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Six 2, 2, 5-trialkyl-5-a-alkoxyethyl-1, 3-dioxanes have been synthe- 
sized for the first time by the condensation of 2-alkyl-2-a-alkoxy- 
ethyl-l, 3-propane diols with ketones, and it has been shown by a 
study of their PMR spectra that they exist in the unsymmetrical boat 
conformation. The PMR spectra of a number of previously-synthesized 
2-alkyl(aryl)-5-alkyl-5-c~-alkoxyethyl-1, 3-dioxanes have been con- 
sidered and it has been shown that from an analysis of the spectra it 
is possible to estimate the contents of geometrical isomers in a 
mixture. The stereochemistry of these compounds has been discussed. 

In p a p e r s  publ ished p r ev ious ly  [] -3], we have 
d e s c r i b e d  the syn thes i s  of some 2 - a l k y l ( a r y l ) - 5 - a l k y l -  
- 5 - a - a l k o x y e t h y l - 1 ,  3 -d ioxanes  (I) by the r eac t ion  of 
2 - a l k y l - 2 - ~ - a l k o x y e t h y l - 1 ,  3 -p ropaned io l s  (II) with 
aldehydes in the p r e s e n c e  of p - to luenesu l fon ic  acid 
or  KU-]  and KU-2 i o n - e x c h a n g e r s  in the hydrogen 
fo rm.  We have s e p a r a t e d  s e r i e s  I into g e o m e t r i c a l  
i s o m e r s ,  and by a study of the i r  PMR s p e c t r a  and 
dipole m o m e n t s  it  has been shown that  the low-bo i l ing  
i s o m e r s  of I a re  the t r a n s - i s o m e r s ,  which ex i s t  p r e -  
dominant ly  in the cha i r  conformat ion ,  and the h igh-  
boi l ing i s o m e r s  are  the c i s - i s o m e r s ,  ex i s t ing  p r e -  
dominant ly  in the u n s y m m e t r i c a l  boat conformat ion .  
There  w e r e  no c l e a r  indica t ions  of an i n v e r s i o n  of 
the confo rma t ions .  We have e s t a b l i s h e d  that  the 

spl i t t ing  of the peak of the methoxy group in the spec -  
t r a  of m i x t u r e s  of the s t e r e o i s o m e r s  is a s ign of 

the ex i s t ence  of c i s - t r a n s - i s o m e r s ,  and a study of 
the r e l a t i v e  in t eg ra l  in tens i t i e s  of the components  of 
the doublet  of the methoxy groups g ives  in fo rmat ion  
on the i r  quant i ta t ive  r a t i o .  It was also shown that  
in the s p e c t r a  of the t r a n s - i s o m e r s  of I with a methyl  
r ad i ca l  on the 5-C carbon  the re  is a peak  with an 
anomalous ly  low chemica l  shift  ( 0 . 4 - 0 . 5  ppm) which 

*For  par t  XXI, see  [10]. 

is a consequence  of the r e s o n a n c e  of the methyl  group 
ment ioned loca ted  in the axial  pos i t ion .  Obviously,  
a study of the r e l a t i v e  in t eg ra l  in tens i ty  of this  ano-  
malous  peak  in the s p e c t r a  of m i x t u r e s  of the i s o m e r s  
of I can give in fo rma t ion  on the r a t io  of the s t e r e o -  
i s o m e r s  in the mix tu re  and f u r t h e r m o r e ,  on the 
amount  of the i s o m e r  with the axial  a r r a n g e m e n t  of 
the methyl  group in pos i t ion  5. 

In the p r e s e n t  communica t ion  we give data  on the 
syn thes i s  of some new compounds I and on a study 
of the i r  s t e r e o c h e m i s t r y  and the s t e r e o c h e m i s t r y  
of a number  of compounds I syn thes i zed  p r e v i o u s l y  
by cons ide r ing  the i r  PMR s p e c t r a .  We c a r r i e d  out 
the syn thes i s  of I by the r e a c t i o n  of II with ketones  
by S a l m i ' s  method  [4] with some modi f i ca t ions .  The 
p r o p e r t i e s  of the 2 , 2 , 5  - t r i a l k y l - 5 - ~ - a l k o x y e t h y l - 1 ,  
3 -d ioxanes  (III) not p r e v i o u s l y  d e s c r i b e d  are  g iven 
in the table .  

It is known f r o m  gene ra l  s t e r e o c h e m i c a l  laws that  
in spi te  of the high s tab i l i ty  of the s i x - m e m b e r e d  
cyc l ic  ace ta l s  as c o m p a r e d  with the f i v e - m e m b e r e d  
compounds,  the r e v e r s e  s i tua t ion  appl ies  to ke ta l s .  
The cause  of the ins tab i l i ty  of the s i x - m e m b e r e d  
keta ls  is ,  in E l i e l ' s  opinion [5], axial  i n t e r ac t ions  

which lower  the s tab i l i ty  of the s y s t e m s .  It is jus t  
this  which expla ins  the fact  that the acetone d e r i v a -  
t ives  of the suga r s  are  ],  2 -  and not ],  3 -ke t a l s .  This  
point of v i ew is c o n f i r m e d  by other  authors .  Thus, 
F r i e b o l i n  [6] came  to the conclus ion  that ke ta ls  ex i s t  
in a d i s to r t ed  cha i r  conformat ion  on the bas i s  of the 
fact  that in the P1VIR s p e c t r u m  of 2, 2 - d i m e t h y l - ] ,  
3-dioxane,  even  on cool ing to -88* C, the peaks  of 
the methyl  pro tons  undergo  no spl i t t ing.  F r i e b o l i n  
a s s u m e s  that  this is a consequence  of the fact  that 
the in t roduct ion  of gemina l  methyl  groups into pos i t ion  
2 of the dioxane r ing  changes the capaci ty  of this  r ing  
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for i nve r s ion .  Accord ing  to F r i e b o l i n ,  in 2, 2 - d i m e -  
t h y l - ] ,  3-dioxane,  because  of s t rong  ] ,  3 - i n t e r ac t i ons  
(the d is tance  be tween the axial p ro tons  at 4-C and 
6-C and the hydrogen a toms of the axial methyl  at 
2-C is  ~ 0 . 4  A l e s s  than the sum of the van  der Waals  
radii)  there  is a d i s to r t ion  of the chai r  conformat ion  
to such an extent  that the gem-me thy l  groups v e r y  
read i ly  exchange with one another .  Thus,  according  
to the authors  ment ioned,  a d i s to r t ion  of the r i ng  
leads to its high labi l i ty �9 An ana lys i s  of the PMR 
spec t r a  of III leads  to ex t r eme ly  i n t e r e s t i ng  con-  
c lus ions  which supp lement  those of El ie l  and F r i e b o l i n  
and, as we a s sume ,  have independent  value for a study 
of the s t e r e o c h e m i s t r y  of cycl ic  ketals  of the type 
cons ide red .  

We have studied the spec t r a  of 2 , 2 , 5 - t r i m e t h y l -  
(IV) and 2,2 -d imethy l -5  - e thy l -  (V) -5 - a - m e t h o x y -  
e t h y l i l ,  3-d ioxanes  and also of 2 , 2 - d i m e t h y l - 5 - i s o -  
p ropoxye thy l - ] ,  3-dioxane (VI). Of course ,  IV-VI 
cannot  have geomet r i ca l  i s o m e r s .  The s p e c t r u m  of 
IV is given in Fig.  ] and that of V i n F i g .  2. As can 
be seen  f rom these f igures ,  a c h a r a c t e r i s t i c  fea ture  
in the s p e c t r a  of the keta ls  IV and V is a s ing le t  peak 
in the 5 1.3]  and ] .  39 ppm region ,  r e spec t ive ly  (6 H). 
K the ana lys i s  of the s t e r e o i s o m e r i c  compounds I 
that we have cons ide red  p rev ious ly  and n u m e r i c a l  
data on the nonequivalenee  of the pro tons  of the methyl  
groups p r e s e n t  in the axial and equa tor ia l  pos i t ions  
at the 2-C ca rbon  [2,3] are taken into account,  the 
p r edominan t  conformat ion  of III may be deduced�9 Thus, 
the nonequivalence  of the p ro tons  of the geminal  
methyl  groups in pos i t ion  2 mus t  be 0. ] 6 ppm in the 
chai r  conformat ion  and 0. 069 ppm in the u n s y m -  
m e t r i c a l  boat conformat ion�9  Expe r imen t  gives a 
s ingle t  peak.  It is not the r e s u l t  of the rap id  i nve r s ion  
of two cha i r  conformat ions  into one another ,  even 
if the i r  d i s to r t ion  is assumed�9 In actual  fact,  in this 
case the other  fea tu res  of the spec t r a  of IV andVI ,  
namely  the p r e s e n c e  in the s p e c t r u m  of IV of an 
anomalous  peak of an axial methyl  group in pos i t ion  
5 with a shift  of 5 0.78 ppm (3 H) and the c h a r a c t e r -  
i s t ic  peak for the pro tons  of the methylene  group at 
the 4-C and 6-C atoms (two quadruple t s  with cen te r s  
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Fig.  1. PMR spec t rum of 2 , 2 , 5 - t r i m e t h y l - 5 - a -  
me thoxye thy l -1 ,3 -d ioxane  (IV). 

at 3 .33 and 3.55 ppm) would not appear ,  and the 
same applies to the s i m i l a r  bands in the spec t rum 
of V. Excluding inve r s ion ,  therefore ,  it  mus t  be 
assumed,  taking the ca lcu la t ions  given above into 

account,  that the dioxanes IV-VI exis t  p r edominan t ly  
in the u n s y m m e t r i c a l  boat  conformat ion  (A). 
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Fig.  2. PMR spec t rum of 2 , 2 - d i m e t h y l - 5 - e t h y l -  
5-c~-methoxyethyl-] ,  3-dioxane (V). 

This s t a t emen t  also agrees  with r e s u l t s  on the 
chemica l  shifts  of the methyl  groups at the 2-C ca rbon  
atom in the h igh-boi l ing  i s o m e r s  of I, which exis t  in 
the u n s y m m e t r i c a l  boat conformat ion .  As can be seen  
f rom prev ious  pape r s  [2,3] this  shift mus t  be ] .  16- 
] .  37 ppm.  Expe r imen t  gives a value of 5 of ] .  3] ppm 
for IV and of ] .  32 and ] .  34 ppm for V and VI. 

It is i n t e r e s t i n g  that the t r e a t m e n t  of the spec t r a  
given and the ideas on the p r e domi na n t  u n s y m m e t r i c a l  
boat conformat ion  for  keta ls  of type III fol lowing f rom 
it agree with an ana lys i s  of S tua r t -Br i eg l eb  models .  
With these models  it  can be seen  c l ea r ly  that in con-  
fo rmat ion  A the boa t -ax ia l  i n t e rac t ion  of the geminal  
methyl  groups is far  l e s s  than in the chai r  confo r -  
mat ion .  In both conformat ions ,  the gemina l  methyl  
groups in pos i t ion  2 are capable of f ree ro ta t ion .  

H 

CH 3 I~' \OR CH 3 

A B 

Under  these condi t ions ,  the alkoxy rad ica l  of the 
alkoxyethyl group occupies the r e m o t e s t  pos i t ion  
f rom the oxygen a toms of the dioxane r ing ,  which 
undoubtedly s t ab i l i zes  this conformation�9 

All these  r e s u l t s  a re  also conf i rmed  by a study 
of the dipole m o m e n t  of IV. The dipole momen t  
of IV, #exp = 1 . 6 4 - 1 . 6 6  D. Calcula t ion of the 
dipole m o m e n t  for the u n s y m m e t r i c a l  boat con-  
fo rma t ion  leads to s i m i l a r  va lues  Pcal = 1 . 5 2 -  
2 .20 D, depending on the conformat ion  of the 
methoxy group in the alkoxyethyl r ad ica l .  Conse-  
quent ly,  a study of the dipole m o m e n t  con f i rms  the 
idea of conformat ion  A for  compound IV. 

On the bas i s  of these r e s u l t s  it  may be concluded 
that the g r e a t e r  s tab i l i ty  of the s i x - m e m b e r e d  ketals  
(at l eas t  of type III) ag compared  with the f i v e - m e m -  
be red  compounds is connected not with the axial i n t e r -  
action of the gemina l  methyl  groups in the cha i r  con -  
fo rmat ion  (according to Eliel)  but with the fact that 
because  of the poss ib i l i t y  of the in t e rac t ion  ment ioned 
the molecu les  of the ketals  assume the u n s y m m e t r i c a l  
boat conformat ion .  Of course ,  the oxygen at the apex 
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of such a boat  is more  access ib le  to hydro lyz ing  agents  
than in a f i v e - m e m b e r e d  r i n g  where  both oxygen atoms 
of the r i n g  mus t  be s c r eened  to an equal extent .  It 

j 1.04 

YZ ,,~>COxC., ~ T~, 

H.~C, ~0 Cz% .~ 
V/l/ H C/X~'---- 0 ~/N H lllJ 

H~C / X0C.~H~,'i 32& 1~6 ~T~ / 

X H~C xA/'~0xp h ~ 0.57 

X/ H~C Nm 0MCH'CH Ph 
HC" "--0' \H 102 

~3C / \OCs H;,-i 

-.---~ H 

Fig.  3. PIVIR spec t r a  of 2 - a lky l ( a ry l ) -5 -c~ - i so -  
pr  opoxyethyl-:I ,  3-dioxane s. 

may also be a s sumed  that F r i e b o l i n ' s  fa i lu re  to ob-  
se rve  sp l i t t ing  of the geminal  methyl  group type in 
the ketals  on deep cooling was not because  the r i n g  
p o s s e s s e s  an except ional ly  la rge  capaci ty for i n -  
v e r s i o n  due to d i s to r t ion  of the cha i r  conformat ion  
but because  these keta ls  ex i s t s  in the u n s y m m e t r i c a l  
boat conformat ion  where  the nonequivalence  of the 
p ro tons  of the gemina l  methyl  groups at 2-C is e x -  
cept ional ly  sma l l .  

We have also cons ide red  a s e r i e s  of spec t r a  of 
ace ta ls  of type I that we had syn thes ized  p rev ious ly  
[ l ,  7] but had not s tudied f rom the s t e r eochemica l  
point  of view. F igure  3 shows the PMR spec t r a  of 
compounds I which, on the bas i s  of genera l  s t e r e o -  
chemica l  ideas ,  mus t  be m i x t u r e s  of geomet r i ca l  
i s o m e r s  and which have in common the p r e s e n c e  of 
a methyl  group on the 5-C carbon.  We have cons ide red  
the following spec t r a  of compounds I f rom this  s e r i e s  : 
2 , 5 - d i m e t h y l - 5 -  a - i sopropoxyethyl - (VII I ) ,  2 - e t h y l - 5 -  
methyl -5-oz- i sopropoxyethyl -  (VIII), 2 - i s o p r o p y l - 5 -  
methyl  -5-c~-isopropoxyethyl-  (IX), 2 -phenyl -5  - m e t h y l -  
5-c~-isopropoxyethyl-  iX), and 2 - ( 2 ' - p h e n y l v i n y l ) - 5 -  
m e t h y l - 5 - ~ - i s o p r o p o x y e t h y l -  (XI) - 1 , 3 - d i o x a n e .  

In spite of the fact  that these subs tances  do not 
contain a methoxy group, f rom an ana lys i s  of the i r  
spec t r a  it is  poss ib le  to fo rmula te  definite ideas con-  
c e rn ing  the p r e s e n c e  and the ra t io  of the s t e r e o i s o m e r s  
in the mix tu re s  VII-XI.  In actual fact,  the spec t r a  
of all the compounds I have a l ine with an anomalous ly  
low value of the chemica l  shift,  5 = 0 . 4 3 - 0 . 5 8  ppm. 

As follows f r o m  prev ious  work [2,3],  this  l ine is due 
to the r e sonance  of the p ro tons  of the methyl  group 
on the 5-C carbon  of the t r a n s - i s o m e r s .  Consequent ly ,  
by s tudying the re l a t ive  in teg ra l  i n t ens i t i e s  of these 
peaks  and c a r r y i n g  out s imple  ca lcu la t ions*  it  is p o s -  
s ible  to obtain an idea of t he i r  r e l a t ive  amounts .  This  
ra t io  is 62 : 38 for  VII, 70 : 30 for  VIII, 74 : 26 for  IX, 
73 : 27 for  X, and 59 : 41 for  XI. Since the m i x t u r e s  of 
VII and VIII were  separa ted  into the i r  i s o m e r s  by gas -  
l iquid ch romatography  (rat io  57 : 43 for  VII) and also 
by p r e p a r a t i v e  f r ac t iona t ion  (rat io 58 : 42 for  VII 
63 : 37 VIII) and these  r e s u l t s  a r e  c lose  to those ob-  
ta ined  on the bas i s  of an ana lys i s  of the PMR spec t ra ,  
i t  can be stated,  taking the e r r o r  of the in t eg ra l  m e a -  
s u r e m e n t s  as • that the other  r e s u l t s  a re  l ikewise  
re l i ab le .  Thus,  on the bas i s  of an ana lys i s  of the PM1R 
spec t r a  it  can be stated that the m i x t u r e s  conta in  the 
following pe r c e n t a ge s  of the t r a n s - c o n f i g u r a t i o n  m a i n -  
ly with the cha i r  conformat ion  and the a r r a n g e m e n t  of 
the subs t i tuen t s  given in the F igure  (B) : 70 for VIII, 74 
for  IX, 73 for  X, and 59 for  XI. 

In the PM:R s p e c t r u m  of 2 - (2 ' -pheny lv iny l ) -5 -c~-  
i sopropoxyethyl -1 ,  3-dioxane (XI), the r e sonance  of 
the v iny l  p ro tons  gives a typical  AB quadruple t  with 
a spin coupling cons tan t  [Jafi] = 15 Hz. This value 
of the cons tant  shows the t r a n s - a r r a n g e m e n t  of the 
hydrogen a toms about the double bond. 

X// t - H 7Cs~r- O~Ph 
HC~O" "H Io.go 

H C / \0CH 3 327 3.10 ~ T54S 

; -  H ;,C3~(--- 0.)~ CH 2 Ph 327 082 
HC" ~ 0 ' ' H  

H3C OCH~ I} ~. o II , 

- - - ~ H  

Fig.  4. PM_R spec t r a  of 2 - a l k y l ( a r y l ) - 5 - i s o p r o p y l -  
5 - a -me thoxye thy1 -1 ,3 -d iox  ane s. 

*The ca lcu la t ion  was c a r r i e d  out f rom the fo rmula  
X = (B . n ) / n ' ( a  § b), where  (a + b) is the to ta l  in tegra l  
in tens i ty  of the l ine of the methyl  groups in the spec -  
t r a  of VII-XI, including the "anomalous  peak",  b is 
the in tegra l  in tens i ty  of the anomalous  peak, n is 
the total n u m b e r  of methyl  p ro tons  in the compound,  
n '  is the n u m b e r  of p ro tons  of the group giving the 
"anomalous"  peak in the PlVl~ spec t rum,  and X is 
the re la t ive  amount  r(in %) of that i s o m e r  ( t rans- )  
that gives the "anomalous"  peak.  
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F i g u r e  4 g ives  the s p e c t r a  of compounds I having 

in c o m m o n  the p r e s e n c e  of a methoxy group and 
a r o m a t i c  or a l ky l a roma t i c  subs t i tuents  in pos i t ion  

2. On the ba s i s  of genera l  t h e o r e t i c a l  cons ide ra t i ons ,  
they mus t  a l so  be m i x t u r e s  of s t e r e o i s o m e r s .  The 
s p e c t r a  of 2 -phenyl -5  - i sop r  opy1-5- a -methoxye thy l  - 

(XII), 2 -benzy l -5 - i sop ropy l -5 - c~ -me thoxye thy l -  (XIII) 
and 2 -(2 ' -phenylvinyl)  -5 - i sopr  o p y l - 5 - ~  - m e t h o x y e t h y l -  

(XIV) - ] ,  3 -d ioxanes  are  given.  In all these  spec t r a ,  
the doublet  na ture  of the peak  of the methoxy group 
is c l e a r l y  v i s i b l e ,  showing the p r e s e n c e  of s t e r e o -  
i s o m e r s .  In some ca se s  the s p e c t r u m  has a s t i l l  
m o r e  complex  na tu re .  Thus,  the s p e c t r u m  of XII 
has a doublet  of a p ro ton  in pos i t ion  2, 5 = 5. ] 0 and 
5. ]5 ppm, which a lso  shows the p r e s e n c e  of s t e r e o -  
i s o m e r s .  We have p r e v i o u s l y  shown that  the line of 
the methoxy group of t r a n s - i s o m e r s  is d i sp laced  in 
the d i r ec t i on  of lower  f ie lds  in c o m p a r i s o n  with the 
c o r r e s p o n d i n g  line of a c i s - i s o m e r  [2]. Taking this  
fac t  into account  and analyzing the i n t e g r a l  in tens i t i e s  
of the peaks  of the methoxy groups ,  it can be s ta ted  
that  in the compounds cons ide r ed  the fol lowing r a t i o s  
of the g e o m e t r i c a l  i s o m e r s  ex i s t  ( t r an s -  : c i s - )  : 59 : 
41 (XII), 65:35 (XIII), 59:41 (XIV). 

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

Synthesis of ketals of type III. The starting materials for the 
synthesis of the type III ketals were: 2-methyl-2-a-methoxyethyl-1, 
3-propanediol, 2-ethyl-2-a-meth0xyethyl-l, 3-propanediol , 2-iso- 
propyl-2-a-methoxyethyl-1, 3-propanediol, 2-methyl-2-ct-iso- 
propoxyethyl- 1, 3-propanediot, and 2-isopropyl-2-cx-isopropoxyethyl- 
1, 3-propanediol, which we have synthesized previously [8, 9 ], and 
also "Soyuzreaktiv ~ acetone and methyl ethyl ketone previously 
purified by redistillation. 

We performed the synthesis of ketals of type III by the reaction 
of the alkoxy diols listed above with acetone and methyl ethyl 
ketone in the presence of KU-1 ion-exchanger in the hydrogen form 
in absolute benzene with the azeotropic distillation of water in a 
similar manner to the synthesis of the 1, 3-dioxanes of the aeetal 
type that we have described [1]. 

PMR Spectra. The samples were pure liquids. Tetramethylsilane 
(TMS) was added to the samples as internal standard. The positions 

of the peaks on the spectrum were determined by the usual method 
of side frequencies. The PMR spectra were recorded at a proton 
resonance frequency of 60 MHz on a spectrometer of type RYa-2303 
designed by SI<B AP AN SSSR [Special Design Bureau, AS USSR]. 
The time of recording a spectrum was 500 sec. 
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