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2-Methyl -and  2 ,5 -d ia lky l -5 -phenoxy- l ,3 -d ioxanes  were  synthes ized  and sepa ra ted  into the i r  
geomet r i ca l  i s o m e r s  by p rec i s ion  rec t i f ica t ion.  The configurat ion and conformat ions  of these  
i s o m e r s  were  de te rmined  by PMR spec t roscopy .  It is shown that  the low-boil ing t rans  i so-  
m e r s  exis t  p r i m a r i l y  in the chai r  conformat ion with an equator ia l  phenoxy group, whereas  the 
high-boil ing cis i s o m e r s  exis t  p r i m a r i l y  in the chair  conformat ion with an axial phenoxy 
group. 

Considering the absence  of sufficiently complete  informat ion regard ing  the effect  of alkoxy and a r y l -  
oxy g roups  on the conformat ion of the 1,3-dioxane r ing [2-4], we undertook the p re sen t  r e s e a r c h .  It is 
known that the cha i r  conformat ion  with axially or iented  alkoxy groups is p r e f e r a b l e  in 2 - a l k o x y - l , 3 - d i o x -  
anes (the "anomer ie  effect ,"  for  example ,  see  [5, 6]). The axial and equator ia l  or ienta t ions  of the alkoxy 
substi tuent  a re  p rac t i ca l ly  equally probable  for s t e r e o i s o m e r i c  5 -a lkoxy- l , 3 -d ioxanes  ( -  AG o = 0.3 �9 0.01 
kcai /mole)  [2]. The expected mul t ip l ic i ty  of the resonance  signal of the protons of the 4,6-CH 2 groups is 
absent  in the PI~R s pec t r a  of the cis i s o m e r s  of some 2 ,5 -d i a lky l -5 -a lkoxy- l , 3 -d ioxanes ,  and the i r  p e r -  
centage in the s t e r e o i s o m e r i c  mix tu re  does not exceed 30~ [7]. This may  indicate the exis tence of the cis 
i s o m e r s  in a conformat ion other  than the chair  conformat ion.  In o rde r  to obtain additional information 
regard ing  the effect  of alkoxy groups in the 5 posi t ion on the p r i m a r y  conformat ion of subst i tuted 1 ,3-diox-  
aries, we synthes ized a number  of 2 ,5 -d ia lky l -5 -phenoxy- l ,3 -d ioxanes  {Table 1). The phenoxy group, 
which has a l a r g e r  volume than the alkoxy group (CH30 , C2H50) in the p rev ious ly  invest igated 2 ,5-dia lkyl -  
5 -a lkoxy- l , 3 -d ioxanes  [7], should lead to a shift  in the equi l ibr ium to favor  the t rans  i s o m e r  or  to d i s to r -  
tion of the chair  conformat ion.  

The substi tutent  in the 2 posit ion (the methyl  group) was the s a m e  in the invest igated s e r i e s  of s t e -  
r e o i s o m e r i c  1 ,3-dioxanes.  The select ion of this subst i tuent  was due to the fact  that the signal of the 2-  
CH 3 group i s  not supe r imposed  on the resonance  of the other  protons during the study of the PMR spec t r a .  
Moreover ,  it has been previous ly  p roved  [7] that the 2-CH3 group p re f e r ab ly  occupies the equator ia l  pos i -  
tion and in this sense  can be cons idered  to be a "r ing-f ixing" subst i tuent  ( - A G  O ~ 4.0 kca l /  mole) .  

The PMR spec t r a  of the low-boil ing (Ia) and high-boil ing (Ib) i s o m e r s  of 2 - m e t h y l - 5 - p h e n o x y - l , 3 -  
dioxane (I) a re  p resen ted  in Fig. 1. The re sonance  signal of the 2-CH 3 group appears  as a doublet with a 
chemical  shift  of 1o27 ppm in the spec t r a  of both i s o m e r s .  The 2-H proton gives a quar te t  cen te red  at 4.53 
ppm. The identical  c h a r a c t e r  of the posi t ions of the resonance  s ignals  of the indicated protons  in the spec -  
t r a  of both i s o m e r s  indicates identical  conformat ions  of the s t e r i c  center  in the 2 position, and a c o m p a r i -  
son of the chemica l  shifts of the H a proton and the protons of 2-CHz groups with the data in [7] indicates 
the equator ia l  c h a r a c t e r  of the l a t t e r .  The H a proton occupies  the axial  posi t ion.  In addition, these data 
speak in favor  of a cha i r  conformat ion of the he te ror ing .  The s y m m e t r i c a l  c h a r a c t e r  of the spec t rum of 
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TABLE i .  P rope r t i e s  of Individual I somers  of 2 -Methy l -5-a lky l -  
5 -phenoxy- l ,3 -d ioxanes  
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PMR spec t ra  of 2 -me thy l -5 -phenoxy- l ,3 -d iox-  
Ia) low-boiling i somer ;  ib) high-boiling i somer .  

Fig. 1. 
ane (I): 

the 4,6-methylene protons,  the typical  values of the geminal 2JAB constants,  and the considerable mag-  
netic nonequivalence of the axial and equatorial  protons of these groups, which may serve  as a c r i te r ion  of 
the chai r  conformation [7], also constitute evidence in favor of the chair  conformation.  In view of the shift 
of the conformational  equil ibrium to favor one p r i m a r y  conformation, the protons of each of the 4 ,6 -me-  
thylene groups form a spin sys t em of the AB type with geminal s p i n -  spin coupling constants (SSCC} of 
2JAB = - 10.0 Hz for Ia and ~JAB -- - 12.5 Hz for Ib. Subsequent splitting of the lines of the AB quartet  with 
3JAa = 10.0 Hz, which is due to the vicinal s p i n - s p i n  coupling of the H A proton with the 5-H proton, in- 
dib-ates its axial position in Ia. In the spec t rum of s t e reo i somer  Ib the 5-H proton, because of its coupling 
with the protons of the 4 ,6-methylene groups,  resonates  as aquintet  with 3JAe = 3JBe = 1.2 Hz and a chem-  
ical shift of 6 3.89 ppm, occupying the equatorial  position. The additional mult ipl ici ty of the lines of the 
AB quartet  in the spec t rum of this i somer ,  with ~J = 1.5 Hz, is apparently due to long-range spin--spin 
coupling of the protons of the 4,6-CH 2 groups.  

Thus the low-boiling i somer  of dioxane Ia has the t rans configuration and p r imar i ly  the 2e5e-cha i r  
conformation.  The H a proton resonates  in the region of the H B proton.  Low-boiling i somer  Ib is the cis 
i somer  with a p r e f e r r ed  2e5a-cha i r  conformation.  
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Fig. 2. P M R  spect ra  of 2 -me thyI -5 -e thy l -5 -phenoxy- l ,3 -  
dioxane (III): Ilia) low-boiiing i somer ;  tIIb) high-boiling 

i somer .  

TABLE 2. PMR Spectra of 2-Methyl -5-a lkyl -5-phenoxy- l ,3 -d ioxanes  

Iso- " Chemical  shifts, ~, ppm* SSCC, Hz 
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*Abbreviations: d is doublet, t is triplet,  q is quartet,  m is multiplet, 
and s is singlet.  

The PMR spec t ra  of the low-boiling (IIIa) and high-boiling (IIIb) i somers  of 2 -me thy l -5 -e thy l -5 -  
phenoxy-l ,3-dioxane (Fig. 2) have a typical AB quartet  of methylene ring protons with centers  of 3.50 and 
3.89 ppm and 2JAB = -  I0.5 Hz for  i somer  ItIa, and centers  at 3.30 and 3.89 ppm and 2JAB = - 1 2 . 0  Hz for  
i somer  IIIb. The indicated spect ra l  data constitute evidence that both i somers  exist  in the p re fe r r ed  chair  
conformation at room tempera ture .  The methyl group attached to the C-2 atom occupies the same posi-  
tion - equatorial  (quartet centered at 6 4.41 ppm for IIIa and at 4.45 ppm for IIIb with 3JHc H = 5.0 Hz; the 
protons of the methyl  group attached to C-2 of both i somers  give a doublet with a chemical  s~ift of 1.26 
ppm for  Ilia and 1.18 ppm for IIIb) - in both i somer s ,  

It is impossible to fo rm a judgment regarding the spatial orientation of the substituents attached to 
C-5 in II-V by examining the vicinal SSCC, as in the case  of I, because of the absence of a methylidyne 
proton attached to C-5 in the molecules  of these compounds. Inthis  case one can use the regular i t ies  in the 
changes in the chemical  shifts of the protons attached to the a - c a r b o n  atom of the substituents bonded to 
the r ing C-5 atom [7]. This is seen in the case of the PMR spect rum of 2 -me thy l -5 -e thy l -5 -phenoxy- l , 3 -  
dioxane (III). The ethyl substituent in low-boiIing i somer  Ilia is in the axial position, inasmuch as the 
quartet  of the a -methylene  protons of the ethyl group is shifted to lower f i e l d s a s  compared  with the r e s o -  
nance signal of these same protons in the spec t rum of high-boiling i somer  IIIb. In this case the shift of 
the resonance band of the methylene protons to higher or  lower field acts as a test  c r i te r ion  of the spatial 
orientation of the substituents attached to C-5 [8]. 
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TABLE 3. Magnitude of the Difference in the F ree  Energies  ( - A G  o ) 
of the Configurational I somer iza t ion  of 2 -Methy l -5 -a lky l -5 -phenoxy-  
1,3-dioxanes 

Com- 
R -AG ~ kcal/mole pound Kav 

I 
II 

III 
IV 
V 

H 
CH, 
C2H, 
CsH7 
i-C3H~ 

4,2 • 
0,84__-0~09 
~84• 
0~84 • 0,04 
0~5~• 

+0,77• 
-0,11---+0,,07 
-0~11-----0,04 
-0~11 --+-0,04 
-0,42-0,06 

Summariz ing the mater ia l  set  forth above, it can be a s se r t ed  that s t e r eo i somer  IIIa has a t rans  con- 
figuration and a p r e f e r r ed  2e-methy l -5a-e thy l -5e-phenoxy  chair  conformation and IIIb has a cis configura-  
tion and a 2e -methy l -5e -e thy l -5a -phenoxy  chair  conformation.  

A study of the PMR spec t ra  of 1,3-dioxanes II-V (see Table 2) with allowance for the above-d iscussed  
features  of the spec t ra l  cha rac te r i s t i c s  makes it possible to a s s e r t  that the low-boiling i somers  are  t rans  
i somers  with a 2e -me thy l -5a -a lky l -5e  phenoxy orientation of the substituents and exist  in the p r e f e r r ed  
chair  conformation, whereas the high-boiling i somers  are  cis i somers  with a 2e -me thy l -5e -a lky l -5a -  
phenoxy orientation of the substituents in the chair  conformation.  

The IR spec t ra  of 1,3-dioxanes I-V contain absorption bands at 1000-1300 cm -I which are  cha rac te r i s t i c  
for the 1,3-dioxane ring [9]. The same differences at 400-800 cm -1 as in the previously descr ibed c o m -  
pounds of the 1,3-dioxane se r ies  (for example, see [10]) are  observed  in the IR spec t ra  of the individual 
s t e r e o i s o m e r s  of I-V. 

An analysis  of I -V by g a s -  liquid chromatography (GLC) shows that the t rans i somer  (92%) predo-  
minates in the s t e reo i somer ic  mixture of I. At the same time, the percentages  of the two i somers  in 
s t e reo i somer ic  mixtures  II-V are  ei ther  approximately equal (R = CH 3) or else the t rans  (R = C3H 7) or cis 
(R = C2H ~ and iso-C3H?) i somer  predominates .  Assuming that this mixed pat tern of the rat io of the s t e r eo -  
i somers  in their  mixtures  is due to the c loseness  of the conformational  energies  of the 5-alkyl (CH3, i so-  
C3H 7 = 1.0 kcal /mole ,  C2H 5 = 0.76 kca l /mole  [2, 4]) and 5-phenoxy substituents, we studied the ep imer iza -  
tion of the pure s t e r eo i somers  of I -V:  

H H 

'~O~"C H3 R ? CH3 

It is seen f rom the data in Table 3 that the p re fe r r ed  cha rac te r  of the 5e position of the phenoxy 
group in I as compared with the 5a position is 0.77 kcal /mole .  F rom a compar ison  of this value with the 
conformational  energies of the alkyl groups attached to the r ing C-5 atom, it can be seen that the axial 
orientations of the alkyl or  phenoxy substituent are  approximately equally probable (the axial orientation 
of the phenoxy substituent is preferred}.  Compound V, in which the azial orientation of the phenoxy group 
is considerably more  advantageous (by 0.42 kcal/mole) than the axial orientation of the 5- isopropyl  group 
constitutes an exception to this. Considering the data in [2, 11] and our resul ts ,  it can be a s se r t ed  that the 
rat io of s t e r eo i somers  of II-V is due to the difference in the conformational  energies  of the 5-alkyl groups 
and the phenoxy substituent. The shift in the eonformational  equilibrium to favor the t rans i somer  in the 
case of I can be explained by the different nature of the substituents attached to the r ing C-5 atom and, 
in connection with this, by the change in the conformational  energies  of substituents determined for s te r ic  
ser ies  of 1,3-dioxanes with substituents of the same nature.  

E X P E R I M E N T A L  M E T H O D  

The PMR spect ra  of solutions (~10%by volume} of dioxanes I-V (Figs.  1 and 2, Table 2) were r e -  
corded with a Varian HA-100 spec t romete r .  The I1R spec t ra  of capi l lary  layers  of II-V and of a solution 
of I in carbon te t rachlor ide  were r ecorded  with a UR-10 spec t romete r .  

The epimerizat ion of the individual i somers  of I -V (Table 3) was ca r r i ed  out in the p resence  of boron 
tr i f luoride etherate (3.5 �9 10 -2 mole of the catalyst  per  mole of dioxane) at 60 ~ by the method in [12]. 
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The ratio of the isomers in the mixture was determined by GLC with an LKhM-SM chromatograph 
with a 2-m-long column filled with 15% E-301 on Chromosorb G with helium as the ca r r i e r  gas and an 
operating temperature of 230-240~ 

T h e - A G  ~ values were calculated by the method in [12]. 

2-Methyl-5-alkyl-5-phenoxy-1,3-dioxanes (I-V) (Table 1). These comPOunds were obtained by the 
method in [10]. The geometrical isomers were separated by rectification with total condensation columns 
with 37 theoretical plates. 
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