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The s t e r e o c h e m i c a l  pecu l ia r i t i es  of subst i tuted 1,3-dioxanes and 1,3-di thianes a re  d i scussed .  
The high probabi l i ty  of the exis tence  of f lexible conformat ions  in these  s e r i e s ,  the c o n s i d e r -  
able ene rgy  p r e f e r e n c e  of the 5 -C-ax ia l  posi t ion in the chai r  conformat ion  of 1 ,3-dioxanes 
and 1 ,3-di th ianes ,  and the definite p r e f e r ence  of the 2 -C-ax ia l  posi t ion in the cha i r  c o n f o r m a -  
t ion of 1 ,3-di th ianes  as c o m p a r e d  with the axial  conformat ions  of the cyclohexane type are  

n o t e d .  The PMR s p e c t r a  of s t e r e o i s o m e r i c  2 , 5 - d i m e t h y l - 5 - i s o p r o p y l - l , 3 - d i o x a n e s ,  2 - m e t h y l -  
5 - i s o p r o p y l - l , 3 - d i t h i a n e s ,  and 2 ,2 ,5 - t r ime thy l - l , 3 -d i th i ane  are  desc r ibed ,  and the i r  con-  
f igurat ions  and p r e f e r r e d  conformat ions  a re  proved.  The r e su l t s  of a study of the e p i m e r i z a -  
t ion of s t e r e o i s o m e r s  of subst i tuted 1,3-dioxanes and 1,3-di thianes a re  examined,  and the 
conformat iona l  ene rg ies  of individual subst i tuents  in the 5-posi t ion of these  cycl ic  s y s t e m s  
a re  ca lcu la ted  on the bas i s  of this  examinat ion.  

The extension of conformat ional  concepts  to s e r i e s  of he teroanalogs  of cyelohexane init ial ly led to a 
s tandard  approach to the study of the s t e r e o c h e m i s t r y  of such subs tances  [1-4]. The necess i ty  for  taking 
into account those specif ic  ef fec ts  which the he te roa toms  introduce into the s t e r eochemica l  c h a r a c t e r i s t i c s  
of the s i x - m e m b e r e d  he te rocyc l ic  r ing was subsequent ly  a s s e r t ed  by a number  of inves t iga tors  [5-30]. 
These  p rob l ems  have been recen t ly  d i scussed  m o s t  comple te ly  by Eliel [5-8], although he did not a t tempt  
to c o r r e l a t e  the avai lable  expe r imen ta l  data .  In a n u m b e r  of our  paper s  [31-49] we also d i scussed  s ev e ra l  
s t e r e o c h e m i c a l  pecu l i a r i t i e s  of 1 ,3-dioxanes and 1,3-di thianes  but, once again, we did not make the n e c e s -  
s a r y c o r r e l a t i o n s .  This  pape r  is an a t tempt  to c o r r e l a t e  the avai lable exper imen ta l  data and contains s e v e r -  
al new expe r imen ta l  r e s u l t s .  

The p r i m a r y  pecu l ia r i ty  of 1,3-dioxanes and 1 ,3-di thianes  is that,  in the ma jo r i t y  of c a se s ,  the con-  
format iona l  equi l ibr ium is shif ted to favor  one of the p r e f e r r e d  conformat ions  even at room t e m p e r a t u r e  
(as a ru le ,  with the equator ia l  or pseudoequator ia l  or  5--C-axial posi t ions  of the bulkiest  subst i tuents) .  Ac-  
cording to the data in [12], the percen tage  of axial c o n f o r m e r s  (excluding the 5--C-axial ones) usual ly  does 
not exceed  1%. We have even noted the fact  [35] that,  on heating to +150 ~ the individual s t e r e o i s o m e r s  of 
2 , 5 - d i m e t h y l - 5 - m e t h o x y m e t h y l -  and -5 -o t -me thoxye thy l - l , 3 -d ioxanes  were  not substant ia l ly  t r a n s f o r m e d  
to the conformat ions  which are  a l te rnat ive  to the p r e f e r r e d  ones.  This  so r t  of effect  was also obse rved  on 
cooling.  S imi la r  data were  also obtained by a number  of other  inves t iga tors  [12, 22]. 

As follows f r o m  [6, 7] and Tables  1 and 2, one can a s sume  that the r e a son  for  such a g r e a t e r  "con-  
fo rmat iona l  d e t e r m i n a c y  '' than in the eyclohexane s e r i e s  cons is t s  in the nonuniformity of the magni tudes of 
the conformat ional  ene rg ies  of the subst i tuents  in the 2- ,  4- ,  5- ,  o r  6-posi t ions  of the 1,3-dioxane or  1,3- 
dithiane r ings .  

*See [48] for  communica t ion  IV. 
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T A B L E  1. R e s u l t s  Obta ined  in a Study of the  C o n f i g u r a t i o n a l  I s o m e r i -  

za t ion  of 1 , 3 - D i o x a n e s  and 1 , 3 - D i t h i a n e s  

R R R Y 4a ~ kcal / mole 
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0,89_+0,01 
0,76_+0,01 
0,73• ~ 
0,86• 
0,83• 
0,74 • 0,02 
0,87_+0,02 
0,80• a 
0,67• a 
0,98+0,01 a 
1,03 -+ 0,02 a 
1,36• a 
0,38-+0,02 
0,38_+0,04 
0,85• 
0,85 • 0,02 
0,52+0,03 
0,81 • 
0,77_+0,01 
0,79-+0,0t ~ 
0,78-+0,0l ~ 
1,04• ,~ 
0,77 • 0,02 ~" 
0,85• 
1,85• ? 
1,94_+0,02 ~ 

aData  f r o m  [6]. 
bData  f r o m  [7]. 

T A B L E  2. " C o n f o r m a t i o n a l  E n e r g i e s "  of Subs t i tuen t s  in a N u m b e r  

of C y c l o h e x a n e s ,  1 , 3 - D i o x a n e s ,  and 1 , 3 - D i t h i a n e s *  

Cyclohexane de.,rivattves: 
1,3-Dioxane derivatives: 

1,3-Dithiane derivatives: 

CH3 -- 1,70; C2H5 -- 1,75; i Call7 -- 2,15; t-C4H9 -- 5,40 
2-CH~3,55; 4-CH3 -- 2,90; 5-CH~ -- 0,80 (0,90); 5-C2Hs -- 
0,80; 5-i-C3H7 -- 0,80 (l,00); 5-t-C4H9 -- 1,40 
2-CH3 -- 1,77; 2-C2Hs -- 1,54; 2-i-C3tt7-- 1,95; 2-t-C4Hg~2,7; 
4-CH3 -- 1,69; 5-CH3 -- 0,52 (l,00); 5-C2Hs -- 0,80; 
5-i-CsH7- 0,80; 5-t-C4Hg- 1,80 

*In k i l o c a l o r i e s  p e r  m o l e  f r o m  the r e s u l t s  in [50, 6, 7] and th is  

p a p e r .  

Th i s  m a y  r e s u l t  in the s o - c a l l e d  " f ix ing"  of the p r e f e r r e d  c o n f o r m a t i o n .  It is  known [50] that  when 

the d i f f e r e n c e  in the f r e e  e n e r g i e s  of c o n f o r m e r s  of s u b s t i t u t e d  c y c l o h e x a n e s  is  5.5 k c a l / m o l e ,  only  one 

m o l e c u l e  out of 10,000 has  the a l t e r n a t i v e ,  d i s a d v a n t a g e o u s  c o n f o r m a t i o n  and, s i n c e  the b a r r i e r  to c o n -  

f o r m a t i o n a l  c o n v e r s i o n  is  u s u a l l y  s m a l l ,  t h e r e  is  a r a p i d  i n t e r c o n v e r s i o n  of  the  c o n f o r m a t i o n  wi th  t h e ' m e n -  
t ioned  s t a t i s t i c a l  r e s u l t  of e q u i l i b r i u m .  Th i s  i s  p r e c i s e l y  wha t  the t e r m  c o n f o r m a t i o n a l  " f ix ing"  m e a n s .  

In the 1 ,3 -d ioxane  and 1 ,3 -d i t h i ane  s e r i e s  the i n d i c a t e d  d i f f e r e n c e s  in f r e e  e n e r g i e s  a r e  l e s s  in the 

m a j o r i t y  of  c a s e s ,  which  is  a l so  r e s p o n s i b l e  for  the i n d i c a t e d  s t a t i s t i c a l  e f f ec t .  In th i s  c a s e ,  the  p r o b l e m  

of the c o n v e r s i o n  b a r r i e r s  i s  i n s u f f i c i e n t l y  c l e a r .  The  l i t e r a t u r e  con ta ins  a s s u m p t i o n s  tha t  a s t a b i l i z i n g  

i n t e r a c t i o n  of  the s p e c i a l  h y d r o g e n  bond type m a y  o c c u r  in such  s y s t e m s  [51], which  m a y  i n c r e a s e  the c o n -  
v e r s i o n  b a r r i e r .  I t  i s  p o s s i b l e  tha t  the o b s e r v e d  p a t t e r n  is  the  r e s u l t  of t h e s e  two e f f e c t s .  T h e  a n s w e r s  to 
the ques t ion  of the n a t u r e  of the  phenomenon  unde r  d i s c u s s i o n  can  be g iven  a f t e r  c a r r y i n g ' o u t  s y s t e m a t i c  

i n v e s t i g a t i o n s  of  the IR and NMR s p e c t r a  of the  ind iv idua l  s t e r e o i s o m e r s  of 1 , 3 - d i o x a n e s  and 1 , 3 - d i t h i a n e s  
wi th  a w e l l - t h o u g h t - o u t  s e t  of subs t i t uen t s  in the r i n g  o v e r  a wide r ange  of t e m p e r a t u r e s  f r o m  - 1 0 0  to +150 ~ 
and a l so  a f t e r  c a r r y i n g  out s i m i l a r  m e a s u r e m e n t s  devo t ed  to a s tudy of the s o l v e n t  e f f ec t  on the c o n v e r s i o n  
p r o c e s s .  The  ind iv idua l  s tud ie s  of  th is  p r o b l e m  c u r r e n t l y  a v a i l a b l e  do not con ta in  su f f i c i en t  i n f o r m a t i o n .  
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The second pecul iar i ty  of the compounds under discussion is their  great  tendency for  assuming a 
flexible conformat ion.  This pecul iar i ty  was f i r s t  d iscussed  by Fos te r  [12, 18, 22] for the 1,3-dioxane se r ies  
and subsequently by Eliel [7] for a number of 1,3-dithianes.  It is interest ing to note that s imi lar  data were 
also obtained for  1,4-dioxanes [54]. The reason for this tendency is weakening of the unbonded syn-axia l  
interact ions in both se r i e s  as a consequence of replacement  of the methylene groups in the s ix -membered  
r ing by he te roa toms .  

A quantitative es t imate  of the differences in the conformational  energies  between the chai r  and boat 
conformations in 1,3-dioxane can be made on the basis of the following reasoning.  In the 1,3-dioxane mole -  
cule in the chai r  conformation there are two skew interact ions of the butane type (a = 0.9 kca l /mole )  and 
four  skew interact ions of the alkyl-oxygen type (/3). This sor t  of interact ion is es t imated to be 0.35 [52], 
0.38 [53], and 0.40 [14] k c a l / m o l e  for  the methylene group.  (The last  number  is the most  reliable and can 
be taken for the 13 parameter . )  The total energy of the cha i r  conformation of 1,3-dioxane (E C) in compar i -  
son with the f rozen n-butane conformation (null value) is then as follows: 

EC=2~q-4~ =3.4 kcal/mole 

If  1,3-dioxane is in the symmet r i ca l  beat conformation,  the conformation energy (ESB) should be de-  
te rmined by the sum of the same value (there are  no locked butane 1,2-interact ions)  and the magnitude of 
the b o w - s t e r n  interact ion (7,), which is es t imated to be 3 k c a l / m o l e  [29]. 

Then, 

ESB =2~ q-4~ q-7 = 6,4 kcal/mole 

o r  

ESB-- L~ = y = 3.0 kcal/mole 

If  an unsymmet r i ca l  boat conformation is assumed,  the conformational  energy (EuB) is 

EUB = a + 4 ~ q- ~ - 7,1 kcal/mole 

where 6 = 4.4 k c a l / m o l e ,  i.e., it is of the magnitude of a part ial ly locked butane interact ion.  Hence, 

EUB --EC=3,7 keal/mole. 

In other  words,  both boat conformations in the 1,3-dioxane ser ies  are close in energy  and differ much 
less  f rom the cha i r  conformation than in the cyclohexane se r ies .  In the flexible conformation (the twist 
form),  the EFC - E C difference should be considerably less  than EUB - EC and ESB - E C . Considering the 
definite analogy with cyclohexane,  the EFC - E C value can be est imated to be approximately 1 k c a l / m o l e .  

The above arguments  lead to the conclusion that the flexible conformation,  in its various variants ,  is 
considerably  more  probable in the 1,3-dioxane se r ies  than in the cyclohexane se r i e s .  There are data in the 
l i te ra ture  [5, 6, 9, 29], according to which the EFC - E C value is es t imated by considerably  l a rge r  numbers .  
It seems  to  us that these calculat ions are  less  rel iable,  since the rotational b a r r i e r  in methanol was selected 
as the fl p a r a m e t e r  in them. It is easy to see that this cannot be done, par t icu lar ly  if one takes the capaci ty 
of methanol for  associat ions  into account. 

The given computational es t imates  serve  as additional substantiation of the experimental  facts found 
in [31-33, 36-43, 47]. We have also obtained experimental  data which c o n f r m  the validity of these ca lcula-  
t ions.  Thus, the configurational isomerizat ion of both c i s -  and t r ans -2 ,5 -d ime thy l -5 -methoxymethy l -  and 
2 ,5-d imethyl -5-ce-methoxyethyl - l ,3-d ioxanes  in the presence  of iodine at 140 ~ and in the presence of BF 3 at 
60 ~ leads to an equil ibrium mixture with a t rans  to cis i somer  rat io of 70 : 30. This sor t  of i somer  rat io 
cor responds  to a free energy  difference of AG* = 0.85 k c a l / m o l e .  If  one considers  that the cis and t rans  
i somer s  are charac te r ized ,  respect ively ,  by an equatorial  (pseudoequatorial) orientation of the 2-C-methyl  
and 5--C-alkoxyalkyl radicals  and a 5-(2-axial (pseudoaxial) orientation of the methyl  group and also differ 
in ring conformation (which is the cha i r  conformation for the t rans  i somer  and the flexible conformation for 
the cis i somer  [37]7, the above AG* value can be considered to be a c r i t e r ion  of the EFC - E C difference.  
It is easy  to see that it is close to the calculated value. 
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Even g r e a t e r  weakening of the syn-ax ia l  in te rac t ion  should be expected  in the subst i tu ted 1,3-dithiane 
s e r i e s .  In fact ,  the C - S  bond length in 1 ,3-di thianes  [28] is 1.80 A, while the S - C - S  angle is  about 115 ~ . 
This  r e su l t s ,  for  example ,  in the fact  that  even the b o w - s t e r n  dis tance in the boat conformat ion  of 1 ,3 -d i -  
thiane turns out to be about 2.4 A (from the r e su l t s  of an examinat ion  of S t u a r t - B r i e g l e b  models ) ,  while in 
1,3-dioxane this  d is tance  is 1.46 ~.. Hov/ever,  quali tat ive calcula t ions  of e s t i m a t e s  of the EFC - E C d i f f e r -  
ences  in the 1,3-dithiane s e r i e s  a r e ,  as yet ,  difficult to c a r r y  out, s ince the ~ p a r a m e t e r  fo r  these  compounds 
has  not been p r e c i s e l y  de te rmined .  To be su re ,  it follows f rom [20, 21] that  this  value should be of the 
o rde r  of 0.1-0.2 k c a l / m o l e ,  but the indicated data r equ i re  r e f inement .  In any case ,  it is apparent  that the 
fundamental  poss ib i l i ty  of the rea l iza t ion  of a f lexible conformat ion  in the 1,3-dithiane s e r i e s  is comple te ly  
re l i ab le ,  as also acknowledged by Eliel  [7]. 

The th i rd  conformat iona l  pecu l ia r i ty  of 1 ,3-dioxanes and 1 ,3-di thianes  is the high advantageousness  of 
the 5 -C-ax i a l  or ienta t ion  in the cha i r  conformat ion  as c o m p a r e d  with the usual  axial  conformat ions  of the 
cyclohexane type.  This  pecu l ia r i ty  is a consequence of the s ame  r ea son  respons ib le  fo r  the high degree  of 
p re fe rab i l i t y  of the flexible conformat ion  in the 1,3-dioxane and 1,3-di thiane s e r i e s  as c o m p a r e d  with the 
cyclohexane s e r i e s .  We were  among the f i r s t  to point out this pecul ia r i ty  [31], a f te r  which it was noted by 
many  other  inves t iga to r s  [5]. 

Two conformat iona l  in te rac t ions  of the ~ type (2~ = 0.80 k c a l / m o l e )  appear  on introduct ion of a 
methyl  subst i tuent  into the 5 -C-ax ia l  posi t ion of the 1,3-dioxane r ing,  which has  been  expe r imen ta l l y  con -  
f i r m e d  {0.81 k c a l / m o l e )  [14]. Consequently,  for  this so r t  of configurat ion of subst i tu ted 1,3-dioxane,  in 
which the d iequator ia l  conformat ion  cannot be rea l ized ,  the molecule  m a y  take on two a l te rna t ive  and, 
ene rge t i ca l ly  speaking,  a lmos t  equally advantageous fo rms :  a f lexible conformat ion  with dipseudoequator ia l  
or ienta t ion o r  a cha i r  conformat ion  in which one of the subst i tuents  is  5 -C-ax ia l .  Selection between these  
two poss ib i l i t i es  is  apparen t ly  de t e rmined  by the c h a r a c t e r  of the 5 -C-subs t i tuen t .  

In 1 ,3-di thianes  the in te rac t ion  of the fi type in the 5 -C-ax ia l  posi t ion is even l e s s  than in 1 ,3-dioxanes .  
In S t u a r t - B r i e g l e b  models  it is  seen  that  the 5 - C - S  dis tance is 3.1 A [26]; in addition, it follows f rom [26] 
that the 5 - C - 6 - C  bond length in 1,3-dithiane is 1.46 .~ as c o m p a r e d  with 1.57/k in the 4 - C -  5-C bond length, 
i .e . ,  the 1,3-dithiane r ing is  e x t r e m e l y  u n s y m m e t r i c a l .  Hence,  the en t i re  p ic ture  of the 1,2-  and 1 ,3 -con-  
format ional  in te rac t ions  changes ,  but the cons iderable  magni tude of the dis tance between the 5 - C  atom and 
the sul fur  atom is a c r i t e r i on  of the weakening of the axial in terac t ion  in such s y s t e m s .  

Yet another  pecu l ia r i ty  is  man i fes ted  in 1,3-di thiane molecu les .  In view of the fact  that the 2 4 3 - 4 4 3  
and 2 - C - 6 - C  in te rnuc lea r  d is tances  in 1,3-dithiane a re  2.75 A, according to [28] (and not 2.4 A, as in 1,3-  

o 

dioxane, or  2.54 A, as in cyclohexane),  the 2 -C-ax ia l  posi t ion in the cha i r  conformat ion  of 1 ,3-di thianes  is 
also cons iderab ly  m o r e  p r e f e r a b l e  than the analogous posit ion in 1,3-dioxane and cyclohexane molecu les .  

We have studied the expe r imen ta l  evidence of the a s sumed  advantageousness  of the 5 4 J - a x i a l  o r i en t a -  
tion in 1 ,3-dioxanes  and 1,3-di thianes  by both NMR and by a study of the configurat ional  i s o m e r i z a t i o n  of 
c i s - t r a n s  i s o m e r i c  1 ,3-dioxanes and 1 ,3-di th ianes .  The NMR method gives  e x t r e m e l y  definit ive i n f o r m a -  
tion with r e s p e c t  to the configurat ion and p r i m a r y  conformat ion  of s t e r e o i s o m e r i c  2 , 5 - d i m e t h y l - 5 - i s o p r o p y l -  
1 ,3-dioxanes (Ia and Ib), which we synthes ized  by condensat ion of 2 - m e t h y l - 2 - i s o p r o p y l - l , 3 - p r o p a n e d i o l  
with ace t ic  anhydride in the p r e s e n c e  of KU-2 ca t ion-exchange  r e s in  [32, 34]. 

The PMR s pec t r a  of Ia and Ib are  p re sen ted  in Fig. 1. The spec t r a  c l e a r l y  demons t r a t e  the c h a r a c t e r -  
i s t ic  pecu l ia r i t i es  in the r egu la r i t i e s  of the change of the chemica l  shif ts  which e m e r g e  f rom the theore t i ca l  
e s t i m a t e s  of the expected  changes in the proton shielding constants  in subst i tuted 1 ,3-dioxanes ,  p rev ious ly  
published by us in [43]. The phenomenon of invers ion  of the chemica l  shif ts  of the a protons  of the axial  and 
equator ia l  subs t i tuents  a t tached to the 5 - C - a t o m  of the r ing is displayed m o s t  c l e a r l y .  

An analys is  of the s pec t r a  indicates  that  both i s o m e r s  Ia and Ib exis t  in the p r e f e r r e d  cha i r  c o n f o r m a -  
tion, and at room t e m p e r a t u r e  the equi l ibr ium is shifted to one of the p r e f e r r e d  conformat ions  of each  of the 
i s o m e r s .  This  conclusion follows f r o m  the cons iderable  nonequivalency of the 4 - C -  and 6 -C-me thy lene  
protons  of the r ing obs e rved  in the s pec t r a .  

The re sonance  of these  protons  in the s p e c t r a  of both i s o m e r s  is  man i fes t ed  as a typica l  s p e c t r u m  of 
an AA'BB'  sy s t e m ,  which is apparen t  f r o m  the la tent  mul t ip l ic i ty  of the AB quar te t .  F o r  example ,  the 
doublet f rom the equator ia l  protons  contains a poor ly  reso lved  mult ip le t  caused  by a long- range  s p i n - s p i n  
in te rac t ion  of the 4JHH type (0.4 Hz). One ' s  attention is drawn to the g rea t  nonequivalency of the 4 - C -  and 
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Fig.  1. PMR s p e c t r a  of s t e r e o i s o m e r i c  2 , 5 - d i m e t h y l - 5 - i s o p r o p y l - l , 3 -  
dioxanes:  Ia) cis  i s o m e r ;  Ib) t r ans  i s o m e r  (~0 60 MHz at 22~C). 

5--C-axial and equator ia l  protons in the low-boil ing i s o m e r  (z~rae = 0.70 ppm) as compa red  with the sp ec t ru m 
of the high-boi l ing i s o m e r  (ACrae = 0.37 ppm).  Moreover ,  the Act value in both ca se s  is g r e a t e r  than 0.30 
ppm which, according  to the ca lcula t ions  in [43], can occur  only in the cha i r  conformat ion  but not in the f lex-  
ible conformat ion .  These  d i f fe rences  in the Aa  values a r e  probably  due to the fact  that in the high-boil ing 
i s o m e r ,  because  of conformat iona l  in terac t ions  in the i sopropyl  group in the equator ia l  posit ion, the re  is 
fu r the r  deshielding of the axial  protons  and shielding of the equator ia l  p ro tons .  

The configurat ion of the subst i tuents  in the 2-C posi t ion is  compa ra t i ve ly  s imply  defined. The c h e m -  
ical  shift  of the 2 - C - p r o t o n  in the spec t r a  of both i s o m e r s  is the s a m e  and is 5 4.52 ppm (center of the 
quartet) .  The 2 - C - m e t h y l  doublet which is d isp layed in the spec t r a  of both i s o m e r s  at 6 1.35 ppm also has  
the same  chemica l  shif t .  It is  known f r o m  the l i t e r a tu re  that the 2-CH2-protons in rapidly  inver t ing 1 ,3-  
dloxane r e sona te  at 5 4.65 ppm [30]; the axial  protons  at tached to 2-C,  however ,  resona te  at h igher  field 
(5 4A3 ~- 0.07 ppm).  Consequently,  the 2 -C-hydrogen  a tom in i s o m e r s  Ia and Ib occupies  an axial posit ion,  
while the 2 - C - m e t h y l  group occupies  an equator ia l  posi t ion.  

The configurat ion of subst i tuents  at tached to the 5 - C - a t o m  of the r ing can be es tab l i shed  by c o m p a r -  
ing the spec t r a  of Ia and Ib with ca lcula t ions  p rev ious ly  made  by one of us [43, 55] and also with the s p e c -  
t r u m  of s t andard  5 - m e t h y l - l , 3 - d i o x a n e  [14]..: It follows f r o m  the s p e c t r u m  of Ia  that the methyl  protons  of 
this i s o m e r  exper i ence  a s t rong  additional shielding and resona te  at 5 0.47 ppm. The invers ion  of the 
chemica l  shif ts  in the 5 -C-pos i t ion  of the 1,3-dioxane r ing [30] indicates  that  this methyl  rad ica l  should 
occupy an equator ia l  posi t ion;  the i sopropyl  rad ica l  consequent ly  occupies  an axial posi t ion.  This  same  r e -  
sult  follows f r o m  calcula t ions  [43] and f rom an examinat ion  of the spec t rum of 5 - m e t h y l - l , 3 - d i o x a n e .  

The posi t ion of the sep te t  r e sonance  band of the ~ - C H  proton of the i sopropyl  rad ica l  is a lso evidence 
in favor  of this a s se r t i on .  It  follows f r o m  Fig.  1 that  the signal of this proton in the s p e c t r u m  of i s o m e r  Ia 
is  shif ted subs tant ia l ly  to weake r  field (5 2.51 ppm) in c o m p a r i s o n  with the posi t ion of the analogous septe t  
in the s p e c t r u m  of i s o m e r  Ib.  In accordance  with the calcula t ions  in [43], this should occur  only for  an axial  
or ienta t ion  of the i sopropyl  rad ica l .  

As seen  f r o m  the s p e c t r u m  of Ib, the signal  of  the 5 -C-me thy l  group of this i s o m e r  is displayed at 
6 1.02 ppm, i .e . ,  it is  shif ted to weake r  field by Act = 0.55 ppm.  (The calcula ted  shift  f rom the data in [43] 
is  Act = 0.43 ppm.) This  a t t es t s  to the axial  or ienta t ion of the 5 -C-me thy l  group under  cons idera t ion .  This  
in format ion  is conf i rmed  by the shift  in the signal  of the methyl idene proton of the i sopropyl  rad ica l  in the 
s p e c t r u m  of Ib to h igher  field. The change in the in tens i ty  ra t io  of the doublet  of the methyl  groups of the 
i sopropyl  group,  in which the outer  component  is l e s s  intense than the inner  one, also speaks  in favor  of this .  
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Fig.  2. PMR spect ra  of s t e reo i somer ic  2 - m e t h y l - 5 - i s o p r o p y l - l , 3 - d i -  
thianes:  IIa) cis i somer ;  IIb) t rans  i somer  (v 0 100 MHz at 25~ 

The NMR spect ra  of s t e r eo i somers  Ia and Ib hence attest to the cis configuration of the fo rmer  and 
the t rans  configuration of the la t ter ,  as well as to a chai r  conformation for both i somers .  It is easy  to see 
that this conf i rms the conclusion regarding the advantageousness of a 5-C-axia l  orientation, for in the al-  
ternat ive variant  the Ib i somer  should have been an equil ibrium mixture of two conformers ,  one of which 
(in overwhelming amounts) should have had e i ther  the chai r  conformation with 2 -C-  and 5-C-axia l  methyl  
groups and 5-C-equator ia l  isopropy! groups or  a flexible conformation.  

The NMR spect ra  of s t e reo i somer ic  2 -me thy l -5 - i sopropy l - l , 3 -d i th i anes  (IIa and IIb) are presented  in 
Fig.  2. The signals of the 2-C-methyl  group and the hydrogen atom in the 2-posit ion of the ring appear at 
1A2 + 0.04 and 3.98 ppm, respect ively ,  in the spect ra  of both i s o m e r s .  This indicates that these compounds 
do not differ in the orientat ion of the substituents in the vicinity of the secondary  carbon atom. The PMR 
spect rum of 4 -methy l - l ,3 -d i th iane  [7, 26, 27] indicates that the axial 2-C proton resonates  at 5 = 4,0 ppm, 
while the equatorial  2-C proton resonates  at 5 ~ 3.5 ppm. Similar  information was obtained in a study of 
the PMR spec t rum of 2 -methy l - l -3 -d i th iane  [7, 26, 27]. The 2-C-methyl  group is consequently equatorial  
in both i s o m e r s .  

The chai r  conformation for both i somers  follows f rom the symmet r i ca l  cha rac t e r  of the spec t rum 
and the mult ipl ici ty of the signals of the 4 - C -  and 6-C-methylene  protons.  The orientat ion of the subst i tu-  
ents attached to the 5 -C-a tom can be judged on the basis of the following data. The signal of the 4 - C -  and 
6-C-methylene  proton in the spec t rum of i somer  IIb forms a typical AB quartet with a geminal constant 
(2Jae) of 13.0 Hz (which is typical  for  the chair  conformation) and vicinal constants  (3Jaa,) 8.5 Hz and (Ja'e) 
4.5 Hz. Using the Karplus graph [55], it is easy  to establish that these values cor respond  to dihedral H a, - 
C - C - H  a and H a, - C - C - H  e angles of approximately 180 and 50 ~ thus indicating the equatorial  c h a r a c t e r  
of the isopropyl radical .  I somer  lib is consequently a t rans  i somer  with a diequatorial  orientation of the 
alkyl substi tuents.  

Correspondingly,  in the spec t rum of i somer  IIa the 4 -C-  and 6-C-methylene  protons are  magnet ical ly  
equivalent and are split under the influence of He, into a doublet with a vicinal constant (3Je, H) of 4.7 Hz, 
which cor responds  to a dihedral angle of ~50 ~ This attests to the equatorial  cha rac te r  of the 5-C proton 
and, consequently,  to the axial cha rac t e r  of the isopropyl radical .  

An analysis of the PMR spect rum of 2 ,2 ,5- t r imethyl - l ,3 -d i th iane  (III) indicates that its molecules  
exist  in the chai r  conformation.  This conclusion was made on the basis  of a compar i son  of the resonance 
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bands of the methylene  protons  of the r ing of the s imp le s t  1,3-dithianes [7, 26, 27] with the analogous bands 
in the s p e c t r u m  of III .  The g e m - m e t h y l  protons  in the s p e c t r u m  of this compound have cons iderable  non- 
equivalent  c h a r a c t e r  (AS 0.16 ppm), which speaks  in f avo r  of the cha i r  conformat ion .  The 4 - C -  and 6 - C -  
methylene  protons  a re  magnet ica l ly  equivalent ( s imi la r  to the analogous case  in the spec t rum of Ha) and 
f o r m  a doublet with a vicinal  constant  (3j) of 6.25 Hz, which cor responds  to an axial or ientat ion of the 5 -C-  
methyl  r ad ica l .  The s p e c t r u m  of this compound graphica l ly  demons t ra tes  the above -desc r ibed  c o n f o r m a -  
tional pecu l i a r i t i e s  of the s t r u c t u r e s  under  d iscuss ion ,  fo r  it a t tes ts  to both the cons iderable  advantageous-  
hess  of a 5 -C-ax i a l  or ienta t ion and the cons iderab le  advantageousness  of a 2 -C-ax ia l  or ienta t ion in 1,3- 
dithiane molecu le s  as c o m p a r e d  with the usual  axial  or ienta t ions  of the cyclohexane type .  

The data obtained in a course  of the study of the NMR spec t ra  a re  graphica l ly  conf i rmed  by data on 
the conformat iona l  ene rg i e s  of individual subst i tuents  in subst i tuted 1,3-dioxanes and 1 ,3-di th ianes .  The 
data were  obtained on the bas i s  of a study of the equi l ibr ium constants  during a configurat ional  i s o m e r i z a -  
tion of the type 

~ ~ / "  'r = 0  Or 5 

This  so r t  of i somer i za t i on  was f i r s t  obse rved  by us [35, 45], and then by Eliel  [6, 7], Riddell [9], and other  
i nves t iga to r s .  We used  such ca ta lys t s  as 12 and BF 3 in our  expe r imen t s .  Eliel  [6,7] used  only BF 3. Data 
on the magni tudes  of the d i f fe rences  in the f r ee  energ ies  of the axial and equator ia l  subst i tuents  obtained by 
us and by Eliel  [6,7], P ih la ja  [12], and o ther  inves t iga to r s  (Table 1) as well as handbook data on the "con-  
fo rmat iona l  ene rg i e s "  of subst i tuents  (Table 2) a re  p re sen ted  in the tab les .  It is apparent  f rom these tables  
that  the conformat iona l  ene rg ies  of 5 -C-a lky l  subst i tuents  in molecu les  of subst i tuted 1,3-dioxanes and 1,3- 
di thianes a re  subs tan t ia l ly  lower  than the conformat iona l  energ ies  of subst i tuents  in cyclohexane,  as well 
as in the 2 -C- ,  4 - C - ,  and 6 -C-pos i t ions  of the indicated r ings .  It is apparent  f rom Table  2 that  the 2 - C -  
axial  or ien ta t ion  in 1,3-di thiane is subs tant ia l ly  more  advantageous than the 2 -C-ax ia l  or ientat ion in 1,3- 
dioxane.  

A four th  pecu l ia r i ty  of the s y s t e m s  under  d i scuss ion  is a complex  set  of nons te r ic  (in the c l a s s i ca l  
unders tanding  of this  word) in te rac t ions  of the " a n o m e r i c  effect"  type and o ther  such phenomena [56-60]. It 
is  well  known that  the anomer i c  effect  cons i s t s  in the fact  that the 2 - C - a x i a l  conformat ion  is  m o r e  p r e f e r r e d  
for  2 -ha lo -  and 2 -a lkoxy te t r ahydropyra~s ,  -1 ,4 -d ioxanes ,  and -1 ,3 -d ioxanes .  This  effect  is due to the 
d i p o l e - d i p o l e  repuls ion  of the r ing he t e roa tom and the subst i tuent .  We suppose  that these  effects  should be 
cons ide red  to be l imi t ing  c a s e s  of the f iner  in te rac t ions  descr ibed  above.  

Thus,  an examinat ion  of subst i tuted 1,3-dioxanes and 1,3-di thianes f rom the posi t ions of con fo rma t ion -  
al ana lys i s  leads  to the conclusion that  a g r e a t e r  d ive r s i t y  of p r e f e r r e d  conformat ions  is obse rved  in these 
s e r i e s  than in the cyclohexane s e r i e s .  Of course ,  one should not cons ider  the above l is t  of pecu l ia r i t i e s ;  
which are  in dialect ic  in te r re la t ionsh ip  with the fundamental  p r inc ip les  of c l a s s i ca l  conformat ional  ana lys is ,  
to be absolute .  However ,  a cons idera t ion  of these  pecu l ia r i t i es  excludes  the s tandard  approach to the p rob -  
l em and, in addition, extends the sphere  of mode rn  configurat ional  concepts .  

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

The 2 , 5 - d i m e t h y l - 5 - i s o p r o p y l - l , 3 - d i o x a n e s  (I) were  obtained by the method in [31] by the reac t ion  of 
0.3 mole  of 2 - m e t h y l - 2 - i s o p r o p y l - l , 3 - p r o p a n e d i o l  (rap 42-43 ~ with 0.9 mole  of acetaldehyde in 180 ml  of 
absolute benzene in the p r e s ence  of the H fo rm of KU-1 ca t ion-exchange  r e s in  with azeot ropic  dis t i l la t ion 
of the wa te r  fo rmed .  The yield of the mix tu re  of i s o m e r s  (1:1) was 90%, and the mix tu re  had bp 79 ~ (27 
ram),  d~ ~ 0.925, and n~ 1.435. Found %: C 77.2; H 8.5. C9H1802. Calcula ted  %: C 77.0; H 8.3. 

Mixture I was s epa ra t ed  into s t e r e o i s o m e r s  Ia  and Ib by r e c t i f c a t i o n  with an efficient,  total  conden-  
s a t i onco lumnwi th  a g lass  packing and 40 theore t ica l  p la tes .  I s o m e r  Ia had bp 75 ~ (25 ram), d 2~ 0.9255 and 
n~  1.4350. I s o m e r  Ib had bp 81 ~ (25 ram), d 2~ 0.9237, n~ 1.4330. 

The i s o m e r  ra t io ,  as a r e su l t  of configurat ional  i somer i za t ion  via the methods  in [6, 7] in the p r e s -  
ence of 12 and BF 3 (after equi l ibr ium was reached) ,  was Ia  : Ib  = 25 : 75. The pur i ty  of the i s o m e r s  was 97- 
98%. 
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The synthesis of II and III, as well as the isolation of isomers IIa and IIb and their properties, were 
described in [44, 48J. The NMR spectra of Ia and Ib were obtained with an RYe-2303 spectrometer from the 
Special Design Office of Analytical Instrument Making of the Academy of Sciences of the USSR (v 060 MHz) 
under conditions similar to those described by us in [31-33]. The spectra of IIa, IIb, and III were obtained 
with a Varian-A-100 spectrometer and also with a JNM-4H-100 spectrometer (v 0100 MHz) with stabiliza- 
tion of the resonance conditions with respect to a benzene internal standard. 

L I T E R A T U R E  C I T E D  

1. V. Klein (editor), Advances in Stereochemistry [in Russian], Moscow (1961), p. 1261. 
2. S. Barker and E. Bourne, J .  Chem. Soc., 905 (1952). 
3. S. Barker, E. Bourne, and D. Whiffen, J .  Chem. Soc., 3865 (1952). 
4. I. Mills, Chem. Ind., 633 (1954). 
5. E. Eliel and C. Knoeber, J .  Am. Chem. Soc., 88, 5347 (1966). 
6. E. Eliel and C. Knoeber, J .  Am. Chem. Soc., 90, 3444 (1968). 
7. E. Eliel and P. Hutchins, J .  Am. Chem. Soc., 9_~1, 2703 (1969). 
8. E. Eliel and D. Raileanu, Chem. Comm., 291 (1970). 
9. F . G .  Riddell and M. Robinson, Tetrahedron, 2___3, 3417 (1967). 

10. J .  Anderson, F. Riddell, and M. Robinson, Tetrahedron Lett., 2017 (1967). 
11. J .  Anderson and J .  Brand, Trans. ,Faraday Soc., 62, 39 (1966). 
12. K. Pihlaja, Ann. Univ. Turkunsis, Series A-l ,  No. 114 (1967). 
13. K. Pihlaja, Suomen Kern., 3__99, A223 (1966). 
14. K. Pihlaj a, Suomen Kern., 4..1_1, 229 (1968). 
15. K. Pihlaja, K. Teinonen, and P. Ayras, Suomen Kern., 43, 41 (1970). 
16. N. Baggett, M. Bukhari, A. B. Foster, J .  Kehman, and I. M. Webber, J .  Chem. Soc., 4157 (1963). 
17. I. DeImau and C. Barbier, J .  Chem. Phys., 4_!1, 1106 (1964). 
18. I. Delmau and I. Duplan, Tetrahedron Lett., 539 (1966). 
19. C. Barbier, I. Delmau, and T. Ranft, Tetrahedron Lett., 3339 (1964). 
20. H. Friebolin, S. Kabu, W. Maier, and A. L. Luttringhaus, Tetrahedron Lett., 683 (1962). 
21. H. Schmirt, H. Friebolin, S. Kabu, and R. Necke, Spectrochim. Acta, 22, 623 (1966). 
22. D. Tavernier and M. Anteunis, Bull. Soc. Chim. Belg., 7__66, 157 (1967). 
23. M. Anteunis, E. Coeneir, and D. Tavernier,  Tetrahedron Lett., 4579 (1966). 
24. J .  Gelan and M. Anteunis, Bull. Soc. Chim. Belg.,  77, 423 (1968). 
25. J .  Gelan and M. Anteunis, Bull. Soc. Chim. Belg., 78, 599 (1969). 
26. H. Kalff, Thesis, Leiden (1964). 
27. H. Kalff and E. Havinga, Rec. Tray. Chim., 85, 467 (1966). 
28. H. Kalff and C. Romers, Acta Cryst . ,  20, 490 (1966). 
29. L . K .  Yuldasheva and R. P. Arshinova, Teoro i ]~ksper. Khimo, ~ 641 (1967). 
30. Yu. Yu. Samitov and R. A. Aminova, Zh. Strukt. Khim., 5, 207 (1964). 
31. A.V.  Bogatskii, Yu. Yu. Samitov, and N. L. Garkovik, Zh. Organ. Khim., 2, 1335 (1966). 
32. A.V.  Bogatskii, Yu. Yu. Samitov, N. L. Garkovik, and S. A. Andronati, Khim. Geterotsikl. Soedin., 

195 (1967). 
33. A .V.  Bogatskii, A. I. Gren', and Yu. Yu. Samitov, Zh. Organ. Khim., 3, 1016 (1967). 
34. A.V.  Bogatskii and N. L. Garkovik, Usp. Khim., 7, 581 (1968). 
35. Yu. Yu. Samitov, A. V. Bogatskii, and A. V. Aganov, Zh. Organ. Khim., 4, 1306 (1968). 
36. A.V.  Bogatskii, Z. D. Bogatskaya, Yu. Yu. Samitov, and A. A. Andreeva, Khim. Geterotsikl. Soedin., 

603 (1968). 
37. G . I .  Goryashina, A. V. Bogatskii, Yu. Yu. Samitov, O. S. Stepanova, and N. I. Karelina, Khim. 

GeterotsikI. Soedin., 39 (1968). 
38. Yu. Yu. Samitov, N. L. Garkovik, A. V. Bogatskii, and S. A. Zolotareva, Khim. Geterotsikl. Soedin., 

608 (1968). 
39. Yu. Yu. Samitov, G. I. Goryashina, A. V. Bogatskii, and O. S. Stepanova, Khim. Geterotsikl. Soedin., 

614 (1968). 
40. L . K .  Yuldasheva, R. P. Arshinova, and A. V. Bogatskii, Zh. Organ. Khim., 4, 1316 (1968). 
41. L . K .  Yuldasheva, A V. Bogatskii, R. P. Arshinova, and L. I. Spirina, Zh. Organ. Chim., 4_, 1874 (1968). 
42. A.V.  Bogatskii, Yu. Yu. Samitov, and A. I. Drozdevskaya, Zh. Organ. Khim., Biologicheski Aktivnye 

Veshchestva, 133 (1968). 

55t 



43. A.V.  Bogatskii, Yu. Yu. Samitov, S. P. Egorova, and T. I. Zakharchenko, Zh. Organ. Khim., 5, 830 
(1968). 

44. L .N .  Vostrova, V. N. Somchinskaya, Z. D. Bogatskaya, V. P.  Mamontov, T. I. Davidenko, A. V. 
Bogatskii, and O. S. Stepanova, Zh. Vesesoyuzn. Khim. Obshchestva, 14, 708 (1969). 

45. A.V.  Bogatskii, A. I. Gren', Yu. Yu. Samitov, and N. L. Garkovik, Zh. Organ. Khim., 5, 1967 (1969). 
46. Yu. Yu. Samitov, A. V. Bogatskii, A. I. Gren', A. V. Aganov, and V. N. Khudyakova, Zh. Organ. Khim., 

5, 1975 (1969). 
47. A.V. Bogatskii, Yu. Yu. Samitov, and Z. D. Bogatskaya, Zh. Organ. Khim., _5, 2230 (1969). 
48. L.N. Vostrova, V. N. Somchinskaya, Z. D. Bogatskaya, V. P. Mamontov, T. I. Davidenko, A. V. 

Bogatskii, and O. S. Stepanova, Khim. Geterotsikl. Soedin., 462 (1970). 
49. G.I. Goryashina, A. V. Bogatskii, Yu. Yu. Samitov, A. I. Gren', and O. S. Stepanova, Khim. 

Geterotsikl. Soedin., No. 2, 287 (1970). 
]~. Eliel, N. Allinger, So Angial, and G. Morrison (editors), Conformational Analysis, Wiley (1965). 
D. Sutor, J. Chem. Soc., 1105 (1963). 
P. Laurent and P. Tarte, Bull. Soc. Chim. France, 1376 (1958). 
J. Sicher and M. Tichy, Coil. Czech. Chem. Commun., 32, 3687 (1967). 
E. Caspi, T. Wittstruck, and D. Piatak, J. Org. Chem., 27, 3183 (1962). 

50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 

H. Conroy, in: Advances in Organic Chemistry, Vol. 2, Wiley (1965). 
N. S. Zefirov and M. A. Fedorovskaya, Zh. Organ. Khim., 5, 158 (1969). 
E. Eliel and C. Giza, J. Org. Chem., 33, 3754 (1968). 
N. S. Zefirov, N. M. Shekhtman, and R. A. Karakhanov, Zh. Organ. Khim., 3, 1925 (1967). 
N. S. Zefirov and N. M. Shekhtman, Dokl. Akad. Nauk SSSR, 177, 842 (1967). 
C. Anderson and D. Sepp, J .  Org. Chem., 32, 604 (1967). 

552 


