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A number of 4 - m e t h y l - 5 - a l k y l - 5 - a - m e t h o x y e t h y l -  and 2 ,2 ,4 - t r ime thy l -5 -a -me thoxye thy l -  
1,3-dioxanes were  synthesized.  P rec i s ion  rectif ication was used to isolate the individual 
s t e r eo i somer s ,  the configurations and p re fe r red  conformations of which were confirmed 
by IR and PMR spect roscopy.  The reduction of the a lkyl -a-methoxyethylaeetoacet ic  
es te rs ,  which gives the s tar t ing compounds for the synthesis of 1,3-dioxanes of 2-alkyl-  
2 -a -methoxye thy lbu tane- l ,3 -d io l s ,  proceeds s tereospecif ical ly .  

In the course  of a study of the s t e r eochemis t ry  of s ix -membered  saturated heterocyeles  [2,3], we 
synthesized the previously undescr ibed 4 ,5 -d ia lky l -5 -a -methoxye thy l -  (A) and 2 ,2 ,4 - t r ime thy l -5 -a lky l -5 -  
a -me thoxye thy l - l , 3 -d ioxanes  (B) (Table 1). The synthesis of compounds of the A type was real ized by r e -  
action of 2 -a lky l -2 -a -methoxye thy lbu tane - l ,3 -d io l s  (C) with paraformaldehyde,  while dioxanes of the B 
type were  synthesized by reac t ion  of diols C with acetone. 

The 1,3-diols of the C se r i e s  were  obtained by reduction of a lkyl -a-methoxyethylaeetoacet ic  es ters  
(D) with lithium aluminum hydride.  It is well known that this reduction should proceed s tereospeci f ica l ly  
via one of the modifications of the rule of a symmet r ic  induction [4,5] to give the d ias te reomer ic  diols in a 
60 : 40 ra t io .  In view of the complexity of the s te reochemica l  picture in compounds of the D and C types [6], 
in cont ras t  to 2-a lkyl -  or 2 ,2-dia lkylbutane- l ,3-diols  [7], in this case  the evaluation of the configurations 
of the 1,3-dioxanes on the basis  of an evaluation of the configurations of the diols, obtained from confo rma-  
tional analysis of the course  of the reduction of D, is difficult. However, as in the case  in [7], the a s s e r -  
tion, which flows out of the general  principle in [8], that the conversion of diols C to dioxanes A and B p r o -  
ceeds without involvement of the s ter ic  centers ,  remains  in force .  The cor rec tness  of this asser t ion  fol-  
lows f rom Table 2, f rom which it is seen that the ra t io  of the s t e r eo i somers  of 1,3-dioxanes of the A and 
B ser ies ,  obtained f rom the same diols (I and IV, II and V, and HI and VI), is identical. 

The presence  and ratio of c i s - t r ans  i somers  in the A and B ser ies  were proved by gas-l iquid chro-  
matography (GLC), after which the indicated s t e r eo i somers  were isolated in chromatographical ly  pure form 
by fractionation of mixtures  of the i somers  with efficient total condensation rect if icat ion columns.  The 
proper t ies  of the isolated s t e r eo i somers  are  descr ibed in Table 2. 

The s t ruc tures  of these compounds were  proved and the configurations and p re fe r red  conformations 
were  evaluated on the basis of a study of the IR spect ra .  The spec t ra  contain a set of absorption bands that 
is charac te r i s t i c ,  in the opinion of Ledwoch, Lagrange,  and Mastaglie [9, 10], for the 1,3-dioxane ring, as 
well as the typical bands of methyl groups,  C - O - C  bonds [9], etc. One's  attention is drawn to the p r e s -  
ence of the typical (for acetonals) band at 843 cm -~, which is the charac te r i s t i c  band of the pendulum v ibra -  
tions of the -OC(CI-I3)20- f ragment  in a number of substituted s ix -membered  cyclic acetonals [11, 12]. 

* See [I] for communication XVIII. 
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T A B L E  1.  4 - M e t h y l -  5 - a l k y l - 5 - a - m e t h o x y e t h y l -  and  2 . 2 , 4 - T r i m e t h y l -  

5 - a l k y l - 5 - o ~ - m e t h o x y e t h y l - l , 3 - d i o x a n e s  

e ) ( - - o , / ~ ,  

OCH~ Cfl 3 

Comp 

I I CHa 
II ] C~Hs 

1II I CBHT 
IV ] CHs 
V [ C~H8 

VI[ CaHv 

R' 

H 
H 
H 

CH~ 
CH~ 
CH~ 

bp, ~ a,~0 n.'~ t mpirical 

| 

59--60(4) 1,0064 1,4455 l~,99146,49 CgH 803 
67--69(4)1 1 0144 1 4528 51,1C 51,24tC oH2oO3 
84--86(4) 10,9950 1,4586 55,45i55,72 C,H2203 
62--63(4)1 0 9653 I 4410155 I0 55 70 CuI-t2~O~ 
78--80(4) 0,. 703 1 4480 59,0t 60,35 CI2H240~ 
88--9 (4) 0,9547 1,4530 65,03164,96 CIaI-/.~6Oa 

Found,% [ Ca] 

TT:-: 
63,9 6 62,0 62,2 63,8 
657 J0i?1054 
65,51 10,51 65,4 
66,9 11,4 66,6 
68, 1 ~,7 67,7 

i 70 
10,4 t 80 
10,5[ 80 
ll,2 91 

,4 93 

T A B L E  2. S t e r e o i s o m e r i c  4 , 5 - D i a l k y l - 5 - ~ - m e t h o x y e t h y l - l , 3 - d i o x a n e s  

Compound 

a 
II b 

a 
Itt b 

a 
VI b 

homer 

[Tans 
cis 
[Taps 
cis 
~aps 
cis 
~ar~ 
cis 
traps 

cis 
[Tans 

cis 

bp, ~ (ram) d4~o 

73 (9) 12024 
75 (9) 0,9947 
49 (2) 1,0t30 
52,5 (2) 1,0111 
73 (2) 1,0084 
78 (2) 1,0109 
71 (7) 0~9688 
74 (7) 0,9604 
70 (2) 0,9723 
74 (2) 0,9680 
69 (2) O,9622 
74 (2) 0,9638 

n D 2O 

1,44~0 
1,4443 
1,4532 
1,4522 
1,4590 
1,4609 
1,4412 
1,4400 
1,4472 
1,4480 
1,4521 
1,4528 

I sonlCl  

ratio, % 

68 
32 
63 
37 
65 
35 
68 
32 
65 
35 
62 
38 

T A B L E  3.  C h a r a c t e r i s t i c  F r e q u e n c i e s  of  t h e  A b s o r p t i o n  B a n d s  of  
4 , 5 - D i m e t h y l - 5 - a l k y l - 5 - ~ - m e t h o x y e t h y l -  and 2 , 2 , 4 - T r i m e t h y l - 5 -  

a l k y l -  5 - a  - m e t h o x y e t h y l - l , 3 - d i o x a n e s  

Comp. 

u 

IIl ~} 

iv ~o 

Isomer characteristic band 
[of 1,3-dioxane~ v c-o-cH~ 

[TaIl$ 
cis 
[Taps 
C~ 

[Tans 
ClS 
[Tans 
cis 
[Tans 
ClS 
[Taps 
cis 

1174, 1076, 1025 
1177, 1073, 1030 
H76, 1078, 1028 
1175, 1074~ 1025 
I187, t076, 1035 
1180, 1077, 1055 
1193, 1097, 1048 
1197, 1096, 1054 
1,197, 1098. 1042 
1197, 1096, 1043 
I196, 1097, 1044 
1196, t086, 1043 

Wave numbo2s ,  ClTI "1 

~,c~ , ,  o bands of the ripg 

I105 -- ]520 --  
Ii02 --  684, 702, 552, 604 
Ii06 --  i672 
II02 - -  :563, 716 
1112 --  679 
1110 - -  583, 693, 718 
1104 843 565, 590, 680 
1104 843 478, 605, 709 
1107 843 678 - -  
1105 843 708 --  
1104 843 707, 862 
1102 843 665, 686, 832 

T h e  m o s t  i n t e r e s t i n g  c h a r a c t e r i s t i c  bands  in t he  s p e c t r a  u n d e r  c o n s i d e r a t i o n  a r e  t h o s e  t h a t  a r e  

t y p i c a l  f o r  t h e  c i s  and  t r a n s  i s o m e r s  a t  4 5 0 - 7 2 0  c m  - i ,  i . e . ,  in  t h e  r e g i o n  of  t h e  s k e l e t a l  v i b r a t i o n s  of  t h e  

r i n g  and  t h e  d e f o r m a t i o n  v i b r a t i o n s  of t h e  i n d i v i d u a l  C - H  b o n d s � 9  We  h a v e  p r e v i o u s l y  d e m o n s t r a t e d  [11,12] 

t h a t  in  a s e r i e s  of  2 , 5 - d i a l k y l - 5 - a - m e t h o x y e t h y l - l , 3 - d i o x a n e s  t h e  bands  at 680 =L 5 c m  - i  a r e  c h a r a c t e r i s t i c  

f o r  t h e  t r a n s  i s o m e r s .  B a n d s  at  710 • 10 c m  -1 a r e  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 s .  I t  f o l l o w s  f r o m  
T a b l e  3 t h a t  t h e  b a n d s  a t  678 • 6 c m  -1 a r e  c h a r a c t e r i s t i c  fo r  t h e  l o w - b o i l i n g  i s o m e r s  in  s e r i e s  A and B,  

w h i l e  t h o s e  at  710 • 8 c m  -I  a r e  c h a r a c t e r i s t i c  f o r  t h e  h i g h - b o i l i n g  i s o m e r s ;  t h i s  a t t e s t s  to t h e  t r a n s  c o n -  

f i g u r a t i o n  of  t h e  l o w - b o i l i n g  i s o m e r s  and  t h e  c i s  c o n f i g u r a t i o n  of  t h e  h i g h - b o i l i n g  i s o m e r s .  

T h e  P M R  s p e c t r a  c o n f i r m  t h i s  i n f o r m a t i o n . *  T h u s  t h e  P M R  s p e c t r u m  of  t h e  l o w - b o i l i n g  i s o m e r  o f  
4 - m e t h y l - 5 - i s o p r o p y l - 5 - a - m e t h o x y e t h y l - l , 3 - d i o x a n e  (IIIa) c o n t a i n s  a d o u b l e t  of  two  m e t h y l  g r o u p s  (6-H)  

* T h e  a u t h o r s  s i n c e r e l y  t hank  Yu.  Yu .  S a m i t o v  f o r  r e c o r d i n g  t h e  P M R  s p e c t r a  of 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 .  
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at 0.78 ppm, a doublet of doublets of an isopropyl group at 1,12 ppm due to the manifestation of d ias te reo-  
t ropism,  a singlet of a methoxy group at 3.25 ppm, which attests to the purity of this i somer ,  and typical 
doublets of axial and equatorial  protons in the 2 position. The doublets of the 6-H protons are  observed at 
4.12 ppm for the equatorial  protons and at 3.45 ppm for the axial protons.  The multiplet of the 4-H proton 
is observed at 3.68 ppm. The cha rac te r  of the spect rum,  in conformity with the calculated data [13], 
leaves no doubt that this i somer  cor responds  to the p re fe r red  chair  conformation;  the concentrat ion of the 
second conformer  is ve ry  low at room tempera ture ,  and it is not determined by PlVIR spect roscopy.  A 
compar i son  of the indicated spec t rum with the spec t rum of the low-boiling i somer  of 4 ,5 -d imethy l -5 - i so -  
p ropyl - l ,3 -d ioxane  makes it possible to prove the axial orientation of the isopropyl substituent. The 
resonance  signal of the protons of the methyI groups in the spect rum of the low-boiling i somer  of this c o m -  
pound is shifted to higher field (5 1.05 ppm). The methylidyne proton of the isopropyl group resonates  at a 
higher magnetic field s trength (6 1.85 ppm), This indicates that it is equatorially oriented. The charac te r  
of the resonance  of the 4-H proton and of the protons of the methylene group in the 6 position is s imi lar  to 
the resonance  of these protons in the low-boiling i somer .  The calculated data and the PMR spect ra  of the 
s t e reo i somer ie  2 - m e t h y l - 5 - i s o p r o p y l - 5 - a ' m e t h o x y e t h y l - l , 3 - d i o x a n e s  [13] confi rm this.  Compar ison with 
s tandard compounds [14], for which it was proved that the signal of the equatorial 4-CH 3 group should ap- 
pear  at 1.03 ~: 0.05 ppm, and the angular cor re la t ion  of the long-range spin interaction [15] both indicate 
the equatorial orientation of the 4-CH 3 group. It follows f rom the spect rum that the lines of the signal of 
the 6-H equatorial  proton (Hc) do not show additional multiplicity; this is evidence in favor of the concepts 
of the axial cha rac te r  of the 4-H proton and, consequently, the equatorial cha rac te r  of the 4-CH 3 group. 

On the basis of a study of the IR and PMR spectra ,  one can thus imagine the following s te reochemica l  
picture of the subsequent t rend of the reduction of es te r s  D to dims C and condensation of the latter with 
carbonyl  compounds to give 1,3-dioxanes of the A and B se r ies :  

OCH a 
C H a - - C ~ / l ~  

COOC2H 5 

jCtl a Clt:~ OH 

CIt3 OCIla II 

F /.O~ G 

C l t a ~ O ~ / R '  

Clta II R' 
H 

It is known that es te r s  of the D type are  d ias te reomers ,  in mixtures of which the erythro i somers ,  
which are  in the p re fe r r ed  E conformation,  predominate.  Hence, following the rule of a symmet r ic  induc- 
tion and considering the presence  of the OCH 3 complexing grouping in D, it can be asse r ted  that the s t a r t -  
ing react ive  conformation of the erythro  i somer  will be conformation F, which leads to the p re fe r red  
formation of s t e reo i somer ic  diol G, f rom which trans i somers  tl of the 1,3-dioxanes of se r ies  A and B are 
s tereospeei f ica l ly  synthesized.  The reduction of threo i somers  of e s t e r s  D leads, through the examined 
al ternat ive steps, to the cis i somers  of 1,3-dioxanes of the A and B se r ies .  

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

4-Methy l -5-a lky l -5 -~-methoxYethy l - l ,3 -d ioxanes  (A). A mixture of 0.22 mole of 2 - a l k y l - 2 - a - m e t h -  
oxyethylbutane- l ,3-diol  [6], 180 ml of absolute benzene, 20 g of paraformaldehyde,  and 0.2 g of p- to luene-  
sulfonic acid was heated in an apparatus equipped with a D e a n - S t a r k  trap until water  separat ion had ceased.  
The mixture was then neutral ized with 2-3 g of sodium carbonate.  The unchanged paraformaldehyde and 
excess sodium carbonate  were  removed  by filtration, the benzene was removed by distillation, and the 
residue was vacuum fract ionated.  

2 ,2 ,4 -Tr ime thy l -5 -a lky l -5 -~ -me thoxye thy l - l , 3 -d ioxanes  (B). A 0.22-mole sample of 2-alkyl-2-c~- 
methoxyethylbutane- l ,3-diol  was added to a mixture of 180 ml of absolute benzene, 0.65 mole of acetone, 
and 4.8 g of KU-1 ion exchange res in  (in the H form).  When water no longer separated as the mixture was 
heated, the mixture was separa ted  f rom the KU-1, the benzene was removed by distillation, and the res idue 
was subjected to fractional  distillation in vacuo. 
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The p re sence  of geome t r i ca l  i s o m e r s  in the mix tures  and the puri ty  of the individual i s o m e r s  isola ted 
by p rec i s ion  rec t i f ica t ion  with columns with 37 theore t ica l  p la tes  were  moni tored  by ch romatography  with 
a Tswet t -1  ch romatograph  with a f lame ionization de tec tor .  A si l icone e l a s t o m e r  of the SE-30 type (0.5~) 
applied to NaC1 (0.13-0.25 mm) was used  as the s ta t ionary  phase .  The c a r r i e r  gas was ni t rogen.  The 
column was 3 m long, and the column t e m p e r a t u r e  was 153 ~ . 

The IR s pec t r a  of a liquid fi lm of the pure  ma te r i a l  between LiF and NaC1 plates  with LiF and NaC1 
p r i s m s  and of a 0 .013-mm thick layer  in a KBr cuvet te  with a KBr p r i s m  were  r eco rded  with an IKS-14A 
s p e c t r o m e t e r .  
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