
S T E R E O C H E M I S T R Y  O F  H E T E R O C Y C L E S  

XVIII.* CONFIGURATIONS AND PREFERRED CONFORMATIONS OF SOME 

4 ,5-DIALKYL-5-METHOXYMETHYL- AND 2 ,2 ,4 -TRIMETHYL-5-  

ALKYL-  5-METttOXY ME THYL-1,3-DIOXANES 

A .  V .  B o g a t s k i i ,  A .  I .  G r e n ' ,  
Y u .  Y u .  S a m i t o v ,  S .  G .  S o b o l e v a ,  
V .  V .  D a n i l i n ,  a n d  A .  M.  S h m i g e l '  

UDC 541.63:54 7.841 

A group of p rev ious ly  undeser ibed  methoxymethyla lkylace toace t ic  e s t e r s  were  obtained by 
the  reac t ion  of monoehloromethyl  ether  with sodium sal ts  of a lkylacetoacet ic  e s t e r s .  The 
reduct ion of the new e s t e r s  with l i thium aluminum hydride  gave 2 - a lky l -2 -me thoxyme thy l -  
b u t a n e - l , 3 - d i o l s .  In connection with the fact  that the reduct ion is s t e r eoehemica l l y  r e g u -  
la ted by the rule  of a s y m m e t r i c  induction, the e ry th ro  i s o m e r s  p redomina te  in s t e r e o i s o -  
m e r i c  mix tu res  of the 1, 3-dio ls.  4 ,5 -Dia lky l -5 -me thoxymethy l -  and 2 , 2 , 4 - t r ime thy l -5 - a lky l -  
5 -me thoxymethy l - l , 3 -d ioxanes  (mixtures  of the s t e r e o i s o m e r s  with p redominance  of the 
t r ans  i somers )  w e r e  synthes ized  by the condensat ion of 2 -a lky l -2 -me thoxymethy lbu tane -  
1 ,3-diols  with formaldehyde  and acetone.  The s t e r e o i s o m e r s  were  sepa ra t ed  by p rec i s ion  
rect i f icat ion,  and the i r  configurat ions and p r e f e r r e d  conformat ions  were  proved  by I~MR 
and IR spec t roscopy .  The low-boil ing i s o m e r s  of the 1,3-dioxanes under  d iscuss ion  a re  
the t r ans  i s o m e r s ,  while the high-boil ing i s o m e r s  a r e  the cis  i s o m e r s ;  the p r e f e r r e d  con-  
fo rmat ion  for  these i s o m e r s  is a somewhat  d is tor ted  cha i r .  

In the cou r s e  of developing our r e s e a r c h  on the s t e r e o c h e m i s t r y  of 1,3-dioxanes [2-6], we have synthe-  
s ized two new groups of compounds of this type - 4 ,5 -d i a lky l -5 -me thoxymethy l -  (A) and 2 ,2 ,4 - t r ime thy l -  
5 - a lky t -5 -me thoxym e t hy l - l , 3 -d i oxanes  (B) ." 

c"3-~-~ "c~176 c~c.2oc.3 c.3oc.~\/coc.~ t[Al.,  
O R R/C\COO%H~- 

c D 

~ H a 

CH3OCH2\c/C.n_O, ff R2,C o R, O~R' 
R / ~CH~OH CH3OCH2~---O R' 

CH s 
E A.B 

R=CH 3, C2Hs, C~H?, t-C3H.;; R'=fiH~, H 

The reac t ion  of a lkylacetoacet ic  e s t e r s  C with monochloromethyl  ether  occurs  with predominant  
fo rmat ion  of a C-subs t i tu t ion  product  [7,8], as conf i rmed  by a study of the IR s p e c t r a  of D and reduction of 
them to 2 -a lky l -2 -me thoxyme thy lbu t ane - l , 3 -d io l s  (E). The p rope r t i e s  of D and E a re  p resen ted  in Tables  
1 and 2. We synthesized the prev ious ly  undescr ibed  1,3-dioxanes of the A and B s e r i e s  (Table 3) by con-  
densation of glycols  E with formaldehyde  and acetone via the method in [2]. As we [1-6] and others  [9,10] 
have p rev ious ly  shown, the convers ion  of E to A and B proceeds  without Walden invers ion,  and the ra t io  
and type of predominant ly  fo rmed  s t e r e o i s o m e r s  of A and B a re  consequently de te rmined  in the s tep in-  
volving the convers ion  of D to E. 

* See [1] for  communica t ion  XVII. 
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/ HA ..~" I-OCH:~ 5-CH3 

HB"~O~/TM He i 4-CH3 

!.~H~ " I 
H e H a C.~ .,. -o . 11 .. II 

Wa~-6,5 H~ A 

HA 
I I -OCH3 5-CHs 

HB "~IH, 0~/  -"He i 

I CH3 .00H2., I 
CH2OCH 3 i II ~ II 

. . . o  i I1"~ ill 
H' 

5 4 3 I ppm 

Fig.  1. PMR s pec t r a  of the low-boil ing (IXa) and high-boil ing (IXb) 
i s o m e r s  of 4 ,5 -d ime thy l -5 -me thoxyme thy l - l , 3 -d ioxane .  

-OCH 3 

HA CH3 2-CH 3 5-CH 3 
].._ ~ I 4-CH3 

/l AI 
. .  

H A CH3 

I-OCH3 HB'~IH'0"~L'CH3 2 CH 4-CH3 

H,~II . .  H~ I C'H3 II I I  

4 3 2 1 ppm 

Fig.  2. PIVIIR s p e c t r a  of the low-boil ing (XIla) and high-boil ing (XIlb) 
i s o m e r s  of 2 ,2 ,4 ,5 - t e t r ame thy l -5 -me thoxyme thy l - l , 3 -d ioxane .  

It  is known that the s t e r e o c h e m i s t r y  of such reduct ion reac t ions  is de te rmined  by the ru le  of a s y m -  
met r i c  induction [11, 12], which is modif ied f rom its c l a s s i ca l  f o rm [13] for  subs tances  that contain groups 
capable  of complexing with m e t a l s .  Moreover ,  it is known that the e ry th ro  i s o m e r  of the 1,3-diol  is a l -  
ways the p r i m a r y  product  in these  so r t s  of reac t ions  [14]. We [1,6] and others  [9,10] have prev ious ly  ob- 
s e rved  these  so r t s  of t r ans fo rma t ions  in s eve ra l  c a s e s .  However,  the case  examined in the p resen t  pape r  
differs  somewhat  f rom those  p rev ious ly  descr ibed .  In con t ra s t  to the reduct ion of a lkyl -  and d ia lkylace to-  
acet ic  e s t e r s ,  the Ctt2OCH 3 group can be a complexing group in the s e r i e s  of compounds under  inves t iga -  
tion; the e ry thro  i s o m e r  of 1,3-diol E also di f fers  f r o m  the e ry thro  i s o m e r s  of 2 ,2 -d ia lky lbu tane - l ,3 -d io l s  
in view of the fact  that  the methoxymethyl  group, which is bulky and contains an oxygen atom, should of 
necess i ty  be cons idered  to be a l a rge  group.  Considering these  c i r c u m s t a n c e s ,  the s t e r eochemica l  p ic ture  
of the production of the predominant  i s o m e r s  of 1,3-diols  E and 1,3-dioxanes of the A and B groups can be  
r ep re sen t ed  in the following way: 
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oc., ~ ?CH~ .H I ~  , c~lt~ H2OIIR, CO- 0 ~ LIAIHI ~ �9 ., 

C H , I y  C H s / N ~  "OH CH3/ ~ - i  "~- 

COOC2H 5 R R R' 

F G H 

It is apparent from the scheme that the erythro isomers of 1,3-diols G, which are the starting ma- 
terials for the preparation of trans isomers H of the 1,3-dioxanes of the A and B groups, are formed from 
the predominant reactive F conformation. Analysis of the PIVIR and 1~ spectra of the individual isomers of 
the A and B series and the data on the isomer ratio in mixtures of 1,3-dioxanes of the A and B groups con- 
f i rm this scheme. Moreover, it should be noted that the introduction of a second substituent L~to the alkyl- 
acetoacetic ester molecule that is capable of complexi~ appreciably reduces the stereospecificity of the 
reduction, lowering i t  to zero An the case of X and XIII. 

The 1,3-dioxanes of the A and B groups were separated into individual isomers by precision rectifi- 
cation with efficient total condensation columns with 60 theoretical plates. The purities of the individual 
stereoisomers, which were determined by gas-liquid chromatography (GLC), in all cases proved to be 
higher than 96~c and were 99% for most of the substances. 

The PMR spectra of cis- and trans-4,5-dimethyl-5-methoxymethyl-l,3-dioxanes (IXa and IXb) and 
cis- and trans-2,2,4,5-tetramethyl-5-methoxymethyl-l,3-dioxanes (XIIa and XIIb) are presented in Figs. 1 
and 2, respectively. The signal of the 5-CH 3 protons in the spectra of the low-boiling isomers appears at 
high field (5 0.70 ppm); this, as we have previously shown [3,4] in 5-c~-alkoxyalkyl-substituted 1,3-dioxanes, 
attests to an axial orientation for the 5-CH 3 group. The signal of these protons is observed at 1.00 ppm in 
the spectra of the high-boiling isomers, i.e., the 5-CH 3 group is equatorial. The 4-CH 3 group gives a typi- 
ealdoubletat6 1,02*0.04ppm; this indicates that it is equatorially oriented [1,6,15]. The low-boiling com- 
pounds are consequently the trans isomers, and the high-boiling compounds are the cis isomers. 

An extremely characteristic feature of the spectra of the high-boiling isomers is the considerable 
shift of the signal of the equatorial 6-H proton to high field (to 3.00 and 3.37 ppm); this is not observed in 
the spectra of 5,5-dialkyl-substituted 1,3-dioxanes. This feature is an additional confirmation of the axial 
character of the methoxymethyl group in the cis isomers of the 1,3-dioxanes under discussion. Shielding 
of the equatorial 6-H proton by the orbital of the unshared pair of the oxygen atom of the alkoxyalkyl group 
can be observed only when the methoxymethyl substituent (structure I) is axially oriented. When the meth- 
oxymethyl substituent is equatorially oriented, this effect will of necessity be neutralized. It is easy to 
see that the pattern under consideration to some degree recalls the manifestation of the "rabbit ears" ef- 
fect, the concepts of which were previously worked out in an examination of -O-C-O- fragments [16]. 

H I 

c.345_ 0 / /  

I 
Ct l  3 

The concepts of the shift of the equilibrium to favor one of the predominant i somers  follow from 
everything mentioned above, and, in that the predominant conformation under considerat ion is the chair  
conformation,  it urges  spec t ra l  s y m m e t r y  and the presence  of an "internal" chemical  shift for the gem-  
dimethyl protons in the spec t ra  of XII-XV and nonequivalence of the signals of the methylene protons in 
the 6 position [2-6]. 

All of these data are  conf i rmed by the IR spect ra .  The spec t ra  of the low-boiling i somers  of 1,3- 
dioxanes of the A and B ser ies  contain absorption bands at 575 and 673 cm -i (as well as an absorption band 
at 683 cm -~ for 1,3-dioxanes of the B ser ies) ,  which, according to the data in [5,6], are  typical for the 
t rans  i somers ;  the spec t ra  of the high-boiling i somers  contain absorption bands at 592 and 700 cm -1, which 
are  charac te r i s t i c  (according to the same data) for the cis  i somers .  
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E X P E R I M E N T A L  

The synthesized [from alkylacetoacet ic  es te r s  (alkyl = CHs, C2H5, C~H7, iso-C3HT) and monochloro-  
methyl  ether] a lkylmethoxymethylacetoacet ic  es te r s  [4,5] were  reduced with lithium aluminum hydride in 
absolute e ther  to 2 -a lky l -2-methoxymethylbu tane- l ,3 -d io l s .  The condensation of the la t ter  with pa ra -  
formaldehyde and acetone in the p resence  of KU-1 ion exchange res in  [2] gave 4 ,5-d ia lkyl -5-methoxymethyl -  
and 2 ,2 ,4 - t r ime thy l -5 -a lky l -5 -methoxymethy l - l ,3 -d ioxanes .  The individual s t e r eo i so m er s  were  isolated by 
fract ionation with total condensation rec t i f ica t ion  columns with a metal  packing with 60 theoret ica l  plates .  
The proper t ies  of the individual i somers  of IX were  as follows, the low-boiling i somer  had bp 59 ~ (6 ram), 
d 2~ 1.0118, and n~ 1.4390; the high-boiling i somer  had bp 64 ~ (6 ram), d~ ~ 1.0102, and n~ 1.4399. The low- 
boiling i somer  of X had bp 76 ~ (6 ram), d 2~ 1.0031, and n~ 1.4449, while the high-boiling i somer  had bp 80 ~ 
(6 mm), d~ ~ 1.0039, and n~ 1.4464. The low-boiling i somer  of XII had bp 71 ~ (8 ram), d~ ~ 0.9668, and n~ 
1.4361, while the high-boiling i somer  had bp 74 ~ (4 mm), d 20 0.9681, and n~ 1.4375. 

The PMR spec t ra  of 10% solutions of the compound in CC14 were  r eco rded  with a Var ian HA-100D 
spec t rome te r  with te t ramethyls i lane  as the internal  s tandard.  
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