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Twenty-e ight  p rev ious ly  unrepor ted  compounds of the 4 ,5-d ia lkyl - ,  4 ,5 ,5 - t r i a lky l - ,  2,2,4-  
t r i m e t h y l - 5 - a l k y l ,  and 2 ,2 ,4 - t r ime thy l -5 ,5 -d i a lky l - l , 3 -d ioxane  s e r i e s ,  including 24 in-  
dividual cis  and t r ans  i s o m e r s ,  obtained with a puri ty  of the order  of 85-99% by f r ac t iona -  
tion of the s ta r t ing  mix tu re s  of s t e r e o i s o m e r s  with total  condensat ion columns,  were  
synthes ized .  The appl icabi l i ty  of the C r a m  ru le ,  modif ied for compounds with complex-  
fo rming  groups ,  for the es t ima t ion  of the possible  configurat ions and conformat ions  of the 
s t e r e o i s o m e r s  of the examined s e r i e s  was demons t ra t ed .  The cis  configurat ion of the low- 
boiling s t e r e o i s o m e r s  and the t r ans  configurat ion of the high-boil ing s t e r e o i s o m e r s  were  
proved by NMR spec t roscopy ;  the inves t igated compounds exis t  p redominant ly  in the chair  
conformat ion .  The 5 -C-ax ia l  posi t ion is p r e f e r r e d  over  the 4 -C-ax i a l  conformat ion  in the 
examined s e r i e s  of compounds .  The synthes is  and hydro lys i s  of the examined 1,3-dioxanes 
p roceed  without involvement  of the s t e r i c  cen te r s  of the molecu les ,  and the configurat ions 
of the cor responding  d i a s t e r e o m e r i c  1 ,3-diols  can be es tab l i shed  on the bas i s  of data on 
the configurat ions of the 1 ,3-dioxanes .  The IR s p e c t r a  of the s t e r e o i s o m e r s  of the e x a m -  
ined s e r i e s  of compounds were  studied, and the spec t r a l  c h a r a c t e r i s t i c s  of the t r ans  and 
cis  i s o m e r s ,  r e spec t ive ly ,  were  found. 

The s t e r eochem i ca l  pecu l ia r i t i es  of 2 ,5-subst i tu ted 1,3-dioxanes were  inves t igated in I1, 2] and in 
our pape r s  [3, 4]. The outcome of these  studies was a se t  of concepts  r ega rd ing  the cons iderab ly  higher 
conformat iona l  energy  of a 2 -C-a lky l  subst i tuent  ~ 3 . 9  k c a l / m o l e  for CH~) as compa red  with a 5 -C-a lky l  
subst i tuent  (0.8 k c a l / m o l e  for CH3). The re  is a lso  informat ion r ega rd ing  the fact  that a 4 -C-ax ia l  subs t i tu -  
ent has  higher conformat ional  ene rgy  than a 5 -C-ax ia l  subst i tuent  (about 2.9 k c a l / m o l e  for the CH 3 group).  
However ,  4 ,5-subst i tu ted  1,3-dioxanes have been inves t iga ted  to only a sma l l  extent,  and the re  is v e r y  
l i t t le  informat ion  with r e s p e c t  to the p rob lem of h o w p r e f e r a b l e  a re  the con fo rma t ions  with 5 -C-  or 4 - C -  
axial  subs t i tuents .  

Consider ing  this ,  we set  out to study the s t e r e o c h e m i s t r y  of these  so r t s  4 ,5-subs t i tu ted  1 ,3-dioxanes ,  
whose configurat ions and predominant  conformat ions  might be e s t ima ted  by conformat iona l  ana lys i s .  4 ,5-  
Dia lky l -  (A), 4 ,5 ,5 - t r i a lky l -  03), 2 , 2 , 4 - t r i m e t h y l - 5 - a l k y l -  (C), and 2 ,2 ,4 - t r ime thy l -5 ,5 -d i a lky l - l , 3 -d ioxanes  
(D) were  se lec ted  for the invest igat ion.  These  s e r i e s  of compounds provided an adequate number  of models  
for the solution of the conformat iona l  p r o b l e m s .  In addition, as in [5, 6], the proof  of the configurat ions of 
the s ta r t ing  d i a s t e r e o i s o m e r i c  1 ,3-diols  could be  provided by  proving the configurat ions of these  1 ,3 -d i -  
oxanes .  A p re requ i s i t e  for this is the fact  that the 1,3-dioxanes of s e r i e s  A, B, C, and D cannot be e p i m e r -  
ized, and their  synthes is  f r o m  1,3-diols  and the i r  hydro lys i s  to 1 ,3-diols  should proceed  according to 
modern  concepts  r ega rd ing  the m e c h a n i s m s  of these  r eac t ions  without involvement  of the s t e r i c  cen te r s  
and, consequent ly,  without Walden invers ion  [7]. 

*See [30] for communica t ion  XII. 
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TABLE 1. 

Compj 
I 

II 
III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

Xl 
XII 

XIIl 
XIV 
XV 

XVI 

P r o p e r t i e s  of 4 ,5 -Subs t i tu t ed  1 ,3 -Dioxanes  .)(_o)/, 
Eli a 

RI m bp (ram) d4~O ?~D 2~ 

M/~ ]Isomer I 

" '  I " " ~ O o~ , ~  

CHa 
C=Hs 
z-CaH 
i-Call 
CHa 
C2Hs 
CHa 
C=Hs 
CHa 
C2H5 
z-CaH 
i-C3H 
CHa 
C=H5 
CHa 
C2Hs 

H 
H 
H 
H 

C2Hs 
C2Hs 
i-Call, 
i-CaH.t 

C2I-[s 
C2Hs 
i-Call7 
i-CaHr 

H H 
H H 
H 

H i H  
H H 
I{ H 
H H 

CH CHs 
CH CHa 
CH CHa 
CH CHa 
CH CH3 
CH CHa 
CH CHa 
CH CHa 

134 (760) 
64 (29) 
81 (25) 
73 (19) 
55 (13) 
76 (13) 
88 (25) 
66 (6) 
52 (18) 

54--56 (lo) 
76 (I3) 
73 (13) 
61 (6) 
94 (13) 

87--89 (18) 
73 (3j 

0,9587 
0,9542 
0,9431 
0,9535 
0,9600 
3,9585 
0,9563 
3,9584 
0,9153 
9,9159 
~,9051 
0,9132 
0,9t73 
?,9218 
3,9196 
),9245 

! 

1,4239130,89 30,99 65 
1,4312135,3I 35,61 70 
1,4351[39,89 40,23 70 
1,4386139,74 40,23 75 
1,4373139,90 40,23 70 
1,4468i44,06 44,85 
1,4463J44,24 44,85 
1,4538148,92 49,47 85 
1,4260140,35 40,23 65 
1,4298f45,00 44,84 65 
1,4330149,44 49,46 65 
1,4340[49,16 49,46 70 
1,4345148,96 49,46 70 
1,4430153,71 54.081 -- 
1,4414L53,40 54.081 85 
1,4480158,03 58.701 85 

46 
77 
88 
86 
88 
93 
77 
99 
60 
67 
75 
67 
68 
70 

j67 
79 

The  1 ,3 -d ioxanes  w e r e  s y n t h e s i z e d  by  the condensa t i on  of 2 - a l k y l -  and 2 , 2 - d i a l k y l - l , 3 - b u t a n e d i o l s  
with fo rma ldehyde  and ace tone  in  the p r e s e n c e  of acid c a t a l y s t s  [8]. The subs t i t u t ed  1 ,3 -bu t aned io l s  w e r e  
in  t u r n  ob ta ined  by the r e d u c t i o n  of m o n o -  and d i a lky lace toace t i c  e s t e r s  with l i t h ium a l u m i n u m  hydr ide  [9]. 
It  i s  known that  th i s  r e a c t i o n  is  s t e r e o s p e c i f i c :  it  g ives  a m i x t u r e  of e r y t h r o -  and t h r e o - l , 3 - d i o l s  c o n t a i n -  
ing a d i f fe ren t  r a t i o  of d i a s t e r e o m e r s .  The  s t e r e o s p e c i f i c i t y  of the r e d u c t i o n  is  d e t e r m i n e d ,  in  the c a s e  of 
ace toace t i c  e s t e r s ,  by the  mod i f i ed  C r a m  r u l e  [10] that  i s  accep tab le  for compounds  that  have g roup ings  
capab le  of complex ing  with m e t a l s .  

Fo l lowing  th is  r u l e ,  f o r m u l a  E can  be a s s i g n e d  to the m o s t  f a vo r a b l e  r e a c t i v e  c o n f o r m a t i o n  of s u b -  
s t i t u t ed  ace toace t i c  e s t e r s ,  and the e n t i r e  s u c c e s s i v e  c o u r s e  of the r e a c t i o n s  in  the s y n t h e s i s  of d ioxanes  of 
the A, B, C, and D types  can  be r e p r e s e n t e d  by the fol lowing s c h e m e  [where R = H or a s m a l l e r  a lkyl  s u b -  
s t i t uen t ,  R '  i s  a lky l  when R = H (or the l a r g e r  of two alkyl  subs t i t uen t s ) ,  and R '  = R"' = H or CHa]: 

cooc2 .  ~ , , . RI~-, ~ . c o R-' 

CH 3 CH 3 H 
E F G 

It is  s e e n  f r o m  this  s c h e m e  that  the s t a r t i n g  subs t i t u t ed  ace toace t i c  e s t e r  in  c o n f o r m a t i o n  E i s  r e -  
duced to f o r m  e r y t h r o - l , 3 - d i o l  F ,  which,  on r e a c t i o n  with c a r b o n y l  compounds ,  f o r m s  the c i s  i s o m e r  of 1 ,3-  
d ioxane G with an e q u a t o r i a l  o r i e n t a t i o n  of the 4 - C - m e t h y l  group and a 5 - C - a x i a l  o r i e n t a t i o n  of the l a rge  
s u b s t i t u e n t  next  to the 5-C a tom.  The a l t e r n a t i v e  c o n f o r m a t i o n  of the subs t i t u t ed  ace toace t i c  e s t e r  wi l l  
l ead  to the t h r e o - l , 3 - d i o l  and the t r a n s  i s o m e r  of the 1 ,3 -d ioxane .  C o n s i d e r i n g  the deg ree  of s t e r e o s p e c i f i -  
c i ty  of the C r a m  r u l e  [11], one migh t  have expected that  the p e r c e n t a g e  of the c i s  i s o m e r  in  m i x ~ r e s  of the 
s t e r e o i s o m e r i c  1 ,3 -d ioxanes  of the A, B, C, and D s e r i e s  would be 60-70% c o m p a r e d  with 30-40% for the 
t r a n s  i s o m e r .  M o r e o v e r ,  c o n s i d e r i n g  the c o n f o r m a t i o n a l  e n e r g i e s  of the  5 - C -  and 4 - C - s u b s t i t u e n t s ,  one 
should  have expected  that  the G ~-H and I ~ J  e q u i l i b r i a  would be u l t i m a t e l y  shi f ted  to favor the p r e d o m i n a n t  
G and I c o n f o r m a t i o n s ,  i . e . ,  the 4 -CHa-ax i a l  g roup  would "fix" the c o n f o r m a t i o n :  

G 
R ~ R' 

H 
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TABLE 2. 

Comp, R 

I b ~ 

IIb ~ 

Illb ~ 

IVb a 

Vb ~ 

VIIb ~ 

IXb s 

Xba 

Xlb a 

XIIb a 

Xlllb a 

XVb a 

Propert ies  of the Stereoisomers of Substituted 1,3-Dioxanes 

R(' ~-0 R a 

CH 3 

R 1 R ~ bp (mm) At t d42~ ee 
/= t o I . ~ 3 ~ e ,  
/,-~ t 0 liS.~'gll...)~ 

R2 

132 (760) 
138,7 (760) 
153,3 (760) 
158,5 (760) 
78 (20) 
78 (18) 
175,9 (760) 
178,2 (760) 
71 (24) 
69 (20,5) 
72 (13) 
73,5 (13) 
146 (760) 
151 (760) 
167,3 (760) 
170,7 (760) 
75 (16) 
79 (16) 
184,7 (760) 
184,1 (760) 
86,2 (14) 
87 (13) 
76 (11) 
81 (12) 

6,7 0,9623 
0,9567 

5,2 0,9585 
0,9503 

- -  0,9453 
0,9367 

2,3 0,9556 
0,9320 

- -  0,9525 
0,9529 

--  0,9570 
0,9574 

5 0,9213 
0,9121 

3,4 0,9175 
0,9148 

--  0,9121 
0,9100 

3,6 0,9194 
0,9166 

- -  0,9105 
0,9170 

--  0,9125 
0,9190 

30.99 

1,4320135,21 [35,61 [ 
1,4290 [35,321 I 
1,4360 [39,8914o231 
1,4325139,94 ] I 
1,4396[40,06 [40,231 
1,4358[40,421 ] 
1,4370139,65.[40,23 I 
1,4379139,70 [ ] 
1,447814422/44,851 
1,4463144,11 [ I 
1,4240/39,92140,23[ 
1,4230 40,251 ] 
1.4298144,51144,84I 
1,4287144,54 [ [ 
1,4325[49,01 [49,46 I 
1,4338149,25 [ I 
1,4355148,90 [49,46[ 
1,4349149,02 [ [ 
1,4348149,32 ]49,46 I 
1,4359149,09 [ I 
1,4430153,72 54,08[ 
1,4408]53,49 

80 609 
80 679 
99 614 
98 676 
99 614 
98 686 
99 624 
98 667 
99 578 
99 667 
99 583 
90 661 
95 577 
90 663 
99 591 
99 657 
99 588 
97 672 
99 599 
95 688 
99 577 
95 661 
95 578 

686 

We h a v e  o b t a i n e d  16 p r e v i o u s l y  u n d e s c r i b e d  compounds  of the  A ,  B, C, and D s e r i e s ,  the  p r o p e r t i e s  of 
which  a r e  d e s c r i b e d  in T a b l e  1. The  d a t a  on the  i s o m e r  r a t i o s  in the  t a b l e ,  ob t a ined  by  g a s - l i q u i d  c h r o m a -  
t o g r a p h y  (GLC), c o r r e s p o n d  to the  v a l u e s  p r o p o s e d  on the  b a s i s  of the  C r a m  r u l e .  T h e s e  r e s u l t s  a r e  in 
a g r e e m e n t  wi th  i n f o r m a t i o n  r e g a r d i n g  the  r a t i o  of the  d i a s t e r e o m e r s  of 1 , 3 - d i o l s ,  a l s o  ob t a ined  by GLC.  
M i x t u r e s  of the  s t e r e o i s o m e r i c  1 , 3 - d i o x a n e s  w e r e  s e p a r a t e d  by  r e c t i f i c a t i o n  wi th  e f f i c i e n t  t o t a l  c o n d e n s a -  
t ion  c o l u m n s  wi th  g l a s s  and  m e t a l  p a c k i n g s  wi th  H E T P  of  50 or  60. The  c o u r s e  of  the  f r a c t i o n a t i o n  and the  
p u r i t y  of the  i n d i v i d u a l  i s o m e r s  w e r e  m o n i t o r e d  c h r o m a t o g r a p h i c a l l y .  The  p r o p e r t i e s  of 24 i n d i v i d u a l  
s t e r e o i s o m e r s  of the  A,  B, C, and D s e r i e s  a r e  d e s c r i b e d  in  T a b l e  2. I t  is  a p p a r e n t  f r o m  T a b l e  2 tha t ,  in  
t h i s  c a s e ,  the  l i n e a r  d e p e n d e n c e  b e t w e e n  the  d i f f e r e n c e s  in the  bo i l i ng  po in t s  of the  i nd iv idua l  i s o m e r s  (At), 
p r e v i o u s l y  no ted  by  us  [12], i s  a l s o  o b s e r v e d  in th i s  c a s e ,  w i th in  the  l i m i t s  of such  s t e r i c  s e r i e s  a s  t h o s e  

c o m p o s e d  of i s o m e r s  of I ,  II ,  and  IV, a s  w e l l  a s  IX, X, and  XII .  

A n  a n a l y s i s  of the  d a t a  p r e s e n t e d  in T a b l e  2 c o n f i r m s  the i n a p p l i c a b i l i t y  of the  A u w e r s - S k i t a  r u l e  to 
c o m p o u n d s  of  the  A,  B, C,  and  D t y p e s ,  s i n c e  t h e r e  i s  no s h a r p  c o r r e l a t i o n  in the  change  in  the  bo i l i ng  
p o i n t s ,  r e f r a c t i v e  i n d e x e s ,  and the  d e n s i t i e s  in the  s t e r e o i s o m e r i c  p a i r s .  The  c o n f i g u r a t i o n s  and p r e d o m i n -  
ant  c o n f o r m a t i o n s  of the  e x a m i n e d  s u b s t a n c e s  w e r e  e s t a b l i s h e d  by  NMR s p e c t r o s c o p y .  I t  was  found tha t  the  
PMR s p e c t r a  fo r  u 0 = 60 MHz w e r e  v i r t u a l l y  i m p o s s i b l e  to i n t e r p r e t ;  we t h e r e f o r e  c a r r i e d  out the  s tudy  at  

100 MHz.  

The  P1VIR s p e c t r a  of the  s t e r e o i s o m e r s  of 4 , 5 - d i m e t h y l - l , 3 - d i o x a n e  (Ia and Ib) w e r e  r e c e n t l y  d e -  
s c r i b e d  in [13]* ; the  s p e c t r a  tha t  we r e c o r d e d  for  t h e s e  c o m p o u n d s  p r o v e d  to be i d e n t i c a l  to  t h o s e  d e -  
s c r i b e d  in  [13]. H o w e v e r ,  the  m o s t  c h a r a c t e r i s t i c  PMR s p e c t r a  a r e  t h o s e  of the  s t e r e o i s o m e r s  of 4 -  
m e t h y l - 5 - e t h y l - l , 3 - d i o x a n e  (I_Ia and IIb) {Fig. 1). I t  c an  be s e e n  tha t  the  m e t h y l e n e  p r o t o n s  in the  2-C p o s i -  
t ion  (H a and He) in  the  s p e c t r a  of both  i s o m e r s  show c o n s i d e r a b l e  nonequ iva l en t  c h a r a c t e r  (AS a e  = 0.29 
p p m  for  I Ia  and 0.43 ppm for  I Ib.)  In one of our  p u b l i c a t i o n s  [14] we p r e s e n t e d  a t ab l e  of c a l c u l a t e d  (in the  
nond ipo l e  a p p r o x i m a t i o n )  v a l u e s  of the  r e l a t i v e  c h a n g e s  in the  n u c l e a r  m a g n e t i c  s h i e l d i n g  c o n s t a n t s  (Act) of 
the  g e m i n a l  p r o t o n s  and the g e m - d i m e t h y l  g r o u p i n g s  in  d i f f e r e n t  p o s i t i o n s  and for  d i f f e r e n t  c o n f o r m a t i o n s  
of 5 , 5 - d i m e t h y l - l , 3 - d i o x a n e .  The  d a t a  in th i s  t a b l e  and the r e s u l t s  of a s tudy  of the  PMR s p e c t r a  of 1 ,3 -  

* T h e s e  s t u d i e s  w e r e  c a r r i e d  out  at  a l m o s t  the  s a m e  t i m e  a s  o u r s ,  but  the  r e s u l t s  w e r e  p u b l i s h e d  e a r l i e r  

t han  o u r s .  
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",~ ",~ H. .~ 

I Ill1 ~ II ~I~ HB~H~'o?'He ' 

. I I  ~l,/x "~'i~K'~ ~ I I  

I l l  

b He Ha 
~Lk3ae='6 Hz ~A u H 

% i .~ i . . . . .  pprn 

Fig. 1. PMR spec t ra  of the s t e r eo i somers  of 4 - m e t h y l - 5 - e t h y l - l , 3 -  
dioxane (II): a) low-boiling i somer ;  b) high-boiling i somer .  

He Hcl 
: HB HA ,'{ ~Jae=~Z J 

He Ha Hs H~, 

HA ~ 

i--(~3H 7 

H~ Ho Jl 

<-c~., ~.~;o II 
H 

Hz 

; 2 ppm 

Fig.  2. PMR spec t ra  of s t e r eo i somers  of 4 - m e t h y l - 5 - i s o p r o p y l - l , 3 -  
dioxane (IV): a) low-boiling i somer ;  b) high-boiling i somer .  

dioxane sys tems  [15-17] indicate that the considerable nonequivalent charac te r  of the Ha and H e protons is 
typical  for the predominent chair  conformation,  i.e., it  can be assumed that the molecules  of both s t e reo -  
i somers  of II have a predominant chair conformation.  This conclusion is in agreement  with a s imilar  con-  
clusion for the case  of i somers  Ia and Ib that was drawn both by us and Delmau and co -worke r s  [13]. 

The position of the substitued (C2H5) attached to the 5-C atom can be determined f rom the cha rac te r  
of the s p i n - s p i n  splitting of the resonance  lines of the protons of the 4-CH and 6-CH 2 groups.  In Fig.  1 it 
is seen that, in the spec t rum of i somer  IIa, the proton attached to the 5-C atom interacts  with the H A and 
H B protons with a vicinal constant  of 3JHH, ~ 3 Hz, while spin interact ions with 3JHA K, ~ 11 Hz and 3JHB H, ~ 
4.5 Hz are  observed in the spec t rum of the high-boiling i somer .  According to the cos2~ law [18], these 
values of the JHH' vicinal constants are  possible if He occupies an equatorial  position (~ ~ 60 ~ in the low- 
boiling i somer ,  and if H a, occupies an axial position (~ ~ 180 and 60 ~ in the high-boiling i somer .  
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Fig. 3. PMR spectra of stereoisomers of 4,5-d imethyl -5-ethyl - l ,3-  
dioxane (V): a) low-boiling i somer ;  b) high-boiling i somer .  

F rom the spec t rum of i somer  IIb it can be seen that the signal of the H k  proton has a complex mul-  
t iplicity (a doublet consist ing of two quartets), while the average  chemical  shift pract ical ly  coincides with 
the chemical  shift of the axial H A proton attached to the 6-C atom. Consequently, the methyl group at 4-C 
is equatorial ,  and this means that i somer  ~b is the t rans i somer  in the predominant chair conformation 
with a diequatorial  orientation of the substi tuents.  The H~k resonance  in the spect rum of i somer  IIa is d is -  
played as a quartet of doublets with an average chemical  shift of 3.78 ppm. This sor t  of pattern of the spin 
interact ion of H k  and H i is possible only if the CH 3 group attached to 4-C is also equatorial .  The shift in 
the resonance  of the H A and H A protons to lower fields is possibly explained by the effect of the anisotropy 
of the magnetic susceptibil i ty of the axial 5-C - C  bond. The conclusion that i somer  Ha with a 5-C-axial  
orientation of the ethyl group has a cis configuration follows from this.  

The PMR spec t ra  (see Fig. 2) indicated that the s p i n - s p i n  interaction peculiari t ies  indicated above 
are  re tained completely when the ethyl group attached to the 5-C atom is rep laced  by an isopropyl group 
([Va and IVb). One's attention should be directed to the charac te r  of the resonance  signal of the methyl 
groups of the isopropyl  radica l  in the spec t ra  of both i somer s .  The observed nonequivalent charac te r  of 
these groups is read i ly  explained by their diastereotopic charac te r .  Facts  of this sor t  were previously ob- 
served in the case  of some halo der ivat ives  and other compounds of the aliphatic ser ies  [19]. 

All of the examined represen ta t ives  of the 1,3-dioxanes of the A ser ies  consequently have s imilar  con-  
f igurations and conformations,  and the re la t ive  differences in the densit ies,  and re f rac t ive  indexes of the 
s t e r eo i somer s  are ,  therefore ,  completely regu la r .  

In se r ies  B, the s t e r eo i somer i c  4 ,5 -d imethy l -5 -e thy l - l ,3 -d ioxanes  (Va and Vb) give the most  distinct 
spec t ra .  As seen in Fig. 3, the Ha and H e protons in the spec t ra  of both i somers  (as in the case  of all the 
other studied formulas  of this ser ies)  resona te  as an AB quartet with a re la t ive ly  grea t  nonequivalent cha r -  
acter  (ASae), which again indicates the predominant chair  conformation for both i somer s .  

Because of the absence of a hydrogen atom on the 5-C r ing atom in compounds of the B type, it is im-  
possible to establ ish the configurations and predominant conformations for these substances from the angular 
cor re la t ion  of the vicinal 3JHH, constants .  In this ser ies  we will therefore  analyze the relat ive changes in 
the shielding constants  (Aa) for substituents attached to the 5-C atom. In [12] we presented a theoret ical  
and experimental  demonstra t ion that the shielding constants (a) for the protons and methyl groups attached 
to the 5-C r ing atom undergo inversion (under the influence of the effect of the anisotropy of the magnetic 
susceptibi l i ty of the unshared pairs  of e lectrons of the two oxygen atoms), i.e., the resonance  of the equa- 
tor ia l  protons (or CH 3 groups) is observed at higher fields than the resonance  of the axial protons (or CH 3 
groups).  It is apparent  f rom the spec t rum of Va that the singlet line of the 5-CH 3 group has an anomalously 
low chemical  shift (5 0.55 ppm), which attests  to its equatorial  orientation, as we showed in [15-17] and 
Delmau and Barbier  demonst ra ted  in [20]. 
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Another argument  in favor of the axial orientation of the ethyl group (and, consequently,  the equatorial  
charac te r  of the 5-C methyl  group) can be provided by the magnitude of the chemical  shift of the signal of 
the protons of the methylene group of the ethyl rad ica l  (1.60 ppm) and the charac te r  of its multiplet spl i t -  
t ing. Instead of the expected spin quartet,  the resonance band of this group is a sextet, which may be a con-  
sequence of the definite r e s t r i c t ion  of rotat ion of this substituent. Then, because of the effect of the an i s -  
otropy of the magnetic susceptibil i ty of the substituent attached to the 4-C atom, there a r i ses  magnetic non- 
equivalence of the protons of the CH 2 group, which f i rs t  of all undergo AB quartet splitting and, second, 
each component is split into a quartet under the influence of the adjacent CH 3 group. 

The orientation of the CH 3 group attached to the 4-C atom can be determined f rom the angular c o r r e l a -  
tion of the long-range spin interact ion (4JHI t,) [21], f rom which it follows that if the spin interaction between H 
and H' is rea l ized  in a planar z ig-zag  fragment  of the \ / \ /  form ("tail-to-tail" or e q u a t o r i a l - e q u a t o r i -  

/\ /\/ 
al), the value of the 4JHH, constants are l a rger  than in f ragments  of the ] I or I fo rms .  Thus, if 
the H A atom were in the equatorial  position, the lines of the equatorial  H B atom attached to the 6-C atom 
would show an additional multiplici ty (or line broadening) with 4JHH, ~ 0.8 J= 1.5 Hz [22]. In the spect ra  of 
i somers  Va and Vb, presented in Fig. 3, this sor t  of multiplicity is absent. Relying on this fact and on a 
compar i son  with the spec t ra  of "standard" 1,3-dioxanes [23], it can be asse r ted  that the H~k atom in both 
i s omer s  is axial; consequently,  the 4-C methyl  group is equatorial .  Both Via and VIb have s imilar  features 
in their PMR spect ra .  

Thus, as in the A ser ies ,  the low-boiling i somers  in the B ser ies  have the cis configuration, while the 
high-boiling i somers  have the t rans configuration. The predominant conformation of both i somers  is the 
chair  conformation and, in the case  of the cis i somers ,  the larges t  alkyl substituent occupies the 5-C axial 
position. (]:he t rans  i somers  are  diequatorial.) 

This conclusion is also valid for the acetonals of the C se r i e s .  The signal of the gem-dimethyl  group 
in the spec t ra  of compounds of this ser ies  shows two distinctly separated singlet l ines.  For example, in 
the case of X, these lines have chemical  shifts of 1.26 and 1.37 ppm. We think that the nonequivalency of 
the methyl  protons of the gem-dimethyl  grouping is an analytical indication of the predominant chair  con-  
format ion.  The nonequivalency of the H a and H e protons attached to the 6-C atom attests  to this also, a l -  
though the ACrae value is somewhat lower than that observed in se r ies  A and B. These facts attest  to a 
cer ta in  distort ion ("compression" [2, 24]) of the chair conformation because of the s y n - a x i a l  interact ion of 
the 2-C methyl  group with the axial H A and H A atoms.  The configurations of the low-boiling and high- 
boiling i somers  of the C ser ies  are  comparat ively  simply established f rom the numerica l  values of the 
vicinal constants  [3JHH , = f (~)]. They are  s imilar  to those established in the A and B se r i e s .  
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Fig.  5. PMR spec t ra  of the s t e r eo i somers  of 4 ,5 -d imethy l -5 - i sopropyl -  
1,3-dioxane WIT): a) low-boiling i somer ;  b) high-boiling i somer .  
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Fig. 6. PIVIR spec t ra  of the s t e r eo i somers  of 2 ,5-d imethyl -5- i sopropyl -  
1,3-dioxane ~xZ~): a) low-boiling i somer  ; b) high-boiling i somer .  

The same regular i t ies  as in the case  of se r ies  C are  observed in the case of the acetonals of the D 
se r i e s .  The PMR spect rum of i somer  XIIIa is presented in Fig. 4. All of the charac te r i s t i c  features of the 
chemical  shifts and s p i n - s p i n  multiplets peculiar to the spec t ra  of compounds re la ted  to the A, B, and C 
se r ies  are  also typical for this s t e r eo i somer .  

In connection with the conclusions set forth above, one might expect at least  the following observa-  
t ions.  F i r s t ,  is our proposed ass ignment  of the configurations and predominent conformations of the 
i somers  c o r r e c t  ? Second, if the ass ignment  is co r rec t ,  why do the more  stable and numerical ly  predomin-  
ant i somers  in the 2 ,5-dialkyl-  or 2 ,5 ,5- t r ia lkyl - l ,3 -d ioxane  se r i e s  have the t rans  configuration with 5-C 
equatorial  orientation of the la rges t  substituent, while the cis  i somers  with 5-C axial orientation of this 
substituent are  present  in la rger  amounts in the A, B, C, and D se r ies  ? 

The f i rs t  possible observation is re jec ted  on the basis  of all that has been set forth above. A c o m -  
par ison of the NlVIR spec t ra  of 2,5- and 4,5-substi tuted 1,3-dioxanes and the IR spectroscopic  data may be 
an additional argument  in favor of the co r rec tnes s  of our conclusions.  
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TABLE 3. P roper t i e s  of Diol I somer s  Obtained by the Methanolysis 
of IndiVidual Ster eoisomer  s of 4,5-Substituted 1,3-Dioxanes* 

Comp. 

X V I I b  a 

XVIIIb a 

XIXb a 

C~H0 
n-C3HT 

i-C3H7 

bp (mm) 

105 (6) 
108 (~ 
117 (6) 
125 (11) 
111 (6) 
~13 (7) 

d,? ~ 

0,9736 
0,9713 
0,9536 
0,9495 
0,9612 
0,9522 

/~D 2~ 

1,4500 
1,4457 
1,4486 
1,4446 
1,4529 
1,4470 

/~D Purity of 
isomers used 

- -  for hydrolys; 
purity of die] found calc. isomers, % 

32,59 32,95 99 
32,42 88 
37,15 37,57 95 
37,04 80 
37.15 37,57 95 
37,08 85 

Yield, % 

44 
35 
71 
46 
75 
24 

* Superscr ipt  a r e f e r s  to i somers  obtained f rom t r ans - l , 3 -d ioxanes ,  
i .e. ,  the erythro  i somers ,  while subscr ipt  b r e f e r s  to i somers  ob- 
tained fr o m t r  ans - l ,3 -d ioxanes ,  i.e., the threo is omer s.  

The PMR spect ra  of, respect ively ,  i somers  VIIa and VIIb and of the low-boiling (XXa) and high-boiling 
(XXb) i somers  of 2 ,5 -d imethy l -5- i sopropyl - l ,3 -d ioxane  a re  presented in Figs.  5 and 6. It is easy  to see 

that the spec t ra  of the i somers  of the corresponding configurations are  s imilar  to one another.  A singlet 
peak f rom the protons of the 5-C methyl group is observed at 0.55 ppm in the spec t ra  of VIIa and XXa, 
while the resonance  of these protons is observed at lower field (1.1 ppm) in the spec t ra  of i somers  VIIb and 
XXb. The position of the resonance  band of the CH protons of the isopropyl group is s imilar  in the spect ra  
of i s omer s  VIIa and XXa. In addition, a regular  change in the resonance band of the AB quartet of the 4-  
and 6-CH 2 groups or 6-CH 2 group is observed on passing from i somers  VIIa and XXa to i somers  VIIb and 
XXb. In view of the fact that the peculiari t ies  of the spec t ra  of the compounds under considerat ion were 
commented upon in detail above, we will limit ourse lves  here  to these observat ions,  which c lear ly  conf i rm 
the t rans configuration of the high-boiling i somers  and the cis  configuration of the low-boiling i somers ,  and 
the predominant  chair  conformation for both i s o m e r s .  

The IR spect roscopic  data are  presented in Table 2. It is known [17] that the charac te r i s t i c  bands of 
the individual s t e r eo i somers  of 1,3-dioxanes (the spec t ra l  indexes of the i somers)  are  the bands in the r e -  
gion of pulsation r ing vibrations (500-680 cm-i) ,  and the t rans  i somers  display absorption at higher wave 
numbers ,  while the cis  i somers  display absorption at lower wave numbers  [25]. It is easy  to see that this 
is also observed experimental ly,  attesting to the t rans  configuration of the high-boiling i somers  and the cis 
configuration of the low-boiling i s o m e r s .  

The second possible observat ion is el iminated by the fact of the s tereospeci f ic i ty  of the reduct ion of 
substituted acetoacet ic  es te r s  and by the fact that the synthesis of 1,3-dioxanes (like their hydrolysis)  p ro -  
ceeds without Walden inversion.  Hence, the configuration of 4,5-substi tuted 1,3-dioxanes and the ra t io  of 
their  s t e r eo i somer s  are  determined by the configuration and i somer  ra t io  of the s tar t ing 1,3-diols .  More-  
over ,  it is especial ly important  to emphasize  that epimerizat ion is impossible  for the compounds examined 
here .  

The above is experimental ly  confirmed.  Hydrolysis  of the individual s t e r eo i somers  of 1,3-dioxanes 
gives d ia s t e reomers  of 1,3-diols .  It should be emphasized that the same d ias te reomer ic  1,3-diol (XVIHa) 
is fo rmed f rom s t e r eo i somers  IIIa and XIa, while 1,3-diol XVIIIb is formed f rom i somers  IIIb and XIb. The 
individual diaster  eomers  of 1,3-diols in turn for m the start ing ster eoisomer  s of 1,3-dioxanes on condensa-  
tion with formaldehyde and acetone.  The absence of i somer  admixtures was monitored by gas-l iquid 
chromatography.  The proper t ies  of the 1,3-diol d i a s t e reomers  a re  descr ibed in Table 3. The configuration 
of the 1,3-diol d i a s t e reomers  is determined by the proved configuration of the corresponding 1,3-dioxanes.  
It is easy  to comprehend that e ry thro  i somers  of 1,3-diols a re  obtained in the hydrolysis  of i somers  Ia-IVa, 
while three i somers  a re  the products  of the hydrolys is  of i somers  Ib-IVb. All of this experimental ly con-  
f i rms  the co r r ec tnes s  of the modified Cram rule  and all of the theoret ical  considerat ions presented in the 
f i r s t  par t  of this paper .  
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In conclusion, it should be noted that the PMR spect ra  of the individual i somers  of the 1,3-dioxanes 
of the A, B, C, and D se r ies  c lear ly  attest to a shift in the equilibrium to favor one predominant conforma-  
tion. It follows f rom [26] that in the 1,3-dioxane se r ies  there  are  no substantial energy differences between 
the skew conformat ion  with a pseudodiequatorial  orientation of the 2-C and 5-C substituents and the chair  
conformation with 2-C equatorial  and 5-C axial orientation of the substi tuents.  Hence the molecule assumes  
one or the other conformation as a function of the charac te r  of the 5-C substituent. In this connection, it is 
interest ing to note that it is p rec i se ly  in the case  of the presence  of large,  branched substituents that mole-  
cules very  definitely assume the chair conformation with 5-C axial orientation of even such groups as i so -  
propyl [26] or te r t -buty l  [27]. It is not difficult to see that the data obtained in a study of 1,3-dioxanes of 
the A, B, C, and D ser ies  conf i rm these conclusions,  since the PMR spect ra  c lear ly  indicate that the s t a -  
t is t ical  weight of the H and J conformat ions  in the examined compounds is very  low. 

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

The s tar t ing compounds for the 1,3-dioxanes of the A, B, C, and D se r ies  were 2-methyl - ,  2-e thyl- ,  
2 -propyl - ,  and 2- i sopropyl - l ,3 -butanedio ls ,  whose physical  constants were  in agreement  with those p re -  
sented in [28], as well as 2 -me thy l -2 -e thy l -  [bp 100-102 ~ (5 mm), d 2~ 0.9648, n~ 1.4522], 2,2-diethyl [bp 
113 ~ (5 ram), d 2~ 0.9632, n~ 1.4563], 2 -me thy l -2 - i sop ropy l -  Fop 110-112 ~ (5 ram}, d 2~ 0.9628, n~ 1.4580], and 
2 -e thy l -2 - i sopropy l -  [bp 118-120 ~ (5 ram), d 2~ 0.9643, n~ 1.4620] -1,3-butanediols ,  as well as purified and 
dr ied paraformaldehyde and acetone.  

The substituted 1,3-butanediols were obtained f rom the corresponding alkyl-  and dialkylacetoacetic 
e s te r s  by reduct ion with LiA1H 4 by the method in [9]. The method in [29] was used to obtain 2 - m e t h y l - l , 3 -  
butanediol. 

The formals  and acetonals of the A, B, C, and D se r ies  were synthesized by the method in [8] using 
the hydrogen form of KU-1 and KU-2 cat ion-exchange res ins  as ca ta lys ts .  The s t e reo i somer  ra t ios  and the 
puri ty of the individual i som er s  were  determined by gas- l iquid chromatography (using an LKhM-8-M c h r o ,  
matograph with a 3 -m long column, He as the gas c a r r i e r ,  5% SKTFT-50 on Chromosorb  W, a flow ra te  of 
20-25 m l / m i n ,  and a column tempera ture  of 60-115~ 

The s t e r eo i somer s  of I-V, VII, I x - x m ,  and XV were separa ted  with efficient total condensation 
columns with glass  packing (column 1 with HETP 50) and with metal  packing (column 2 with HETP 60). The 
fract ionation conditions were:  column 2 with a reflux ra t io  of 60-75 for mixtures  of i somers  of I, III-V, VII, 
IX, XI, and XV; column 1 with a reflux ra t io  of 65-77 for mixtures  of i somers  of II, X, XII, and XIII. All of 
the fract ionations were  c a r r i e d  out continuously for 24-60 h. 

Several  individual i somers  of compounds of the A and C se r ies  were  hydrolyzed by the following 
method to prove the s tereospeci f ic i ty  of the hydrolys is  and synthesis of 1,3-dioxanes:  0.025 mole of the cis 
or t rans  i somer  of the 1,3-dioxane was heated for 10 h in methanol (0.125 mole) containing H2SO 4 (0.38 g) 
on a water bath at 70 ~ and the volatile hydrolys is  products were s imultaneously removed  by distillation 
with a high column. At the end of the react ion,  the react ion mixture was neutral ized with sodium carbonate,  
the methanol was r emoved  by distillation, and the res idue  was t rea ted  with e ther .  The ether extracts  were 
dried over Na2SO4, the ether was removed  by distillation, and the diol was purified by vacuum fractionation.  

The 1,3-dioxanes were  synthesized f rom the thus obtained 1,3-diol d ia s t e reo i somers  by the method in 
[8]. They proved to have the same constants as those descr ibed in Table 2, and their gas- l iquid chromato-  
g r ams  conf i rmed the purity of the individual s t e r eo i somers ,  which proves that neither Walden inversion 
nor epimerizat ion occur .  

The IR spec t ra  of liquid films between KBr plates and of CC14 solutions were  recordedwi th  anIKS-14A 
spect rophotometer  with a KBr p r i sm.  (The layer  thickness was 0.249 ram, and thec.oncentrat ionwas 0.2 M,) 

The PMR spect ra  of 10-20% solutions in CC14 were r eco rded  with an HA-100D spec t rometer  with an 
operating frequency of 100 MHz and with te t ramethyls i lane  as the internal s tandard.  
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