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The configuration and p r e f e r r e d  conformat ions  of a number  of s t e r e o i s o m e r i c  2 - ( ~ - f u r y l ) -  
1,3-dioxanes were  es tab l i shed  by PMR spec t roscopy .  It is shown that eis or ienta t ion of the 
NO 2 groups with r e s p e c t  to the furyl  r ing is p r i m a r i l y  r e a l i z ed  for  2 - ( a ' - n i t ro -~ - f t t r 3 r l ) -5 -  
e thy l -5 -n i t ro - l ,3 -dLoxanes .  

In o rde r  to invest igate the s t e r e o c h e m i s t r y  of  1,3-dioxanes of the furan s e r i e s  [2], we synthesized 
~ ' - s u b s t i t u t e d  2 - ( ~ - f u r y l ) - 5 - e t h y l - 5 - n i t r o -  (A), ~ ' - s u b s t i t u t e d  2- ( a - fu ry l ) -5 ,5 -d ime thy l -  (B), and a t - s u b -  
st i tuted 2 - ( ~ - f u r y l ) - 4 - m o n o  methyl[or  4 ,4 -d imethyl -  (C)]- l ,3-dioxanes  [3, 4]. 
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VI X = l t ;  VII X=NO2; VIII X=C- -OH.  IX X=H,  RI=R2=CH3; x X=H.  R;=H. R2=CH3~ 
I 
Ph 

Xl X=Br RI=H, R2=CH ~ 

The p resen t  communicat ion  is devoted to the proof  of the configurat ion and es tab l i shment  of the p r e -  
f e r r e d  conformat ions  of 1,3-dioxanes of s e r i e s  A, B, and C by P1Vllq spec t roscopy .  

The proton chemica l  shif ts  (8) and the s p i n - s p i n  coupling constants  (JHH') of compounds I -XI  a r e  
s u m m a r i z e d  in Table 1. 

As will be shown below, the p r e f e r r e d  chai r  conformat ion  for the 1,3-dioxane r ing  is r ea l i zed  in all 
of the invest igated s y s t e m s ,  and the methylene protons in the 4 and 6 posi t ions a r e  t he re fo re  denoted as H A 
(axial) and H B (equatorial) in Table 1. In a preceding  communicat ion  [2], it was shown that  the r e l a t i ve  
magnetic nonequivalence of these  protons  (ASAB) may s e r v e  as a t e s t  sign of both the configuration and the 
conformat ion  of the 1,3-dioxane sys tem.  Inasmuch as proton vicinal  s p i n - s p i n  couplings a r e  absent  in 
s e r i e s  A and B because  of the p r e s ence  of two subst i tuents  a t tached to the C(5) a tom,  we judge the config- 
urat ion of the subst i tuents  and the conformat ion of the s i x - m e m b e r e d  he te ror ing  by  re ly ing  on the t heo re t -  
ical ly  expected re la t ive  changes in the nuclear  magnet ic  shielding constants  (AcrZ). These e s t ima te s  show 
that in the case  of 5 ,5 -d imethy l - l , 3 -d ioxane  the HA and H B protons for a cha i r  conformat ion  should have 
g rea t  r e l a t ive  nonequivalence (AaABth~- 0.8 ppm),  should be p rac t i ca l ly  equivalent for a s y m m e t r i c a l  boat 
conformat ion (AaABth -~ 0.004 ppm),  and that  the nonequivalence should be sma l l  for the unsymmet r i ca l  boa t  
conformat ion (AcrABth~ 0 .14ppmfor  4-CH2and 0.22 ppm for  6-CH2). Turning to Table 1, we see  that  the 

~See [1] for  communicat ion  VI. 
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~ ~ mp'~ ' H .  HB 

E >  

99 / 3,o8 4,68 
In 116 / 2,98 4,6O 

1:5  3,03 
139 4,6(3 / 3,o4 
107 / 3,55 3,94 

VI 1t2 (2)*[3,40 3,57 
VII 19094 3,68 3,51 

109 (7)* --  379 
xXli 11546 (6)* 4 20 

3,97 

* Bo i l i ng  po in t  (mm,  m e r c u r y  s t a n d a r d ) .  

1,57 5,24 
1,60 5,2fi 
1,62 5,06 0,32 0,89 - -  
2,10 5,15 0,33 0,92 
1,56 4,93 0,34 0,93 
0,39 4,72 0,57 1,84 
0,17 5,37 
0,17 5,44 
--  5,34 

/ 5,64 
--  / 5,45 

5,47 --  - -  

1 , 3 0  1.37 
1,20 1.30 
1,24 1.34 

5-CH~ t Eq. Ax, a'-CHa UaB, HZ~ 

- -  - 12.6 
1,92 - -  I2,3 

- -  - -  - 13.0 
- -  - 1 2 . 7  

- -  - 12.7 
--  -11,5 

0.70 1.21 --  - 10.8 
0.731,21 --  - 12.0 
0,70 1.19 --  

t The c h e m i c a l  sh i f t s  (6) w e r e  d e t e r m i n e d  wi th  an a c c u r a c y  o f  
=~ 0 . 0 0 5  p p m .  
$ The JHH'  c o n s t a n t s  w e r e  d e t e r m i n e d  wi th  an a c c u r a c y  of  + 0.1 Hz. 
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F ig .  1. P M R  s p e c t r a  of 2 - ( a ' - n t t r o - c ~ - f t L r y t ) - 5 - e t h y l - 5 - n i t r o - l , 3 -  
d i o x a n e s :  l o w - m e l t i n g  i s o m e r  ( t r ans  f o r m )  and h i g h - m e l t i n g  i s o m e r  
(cis  f o r m ) .  

A S A B  v a l u e s  (co lumn 5) fo r  I - V a  c o n s i d e r a b l y  e x c e e d  the  A e A B t h  ~ 0.8 p p m  va lue  and r a n g e  f r o m  1.56 to 
2.10 p p m .  This  f ac t ,  f i r s t  o f  a l l ,  a t t e s t s  to the  c h a i r  c o n f o r m a t i o n  of  the  1 , 3 - d i o x a n e  r i n g  and,  s e c o n d ,  in -  
d i c a t e s  an  a x i a l  c o n f o r m a t i o n  of  the  n i t r o  g r o u p ,  i n a s m u c h  a s  when the  n i t r o  g r o u p  has  an  e q u a t o r i a l  c o n -  
f o r m a t i o n ,  the  e x p e r i m e n t a l l y  o b s e r v e d  A 6 A B  va lue ,  a s  shown in [2], c o r r e s p o n d s  to  t he  e s t i m a t e d  A~ABth  
va lue .  The  c h e m i c a l  sh i f t s  o f  the  CH 2 and CH 3 g r o u p s  of  the  e thyl  g r o u p i n g  a l s o  i nd i ca t e  the  a x i a l  o r i e n t a -  
t i on  of  the  NO 2 g r o u p  and,  c o n s e q u e n t l y ,  the  e q u a t o r i a l  c o n f o r m a t i o n  of  the  e thyl  g roup .  The P M R  s p e c t r a  
of  two s t e r e o i s o m e r s  of  V axe  p r e s e n t e d  in F ig .  1. F r o m  the  l o w e r  s p e c t r u m ,  which  c o r r e s p o n d s  to the  
h i g h - m e l t i n g  i s o m e r ,  i t  is  s e e n  tha t  the  p r o t o n s  of  the  CH 2 and CH 3 g r o u p s  r e s o n a t e  at  " a n o m a l o u s l y "  h igh  

277 



5,15 

t~J!~~, e 2 ~  12,7 

I i 
4 

Fig. 2. 

Hz 

HA Ho H 

r~B - - C H  

C2H5 ,[ 

H A NO 2 

i ~  - CHf- 

I 
0 $~pprn 

I I I I I I I 

3 2 1 

P ~ spec t ra  of 2 - (a '  - i odo-a - fu ry l )  - 5-e thyl-  5 -n i t r o - l ,  3- dioxane. 

magnetic field values;  this is possible in s i x - m e m b e r e d  cyclic e thers  and e s t e r s ,  as shown in a paper  by 
one of the co-authors  [5], for  an equatorial  orientat ion of, for example,  the C2H s group. However,  if the ethyl 
group occupies an axial position, the l ine of the CH 2 group is shifted to lower field (5 =1.84 ppm), and the 
magnitude of the nonequivalence of the H A and H B protons dec reases  to ZX5 = 0.39 ppm. The equatorial  con-  
formation of the furan r ing in I-XI can be judged f rom the magnitude of the chemical  shift of the singlet of 
the proton attached to C (2) [2]; this shift is 4.72-5.70 ppm in all of the invest igated compounds. 

In general  fea tures ,  the PIVIR spec t ra  of I-IV duplicate the fo rm of the spec t rum of the high-melt ing 
s t e r eo i somer  Va (Fig. 1), as can be judged f rom the spec t rum of, for  example,  IV (Fig. 2). 

Thus we a r r i ve  at the conclusion that the molecules of I-Va have cis or ientat ion of the NO 2 groups 
with r e spe c t  to the faryl  group, i .e. ,  they can be called cis i somers ,  while Vb is a t rans  i somer  with diequa- 
tor ia l  or ientat ion of the polar substituents.  If one considers  that the volume of the C2H 5 group is g r ea t e r  
than the volume of the NO 2 group, it can be seen that the s te reospec i f ic i ty  of the condensation reac t ions  of 
diols with aldehydes of the furan se r ies  is regulated by the effective volumes of the substi tutents at tached 
to the C (5) a tom ra the r  than by the i r  masses .  

In addition, the p re fe rab leness  of the axial conformation of the ni tro group in most of the compounds 
of se r i e s  A can be read i ly  understood f rom a qualitative point of view if one considers  that the axial position 
of the C(5) atom is unique. The fact is that the axial conformat ion of the ni t ro  group both in the diol i tself ,  
in wMch a quasichair  conformation is r ea l i zed  because of in t ramolecular  hydrogen bonding (see the scheme 
below, conformation a ) in the t ransi t ion state,  and, doubtlessly,  in the final product  should be s tabi l ized by 
e lec t ros ta t ic  in teract ion (attraction) between the ni t rogen a tom bear ing a posit ive charge and the endoeyclic 
oxygen atoms (conformation b). 

o I.-.';--:.~' %m-;-~f .... o 

II ~ e  
o a o b 

The PM~ spec t ra  of compounds' of s e r i e s  B contain a radica l  difference in the cha rac t e r  of the r e s o -  
nance of the the 4,6-CH 2 groups,  which consists  in the considerably  l e s s e r  nonequivalence of the H A and H B 
protons (see Table 1). 

It would s eem that tMs indicates a cl~nge in the conformation of the 1,3-dioxane r ing if the resonance  
of the protons of the methyl groups of the gem-dimethyl  grouping did not have featttres peculiar  to the chair  
conformation. The spec t rum of VII, f r om which the cha rac t e r i s t i c  difference in the amplitude of the methyl 
l ines is seen,  is p resen ted  in Fig. 3. This difference is due to the unresolved multiplet s t ruc tu re  of the line 
at lower  field. It is known that the shielding constants of the methyl groups at tached to C (5) undergo inver -  
sion [5] and that consequently the l ine at weak field must be assigned to the axial methyl group if one adopts 
the chaLr conformation.  -Its additional multiplicity is then understood as a consequence of the long-range  
s p i n - s p i n  coupling (4JHH,) with the axial H A protons of the 4,6-CH 2 groups.  This so r t  of coupling is always 
rea l i zed  with a lower 4JHH, constant for an equatorial  proton. The magnitudes of the re la t ive  nonequivalence 
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Fig. 3. PMR s p e c t r u m  of 2 - ( a ' - n i t r o - a - f u r y l ) - 5 , 5 - d i -  
me thy l - l , 3 -d ioxane .  

of the protons  of the gem-d ime thy l  grouping [A6ae(CH3) 0.48-0.51 ppm] a re  typical  [5] for the chai r  con-  
fo rmat ion  in cycl ic  e the r s  and e s t e r s .  However ,  the r e a s o n  for the low nonequivalence of the H A and H B 
protons  in s e r i e s  B r e m a i n s  unclear  and r equ i r e s  fur ther  study. It s e e m s  p r e m a t u r e  to consider  it to be 
the r e su / t  of  c o m p r e s s i o n  of the chair .  

Compounds X and XI in s e r i e s  C may  be s t e r e o i s o m e r i c ,  but, according to the PMR spec t r a ,  the in- 
ves t iga ted  s a m p l e s  a r e  pure  cis  i s o m e r s  with diequator ia l  or ienta t ion  of the subst i tuents .  This can be 
judged f r o m  the lone 4-CH 3 doublets (JHH' --6 Hz) with chemica l  shifts  5 =1.29 ppm in both compounds.  
This so r t  of shif t  is c h a r a c t e r i s t i c  for  an equator ia l  methyl  group at tached to the C (4) or  C (6) a tom.  Tak-  
ing into account  the poss ib i l i ty  of a s t rong  1 ,3- in terac t ion  of the axial  furyl  grouping, we ass ign  an equa tor -  
ial conformat ion  to it. 

In conclusion,  it must  be noted that  donor -accep to r  subst i tuents  in the u -pos i t i on  of the furan r ing - 
CH3, I, Br ,  and NO 2 - have p r ac t i c a l l y  no effect  on the conformat ion  of the s i x - m e m b e r e d  r ing ,  as can be 
judged f r o m  the absence  of definite tendencies  in the smal l  changes in the chemical  shifts  of the protons  of 
the 1,3-dioxane r ing.  

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

The p repa ra t i on  of the 2 - (ce - fu ry l ) - l ,3 -d ioxanes  studied in this r e s e a r c h  was descr ibed  in [1, 3, 4]. 
The PMR s p e c t r a  of 5-10 vol. % solutions of I -V in benzene and of 10 vol. % solutions of VI-XI in CCI4 were  
r e c o r d e d  with Varian HA-100D and Varian T-60 s p e c t r o m e t e r s  at r o o m  t e m p e r a t u r e .  Te t r ame thy l s i l ane  
was used as the internal  s tandard.  
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