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Some 2 ,5 -d i a lky l -2 -me thy l -1 ,3 -d ioxanes  and 5 - a l k y l - 2 - m e t h y l - 2 - p h e n y l - 1 , 3 - d i o x a n e s  
have been syn thes ized .  All the compounds studied cons i s t  of ep imer i c  m ix tu r e s  of geo-  
m e t r i c  i s o m e r s  the equi l ibr ium in the cour se  of the fo rmat ion  of which is shif ted in the 
d i rec t ion  of the i s o m e r s  with the d iequator ia l  posi t ion of the l a r g e s t  subs t i tuents .  The 
p redominan t  conformat ion  of the molecu les  of both i s o m e r s  is the cha i r  conformat ion .  
The cis  i s o m e r s  of the subs tances  invest igated cons i s t  of mix tu re s  of c o n f o r m e r s .  

The s t e r e o c h e m i c a l  p rob l ems  of subst i tu ted 1,3-dioxanes have been studied by a number  of w o r k e r s  
[2-4]. However ,  the s t e r e o c h e m i c a l  fea tu res  of 5-subs t i tu ted  1,3-dioxanes having two subst i tuents  in pos i -  
tion 2 one of which is a methyl  and the other  e i the r  an alkyl or  an a ry l  group have not p rev ious ly  been d i s -  
cu s sed .  The s tudy of the p redominan t  conformat ions  of the molecules  of such compounds is impor tan t  for 
a fu r the r  invest igat ion of the f ea tu re s  of the conformat iona l  in teract ions  in var ious  subst i tuted 1,3-dioxane 
s y s t e m s .  Attempting to obtain this informat ion,  we have synthes ized  a s e r i e s  of 2 ,2 ,5 - t r i a lky l -  and 2 ,5-  
d i a l k y l - 2 - p h e n y l - l , 3 - d i o x a n e s .  The synthes is  was p e r f o r m e d  by the usual  methods [4], and the s t ruc tu re  
of the compounds obtained (Table 1) was conf i rmed  by the usual  ana lys is  of IR and PMR s p e c t r a .  

F r o m  the PMR s p e c t r a  of the 2 ,2 ,5 - t r i subs t i tu ted  1,3-dioxanes it follows that  they a re  mix tu res  of 
g e o m e t r i c  i s o m e r s .  Only in the dioxanes (XI-XIII) is one of the s t e r e o i s o m e r s  p r e s e n t i n v e r y  sma l l  amounts 
(5-6v/c) in the e p i m e r i c  mix tu re ,  As follows f rom the PMR spec t r a ,  the p redominan t  conformat ion  of the 
molecu les  of both i s o m e r s  is the cha i r  conformat ion ,  and the i s o m e r  exist ing in the e p i m e r i c  mix tu re  in 
l a r g e r  amount  has  the t r ans  configurat ion with the d iequator ia l  posit ion of the l a r g e r  subs t i tuents .  

F igure  1 gives  the PMR s p e c t r a  of the low-boil ing i s o m e r  of compound (IX) i so la ted  f rom the mix tu re  
of e p i m e r s  by f ract ionat ion in to ta l -condensa t ion  f rac t ionat ing columns with an ef f ic iency of 60 theore t i ca l  
p l a t e s .  The s p e c t r u m  has  the s ingle t  s ignal  of the protons  of the 2-CH 3 group at 1.15 ppm, the doublet  of 
the protons  of the methy l  groups  of two i sopropyl  subst i tuents  at  0.87 ppm, and two septe ts  of the methine 
pro tons  of the i sopropyl  subst i tuents  with chemica l  shif ts  of 1.60 and 2.24 ppm.  The doublets of the methyl  
protons  of the two i sopropyl  groups  in the spec t rum of this i s o m e r  fuse .  

The fact  that  the cha i r  conformat ion  is the p redominan t  one is shown by the fo rm of the signal  of the 
methylene protons  in posi t ions  4 and 6 of the r ing .  Axial protons resona te  fur ther  upfield (3.59 ppm) than 
equa to r i a l  p ro tons  (3.77 ppm).  In the s p e c t r u m  of each  methylene group,  because  of the l imit ing shif t  of 
the conformat iona l  equi l ibr ium in the d i rec t ion  of a definite p redominant  conformat ion,  the protons  fo rm an 
AB spin s y s t e m  with a gemina l  cons tant  2JAB = -11.5  Hz. According to the l i t e ra tu re  [4], such a cons tant  
is typ ica l  for 1 ,3-dioxanes  in the cha i r  conformat ion .  

The in te rac t ion  of the 5-H proton with the methylene protons  of the r ing leads to an additional m u l -  
t ipl ic i ty  of the AB line of the quadruplet .  The following values  of the vicinal  constants  a re  observed:  

* F o r  Communica t ion  XIX, see [1]. 
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PMR spect ra  of the low-boiling (top) and high-boiling (bot- 
tom) i somers  of 2 ,5 -d i i sopropy l -2 -methy l - l ,3 -d ioxane .  
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Fig. 2. PMR spectrum of 2,5-dimethyl-2-phenyl-l,3-dioxane. 

3]HAH, ~ =7,0 HZ and 3]HBH, e =4,8 HZ. However, it is known [2, 3, 5] that the values of these constants for 
the major i ty  of the 2 ,5-d ia lky l - I ,3 -d ioxanes  studied are  3-4.5 and 1.5-2.5 Hz, respect ive ly .  The higher 
vicinal constants  observed in the spec t rum of the low-boiling i somer  of compound (IX) can be explained by 
assuming that the sample investigated was an equil ibrium mixture of the conformers  a and b with a p r e -  
dominance of the fo rmer  (a :b ra t io  approximately 60 : 40). 
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The orientation of the isopropyl  group in position 5 of the conformer  a can be determined f rom the 
value of the chemical  shift of the methine proton of this group (6 2.24 ppm) ; in view of the presence  of con-  
f o r m e r  b and the averaging of the chemica l  shift of this proton, and also previous resul ts  [6], it may be a s -  
sumed that the isopropyl substituent is axial. This is also indicated by the nature of the resonance  of the 
methylene protons of the 1,3-dioxane ring that has been discussed above. 
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It is  more  difficult to de termine  the orientat ion of  
the subst i tuents  in pos i t ion 2.  It fo l lows  from the work of 
Pihlaja  and Teinonen [7] that the re sonance  s ignal  of  an 
axial  methyl  group in this  pos i t ion is  found in lower  f ie lds .  
In v iew of this ,  the re sonance  s ignal  of the protons  of the 
methyl  group in the spec trum of the i s o m e r  cons idered  
(6 1.15 ppm), taking the p r e s e n c e  of the c o n f o r m e r  b into 
account ,  indicates  its axial  posit ion and, consequent ly ,  the 
i sopropyl  group is  present  at an equatorial  va lence .  Thus, 
the low-bo i l ing  i s o m e r  has the c i s  configuration and its 
mo lecu l e  ex i s t s  in the predominant  chair  conformat ion ,  
cons i s t ing  of a mixture  of the c o n f o r m e r s  a and b with a 
predominance  of the f o r m e r .  

As fo l lows from the geminal  constant  of the axial  
and equator ia l  protons in pos i t ions  4 and 6 (3JAB = -11 .5  
Hz) and the mult iplet  nature of the re sonance  s ignal  of the 
s a m e  protons (3]HBH, a = 4 , 8  HZ, 3]HAH, a = 10.5 H Z * ) ,  the 
high-boi l ing i s o m e r  of compound (IX) (Fig.  1) a l so  ex i s t s  
in the chair  conformat ion .  The trans conf igurat ion of  this 
i s o m e r  fo l lows  from the v ic inal  constant  3]HAH' ~ = 10,5 HZ 
and the c h e m i c a l  shifts  of the protons of the 2-CH 3 group 
(8 1.23 ppm) [7] and of the methine proton of the 5 - i s o -  
propyl  group (5 1.60 ppm) [6]. 

Thus,  the low-boi l ing  i s o m e r  of compound (IX) is the 
c i s  i s o m e r  with the 2e5a and 2a5e pos i t ions  of the larger  
subst i tuents ,  and the high-boi l ing i s o m e r  the trans i s o m e r  
with the 2e5e posit ion of these  subst i tuents .  The predom-  
inant conformat ion  of the mo lecu l e  of each  of the s t e r e o -  
i s o m e r s  is  the chair  conformat ion .  

The PMR spectra  of the other compounds  that we 
obtained show s imi lar  features  (Table 2). It can be seen 
f rom this table that the c i s  i s o m e r s  of compounds  (I- 
XIII) are c h a r a c t e r i z e d  by a v ic inal  s p i n - s p i n  coupling 
constant  h igher  than expected  3]H,H." = 6 - - 7  HZ. AS in the 
c a s e  of compound (IX), this indicates  their  conformat iona l  
inhomogenei ty .  The amount of the l e s s  suitable c o n f o r m e r  
with the 2a5e posi t ion of the larger  subst i tuents  is ap-  
prox imate ly  the same  for all the compounds .  

In the s e r i e s  of compounds (XI-XV) including the 
2-C6H 5 group, the amount of trans i s o m e r  is cons iderably  
grea ter  than for the c a s e  of substances  (I-X). Figure 2 
g ives  the PMR spec trum of compound (XI), f rom which its 
predominant  chair  conformat ion  with an equator ia l  5-CH 3 
group (5 0.43 ppm) can be c l ear ly  s e e n .  The re sonance  
of the protons of the 2-CH 3 group is  observed  at 1.49 ppm 
which,  according to the l i terature [7], indicates  its axial  
pos i t ion .  Consequently ,  compound (XI) has the trans con-  
f iguration.  The s imi lar  conformat ion  of the high-boi l ing 
i s o m e r s  of compounds (XII-XV) is  conf irmed by the 
f igures  of Table 2.  The c i s  configuration of the l o w - b o i l -  
ing i s o m e r s  of compounds  (XII-XV) a l so  fo l lows from the 
f igures  of  this table .  

*It fo l lows  from the values  of  these  constants  that the 
concentrat ion  of the predominant  c o n f o r m e r  at r o o m  t e m -  
perature  amounts  to about 95~ .  
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T A B L E  2 .  P a r a m e t e r s  o f  t h e  P M R  S p e c t r a  a n d  t h e  S t e r e o c h e m i s t r y  

o f  t h e  2 , 2 , 5 - T r i a l k y l - l , 3 - d i o x a n e s  

Comp. R R' 

H~ CIi3 

Chemica lsh i f l s ,  Spin-spin coupling con-  i ] Orienta-  
6, ppm s tan~ ~onfigu~ fion 

] I . . . . . . . . . . .  a t ion . . . . .  

I CH3 C~H5 

II C~H5 C~Hs 

III n-C3H7 C2Hs 

1V i-CaH7 C2Hs 

V i -C4Hg C~H5 

VI CHs i-C3H7 

VII C2Hs i-CaH7 

VI[l n-CaH i-CaH7 

IX i -C3H7 i-C3H7 

X i'C4H9 i-CaH7 

XI CH3 C6H5 
X [ I C~H5 C6Hs 

XIII n-C3H C6Hs 

XIV i -C3H7 C6Hs 

i'C4H9 C6Hs 

11,5 6~ 

I I ,01  

75 
, ~ , o l  - 

, ~ , , 0  7,0 

,5, 63 
11,0' 

,C,o: 

4,5 
6,9 

'?sl 75 

4,6 - -  ~ans e a e 
- -  4,6 cis a a e 

4 , 7  - -  t r a m  e a e 

- -  4,5 cis a a e 

4,5 - -  t ram e a e 
- -  4,5 cis a a e 

4,5 - -  ~ans  e a e 
- -  4,5 cis a a e 
4,4 - -  t ram e a e 
- -  4,3 cis a a e 
4,3 - -  t ram e a e 
- -  4,3 cis a a e 

4,7 - -  t ram e a e 
- -  4,3 cis a a e 

4,7 - -  trans e a e 
- -  4,7 cis a a e 
4,8 - -  flare e a e 
- -  4 , 8  c i s  a a e 

4,6 - -  ~ans e a e 
- -  - -  cis a a e 

4,8 t ram e a e 
4,5i - -  trans e a e 
- - I  4,5 ci~ a a e 

4,2[ 4" ~ trans e a e 
cis a a e 

- -  ] ~ a n s  e a e 

- - :  4,1 cis a a e 
4,2 ] trans e a e 
- -  1 42 cis a a e 

x v  

T h e  I R  s p e c t r a  a n d  t h e  d i p o l e  m o m e n t s  o f  t h e  i s o m e r s  a g r e e  w e l l  w i t h  t h e  c o n c l u s i o n s  c o n c e r n i n g  

t h e  c i s  a n d  t r a n s  c o n f i g u r a t i o n s  o f  t h e  c o m p o u n d s  u n d e r  c o n s i d e r a t i o n .  T h u s ,  t h e  IR  s p e c t r u m  o f  t h e  

t r a n s  i s o m e r  o f  (IX) h a s  a s t r o n g  b a n d  a t  675  c m  -1 w h i c h  i s  c h a r a c t e r i s t i c  f o r  t r a n s  i s o m e r s  o f  t h e  1 , 3 -  

d i o x a n e  s e r i e s  [8 ] .  I n  t h e  s p e c t r u m  o f  t h e  l o w - b o i l i n g  i s o m e r  o f  t h i s  c o m p o u n d  t h e r e  i s  a n  a b s o r p t i o n  

b a n d  a t  6 9 5  c m  -1 ,  w h i c h  i s  c h a r a c t e r i s t i c  f o r  t h e  c i s  i s o m e r .  

T h e  d i p o l e  m o m e n t s  o f  t h e  i n d i v i d u a l  i s o m e r s  o f  c o m p o u n d  (IX) a r e  1 . 8 2  D f o r  t h e  c i s  i s o m e r  a n d  

1 . 7 6  D f o r  t h e  t r a n s  i s o m e r  a n d  c o n f i r m  t h e i r  c h a i r  c o n f o r m a t i o n  [9] .  

EXPERIMENTAL 

The 2,2,5-trialkyl-l,3-dioxanes were synthesized by condensing the corresponding 2-alkylpropane- 
1,3-diols with methyl ethyl ketone, methyl isopropyl ketone, and acetophenone in the presence of KU-I 
cation-exchange resin in the H form [4]. The presence of geometric isomers in samples of the compounds 
studied was established by GLC and PMR spectroscopy. 

Gas-liquid chromatographic analysis was performed on an LKhM-8M chromatograph. SKTFT-50, 
Carbowax-20M, SKTFV-803, and PFMS-4 were used as stationary phases. 

The PMR spectra were taken on a Varian H-100 instrument in the form of 10% solutions in CCI 4 with 
TMS as internal standard. 

The epimerization of the individual isomers of compound (IX) in order to determine the preferential 
existence of one of them was performed in sealed tubes in the presence of BF 3 etherate as catalyst by heat- 
ing at 30, 60, and 90~ until equilibrium had been achieved. The course of epimerization and the setting in 
of equilibrium were monitored by GLC. 
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