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The conformat ions  of s t e r e o i s o m e r i c  2 ,5 -d ia lky l - l , 3 -d ioxanes  were  studied by means  of 
dipole mo m en t s  (DM), and it was shown that the low-boil ing i s o m e r s  have a cha i r  c o n f o r m a -  
tion or  a somewhat  d i s tor ted  s y m m e t r i c a l  boat conformat ion,  while the high-boi l ing i s o m e r s  
have a cha i r  conformat ion  with d iequator ia l  or ienta t ion of the subst i tuents .  The DM m e a s -  
u r e m e n t s  lead to values  for  the keta ls  which a re  c loses t  to those calcula ted for the cha i r  
conformat ion .  

2 ,5 -Dia lky l - l , 3 -d ioxanes  exis t  as geome t r i ca l  i s o m e r s  which have c is  and t rans  configurat ions and 
different  conformat ions .  Continuing our prev ious  invest igat ions [1-3], we have studied the conformat ions  of 
s t e r e o i s o m e r i c  2 ,5 -d i a lky l - l , 3 -d ioxanes  by means  of dipole momen t s  (DM). The s t r u c t u r e s  Of these  c o m -  
pounds were  prev ious ly  studied in detai l  by NMR spec t roscopy  by which the configurat ions of the individual 
i s o m e r s  were  es tabl i shed,  and concepts  regard ing  the i r  var ious  conformat ions  were  worked out [4, 5]. 

2 ,5 -Dia lky l -1 ,3 -d ioxanes  a re  s imple  r compounds than the 2 ,5 -d ia lky l -5 -a lkoxya lky l -1 ,3 -d ioxanes  
which we init ial ly inves t igated by NMR and DM methods  [2, 3, 6, 7], s ince they do not contain po la r  sub-  
s t i tuents  outside of the r ing .  The DM values in such subs tances  a re  de te rmined  by the conformat ion  of the 
1,3-dioxane r ing i t se l f .  

The exper imen ta l  DM values  of 2 ,5 -d ia lky l - l , 3 -d ioxanes  (I-VI) and 2 , 2 - d i m e t h y l - 5 - a l k y l - l , 3 - d i o x a n e s  
(VH-IX), m e a s u r e d  at 25~ in benzene,  a re  p resen ted  in Table  1. As seen  f rom these  data,  all of the c o m -  
pounds of the group under  considera t ion  have c lose  DM values  (from 1.80 to 2.08 D). In con t r a s t  to the p r e -  
viously inves t iga ted  s t e r e o i s o m e r i c  2 ,5 -d i a lky l -5 -a lkoxya lky l - l , 3 -d ioxanes ,  no subs tant ia l  d i f fe rences  in 
the DM values  of the individual i s o m e r s  a re  obse rved  in the 2 ,5 -d ia lky l - l , 3 -d ioxane  s e r i e s .  

The DM values  ca lcula ted  for  the va r ious  conformat ions  of 1,3-dioxane are  given in Table  2. The 
valence  angles ,bond lengths, and atomic coordina tes  p resen ted  in [2] were  used  to ca lcula te  the DM. The 
following bend DM were  used:  C - O  0.9D and C - H  0.28D [8]. 

A c o m p a r i s o n  of the expe r imen ta l  DM of both i s o m e r s  of aceta ls  I -VI  with the ca lcula ted  values indi-  
ca tes  that  the DM of the cha i r  and s y m m e t r i c a l  boat  conformat ions  a re  c loses t  to the expe r imen ta l  va lues .  
It  is  in te res t ing  that  the DM of the u n s y m m e t r i c a l  boat conformat ion ,  which is widely d is t r ibuted  in the 2-  
subst i tu ted 5 - a lky l -5 - a lkoxya lky l - l , 3 -d ioxane  s e r i e s ,  l ike the values  ca lcula ted  for  the skew s y m m e t r i c a l  
boat [1-3], tu rns  out to be cons iderab ly  lower  than the expe r imen ta l  DM value in the inves t igated I - IX s e r i e s .  

These  DM m e a s u r e m e n t s  made  it poss ib le  to draw definite conclusions regard ing  the configurat ion 
and conformat ion  of the compounds examined.  F i r s t  of all, it should be noted that  the high-boil ing i s o m e r s  
of 2 ,5 -d ia lky l - l , 3 -d ioxanes  have lower  r e f r ac t i ve  indexes and densi t ies  than the low-boil ing i s o m e r s  [4]. 
This  means  that  they do not obey the A u w e r s - S k i t a  rule even in i ts  improved  fo rm [9]. It  should, however ,  
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T A B L E  1. E xpe r i m e n ta l  DM Values  of  2 ,5 -Dia lky l -  and 2 , 2 , 5 - T r i -  
a l k y l - l , 3 - d i o x a n e s  

O 

Ila 
I!1: 

IIla 
IIII: 
IV~ 
IVb 
Va 
Yl: 

VI~ 
VIb 
VII 

VIII 
IX 

CH3 
C2Hs 

n-C~H7 

C~Hl~ 

n-C3H7 

C~Hl~ 
CHa 

n-C,H7 
CsHt~ 

~/X__.o,,2x R,, 

R' R" bp, mm 81 

CH~ H 
CH~ H 

CH3 H 

CH3 ~Hs n-CsH7 

n-CsH7 
CH3 
CH~ CH~ 
CH~ CHs 

124 (760) 
136,5 (770) 
141,9 (770) 
59,5 (13) 
65,0 (13) 
51,0 (0,5'} 
57,5 (0,5} 
80,0 (11} 
84,5 (11) 
71,0 (0,5} 
73,5 (0,5) 
39 (13) 
51 (3) 
90 (2) 

P2ao 

2.27181 0,87341l 4,5056 0,0Ol 1 31,16 103,97 
2.27501 0,8725l 4,5427 0,1401 35,54 106,98 
2.27561 0,87171 4,4311 0,2230 !35,44 102,88 
2.27131 0,8728I 4,2157 0,0016i39,97 111;17 
2.27241 0,8729I 4,8782 0,0085 40 03 121,21 

~7771 0,8733] 3,9997 0,0499 !53:98 120,84 ; 
2.2717 '. 0,872715,1041 0,0875 54,11 135~98 ; 
2.2731!0,8734[ 4,6175 0,1388 49,27 120,84 1 
o 0~7~, 0,87321 4,0721 0,1064 49 31 115,39 
2:274~I 0,873213,7018 0,02f6 63,13 126,898 
2.271010,8737[ 5,2156 0,0577 63.35 151,45 
2.27381 0,8730[ .4,9194 0,1138 ]85.85 113,26 
2.27681 0,873914,7602 0,0446 44.82 118,13 
2.274~l 0,8726I 4,7781 0,I004 [58.41 135,61 

IL, D 

1,89 
1,87 
1,82 
1,87 
1,99 
1,81 
1,99 
1,87 
1,80 
1,76 
2,08 
1,94 
1,89 
1,94 

T A B L E  2. Ca lcu l a t ed  DM Values  

Conformation ~. D 

Chair 

 _oj 
Symmetrical boat 

Umymmellieal boat 

Twist conformation 

1,90 

1,76 

1,22 

0,96 

be r e m e m b e r e d  that  the e m p i r i c a l  ru l e s ,  which a re  s i m i l a r  to the 
A u w e r s - S M t a  ru le ,  m u s t  be used  v e r y  cau t ious ly ,  p a r t i c u l a r l y  
with r e s p e c t  to the boi l ing poin ts .  I t  has  been  shown in a n u m b e r  
of inves t iga t ions  [10, 11] tha t  the sequence  of boi l ing points  of 
s t e r e o i s o m e r i c  d ia lky leyc lohexanes  depends on the s t r u c t u r e ,  
length,  and pos i t ion  of the s ide  substi tuents."  

A boi l ing point i nve r s ion  was  o b s e r v e d  on pass ing  f r o m  1 -  
m e t h y l -  to  1 - e t h y l - 4 - t e r t - b u t y l c y c l o h e x a n e  [12]. Ve rkade  and Van 
Bekkum and c o - w o r k e r s  [13], in an examina t ion  of a n u m b e r  of 
l imi t a t ions  of  the A u w e r s - S k i t a  ru le ,  p r o p o s e d  that  the ru le  be 
used  only f o r  the r e f r a c t i v e  indexes  and dens i t i e s  of  i s o m e r s .  All 
that  has  been  se t  fo r th  above is ev idence  in f avo r  of  the concep t  
tha t  the h igh -bo i l ing  i s o m e r s  of  2 , 5 - d i a l k y l - l , 3 - d i o x a n e s ,  which 
have l o w e r  dens i t i e s  and r e f r a c t i v e  ind ices  as  well  as dipole m o -  
men t s  which a re  c lo se  to o r  even  g r e a t e r  than 1.90D, a re  the t r a n s  
i s o m e r s ,  which  ex i s t  in the p r e f e r r e d  c h a i r  c o n f o r m a t i o n  with a 
d iequa to r i a l  o r ien ta t ion  of the alkyl subs t i tuen t s .  This  conc lus ion  
is  in a g r e e m e n t  with the data  of  the PMR s p e c t r a  which indica te  a 
r ig id  c h a i r  c o n f o r m a t i o n  with the above - ind i ca t ed  subs t i tuen t  
o r i en ta t ion  [4]. 

The s i tua t ion  is  m o r e  c om pl e x  with the low-bo i l ing  i s o m e r s .  The low-boi l ing  i s o m e r s  have h ighe r  
dens i t i e s  and r e f r a c t i v e  ind ices ,  which is ev idence  in f avor  of the i r  c i s  conf igura t ion .  

The NMR method  leads  to the s a m e  conc lus ion  [4], but the p r o b l e m  of the  c o n f o r m a t i o n  of such  cis  
i s o m e r s  is  m o r e  complex .  A s tudy  of the NMR s p e c t r a  l eads  to  the conc lus ion  tha t  the low-boi l ing  i s o m e r s  
of I and II  have a p a r t i a l l y  d i s t o r t ed  s y m m e t r i c a l  boat  con fo rma t ion ;  the low-boi l ing  i s o m e r s  of ]11 and V 
have the c h a i r  c o n f o r m a t i o n ;  the low-boi l ing  i s o m e r s  of  IV and VI have the u n s y m m e t r i c a l  boat  c o n f o r m a -  
t ion  [4, 5]. The  ques t ion  of  whe the r  these  data  a r e  in a g r e e m e n t  with the r e s u l t s  of DM m e a s u r e m e n t s  
should  be a n s w e r e d .  

The DM of  low-bo i l ing  i s o m e r  I a  was  not m e a s u r e d ;  the DM of low-boi l ing  i s o m e r  Ha is v e r y  c lose  
to  the DM of the h igh -bo i l ing  i s o m e r .  In  v iew of  the poss ib le  d i s to r t i ons  of  the s y m m e t r i c a l  boat  c o n f o r m a -  
t ion,  which  we p r e v i o u s l y  noted in [4], it can  be s t a t ed  that  this  value does  not con t r ad i c t  the s y m m e t r i c a l  
boa t  c o n f o r m a t i o n .  
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At f i rs t  glance, the symmet r i ca l  boat conformation is unlikely in view of the b o w - s t e r n  interact ions 
(the distance is ~1.8/~). However, the same NMR spec t ra  indicate part ial  distort ion of this boat to a con-  
formation in which the CHbs bond fo rms  a dihedral angle of r ~ 90 ~ with the two C - H  bonds of the 4-CH 2 
and 6-CH 2 groups,  but fo rms  a dihedral angle of �9 ~- 00 with the two other C - H  bonds. This sor t  of con-  
formation differs f rom the "ideal" twist  form and approaches the chai r  conformation.  It is easy  to see that 
this sor t  of t rea tment  of the problem under  considerat ion does not contradict  the DM data. 

The DM of low-boil ing i somers  IIIa and Va are in complete agreement  with the chai r  conformation,  
which follows f rom the NMR spect ra l  data. Moreover ,  one can conceive of two cha i r  conformat ions  with an 
axial-equatorial  orientation of the substituents,  viz., A and B. Conformation A is undoubtedly the more  p r e -  
f e r red  one, since its energy  differs f rom the energy of the diequatorial  conformation by only 0.81 k c a l /  
mole [14], while the energy of conformation B is higher  than the energy of the diequatorial  conformation by 

~2 k c a l / m o l e  [15]. 

+ oS 
R A B 

This also follows f rom previously  published investigations [16] which indicate the advantageousness of p lac-  
ing a te r t -buty l  group in the 5-C-axia l  position, f rom our investigations [4, 17] in which the advantageous-  
ness of an analogous orientat ion of the isopropyl  group was demonstra ted,  and also from recent ly  published 
studies [14] devoted to an est imate ,  on the basis of a study of the NMR spect ra ,  of the energy  difference be-  
tween the 5-C-axia l  and 5-C-equator ia l  conformations of 5 -methy l - l ,3 -d ioxane .  Similar  resul ts  are  con-  
tained in [18, 19]. 

Consequently, f rom both the resul ts  of the DM method and from the NMR spec t ra l  data, the low-boi l -  
ing i somers  of Ill and V have a cis  configuration, a chair  conformation,  and axial-equator ia l  orientation of 
the substi tuents.  

There is a contradict ion between the NMR and DM data in the est imate  of the conformat ion of the low- 
boiling i somers  of IV and VI and ketals VII-IX. According to the NMR spect ra l  data, all of these compounds 
have a par t ia l ly  dis tor ted,  unsymmet r ica l  boat conformation;  according to the DM data, this conformation is 
unlikely. This contradict ion is difficult to explain. A possible route to the explanation of this contradict ion 
may be an es t imate  of the degree of distort ion of the unsymmet r ica l  boat conformation,  which can invert  to 
the chair  conformation.  In any case,  the DM measurements  attest to the definite probabili ty of the DM values 
in the studied se r i e s  of I-IX and do not give a c lea r  picture of the change in the conformat ions  of the low- 
boiling i somers  as a function of the nature of the substi tuents.  

EXPERIMENTAL 

The DM of 2,5-dialkyl-l,3-dioxanes were measured at 25 ~ in benzene via the method in [20]. The 
Hedestrand method was used for extrapolation of the molar polarization. The atomic polarization was not 
taken into account, while the e lectronic  polarizat ion was taken as equal to the molecular  re f rac t ion  (MRD). 
The resul ts  of the DM measuremen t s  are presented in Table 1. Here, e 1 and d I are the dielectr ic  p e r m e a -  
bility and solvent density determined by the method of least  squares ,  ~ and fi are the coefficients in the 
Hedestrand equation, and 1)2oo is the polarizat ion of the dissolved substance extrapolated to infinite dilution. 
The compounds used in the investigation were described in [4]. 

The authors sincerely thank Academician D. A. Arbuzov for his unflagging interest and involvement in 
this investigation. 

LITERATURE CITED 

I. A.V. Bogatskii, A. I. Gren', Yu. Yu. Samitov, L. M. Krynitskaya, L. N. Vostrova, and V. N. Somchin- 
skaya, Khim. Geterotsikl. Soedin., 580 (1971). 

2. L.K. Yuldasheva, R. P. Arshinova, and A. V. Bogatskii, Zh. Organ. Khim., 4, 1316 (1968). 
3. L.K. Yuldasheva, R. P. Arshinova, L. I. Spirina, and A. V. Bogatskii, Zh. Organ. Khim., 4, 1874 (1968). 

555 



4. A .V.  Bogatskii, Yu. Yu. Samitov, and Z. D. Bogatskaya, Zh. Organ. Khim., 5, 2230 (1969). 
5. A.V.  Bogatskii, Z. D. Bogatskaya, Yu. Yu. Samitov, and Ao A. Andreeva, Khim. Geterotsikl. Soedin., 

603 (1968). 
6. A .V.  Bogatskii, Yu. Yu. Samitov, and N. L. Garkovik, Zh. Organ. Khim., 2, 1335 (1966). 
7. Yu. Yu. Samitov, N. L. Garkovik, A. V. Bogatskii, and S. A. Zolotareva, Khim. Geterotsikl. Soedin., 

608 (1968). 
8. L . A .  Gribov and E. M. Popov, Dokl. Akad. Nauk SSSR, 145, 761 (1962). 
9. N . L .  Allinger, J.  Am. Chem. Soe., 79, 3443 (1957). 

10. A . L .  Liberman and N. I. Tyun'kina, Neftekhimiya, 3, 828 (1963). 
11. M. Newman (editor), Steric Effects in Organic Chemistry [Russian translation], IL, Moscow (1960), 

p .25 .  
12. A . L .  Liberman, B. M. Lerman, G. N. Zhidin, and Kh. E. Sterin, Dokl. Akad. Nauk SSSR, 156, 375 

(1964). 
13. H. Van Bekkum, A. Van Veen, P. Verkade, and B. Wepster, Rec. Tray.  Chim., 80, 1310 (1961). 
14. K. Pihlaja, Suomen Kern., 4_1.1, 229 (1968). 
15. E. Eliel, Angew. Chem., 77, 784 (1965). 
16. E. Eliel and M. Knoeber, J .  Am. Chem. Soc., 88, 5347 (1966). 
17. A.V.  Bogatskii, A. I. Gren', Yu. Yu. Samitov, and Z. D. Bogatskaya, Teor.  i ]~sperim. Khim., 530 

(1970). 
18. N .B .  Chapman, A. Ehsan, T. Shorter, and K. Toyne, J .  Chem. Soc., 570 (1967). 
19. F . G .  Riddell and M. I. T. Robinson, Tetrahedron, 233, 3417 (1967). 
20. B .A.  Arbuzov and L. K. Yuldasheva, Izv. AN SSSR, Otd. Khim. Nauk, 1728 (1962). 

556 


