-8] and others  [9-12] have proved that the i r  synthes is  p roceeds  s t e r e o -  
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Fig.  1. PMR s p e c t r a  of the low-boil ing (IIa) and high-boil ing (IIb) 
s t e r e o i s o m e r s  of 2 , 2 , 4 - t r ime thy l -5 - e thy l - l , 3 -d ioxane .  
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PMR s pec t r um of 2 ,2 ,4 ,5 ,5 -pen tamethy l - l ,3 -d ioxane .  

specif ical ly ,  and the configurat ion of the pr inc ipal ly  fo rmed  i s o m e r  is de te rmined  by one of the modi f ica -  
tions ~ the C r a m  ru le  [13, 14]; the e ry thro  i s o m e r  of the 1,3-diol  (D) is obtained in p reponderance  f rom 
the subst i tuted acetoacet ic  e s t e r  (C), while D gives predominant ly  the c is  i s o m e r  of the 1,3-dioxane (E). 

The ra t io  of  s t e r e o i s o m e r s  in s e r i e s  A and B is de te rmined  by the degree  of s t e reospec i f i c i ty  of the 
a s y m m e t r i c  induction during the convers ion  of compounds C to diols D. This ra t io  was found to be  65-85% 
35-15%, depending on the subst i tuents  (R and R')  [6]. The configurat ions and p r e f e r r e d  conformat ions  of 
dioxanes A and B w e r e e s t a b l i s h e d  by 1)MR spec t roscopy .  

2 , 2 , 4 -T r i m e t hy l - l , 3 -d i oxane  (VIII) was the s tandard  for  the study of the s t e r e o i s o m e r s .  In its PMR 
spec t rum,  each of the methyl  groups in the 2 posit ion gives a singlet  (6 1.35 ppm for  the equator ia l  methyl  
group and 1.25 ppm for  the axial methyl  group).  The signal  of the 4-CH 3 group is a typical  methyl  doublet 
with a chemica l  shift  of 1.07 ppm. I t  is obse rved  at the s a m e  chemica l  shift  values  that  a re  cha r ac t e r i s t i c  
for  a 4-CH 3 equator ia l  group [6]. Thus the c h a r a c t e r  of the resonance  of the methyl  protons is typical  for  
the p r e f e r r e d  cha i r  conformat ion  with an equator ia l  4-CHs group.  

The PMR s pec t r a  of the low-boiling (IIa) and high-boil ing (IIb) i s o m e r s  of 2 ,2 ,4 - t r ime thy l -5 - e thy l -  
1,3-dioxane a re  p resen ted  in Fig.  1. Each of the two methyl  groups of the gem-d ime thy l  grouping r e sona t e s  

1322 



at 1.36 ppm (equatorial methyl group) and 1.30 ppm (axial methyl group), respect ively,  in the spec t rum of 
each of the i s o m e r s .  The 4-H and 6-H ring protons also display the nonequivalence typical for  the chair  
conformation.  

The doublet of the methyl group in the 4 position has a chemical  shift of 1.10 ppm in the spec t ra  of 
both i s o m e r s ;  this, as noted above, is evidence for its equatorial orientation. The methylene protons in 
the 6 position fo rm a typical AB quartet  with a geminal 2JHH~ constant of -12 Hz in the spec t rum of IIb, 
the lines of which experience additional multiplicity with 3Jae, = 5.0 Hz and 3Jaa, = 12 Hz. These data indi- 
cate the equatorial  orientation of the 5-C2H 5 group in i somer  IIb. In the spect rum of i somer  IIa, the signal 
of the methylene protons in the 6 position is charac te r ized  by a geminal 2JHH, constant of -12.0 Hz and 
vicinal constants 3Jae, = 3.0 Hz and 3Joe, = 2.0 Hz, respect ively;  this corresponds  to an axial orientation of 
the 5-C2H 5 group in i somer  IIa. 

It follows f rom the well-known Karplus corre la t ion  [15], taken with allowance for the effect of the 
electronegat ivi ty of the acetal oxygen, that dihedral angles ~ae '  and "~aa' in the spec t rum of i somer  IIb are  
~40 and ~180 ~ respect ively;  s imi lar ly ,  Oae' ~ 55~ and ~ee '  ~ 60~ in the spec t rum of i somer  IIa. Thus the 
p re fe r r ed  chair  conformation with a slight deviation f rom para l le l i sm of the axial valences in the 6, 4, and 
2 positions is typical for the s t e r eo i somer s  under considerat ion.  

The orientation of the 5-C2H 5 group can also be judged f rom the chemical  shift of the signal of the 
protons of the methylene group of the ethyl group. In the low-boiling i somer  (IIa), this group resonates  at 
1.45 ppm, but its signal is shifted to higher field in the high-boiling i somer  (IIb). 

Since the protons of the methyl groups and other substituents in the 5 position of the 1,3-dioxane ring 
experience a r e v e r s a l  of the chemical  shifts under the influence of the anisotropy of the magnetic suscept i -  
bility of the unshared pairs  of electrons of the two ring oxygen atoms [3], the C2H 5 group is in the axial 
position in i somer  IIa and in the equatorial position in i somer  IIb. 

This information is also conf i rmed by a study of the PMR spect ra  of i somers  of 2 ,2 ,4 ,5- te t ramethyl-  
1,3-dioxane. The 5-CH 3 group gives a doublet resonance signal at 5 1.03 ppm in the spec t rum of i somer  Ia; 
according to [3], this cor responds  to an axial methyl group. This doublet is found at 0.68 ppm in the spec-  
t rum of i somer  Ib, and this cor responds  to an equatorial  methyl group. 

It follows f rom all of the above that i somer  IIa is the cis i somer ,  while i somer  IIb is the t rans  i somer .  

The spec t ra  of s t e r eo i somers  Ia and Ib and IIIa and IIIb are  s imi lar  to the examined spec t ra  of IIa 
and IIb. The PMR spect rum of the nons te reo isomer ic  2 ,2 ,4 ,5 ,5-pentamethyl- l ,3-dioxane (IX) (Fig. 2) is ex- 
t r eme ly  c lose  to the spec t ra  considered above. The singlet peak of an equatorial  methyl group in the 5 
position (5 0.64 ppm) and the singlet peak of an axial 5-CH 3 group (0.96 ppm) are  distinctly displayed in 
this spec t rum.  The doublet of the methyl group in the 4 position has a chemical  shift of 1.00 ppm, which in- 
dicates that it is equatorial ly oriented.  An additional confirmation of the co r rec tnes s  of this sor t  of a s -  
signment is the absence of an additional multiplet signal of the equatorial 6-H proton; this attests to a very  
smal l  long-range  s p i n - s p i n  coupling constant  (4JHH,) and, consequently, to the axial cha rac te r  of the 4-H 
proton.  The methyl groups in the 2 position resonate  at 1.31 ppm (axial) and 1.34 ppm (equatorial), while 
the methylene protons in the 6 position form an AB quartet  with 2JHH, = 11.0 Hz; this is charac te r i s t i c  for 
the chair  conformation.  

TABLE 1. Chemical  Shifts and Spin-Spin  Coupling Constants of 
4,5-Substituted 2,2-Dimethyl-1,3-dioxanes 

C~ ~ / ~ 

la 1,361,30 
b 1,361,30 

IIa 1,37 I 1,2,6 
b 1,33 ]I ,24 

IIIa 1,34 [ 1,22 
b 1,32 ] 1,24 

IX 1,34 [1,31 
Va 1,3611,32 

Via 1,35 ] 1,30 

12 
8 

3 
4 
5 

, o  ~ ~ o  , '  

1,03336358 --11,5 
1,061'1l 3171318'9]--12,0 
1,10 3,43 3,75 --12,0 
1,08 3,84 [3,87 
1,103,593,66 
0,973,193,50 --11,0 
0,97 3,52 ] 3,3'0 --11,5 
1.I4 3,31 13,72 -- 2.0 

0,22 
0,17 ~-,0 
0,32 -- 

0,37 
0,22 
0,41 

F,o O 0,%-8 
- 5,0 K - 

o,Y4 
0,5,8 
0,60 

1,03 
3,43 

-- 4,82 
-- 3,60 
- -  4 , 1 7  

-- 3,85 
0,963,63 

- -  3,7t 
-- 3,76 
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To a cons iderable  extent, the s p e c t r a  of s t e r e o i s o m e r s  Va and Vb and Via and VIb r emind  one of the 
spec t rum of IX, s ince doublets of the 4-CH~ groups at 1,00-1.11 ppm, unequivalent s inglets  of a gem di-  
methyl  group at 1.22-1.36 ppm, typical  AB quar te ts  of a methylene group in the 6 position, and different  
(for each type of substitution) s ignals  of alkyl groups in the 5 posit ion a r e  obse rved  in the spec t r a  of all of 
these  compounds.  The overa l l  pa t t e rn  of the observed  chemica l  shif ts  and s p i n - s p i n  coupling constants  is 
p resen ted  in Table  1. In the s e r i e s  under  discuss ion,  the low-boil ing i s o m e r s  a r e  c is  i s o m e r s  and the high-  
boiling i s o m e r s  a r e  t r ans  i s o m e r s .  

I t  is ex t r eme ly  in teres t ing to note that the A5 value,  which c h a r a c t e r i z e s  the nonequivalence of the 
methyl  groups  in the 2 position, depends substant ia l ly  on the type of subst i tut ion in the r ing .  Thus,  in the 
VIII  : I a  : Ix  s e r i e s  (see Table  1), the nonequivalence of the gem dimethyl  groups d e c r e a s e s  f rom 10.0 to 3.0 
Hz, while it i nc r ea se s  f rom 3.0 to 5.0 Hz in the order  IX :V :VI.  The s a m e  is also observed  in the o rde r  
VIII : I Ia  : i l ia  [and l a r g e r  nonequivalence values of the gem-d ime thy l  protons (up to 12 Hz) show up here]  
and, for  the t rans  i s o m e r s ,  in the o rde r  Ib : IIb :IIIb,  where  the nonequivalence ranges  f r o m  6 to 9 Hz. 

While the s inglet  c h a r a c t e r  of the signal  of the gem dimethyl  group in the 2 posit ion was one of the 
analyt ical  indexes of the flexible conformat ion,  the dec r ea se  in the equivalence of these  protons can be 
acknowledged as an indication of the degree  of d i s to r ted  c h a r a c t e r  of the cha i r  conformat ion  in the flexible 
fo rm .  Adopting this assumpt ion  as an explanation of the obse rved  phenomenon, we a r r i v e  at the conclusion 
that  the cha i r  is mos t  d is tor ted  in the region of the a toms of the 1, 2, and 3 posi t ions of the r ing in IX and 
that the introduction of l a rge  subst i tuents  into the 5 posit ion p romotes  l e s s e r  dis tor t ion of the cha i r  in this 
region.  The la t te r  may  be a consequence of the fact that  l a rge  subst i tuents  cause  deformat ion  of the r ing 
in the region of the 4 -5 -6  a toms and thereby  p romote  the mos t  favorable  a r r angemen t  of the alkyl subs t i tu -  
ents .  

By following this explanation, we also a r r i v e  at the conclusion that  the 1,3-dioxanes of s e r i e s  B ex-  
pe r ience  m o r e  dis tor t ion of the chai r  conformat ion  in the region of the 1-2-3  r ing a toms than do the di -  
oxanes of s e r i e s  A. 

It  is also apparent  f rom Table  1 that a cons iderab le  shif t  of the signal of the 6-H and 4-H axial p r o -  
tons to lower  field as c o m p a r e d  with the s p e c t r a  of the analogous t r ans  i s o m e r s  is obse rved  in the sp ec t r a  
of the cis  i s o m e r s  in s e r i e s  A (in the ca se  of Ia and IIIa, a lmos t  comple te  coincidence of the chemica l  
shifts  of the axial and equator ia l  protons  is observed) .  This phenomenon is s i m i l a r  to that o b s e r v e d  by 
P ih ia ja  and ~ y r ~ s  [16] in the cyclohexane and 1,3-dioxane s e r i e s ,  and it is explained by deshielding of the 
4 and 6 axial  posi t ions by the axial  subst i tuent  in the 5 posi t ion.  

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

The PMR s p e c t r a  were  r eco rded  with a Var ian  HA-100D s p e c t r o m e t e r  at 100 MHz. The samples  
were  10% solutions of the compounds in CC14. Te t r ame thy l s i l ane  was used  as the in ternal  s tandard .  
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