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Conformational Aspects of the 1,3-dioxane System. 

I. Introduction. 

The interest in the conformational behaviour of heterocyclic 

systems, of which 1,3-dioxane is a simple representative, can 

be judged from the rapid expansion this field has undergone 

since the first reviews have appeared (Riddell, 1967; Eliel, 

1972a; Bogatskii et al., 1968; Eliel, 1970a; Eliel, 1969a; 

Eliel, 1970b; Eliel, 1971a; Romers et al., 1969; Eliel et 

al., 1964). One can also realize the present situation from 

the ever growing number of contributions in several annual 

Surveys, such as "Progress in Nuclear Magnetic Resonance", J. 

W. Emsley, J. Feeney and L.H. Sutcliffe Eds., Pergamon Press, 

Oxford (since 1965) and "Annual Reports on the Progress of 

Chemistry, The Chemical Society", Arrowsmith, Bristol. 

The early investigations on the conformation of 1,3-di- 

oxane used classical methods such as dipole moment measure- 

ments (Otto, 1937; Arbuzov, 1960) and IR spectroscopy (Laurent, 

1958). Other investigations followed rapidly; NMR techniques 

1 (e: Friebolin et al., 1962; Samitov et al. , 1964; 

Barbier et al., 1964a; Barbier et al., 1964b; Delmau, Barbier, 

1964; Ramey, Messick, 1965; Anteunis et al., 1966a; Delmau et 

al., 1966; Anderson, 1967; Booth, Thurnborrow, 1968; Pihlaja, 

XyrZS, 1970; Maroni et al., 1972; Eliel et al., 1972; Maroni 
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et al., 1972; Tavernier, Anteunis, 197.4; and also 1 3 c - ~ ~ ~ :  

Riddell, 1970; Kellie, Riddell, 19711, X-ray data (de Kok, 

Romers, 1970; Kellie et al., 1972; Collins et al., 1974), 

chiroptical properties (Tocanne, 19701, thermochemical me- 

thods (Snelson et al., 1961; Pihlaja, Heikkila, 1967; Pihla- 

ja, Luoma, 1968), acoustic relaxation phenomena (Hamblin et 

al., 1968: Eccleston, Wyn-Jones, 1969; Hamblin et al., 1969), 

microwave spectroscopy (Pickett, Strauss, 1970; Kewley, 1972), 

electron diffraction (Schultz, Hargittai, 1974) and appearan- 

ce potentials in mass spectroscopy (Pihlaja, Jalonen, 1971). 

These applications have finally enlarged to a great extent 

our knowledge about heterocyclic systems in general. 

Different research teams all over the world have been 

interested in conformational studies of heterocyclic systems, 

especially the 1,3-dioxanes: E.L. Eliel in the United States, 

J. Anderson, F. Riddell, M. Robinson and E. Wyn-Jones in the 

United Kingdom, J. Delmau, P. Maroni, L. Cazaux and J. To- 

canne in France, H. Frieboiin in Germany, the Leyden group in 

the Netherlands and among the Russian authors Y. Samitov, A. 

Bogatskii and A. Vereshchagin must be mentioned. Since some- 

what more than a decade we are ourselves involved in the con- 

formational description of the 1,3-dioxane system, mainly re- 

1 lying on H-NMR spectroscopy. The lartge number of recent de- 

velopments has prompted us to compile a survey in which the 

spatial behaviour will receive our prime attention. 



11. The Ring-pe of 1.3-dioxane. 

The basic conformation of 1,3-dioxane is the chair form. 

Otto (1937) and Arbuzov (1960) reached this conclusion from 

a comparison of the experimental dipole moment with calcula- 

ted ones for the planar, the chair and a boat form. 

AI-X:ESY-GGS. 

The complete X-ray analysis of five 1,3-dioxane derivatives 

has until now been reported. The atomic coordinates of 2- 

(p-C1-phenyl) -1,3- dioxane (@ are shown in FIG. 1 (de Kok, 1970). 

On the basis of 'H-NMR data (see later) it is believed that 

the ring shape in & does not significantly differ from the 
ring shape in 1,3-dioxane itself. The aliphatic part C4-C5-C6 

is as flattened in 1,3-dioxane as in cyclohexane (ring torsion 

angles of 56-55'; BUYS, Geise, 1970a; Geise et al., 1971; Bas- 

tiansen et al., 1973). On the other hand, the acetal part, 

clearly puckered with a ring torsion angle 

Fig. I 
This same puckering is also found for the 1,3-dioxane 

ring incorporated into the more complex structure 2,lO-di- 

phenyl-1,3, 6,9,11, 13-hexaoxodispiro[4. 1.5.23 tetradecane ( £ 1  

(Collins et al., 1974) . 
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Fig. 2 

The aliphatic part in is more flattened than it is in ,& 
(FIG.2). The heavily substituted 2-(4-bromopheny1)-+-2,4,4- 

cis-6-tetramethyl-l,3-dioxane (2)  was examined (Kellie et - 
al., 1972) in order to obtain data on deformed rings (FIG.3). 

Me 

fie 

Bond angles Torsion angles Br 
(2 1 and Bond lengths 

Fig. 3 



.The molecule s t i l l  e x i s t s  i n  a cha i r  form, bu t  s u f f e r s  much 

f l a t t e n i n g  i n  t h e  a c e t a l  p a r t  of the  r ing ;  the  interbond angle 

between the  geminal methyl groups has decreased t o  a value of 

9 9 " .  These two deformations reduce t he  repuls ions  between 

a x i a l  phenyl and a x i a l  methyl. 

The s t r u c t u r e  of ~-2-(p-bromopheny1)-~4,~&-6-dimethyl- 

1,3-dioxane ( 2 )  was r ecen t l y  repor ted (Nader, 1975; FIG.4). 

The equa to r i a l  4,6-methyl groups cause a s l i g h t  f l a t t e n i n g  

of t he  e n t i r e  r i n g  i n  comparison t o  & , and t h e  C-C-Me bond 

angles  open 4 O  a t  t h e  co s t  of t he  0-C-Me angles.  

The X-ray ana ly s i s  of g-2-(p-trifluoromethyl-pheny1)--- 

4 , tcs -6 -d imethy l - l ,3 -d ioxane  (2)  (Nader, 1975; FIG.5) con- 

f i rms  t h a t  an a x i a l  2-aryl subs t i t uen t  s u b s t a n t i a l l y  d i s t o r t s  

t he  1,3-dioxane r i n g  geometry. The 0-C-0 region i s  f l a t t ened  

while t h e  t o r s i o n a l  angles  remain v i r t u a l l y  unaffected i n  t he  

C-C-C moiety. The phenyl group i s  bent  outward t o  decrease  

i t s  %-axial i n t e r ac t i ons  with t h e  a x i a l  hydrogen atoms a t  

C-4 and C-6. 
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Fig. 4 

Me' 
Bond angles 

and Bond lengths 

\ 
CF3 

Torsion angles 
and Bond lengths 

Fig. 5 



El-Gouel.in¶-Gonstants - 
In principle, the J(H,H) coupling constants in 1,3-dioxane 

itself can be extracted from a slow exchange spectrum; in 

practice, due to the relative complexity of the spin sys- 

tem at conventional field strengths this task is not so sim- 

1 ple (Eliel, 1972a). We have run a slow exchange H-NMR 

spectrum of 1,3-dioxane at 300 Mhz (T I. -90°C), FIG.6. The 

experimental and calculated spectrum (LAOCOON program) com- 

pare well. The NMR parameters are given in TABLE I. 

w. Coupling constants in 1,3-Dioxane (CS2; -9OPC), 2-(p-C1-pheny1)- 
1,3-Dioxane (Q (CC14, room temperature) and cyclohexane. 

cyclo- 
hexane '5 =-13.05 2.96 3.65 13.12 

a) Buys, Kliel, 1970b; 

b) Garbisch, Griffith, 1968. 

For purposes of comparison, the coupling constants of 2-(p-C1- 

phenyll-1,3-dioxane (k) (Buys, Eliel, 1970) and of cyclohexane 

(Garbisch, Griffith, 1968) are included in TABLE 1. The im- 

portant fact is that the coupling constants in k and in 1.3- 
dioxane are nearly identical. This is compelling evidence for 
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Figure 6 



the statement that 2-substitution does not alter the ring sha- 

pe of 1,3-dioxane. More indirectly, this had been concluded 

(Buys, Eliel, 1970) from the invariantness of the coupling 

constants in a series of 2-substituted-1,3-dioxanes (2-Me, 2- 

i.Pr, 2-t.Bu, 2-Ph, 2-p-C1-Ph). - 

1. Vicinal coupling constants. 

We compare first the coupling constants in 1,3-dioxane and cy- 

clohexane. The vicinal coupling constants involving H5e are 

smaller than would be expected on the basis of the Karplus re- 

lation. It has been proposed that these low values originate 

from the planar M-mode arrangement of the C5-H5e bond and the 

equatorial p-0 electron lobe (Anteunis et al., 1966a). This 

orientation includes the geometric requirements for the maxi- 

3 ma1 lowering effect on J by an electronegative substituent X 

in a H-C-C-X fragment (Booth, 1965; Williams, Bhacca, 1964; 

Karplus, 1963; Bystrov, 1972) 

The vicinal coupling constant J(4e,5a) is rather large and 

this observation was at the basis of an early suggestion (An- 

trunis et al., 1966a) that the ring torsion angle in the ali- 

phatic part of 1,3-dioxane was smaller than 60". It is dif- 

ficult to estimate the torsion angle from the vicinal coupling 

constants, because their magnitude is influenced by several 
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f a c t o r s .  I t  has been attempted r a t h e r  success fu l ly  t o  e l imi-  

na t e  t h e  in f luence  of t he  e lec t ronega t ive  oxygen atom by re-  

tr c i s  l a t i n g  t h e  r a t i o  R of J /J (Lambert, 1967; Buys, 1969) t o  

t h e  r i n g  t o r s i o n  angle  r .  One ob ta ins  t h e  r e l a t i o n :  

Applied t o  &, one computes a t o r s i on  angle of 55', i n  excel-  

l e n t  agreement with t h e  X-ray r e s u l t  (Buys and E l i e l ,  1970).  

2. Geminal coupling cons tan t s .  

The geminal coupling cons tan t s  inc rease  a lgeb ra i ca l l y  i n  t h e  

s e r i e s  2 ~ 5 ,  ' ~ 4  and '52. This r e f l e c t s  t h e  in f luence  of t he  

e lec t ronega t ive  oxygen atom. It is now w e l l  recognized t h a t  

a main f a c t o r ,  c o n t r o l l i n g  t he  magnitude of t h e  nuclear  spin- 

sp in  coupling wi th in  a X-Cg2-Y moiety, is t h e  s p a t i a l  arrange- 

ment of t he  p-elect ron p a i r s  p resen t  i n  t h e  X and/or Y f rag-  

ments (Bothner-By, 1965; Anteunis, 1966; Anteunis e t  a l . ,  

1971a; Anteunis e t  a l . ,  1971b; Cookson, Crabb, 1972).  This 

has been c a l l e d  t h e  " p a r a l l e l i t y  e f f e c t "  (Anteunis e t  a l . ,  

1971b). A s e r i e s  of 1,3-dioxanes has been synthesized having 

var ious  r i n g  shapes, and accordingly d i f f e r e n t  o r i e n t a t i o n s  

of t he  oxygen p lobes wi th  r e spec t  t o  t h e  2-CH2 fragment. 

2 The values  of J2 i n  t h i s  s e r i e s  span on i n t e r v a l  a s  l a r g e  

a s  -2.8 t o  -6.5 Hz (Anteunis e t  a l . ,  1971b). An empir ical  

2 r e l a t i o n  between J and .ri ( t h e  t o r s i o n  angles  of t h e  l i n e  b i -  

s e c t i n g  t h e  n-C-H valence angle and each of t h e  four  adjacent  

p -o rb i t a l s )  has been der ived (Anteunis e t  a l . ,  1971b): 



4 2 *  2~ = -14.75 + 4.86 c sin ri 
i=1 

By way of illustration, one can consider the values of 2 ~ 2  in 

1,3-dioxolanes [+1.0 to -1.5 Hz, depending on the flatness of 

the system (Anteunis et al., 1971c)l in 1,3-dioxanes posses- 

4 3 sing a 2,5-TB (twist-boat; b o h  T or 4T) conformation [-2.8 3 

HZ], those in the chair form [-6.2 HZ], in tetrahydropyranes 

[-10.5 to -11.5 Hz, 0-CH2 fragment] and finally in cyclohexa- 

ne [-13.0 HZ]. It might be mentioned that for the obtention 

of the above given relation, idealized conformational features 

(2.e: torsion angles of 60") of the chair forms and idealized 
(calculated) geometries of non-chair forms of cyclohexane 

(Bucourt, 1974) were assumed. The empirical relation between 

'~2 and the orientation of adjacent p-electron lobes could be 

extended to other heteroatoms such as S, Se. In that case 

additional parameters, such as electronegativity Ei and bond 

distances di, must be included (Anteunis et al., 1971b). 

We turn now to a discussion of the effect of alkyl and 

aryl substitution on the coupling constants in 1,3-dioxane. 

Alkyl substitution in the 4 and 5-position has a marked lowe- 

3 ring effect on J(a,a) up to 1 Hz (Booth, Thurnborrow, 1968; 

Pihlaja, AyrXs, 1970b), but the effect on the other vicinal 

2 coupling constants is small. The J2 coupling is easily mea- 

sured because the 0-CH2-0 group is well isolated from the 

-- 
* In the original paper (Anteunis et al., 1971b), p.1923,the value of -6.54 
instead of -14.57 has erroneously been given. 
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aliphatic part of the ring, as well with respect to chemical 

shift as with respect to spin-spin interproton coupling. 

Small but real long-range effects of alkyl (ary1)substitu- 

2 tion in the aliphatic part on J can then conveniently be 

obtained. In a series of 4-(p-X-pheny1)-1,3-dioxanes (X = 

N(Me)2, H, F, NO2) a small algebraic decrease of 'J (-6.2 to 

-6.5 Hz) with increasing electronegativity of the substitu- 

ent was observed (Swaelens et al., 1970). The effect of 

equatorial alkyl groups on 2~ is small. In symmetrical cis- 

4,6-dialkyl-1,3-dioxanes ( R  = Me, Et, i.Pr, t.Bu) the rela- 

tion 

holds, where Cno is the total number of C-atoms in the 4,6- 

alkyl side chains (Tavernier, 1971). A rather similar ef- 

fect is induced by 4,6-axial alkyl groups, and a positive 

2 increment of 0.1 Hz to J for each aC-atom in the alkyl side 

chain has been observed (Swaelens et al., 1970). The effect 

2 of axial alkyl groups on J2 is however more difficult to 

isolate than the effect of equatorial groups, due to the oc- 

curence of minor amounts of boat form when 4-axial alkyl 

groups are present (Anteunis, Swaelens, 1970). Somewhat 

2 puzzling is the rather low value of J (-5.6 to -5.8 Hz) which 

is found in 5,5-dialkyl-1,3-dioxanes, especially when one of 

the 5-alkylgroups is secondary (Coene, Anteunis, 1970a) . 



3. Long-range coupling cons-. 

A host of long-range coupling constants have been uncovered 

in 1.3-dioxanes (Ramey, Messick, 1965; Delmau, Duplan, 1966; 

Anteunis et al., 1966a, Anderson, 1967). Some characteris- 

tic values are given in TABLE 11. 

TABLE 11. Long-range Couplings in 1,3-Dioxanes (in Hz). 

The sign of these couplings are not all known. Their values 

are sensitive to the substitution pattern in the 1,3-dioxane 

nucleus in a way that is not completely understood. Thus, 

in 2-methyl-spiro(l,3-dioxane-5,7'-norborn-2'-ene the 4a,6a 

coupling is zero but J(4e.6e) is 3.25 Hz, one of the lar- 

gest values ever encountered (Bernaert et al., 1973). An 

axial 4-methyl reduces (in absolute value) the coupling J(2e,6e) 

and J(2e,6a) (Delmau et al., 1968). 

4. Vicinal exo-Couplinq Constants. 

It is known that the greater the strain a group undergoes, 

the more efficient the vicinal coupling is involving the pro- 

tons on that group (Jackman, Sternhell, 1969; Samek, 1971; 
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Anteunis 1971). In olefins and other more sophisticated 

structures this strain-enhanced vicinal coupling,although 

often smal1,is extremely useful for structural assignments, 

especially when the different isomers are available and the 

choice can be made by comparison. 

In six membered rings, this phenomenon causes an axial me- 

thyl to possess the largest exo-coupling. CHART 1 lists 

some data obtained in 1,3-dioxanes and related heterocycles 

(Anteunis, 1971; Tavernier, Anteunis, 1971b; Shoppee et al, 

1966; Geens et al., 1972). The magnitude of AJ, the diffe- 

rence of the exo-couplings eq-Me versus ax-Me, is not con- 

stant. The difference as expected is small for the 5-Me in 

1,3-dioxanes, but sizeable in the 4 position. The same 

phenomenon is also known for trifluoromethyl groups; but here 

AJ is quite large and may be treated quantitatively with res- 

pect to conformational descriptions. For Q-trifluoromethyl- 

1,3-dioxanes./,J % 3 Hz is observed (Dirinck, Anteunis, 1972). 

CHART 1 
LCF3: 3.66) 

0.5 - 1.0 0 3 



Gr-Gk~rnlcal-S_hlftS-1Li~2=Dlo~cne. 

The chemical shifts of the ring hydrogen atoms of 1.3-dioxane, 

obtained from a low temperature spectrum (CS2 solution) are : 

The remarkable feature is the low field position of H5a com- 

pared to its equatorial counterpart (Anteunis et al., 1966a). 

The chemical shifts of a large number of alkyl substituted 

1,3-dioxanes have been reported (Pihlaya, Ayrls, 1970a; Maroni 

et al., 1973; Tavernier, Anteunis, 1974a). The shift effects 

on the ring hydrogen atoms which occur on introduction of a 

methyl group are given in TABLE 111. 

I I I 
The notation YO means that the increments are less than 0.1 ppm, a positive 

TABLE 111. Shift Increments in ppm due to a Methyl Group 

ol Beq Bax ~ e q  yax b 

sign indicates a dawnfield shift. 

(a) Very sensitive to secondary effects 

(b) The Y effect of 4-Me on the C-6 and C-2 hydrogen atoms is essentially 

identical, and have been lumped together in a single y effect. 

2 Me eq 14 - - "~0 *O 

4 Me eq YO *O -0.40 YO NO 
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The shift increments associated with methyl substitution in 

1,3-dioxane parallel closely those found in cyclohexane. An 

exception though is the negligible a (geminal) effect of equa- 

torial methyl. In cyclohexane, the a-effect of an equatorial 

methyl is a downfield one, by +0.15 ppm (Danneels, Anteunis, 

1975). 

The effect of alkyl groups other than methyl has also been 

studied, especially in the case of 4-substitution. An amu- 

sing linear regression was calculated between 6(2e+2a) (the 

chemical shift difference between H2e and H2a) and ECno (Ta- 

vernier, Anteunis, 1966) e.q., S (2e + 2a) = 17.9 + 1.17 ZCno 

(in Hz at 56.4 Mhz). The a-effect of alkyl groups depends 

strongly on the conformation that the alkyl group itself can 

assume. These gross-effects, with the conformational beha- 

viour in mind, may be predicted with reasonable accuracy, as 

a summation of effects caused by the first and the further 

removed elements in the side chain (Anteunis, Danneels, 1975). 

A reasonable approximation of the conformations of the alkyl 

group with respect to the 1,3-dioxane nucleus can be obtained 

from the exo coupling constants (Tavernier, Anteunis 1971b). 

Thus, an anti C-C bond orientation produces a downfield shift 



(B) but a gauche orientation (A and C) an upfield shift. (Ta- 

vernier, Anteunis, 1974) . 

Ilz-Mic_lowave-Seectls-and-E_lecLron-EiEfrac__tion- 

The electron diffraction curve of gaseous 1,3-dioxane (Schultz, 

Hargittai, 1974) does not lead to a unique determination of 

its molecular geometry. However, in conjunction with initial 

parameters used in the study of the microwave spectra of 1,3- 

dioxane (Pickett, Strauss, 1970; Kewley, 1972) the following 

parameters were obtained using a least-squares treatment (chair 

form) : 

r (01-C2)A 1.393 0-c-0 115.0' 

r (01-c6)A 1.439 C-0-c 110.9' 

r(C-C) A 1.528 0-C-C 109.2O 

r(C-H) A 1.095 c-c-c 107.7' 

111. Conformational energies of substituents in 1,3-dioxane. 

Az-MSt!Edo&i?Y. 

Two approaches have mainly been used for the determination of 

the conformational preferences of substituents in 1,3-dioxane. 

In the chemical approach, a diastereomer equilibrium, 

supposed to reflect exactly a conformer equilibrium, is esta- 

blished and analyzed. This method demands an epimerizable 

center. As 1,3-dioxanes are acetals, a configurational equi- 
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librium at C-2 is easily established at moderate temperatures 

by (Lewis)acids. 

B1 = some blocking or anancomerizing group 

A modification is the study of a 4-component equilibrium (Eli- 

el et al., 1974). 

In the NMR-method, the conformational equilibrium is as- 

sayed using shift and coupling parameters, often with recour- 

se to slow exchange spectra where a direct integration is pos- 

sible of appropriate signals originating from the different 

conformers. 

Other methods (acoustic relaxation, calorimetry etc.) 

have also been used succesfully, but it must be said that the 

two first mentioned methods are the most commonly employed. 

The chemical approach and the NMR methods both have their ad- 

vantages and draw-backs. 

In the chemical approach, the two diastereomers must be 

synthesized. The equilibrium should be approached from both 

sides, making sure that not too many concomitant side pro- 



ducts are formed. The analysis of the equilibrium mixture is 

usually done by G.C.. Reproducibility and accuracy are diffi- 

cult to achieve. Even "on-column" injections of samples can 

result in misleading determinations, and it was found at these 

laboratories (Swaelens,l970; Rhatti, 1973) that injection of 

standard mixtures of isomers fails to reproduce their relative 

composition. One of the reasons might be a residual and prefe- 

rential adsorption of isomers, as denounced after steam-washing 

the used columns. Still, the "on-column'' injection technique 

using capillary (open) columns is the best one. It remains 

however a precarious task to extract AHo and ASo values from a 

study of the equilibrium at different temperatures. 

The NMR methods give a rapid access to equilibrium data 

at different temperatures. The best procedure undoubtedly ma- 

kes use of wisely chosen model compounds in order to obtain 

the temperature dependence of the selected NMR parameters (Jen- 

sen, Beck, 1968; Borremans, Anteunis, 1975). If slow exchange 

spectra of the conformational mixture are available, equili- 

brium data obtained from spectra under rapid exchange condi- 

tions should at least be extrapolated and checked against the 

coicposition, determined by direct integration. Again, the de- 

termination of AH' and ASo remains a risky task. AHo and ASo 

values reported in the literature should in general be consi- 

dered with the greatest care. Often the best one can do in 

comparing different cases,is to discuss AGO values obtained 

at comparable temperatures. 
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Conformational equilibria are most accurately obtained 

on compounds for which the ratio of the conformer concentra- 

tion is about unity. Therefore, as a rule, we used di- or 

polysubstituted derivatives, and conformational preferences 

of the different substituents are weighed against each other. 

We call this the "counterpoise" technique, where a substitu- 

ent is pitted against an other one, 5.9. methyl. 

The problem of "additivity" then arises, that is: in how far 

is the stability of a polysubstituted derivative really des- 

cribed by an exact summation of the individual contributions 

to strain? Additivity must certainly be violated in the ca- 

ses of geminal and vicinal substitution. More secured are 

the cases of structure with remote substitution, as e.2. 2,4-, 
or 4.6-disubstituted derivatives. On the other hand, devia- 

tions from additivity may disclose mutual interaction effects, 

or changes in molecular shape. 

1. Alkyl and Aryl substitution. 

In TABLE IV the A-values reported in the literature are col- 

lected. The conformational preference of a substituent de- 

pends on the site of substitution. For methyl, the order of 

equatorial preference is C-5 i C-4 < C-2, a logical result of 

increasing 1,3-diaxial strain, taking into consideration the 

shorter bond length of C-0 (1.45 8 )  as compared with C-C 

(1.54 8 ) .  It is striking that naive ideas sometimes work very 



well. Thus the A-value of 4-methyl would be expected to be 

half the strain of 2-methyl (4/2 kcal.mole-l) augmented with 

an additional ml-butane strain (0.8 kcal.mole-l) resulting 

in exactly the experimental value of 2.8 kcal.mole-l. Simi- 

larly, the A-value (0.8 kcal.mole-l) of 5-methyl was predic- 

ted from the A value of methoxyl(0.6 kcal.mole-l) in cyclo- 

hexane (Anteunis et al., 1966b; Riddell, Robinson, 1967). A 

lot of A-values for 2-substituents were determined by equili- 

bration of the isomeric 2-substituted-cis-4,6-dimethyl-1.3- 

dioxanes. It has been demonstrated (Eliel et al., 1974) that 

the equatorial 4,6-dimethyl groups buttress the outwards ben- 

ding of the 4.6-axial hydrogen atoms under the strain caused 

by the 2-axial substituent. It follows that these A-values 

may be somewhat overestimated. 

The A-values of simple alkyl groups are not seriously in- 

fluenced by the solvent, and the slight dependence actually 

observed is presumably a result of steric hindrance to solva- 

tion (Eliel, RaileanU, 1970). 

The relative order of the A-values of methyl and phenyl 

is interesting. In 5-position, the A-value of phenyl is lar- 

ger, (AA = -0.3), in 2-position it is smaller than for methyl 

(AA=l.O), and for the 4-position an in-between situation is 

met (AA = -0.1 kcal.mole-'1 (Feeney et al., 1968: Anteunis et 

al., 1973). 
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T?+BLE AGO-values i n  a lkyl -  and ary l -subs t i tu ted  1,3-Dioxanes - 
-1 (kcal.mole ). P o s i t i v e  va lue  means equa to r i a l  preference f o r  t h e  

subs t i t uen t .  

Group 
5-Subst i tut ion.  kcal.mole -1 METHOD TEMP 'OLVENT REFERENCES (K) o r  STATE 

Subs t i tuent  

Eqb. 

Eqb. 

Eqb. 

NMR-4 
NMR- 6 

NMR-6 

Eqb. 

Eqb. 

Eqb . 
Eqb. 

Eqb. 

Eqb. 

Eqb. 
Eqb. 

Eqb. 

e t h e r  
BF30(Et) 2  

CC14 

e t h e r  

CHC13 

e t h e r  

e the r  

c  . hexane 
cc14 
OH 

e the r  
DME 

N02B 
n a c e t o n i t r i l e  
" CHC13 

MeOH 
t . BuOH - 
AC OH 

n formic ac id  

e t h e r  



Table IV (Continued) . 
4-Substitution.. 

2.9 Eqb. 298 

2.8 (AH) Thermo 

2.52(AH) Acoustic RT 

3.4(88) Appearance 
Potential 

in MS 

Inferred RT 
from eqb.in 
bicyclic 
systems 

Ind. Eqb. 303 

A(Me) +0.05 " 

A(Me) c0.05 " 

A(Me) 
A(Me) + 0.65 " 

A(Me) +0.5 " RT 

A(Me) c0.55 " 303 

2.85 Ind. Eqb. RT 

5.3(AH) Acoustic RT 

A(Me)-0.7 Eqb. 303 

2-Substitution. 

2-~e 4.07(AH) Thermo 

3.98 Eqb. 298 ether 

3.8 (AH) App. 
potential gas 
in MS 

2-Et 4.04 Eqb. 298 ether 
2-i.Pr 4.17 eqb. 298 ether 
2-Ph 3.12 Eqb. 298 ether 

a. Pihlaja, 1967; b. Eliel, Knoeber, 1968; c. Riddell, Robinson ,1967; 
d. Pihlaja, Ayris, 1969; e. Delmau et al., 1968; f. Eliel, Raileanu; 
g. Pihlaja, Luoma; h. Hamblin et al., 1969; i. Anteunis et al., 1973a; 
j. Pihlaja, Jalonen, 1971; k. Anteunis, 1970; 1. Maroni et al., 1972 ; 
m. Anteunis, Coryn, 1973; n. Nader, Eliel, 1970. 
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Eqb. 

Ind. Eqh. 

m- 1 
m - 2  

m - 3  

m - 4  

m- 5 
NMR-6 

NMR-9 

Thermo 

Acoustic 

Methods as indicated in TABLE IV. 

Equilibrium method 

Indirect equilibrium method 

Proton chemical shift using reference substances 

Chemical shift method using slow exchange spectrum as reference 

Proton measurements utilizing areas under peaks measured at low 
temperatures 

Average coupling constants using reference compounds 

Chemical shift, extrapolated without reference substance 

Average coupling constants using low temperature method 

Low temperature parameters with correction for temperature de- 
pendency of these parameters obtained from reference compounds 

Thermochemical method 

Acoustic method 

As in cyclohexane, the A-values of 2-ethyl and 4-ethyl 

are somewhat larger than the A-value of methyl, but in the 

5-position ethyl has a smaller conformational preference than 

methyl. The reasons for these peculiarities are not quite 

clear. In 4-position, the order of A-values &.Pr > Et > n.Pr 

* i.Bu I E P e  I Me was found by an NMR counterpoise techni- 

que. The neopentyl group represents a special case, in that 

there is net tendency for this group to bend outwards, with 

a concomitant opening of the C4-CH2-t.Bu angle (Tavernier, 

Anteunis, 1971b). 

The conformational equilibria in 2,2-geminal substituted 

1,3-dioxanes were investigated by the equilibration method 

(using a 4-methyl substituent as a holding group) and by an 

NMR method (using also 4-methyl-substituted derivatives as a 



model) (Pihlaja, i?.yrSs, 1970c; Bailey, Eliel, 1974). The data 

are collected in TABLE V. 

R 
The free energy differences for these equilibria were calcu- 

lated from the individual A-values of the alkyl groups, and 

from gauche interactions. 

TABLE V. Conformational Preferences in 2-methyl, -2-R-1,3-di- 
-1 oxanes (kcal.mole ). Positive sign means preference of R group 

for the equatorial position. 

a. Pihlaja, iiyr$s, 1970~; NMR-1 cc14. 

b. Pihlaja, iiyr&, 1970c; dir. Eqb. 

c. Bailey, Eliel, 1974. 
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The experimental and calculated free energy differences are 

in reasonably g o d  agreement for methyl, ethyl and methyl, 

isopropyl. However, 2-phenyl prefers the axial position by 

a much larger amount than would be expected assuming additi- 

vity of A-values. Similar conclusions are reached from a 

study of 2,2,5-trialkyl-1,3-dioxanes (Gren et al., 1973). 

Conformational equilibria in 5,5-dialkyl-1,3-dioxanes 

were studied using an NMR technique (Coene, Anteunis, 1970a; 

Anteunis ec al., 1974a) and by the equilibration approach 

(Eliel, Enanoza, 1972). 

The A-values for 5-mono substitution are not known for every 

substituent that has been built into the 5,5-gem. grouping. 

However, in those instances where these A-values are known it 

appears that by geminal substitution the larger substituent 

is less favoured than would be expected from the additivity 

principle and a consideration of additional non-bonded strain. 

An additivity of some sort is seen in the case of 5-methyl- 

5-ethyl-1,3-dioxane: ethyl prefers somewhat the axial posi- 

tion over methyl, as is the case for 5-monosubstitution. This 

same trend is also observed in going from 5-methyl - 5-phenyl- 
to 5-ethyl-5-phenyl-1,3-dioxane (the result from the NMR me- 



thod is in this case not in agreement with the equilibration 

result; Eliel, Enanoza, 1972; Tavernier, Anteunis, 1975). 

The 5,5-gem. grouping methy1,phenyl shows a preference of 

phenyl for the axial position - additivity is qualitatively 
followed -, but we saw that for 2,2-substitution the phenyl 
group markedly prefers the axial position (or the situation 

opposite to the one expected). It is surprising that in 5- 

methyl,5-vinyl-, and 5-methyl,5-ethynyl-1,3-dioxane the.unsa- 

turated groups -CH=CH2 and -C:CH prefer the equatorial posi- 

tion over methyl (Anteunis et al., 1974a) in carbon disul- 

phide (apolar) and acetone (polar) solution, whereas in the 

slightly polar solvent dichloromonofluoromethane both unsa- 

turated groups prefer the axial position. Special solvent 

effects are possibly responsible for these observations. 

There are also equilibrium data on record for tri-, and 

tetra-substituted-l,3-dioxanes. 

In 4,4,5-trimethyl-1,3-dioxane ( $ 1  the conformer with equato- 

rial 5-methyl is favoured ( A G ~ ~ ~ ~  = 1.5 kcal.mole-' CC14, NMR-4, 

-1 Delmau et al., 1968; A G ~ ~ ~ ~  = 1.45 kcal.mole from equilibra- 

tion, Pihlaja, ~yras, 1969). One would naively have expected 

a free energy difference of zero, because the conformer with 

equatorial methyl is strained by two 4 -butane interactions 1 
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(2 x 0.8 kcal.mole-l). It was proposed that the destabiliza- 

tion of axial methyl results from a "reflex effect'' assotia- 

ted with the presence of an axial 4-methyl (Delmau et al., 

1968). The free energy difference of the conformers of trans- 
4,5,6-trimethyl-1,3-dioxane (x) is 0.6 kcal .mole-' (Pihla ja, 

XyrXs, 1969) from equilibrium and NMR-data, the conformer with 

equatorial 5-methyl being again the more stable one. The re- 

luctance for the axial position is however much less than in g. 
Probably the outward bending of the axial 4-methyl is more re- 

sisted to by the gem.Me in $, than by the gem.hydrogen in x. 
This entails a greater destabilization of axial 5-methyl in 

the former. 

There are few data for 4,5-disubstituted 1.3-dioxanes. 

The NMR spectrum of c&-4,5-dimethyl-1,3-dioxane does not dis- 

close an undue preference for the conformer with equatorial 

5-Me. Anteunis, Coryn (1973) investigated the equilibrium in 

cis-4-vinyl,5-methyl-1,3-dioxane (NMR) and found AG&~ = 1.50 - 
kcal.mole-l. The A-values of 4-vinyl and 5-methyl are 2.2, 

and 0.8 respectively, and there is then in this'case no depar- 

ture from additivity. 

A number of trans-4,5,5-trimethyl-6-alkyl-1,3-dioxanes 

(alkyl = etyl, p.propy1, isobutyl, neopentyl, isopropyl, phe- 

nyl) were examined by 'H-NMR spectroscopy under slow exchange 

conditions. (Tavernier, Anteunis, 1973). The data are given 

in TABLE VI. 



TABLE VI: A G ; ~ ~  in trans-4,5, 5-trimethyl-6-R-1,3-Dioxanes (CS sol) in 
2 

kcal.mole-I. 

 po positive if R prefers the equatorial position. 

 ob obtained either by integration of appropriate resonances in the slow 
exchange spectrum or by extrapolation of fast exchange parameters to law 

temperatures. 

In general, the A@-values are not very different from what 

would be expected from the earlier data of "isolated" alkyl 

groups (TABLE IV), despite possible changes in molecular sha- 

pe or neighbourhood interactions that must be involved. Se- 

rious departures are neopentyl and, as expected, phenyl. The 

neopentyl group is "heavier" in the present environment, be- 

cause the tendency to relieve strain by an "outward-backward" 

bonding is hindered by the additional 5-substitution. Phenyl 

substitution deserves further attention. The electronic spec- 

trum of -- and cis-4,5,5-trimethyl-6-phenyl-1,3-dioxane 

is almost identical (Amax at 262, 255, 249 nm) but discloses 

changes with respect to cis 4-methyl, 6-phenyl-1,3-dioxane 

( 'max 220-270, 233 nm). 
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2. Polar substitution. 

1,3-dioxane has a dipole moment of 2.13 D in benzene (Walker, 

Davidson, 1959). The dipole moment of polar substituted de- 

rivatives can yield conformational information (comparison of 

experimental and calculated dipole moments). It is therefore 

of interest to know the direction of the dipole moment in 1,3- 

dioxane itself. Two approaches leading to almost equivalent 

results are feasible: 

(i) neglecting the C-H contributions and adopting a value of 

1.22 (Exner e.a., 1968) or 1.32 D (Bailey, Eliel, 1974) 

for the C-0 bond; 

(ii) taking a C-H contribution of 0.3 D and a C-0 contribution 

of 0.9 D (Danneels, Anteunis, 1975), that is, the accep- 

ted value for open chain ethers 

(Smyth, 1937). This gives a cal- f 
culated dipole moment of 2.1 D. 

The dipole moment lies in the 
H . . 

symmetry plane and makes an angle 

of 35' with the axial protons on C4,6. When dealing with 

idealized hexanoid chair forms, a simplified calculation 

method has recently been published (Borremans, Anteunis. 

1975). 

TABLE VII gathers the data reported for polar substituted 1,3- 

dioxanes . 



TABLEVIZ AGO va lues  (kcal.mole-I) i n  Polar  Subs t i tu ted  1,3-Dioxanes. 

P a s i t i v e  AG-value means e q u a t o r i a l  p re fe rence  f o r  po l a r  s u b s t i t u e n t .  

AGO-value 
SUBSTITUENT kcal/mole TEMP 'OLVENT REFERENCES c OR STATE 

Eqb. 
Eab. 

~ i b .  
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 
Eqb. 

DM 
NMR 

NMR-9 
NMR-3 

Eqb. 
Eqb. 
Eqb. 
Eqb. 
Eqb. 

NMR-9 
NMR-3 

NMR-9 
NMR-3 

Eqb . 
Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 
Eqb. 

25 c c l 4  a 
25 MeOH b 
25 Ether  b 

RT(?) CC13F c 
25 @H b 
25 CHC13 a 
25 MeCN b 

25 CC14 a 
25 Ether  b 

25 CHC13 a 
25 MeCN a 
25 C C l f ,  d 

25 CC14 a 
25 Ether  a 
25 4H a 
25 CHC13 a 
25 MeCN a 

25 CHC13 f 
25 Ether  f 

25 Ether  g 
25 CHC13 g 
25 i-PrOH F. - 
25 MeCN g 
25 Dm. g 

25(?)  Hex h 
25(?) 4H h , i  
25(7) Ether  h , i  
25(?)  CHC1) h , i  
25(?) MeCN h , i  
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Eqb. 25(?)  Hex 
Eab. 25(?) @H 
E&. x i ? j  E ther  
Eqb. 25(?)  CHC13 
Eqb. 25(?)  MeCN 

Eqb. 25 Ether  
Eqb . 25 CHC13 
Eqb. 25 MeOH 
Eqb. 25 MeCN 

Eqb. 25 Ether  

NMR-9 
NMR-9 

Eqb . 
Eqb . 
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 

Eqb . 
Eqb . 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb . 
Eqb . 
Eqb. 
Eqb. 
Eqb . 
Eqb. 
Eqb. 
Eqb. 

e x t r a p o l a t .  aceton 
NMR-5 t o 2 5  

-6 CHFC12 
-40 CHFC12 

25 CC14 
25 Ether  
25 CHC1, 

26.5 c.Hex 
26.5 CCl4 
26.5 Ether  
26.5 OH 
26.5 MeCN 

54 CC14 m 
54 CHC13 m 
54 OH m 
54 MeCN m 

50 c.Hex m 
5 0  CHC13 m 
50 OH m 
50 MeCN m 

25 Ether  (0.2 M) g 
27 CC14 ( 2, ) b 
25 CHC13 ( ) g 
25 DME ( " ) g 
25 MeOH ( " ) g 
25 MeCN ( " ) g 



Eqb. 

NMR-9 
NMR-F 
NMR-F 
NMR-F 
NMR-F 
NMR-F 
NMR-F 

NMR-3 
NMR-5 

NMR- 9 

NMR-3 
NMR-3 
NMR-9 
NMR-9 

ccl4 
Ether 
CXC13 
DME 
MeOH 
MeCN 

Ether 

CC14 
Ether 
DME 
CHC13 
MeOH 

CHFC12 
cs2 
CDCl 

~ c e t  .-a6 
CD3CN 
DMSO-d6 

DzO 
CHFC12 
CHFC12 

CHFC12 

CHFCIZ 

CS2 
CHFClz 
cs2 

CHFC12 

CHFC12 
CS2 
CHFC12 
CSz 

CHFC12 

CHFC12 
CS2 
CHFC12 

CS2 
CHFCl2 

CHFCl2 

CHFC12 

CHFC12 

cs2 
CHFC12 
cs2 
CHFC12 
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NMR- 1 
NMR- 1 

NMR-3 
m - 2  
m - 2  

NMR-5 

Eqb. 
Eqb . 
Eqb. 
Eqb. 

Eqb. 
Eqb. 

Eqb . 
Eqb. 

Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb . 
Eqb. 
Eqb. 
Eqb. 
Eqb. 

Eqb. 

Eqb . 
Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 

Eqb. 
Eqb. 
Eqb. 

Eqb. 

CHFC12 

c s 2  
CHFC12 
CHFC12 
CHFC12 

c s 2  
Ether  
MeCN 

Ether  
MeCN 

Ether  
MeCN 

Ether  
MeCN 

c52 

~ 5 2  
c s 2  
c s 2  
CS 2 

CS2 
c s 2  
c52 
CS2 

Ether? 

Hex 
*H 

E ther  
MeCN 

Hex 
cc14 
Etber  
MeCN 

cc14 
Ether  
MeCN 

c c l 4  
Ether  
MeCN 

Ether  



2-CH2C1-2-Me +O.OOT t 0.004 Eqb. 
-0.058 50.006 Eqb. 
-0.108 t 0.007 ~ q b .  
-0.17 50.03 Eqb. 

0 7 2-CHBr-2-Me -0.111t0.004 Eqb. * 2 -0. I59 50.004 Eqb. 
-0.22 5 0.01 Eqb. 

2-COOMe-2-Me -3.16 t 0.04 Eqb. 
-3.0 i. 0.2 Eqb. 
-3.94 t 0.06 Eqb. 

c .Hex 
Ether 
MeCN 
MeOH 

c.Hex 
Ether 
Me CN 

c.Hex 
Ether 
MeCN 

cs2 
A~et-d-~ 
CHFC12 

Acet-d-6 
CHFC12 

a. Abraham et.al., 1972; b. Eliel, Kaloustian, 1970; c .  Mager, Eliel, 1973; 

d. Verhit, et.al., 1973; e. Borrernans, 1975; f. Eliel, (PAC), 1971; 

g. Eliel, Enanoza, 1972; h,i. Eliel, Hofer, 1973; j. Coene, Anteunis,1970b; 

k. Borremans, 1973, unpublished; 1. Eliel, Alcudia; m. Eliel, Eraus, 1972; 

n. Borremans, Anteunis, 1975; o. Borremans, 1975; p. Dirinck, Anteunis, 1972173; 

q. Coene, Anteunis, 1970; r. Eliel, Rev. 1970; s. Bailey, Eliel, 1974; 

t. Nader, Eliel, 1970; u. Bailey, Eliel, 1974; v. Anteunis, Camerlynck, 
Dewaele, 1974. 



HETEROCYCLES, Vol. 4, No. 2, 1976 

The situation for polar substituents may be complex, not 

only as a result of the mutual interactions of the dipoles 

(respectively of the substituent and the ring; u(1,3-dioxane) 

= 2.14 D; (Walker, Davidson, 1959), but also because of a 

differential stabilization of the conformers by the medium. 

The 1,3-dioxane system, with its well defined structure, should 

be an ideal case for such investigations. Polar effects (e.3.  
the anomeric effect) have also been efficiently studied in 

simpler models, such as tetrahydropyranes (Eliel, Giza, 1968; 

Pierson, Runquist, 1968: Anderson, Sepp, 1968). 

In the absence of specific solute-solvent association ef- 

fects, the solvent can be treated as a continuum surrounding 

the solute molecule. Such a model, based on Onsager's reac- 

tion field theory and including dipole- as well as quadrupole 

moment contributions to the energy content of a special confor- 

mer in solution, has been developed (Abraham, 1967). Although 

the model suffers from gross simplifications, the calculated 

effect of the variation of the solvent dielectric on the equi- 

libria of a variety of 5-heterosubstituted 1,3-dioxanes is in 

"good'agreement with experiment (Abraham, 1972). In this con- 

text equilibrium data in the gas phase, which are lacking, 

would be of definite interest. 

Specific solvent effects can be operative in determining 

the conformational behaviour of heterosubstituted 1,3-dioxanes 

and it has been observed in some cases for some solvents that 

the change in conformational preference does not parallel f.i. 



the dielectric constant of the medium. The moderate depen- 

dency on solvent of the equilibrium in 5-methyl-5-vinyl- and 

5-methyl-5-ethynyl-l,3-dioxane (Anteunis et al., 1974a), pa- 

rallels the "anomalous" behaviour observed in 5-methoxy and 

5-ethoxy-1,3-dioxane derivatives (Eliel, Hofer, 1973) for 

aromatic and polyhalogenohydrocarbons as the solvents. These 

solvents behave as more polar than their dielectric constants 

suggest. In the aromatic solvents this is possibly caused by 

the (anisotropic) polarisability by the polar solute. In the 

polyhalocarbons H-bonding is necessarily involved (Eliel, 

Hofer, 1973). 

The axial preference of fluorine in 5-position has been 

discussed in several papers (Hall, Johnson, 1972; Mager, Eliel, 

1973; Binsch et al., 1973) and an attractive F/O gauche inter- 

action was postulated (Abraham et al., 1972). The axial pre- 

ference of the 5-hydroxyl group in apolar aprotic solvents im- 

posed by intramolecular hydrogen bonding (Baggett et al., 1963; 

Barker et al., 1963), is destroyed or partially offset in hy- 

drogen-donating or hydrogen-accepting solvents (Eliel, Kalou- 

stian, 1970). Also the 5-amino group prefers the axial posi- 

tion over Me (by 0.16 kcal.mole-l) in 5-methyl-5-amino-l,3-di- 

oxane in acetone at room temperature (Coene, Anteunis, 1970b). 

The behaviour of 5-CF3-, Hn-substituted 1,3-dioxanes (n = 

1,2) is remarkable. On grounds of steric and gross dipole mo- 

ment considerations one would expect an equatorial preference, 



HETEROCYCLES, Vol. 4, No. 2, 7 976 

whereas in fact the conformers with axial difluoromethyl- and 

monofluoromethyl groups are favoured in dichloromonofluorome- 

thane by 1.9 kcal.mole-I in 5-methyl-5-difluoromethyl-l,3-di- 

oxane and 1.1 kcal .mole-' in 5-methyl-5-f luoromethyl-1,3-di- 

oxane respectively (Anteunis, Dirinck, 1972: Anteunis, Borre- 

mans, 1973). In 5-trifluoromethyl-l,3-dioxane there is no pre- 

ference at all when the 5-trifluoromethyl-group is compared 

against a 5-methyl group (AG;73(5-trifluoromethyl) in Freon-21 

= AG500(5-methyl)). This feature is imposed by solvent effects, 

since at lower temperatures or in more polar solvents this e- 

quilibrium shifts readily towards the axial conformer (Borre- 

mans, 1975). It is clear, that the presence of H-atoms in the 

fluoromethylated substituent, could play a preponderent role 

inthis behaviour, and that considerations of mutual orientations 

of group dipole moments lead to wrong conclusions, especially 

if the dipoles are not directly connected with each other as in 

the case of these 5-substituted derivatives (Anteunis, Borre- 

mans, 1973). A series of 5-halomethyl-substituted-1,3-dioxanes 

has therefore been investigated, in order to disclose the na- 

ture of this behaviour (Borremans, Anteunis, 1975) and it was 

concluded that localized polar effects are indeed decisive. 

Thus the positive charge on the carbon and/or the induced frac- 

tional charge in the C-H bond of the 5-CH2X group interact fa- 

vourably with the ring oxygen atoms, sta- 

bilizing the axial position. This is pre- 

sumably a manifestation of a general at- 

tractive interaction of a C-X bond (X = 



electronegative element) and a positivated y-carbon in 

conformation. 

Probable manifestations of this same effect are the axial pre- 

ference of 5-hydroxymethyl, despite of the lack of an intra- 

molecular H-bond (Dratler, Laszlo, 1970; Eliel, Banks, 1972), 

and the observation that the 5-methoxymethyl group has almost 

no conformational preference (Eliel, Kaloustian, 1970). Other 

comparable situations have been uncovered. Although 5-SMe 

prefers the equatorial position, the dimethylsulfonium, methyl- 

sulfinyl and methylsulfonyl substituents all prefer the axial 

position (Eliel, Evans, 1972). Even trimethylamrnonium, posses- 

sing an effective volume comparable to tert.buty1, strongly 

prefers the axial position at C-5 in 1,3-dioxane (Van Cauwen- 

berghe et al., 1974; Eliel Alcudia, 1974). 

The "internal solvation" hypothesized (Eliel, 1972a) to 

explain the stability of the axial 5-nitro group by the 1,3- 

dioxane ring oxygens, parallels the close approach between the 

nitro-group and the oxygen in the second five-membered ring in 

2-0-(p-bromobenzene sulphony1)-1,4:3,6-dianhydro-D-glucitol-5- 

nitrate as revealed by X-ray analysis (Camerman, 1965). 

The situation in 4-polar substituted 1,3-dioxanes seems 

rather clear-cut. The preference of CF3-,Hn - Over CH3 - for 

the axial position (Dirinck, Anteunis, 1972: Dirinck, Anteunis, 

1972/1973) can simply be pictured as the result of an electro- 

static contribution, the larger the dipole of the fluoronethy- 
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lated group is, the more it can compensate the ring dipole mo- 

ment in the essentially opposite (axial) direction (~(trifluoro- 

methyl) = 2.03 D; u(l,3-dioxane) = 2.14 D) . 
The axial preference of the 2-methoxy-group, amounting to 

0.4 kcal.mole-' (Eliel, 1970b1, is a manifestation of the well 

documented anomeric effect (Lernieux, 1964). Contributions of 

the latter effect have also been ascribed to 2-ethynyl-, and 

2-phenyl-ethynyl-1,3-dioxanes which assume the axial position 

in apolar, but prefer to stand equatorially in polar solvents 

(Eliel, 1970b). The increased tendency for the axial position 

for groupings bearing a partial positive charge on the atom 

\Wund to the anomeric carbon, e.g. 2-p- t r i f luoromethyl-phenyl- ,  

2-chloromethyl-, 2-bromomethyl and 2-ethoxycarbony1,has been 

discussed (Bailey, Eliel, 1974) in terms of a reverse anomeric 

effect (Coxon, 1966). 

3. Rotameric behaviour of side chains. 

a) Alk~l-pnG-Ar~l-9cexE": 
Riddell and Robinson (1971) studied the rotamer popula- 

tion of the alkyl groups in 2-ethyl-, and 2-'sopropyl-1,3-di- 

oxarre ( and ( 2 )  by measuring the vicinal coupling constant 
3 ~ ( ~ 2 a , a ~ )  as a function of temperature. By means of a suita- 

ble computer program and from the reasonable assumption that 

the gauche and anti coupling Constants for the ethyl and iso- 

propyl groups can be related to the coupling constant in 2- 



methyl-1,3-dioxane by comparison with ethane, propane and 

isobutane, they obtained the results given in TABLE VIII. 

TABLE VIII: Vicinal Coupling Constants and Thermodynamic Parameters 

for the Rotamers in 2-Et and 2-i.Pr-1,3-Dioxane (@ and (2). 

a The conformer with twice a gauche 0-C-C-C interaction 
is the least stable one (kca~.mole-~). 

In cal.~-~.mool-~; including entropy of mixing due to 
the presence of enantiomers. 

Tavernier and Anteunis (1971b) have examined the conforma- 

tional equilibrium within the alkyl groups ethyl, isobutyl, 

neopentyl and isopropyl in the 4-position of 1,3-dioxane, 

as well for the equatorial as for the axial position. The 

populations of the different rotamers of these alkyl groups 

were estimated from the magnitude of the exo coupling con- 

stants. It was concluded that the anti orientation in a (R)O- 

CH2-CH2-unit is somewhat more stable (%200 cal.mole-l) than 

the gauche orientation (see also Dale, 1974). A comparative 

shift study of several phenyl-substituted 1.3-dioxanes has 

revealed that the rotameric behaviour of phenyl, and thus also 
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its conformational preference, depends on the direct envi- 

ronment of this plane-symmetric group. Two selected geome- 

trical orientations may be pictured: a(n) (0rtho)gonal and 

a bisectional (parallel) position (CHART 2) 

CHART 2 

The problem in phenyl cyclohexane has been treated theoreti- 

cally by Allinger and Tribble (1971). The a,g and e,b forms 

were calculated to be the preferred rotamers. In the arb 

forms non-bonded 1,3-syn axial strain is too high, in e,g 

the vicinal equatorial C-H bonds hinder the ortho H atoms 

appreciably more than in the a,g form. As a result the ob- 

served rotameric preferences for phenyl in some substituted 

1.3-dioxanes, as pictured in CHART 3, are logical (Bernaert 

et al., 1974). 

From the above statements, it is logical that the conforma- 

tional energy term of 4-phenyl amounts to 1.0 kcal.mole-l or 

more in trans-4,5,5-trimethyl-6-phenyl-1,3-dioxane, because 

the preference for the gonal orientation is counteracted by 

the presence of the 5 equatorial methyl group (see above). 



@.p -7 0 

R R 
f o r  R = H,Me for R >Me 

CHART 3 

Probably for the same reason, the normal equilibrium state 

A%Bof the dioxadecalane system (favoured axial R) is less 

extreme (Swaelens, Anteunis, 1969) if R = Ph (to be compared 

with R = Me), although for the isolated case AG?P~) < bG9Me) ) . 
The rotameric behaviour of the aryl group in 2-position is 

well known from X-ray data. The equatorial 2-phenyl group 

in 2,10-diphenyl-1,3,6,9,ll, 13-hexa-0x0-dispiro[4 , I ,  5.21 te- 

tradecane (Collins et al., 1974) assumes a bisectional (or 

parallel) position, whereas in 2-(p-chloropheny9-l,3-dioxane 

(&)  (de Kok, 1970) the aryl group is gonal (or perpendicular). 

In r-2-(~-bromophenyl)-~-4,~-6-dimethyl-l,3-dioxane ($ )  

(Nader, 1975) the disposition is again close-to-bisecting. 

This suggests that the energy difference between both orien- 
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tations is small, and determined mainly by packing forces in 

the solid state (Nader, 1975) and this supports the proposal 

that an equatorial phenyl at C-2 rotates quite freely in so- 

lution (Bailey, 1973). 

The axial 2-aryl groups in 2-(E-bromopheny1)-g-2,4,4-cis-6- 

tetramethyl-1,3-dioxane ( 2 )  (Kellie et al., 1972) and in g-2- 
(~-trifluoromethylphenyl)-trans-4-trans-6-dimethyl-l,3-dioxa- 

ne ( 2 )  prefer the gonal conformations thus decreasing syn- 
axial repulsions. 

(extra destabilization of A with Q.4  kcal.mole-' if R = Ph). 

Phenyl orientations have also been studied in other hetero- 

cyclanes, g.9. 6-aryl-succinic anhydrides where the bisectio- 

nal orientation is the preferred one, but presumably not if 

an additional geminal methyl is introduced (Koer, Altona, 1974). 

This statement lies in the line of the previous behaviour in 

1,3-dioxanes: the occurence of a (heavy) geminal substituent 

tends to prevent the bisectional position. 

b) g<n-nhains containinqqPJ$hEMoieties. 
+ 

The CH2-N bonds in the equatorial trimethylammonium- 



methyl grouping in 4-trimethylammoniummethyl-, cis-2-methyl-4- 

trimethylammoniummethylr, ard cis-4-trimethylammoniummethyl- 

6-methyl-l,3-dioxanes stay skew with respect to the 03-C4 

bond, e.q. in a quasi 1,3-syn-axial interaction with the 

"equatorial" oxygen p orbital, whereas in the equatorial 

2-trimethylammoniummethyl-grouping all possible rotameric 

positions are almost equally populated (Van Cauwenberghe et 

al., 1974). 

The side chain orientation in 4-bromomethyl-1,3-dioxane is 

identical (Van Cauwenberghe, 1974) to that one observed in 

4-halomethyl-l,3-dioxolanes (Borremans, et al., 1973), e.3. 
the C-C1 bond and 03-C4 stay antiperiplanar. 

It has been claimed that in 2-chloromethyl-1,3-dioxane 

the rotamer which places the C-C1 bond gauche with respect 

to both C2-01 and C2-03 is stabilized enthalpically by 0.55 

kcal.mole-I (Eccleston, et.al., 1971) in spite of the esti- 

mated (Bailey, Eliel, 1974) 1.5 kcal.mole-I repulsive inter- 

action with the lone pair orbitals on oxygen. 

The halogens in 5-axial halomethyl grouping point out- 

ward the 1,3-dioxane ring, whereas in the 5-equatorial con- 

formers fluorine prefers slightly the 1,3-synaxial position 

with respect to the axial H-4,6 atoms, in contrast to the 

other halogens (Borremans, Anteunis, 1975) . 
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4. Polycyclic 1,3-dioxane derivatives. 

The 1.3-dioxadecalane system has been studied in some detail 

(Swaelens, Anteunis, 1969a;Swaelens, Anteunis, 1970). 

'07,' 

7 a= 71 ?\ 
0-in"  "c- in"r~-out") 

There are two different all-chair conformations of the g- 

isomer. These are called the 0-in/O-out (or resp. C-out/C-in) 

- 1 forms. The energy difference is 12.2 kcal.mole , 0-in being 
the more stable conformer*. This value was obtained from an 

equilibration of the isomeric 2,7-dimethyl-1.3-dioxadecalanes 

in the temperature range 273-373 K . The unknown AG0(O-in/O- 

out) was pitted against the known A-value of methyl in cyclo- 

hexane. The equilibrium favours 0-in by 1.29 kcal.mole-I at 

298 K . AH' was found to be 0.5 kcal.mole-I (again in favour 

of 0-in) . 

" The naive approach let us to estimate in l,3: 2,4-di-Omethylene-L-thre- 
it01 a different AGo(O-in,O-out) =3.5 kcal.mole-' (from the data of Swae- 

lens, Anteunis, 1969a). 



The equilibrium in the &-2,4-dimethyl-1,3-dioxadeca- 

lane (FIG.7) was investigated by a slow exchange NMR method 

4 R = ~ e ;  X = 6  

AG;~; 0.65 (CS2, NMR, R =H) 

AG~~: 0.51 (CC14, D. Eqb., R =Me) dLR & ?$ AG293 0.69 (CC14, D. Eqb., R =Me) 

L~ a. Swaelens, Anteunis, 1969; 

Fig. 7 b. Swaelens, Anteunis, 1970; 
c. Bhatti, Anteunis, 1973. 

(Swaelens, Anteunis, 1969a), and by the equilibrium approach 

(Swaelens, Anteunis, 1970; Bhatti, Anteunis, 1973). The equi- 

librium mixture was analyzed in both lnvestigations by GC. 

In the experiments carried out by Swaelens a capillary column 

with splitter was used, but Bhatti used on-column injections 

of the samples. The obtained results for the free energy dif- 

ferences are slightly different (0.51 and 0.69 kcal.mole-I 

respectively). This illustrates that much care and attention 

should be given to the analytical problems encountered when 

determining the composition of a mixture using G.C.(see § 1II.A). 

In the opinion of the present authors there has been a tendency 

to overemphasize the certainly real difficulties to be taken 

into account when using NMR as the analytical technique, but 

we are convinced that somehow the reliability of G.C.analysis 

has been taken for granted too easily. Swaelens and Anteunis 

(1970) have deduced that the A-value of 4-methyl is 3.0 kcal. 

mole-', from the following data: (i) the energy difference of 
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O-im//O-mt i m  efs-IPS-cfioxacfecalane; [ i i l  the energy of cis- 

4-methyl-l.3-dioxadlecalane CFIG. 7 ) ;  Cfiil the  $ -butane-in- 
1 

teraet ion.  

Swael@ms an8 Amternis Cl969a) measured (slow exchange NMW 

t h e  eqm%lihrim state i n  a se r fes  of 4 - R - ~ - l , 3 ~ i o x a 8 e c a -  

lames (PIG. 7 ;  x = 6 8, TAgLE I X I .  

-1 TABZK IX. &Gm@-im~OrimB in. kcal.mole Ear 4-mbstitluted-&Z,S-diaxa- 

d e c ~ ~ e s  (iim CS2 at l9I  K). 

A@ 01-65 034 0.92 01-86 01.88 0.8.9 0.25 ((a) 

(a); s;tron& displaced fawards axial CF3. Ke > 20. 

The phenyl case has been discussec3 above 1 1 5 3  fn 

t~eis series the  0-h eonfarmation is m e  favour& f o r  4 ~ = ~ t  

than f o r  'R = M e ,  that is ethyl  s t ays  i n  t h i s  enviromnemt more 

eas i ly  i n  the ax ia l  position than methyl. W e  mention& earlier 

@, liPI.B.II that f a r  i sa la ted  4-a-I qrocmps the &-value of 

e thy l  is s l i g h t l y  larger  tbam for methyl. This reverse & s e -  

vatiom irn t h e  dioxadecalme system was srrhsecpently corrobora- 

te8 by equilibrium 8ata ( B k t t i ,  Rmteumfs, 19731. 'Ebe smdy of 

the &-1,3-dioxabiqclmEkanes UEhatt3, &teumis. 1973). see 

E5TG. 7 Fx = 5-8) 4 Z"WI6LE X. 
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,...Y.I.L . .  i.:. -,.:; ... :i -i 

lhese r e s u l t s  p a r a l l e l  t h e  obser&d~:-:i-&attenin~~i'n.-the. &rres- 

ponding ca rbocyc l ic  analogue (Brow 

s a t u r a t e d  b i c y c l i c  d e r i v a t i v e s ,  
i . _ ..- _ .,,.. ,... . . , >, , . . , . . I  :. ' 1 0  . . . ~  , . ~  . ,  ~.. . ., .. 

l i c  po lyo le f ins  an 
....,.,! ..-., ,.~. .:.i . :  ' ~ ~ , ~ ; : , x , < : : ~ ~ . . .  s < ,: ;::I :..:,:, . .  . !.. ~ . . .  , ~ . .  

n i s ,  1974) have a l s o  been i n v e s t i g a t e d .  A s u r p r i s i n g  obser- 

, . .. : **,,?>o.>:; -..,'A >.- :+;;:; .;;:: ? <;(IrT., . 2,.;i:::2.:;v:T.i. r<im,.: :.,:. ,.::.,~.>.: 
t h e  above. mintidned cbnforrnational behaviour i s  t h e  r e s u l t  

... *;? 3 j , . . , : , . ; , , , :  y . . . . ,  3c.i: -: ,~, <:,;i.> :!,..:!'.~' , +',fi<. .ID-' 

t ransmiss ion e f f e c t  ( c f .  Bucourt, 1974) of a conformatioLa\Lv ' 

%,. ., <,p.:  ..,,,.: -. . : .. ... .; ,..,.. c,:!:, .: ':..>>>x:,!...k ? l Y  y!<.x: jc7r:. 2.; i:>(; x:.: i .?~.??!  :i~..c.'2: :; 
imposed by the ' cyc looc ten?  r l n g .  

3y<?z,:!!!; 3;!: .<<< 02j:fi .i:;$ p2:,: p::.i:j5572:tfi) % ; , i : r ~ ~ ! ? , : f i ~ . ; :  3[<;.!?2c<;: 



IV. Barrier for Ring Reversal. 

5:-Gesnlal-conalder~ilons. 

There is a sixfold degeneracy for ring reversal in cyclohexa- 

ne, but only a threefold one in 1,3-dioxane. It is now re- 

cognized that midway the inversion path the flexible forms 

are mutually in rapid equilibrium by libration (Kellie, Rid- 

dell, 1974). The energy fluctuations during the pseudorota- 

tion are degenerate in cyclohexane, in a way that the small 

barriers separating the energy minimum conformations are all. 

equivalent (Pickett, Strauss, 1970b). In 1,3-dioxane, they 

are not. The computation of a single value for the energy 

barrier as obtainea for AG' gives only an apparent vaiue in 

the sense that it is a measure for the "facility' with which 

the molecule undergoes a multistep process. For a given sub- 

stituted derivative the most economical itinerary for inver- 

sion can be a composite phenomenon: after the molecule has 

reached flexible forms along a (set of) favoured route(s) 

these forms become involved in a pseudorotation until pseudo- 

rotational partners are obtained from which further evolution 

leads to complete inversion. The last part of the process is 

not necessarily enantiomeric to the first part. Thus the ap- 

parent barrier height is not only influenced by the number of 

# possible itineraries (affecting AS ) but also by the chosen 

itinerary. The introducticn of a strain along one of the a 

priori possible itineraries will in principle result in a by- 
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pass along a (set of) more favoured route(s1. It is then dif- 

# ficult to relate the observed changes in AG quantitatively 

with structural alterations of the ground state or of the 

transition state. It is presumably also the reason why, even 

for dramatic changes in the basic structure of the cyclic com- 

# pounds, AG remains strikingly similar (TABLE XI). 

P 
TABLE XI. Barriers for Ring Reversal AG of some six-membered Rings 

-1 
(kcal.mo1 at Tc). 

cyclohexane 

tetrahydropyraan 

thiane 

selenane 

tellurane 

piperidine 

1,3-dioxane 

1,3-dithiane 

1,3-diselenane 

1,4-dioxane-d7 

(a) Lambert et al. (1973) 

(b) Lambert et al. (196713) 

( c )  Friebolin et al. (1969) 

(dl Geens et al.' (1969) 

(e) Jensen and Neese (1971) 

( f )  Schmid et al. (1966) 

( g )  Claison et al. (1960) 

(h) Kabuss et al. (1966). 



Of course, in the entire process of reversal, each torsion 

angle has to change sign and each structural feature resul- 

ting in a change in the rotational barrier around one of the 

ring bonds, must effect somehow the total apparent barrier. 

It will however depend on the nature of the dips (the energy 

minima along the itinerary in how far quantitatively such a 

structural alteration will have its impact and become percei- 

ved (FIG.8A). Thus the introduction of two vicinal hetero- 

atoms possessing lone pair orbitals raises sharply the bar- 

rier (FIG.8B and TABLE XI) . 

A Reaction coord - 
Fig. 8 

More than half of the barrier to ring reversal in 1,3- 

dioxanes may come from torsional strain. Taking the rota- 

tional barriers in dimethyl ether and ;.propane as reference 

points the relative energy conten,uof the three half-chair 

(mono-planar) forms have been estimated (Harris, Spragg, 1968) 

and are shown in Chart 4. 
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0.3 0.77 kcal . mole-' 

CHART L 

Depending on the site of substitution one or another of 

these forms may become the preferred intermediate during 

the ring reversal. It is therefore of interest to have 

a quantitative idea on the preferred substitution pattern 

in these flexible forms, a problem on which we will come 

back later (see flexible forms). 

B+-Rs%!lts. 

The barrier to inversion in 1,3-dioxane is AG' = 9.7 kcal. 

mole-'. The occurrence of a geminal dimethylation can have 

two opposite effects on the rate of ring reversal because 

(a) the axial methyl group can strain the ground state, 

to result in a lower barrier and/or (b) the rotational bar- 

rier next to a quaternary center can be different from the 

one in ethane. In 5,5-dimethyl-1,3-dioxane, which has a 

higher barrier than the parent compound, effect (b) must 

be predominant (Friebolin et al., 1969; Coene, Anteunis, 197W 

as the conformational free energy of 5-methyl is small (yet, 

2 the rather low absolute value of J in 5,5-dimethyl-1,3-di- 

oxane, which can be measured directly in the slow exchange, 



NMR spectrum, discloses a change in ring shape with respect 

to 1,3-dioxane itself). The much higher A-value for 2-methyl 

and 4-methyl on the contrary results in a dominating effect 

of the enhanced strain in the ground state. Gem-2,2-dimethyl- 

substitution lowers the barrier to ring reversal by 0.5-1.0 

-1 kcal.mole . The barrier in 5,5-diethyl-1,3-dioxane is slight- 

ly lower than in the 5,5-dimethyl compound. An explanation 

has not yet been offered. The same trend is also noted in cy- 

clohexane and 1,2,3-trithiane derivatives (Goor, Anteunis, 1975; 

De Beule, Anteunis, 1974) and presumably the lower barrier in 

5,5-diethyl-1,3-dioxane is not directly a consequence of the 

heterocyclic ring. The lower barrier in 5,7-dioxa-spiro [2,5] - 

octane can be ascribed to ring flattening caused by the three- 

membered ring to be compared with the Thorpe-Ingold effect 

(Coene, Anteunis, 1970c; Anderson, 1970). Geminal di-isopro- 

pyl substitution presents some interesting aspects, especially 

by comparison with (a) geminal dimethyl substitution (b) spi- 

ro adamantylene substitution (compounds k2, k3, k4), where 

there are also two tertiary C atoms bonded to the 1,3-dioxane 

nucleus. In 5,5-diisopropyl-l,3-dioxane, the barrier is lower 
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by 3 kcal.mole-l than in 5,5-dimethyl-1,3-dioxane, but the 5- 

adamantylene derivative (k2) has a barrier only slightly lo- 

wer than in the latter compound. 

4,4-diisopropyl-1,3-dioxane and the 4-adamantylene derivative 

(13) topomerize at the same rate, and both have a barrier lo- 
% 

wer than 4,4-dimethyl-1,3-dioxane. Finally, the inversion ra- 

tes of 2,2-dimethyl and 2,2-diisopropyl-l,3-dioxanes are about 

equal, but both invert somewhat slower than the 2-adamantylene 

derivative. An explanation has been offered for the excep- 

tionnally low barrier in 5,5-diisopropyl-1,3-dioxane (Taver- 

nier et al., 1974). A characteristic feature of the 5-posi- 

tion is that "methyl-inside" rotamers (fig.9) of axial alkyl 

groups have a large, but not a for- 

biddingly large energy content. The 
-0. 

methyl-inside strain is estimated to 

be 3. I kcal.mole-I (Eliel, Enanoza, 

1972). On the other hand, a 1,3-di- 

p 
Fig.9 

oxane ring featuring a methyl-inside conformatlon would be ex- 

pected to have a low barrier to inversion (the methyl-inside 

... oxygen distance must be much larger in the transition sta- 
te than in the ground state). However, the axial isopropyl 

group in the anancomeric 2-methyl-5,5-diisopropyl-1,3-dioxane 

has not a methyl-inside conformation as the ground state. This 

was concluded from chemical shift data, from the chemicalshift 

changes in function of added lanthanide shift reagent, and 

from the fact that there is only a very small long range coup- 

ling of the methine hydrogen of axial isopropyl with H-4/6a. 



TABLE XII. Barriers to Ring Reversal in 

1,3-Dioxanes 
-1 (in kcal.mole at Tc). 5 

4R 4R 2R 2R' 5R 5R' AG* 

H H H H H H 9.7 (a) 9.9 (c) 10.0 (g) 

H H H H Me Me 10.5 (a) 10.9 (c) 11.0 (g) 

H H H H E t ~t 10.1 (a) 

H H (CH2)2 

H H (CH2)3 

H H (CH2) 

H H (CH2) 

H 13 - i.Pr i.Pr - 
H H cyclo Pr cyclo Pr 

H H 0 0 
Me Me H H 

(CH2)4 Me Me 

(CH2)5 Me Me 

i.Pr P Me - Me 

Me Me Me Me 

H H H H 

H H H H 

H H H H 

9.6 (a) 

10.2 (a) 

10.7 (a) 

10.1 (a) 10.9 (g) 

7.3 (b) 

9.8 (b) 

10.7 (b) 

8.4 (c) 7.8 (e) 

9.5 (a) 

8.9 (a) 

9.9 (a) 

8.9 (c) 

9.1 (c) 

8.1 (b) 

9.5 (b) 

10.0 (b) 

8.2 (b) 

9.0 (a) 

10.8 (b) 

10.7 ( f )  

%7.5 ( f )  

11.4 (d) 

10.0 (d) 

(a) Coene, Anteunis, 1970c; (b) Tavernier et al., 1974; (c) Friebolin et al., 1969; 
(d) Tavernier et al., 1973; (e) Anderson, Brand, 1966; (f) Tavernier et al., 1975; 
(g) Greenberg, Laszlo, 1970. 
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A multistep process was therefore proposed. First, the re- 

lative stable "outside" axial isopropyl is transformed by 

rotation into the relatively unstable methyl-inside form, 

which topomerizes readily, and a second isopropyl rotation 

produces the starting form (Fig. lo). 

I - 
Fig. l o  Reactioncoordinate 

This "Van 't Hoff-type" profile, characterized by three es- 

timated barriers of about 7 kcal.mole-l, and by two minima 

with an energy level comparable to the starting and final 

- 1 chair form, explains the over-all value of 7.3 kcal.mole . 
Essential to this picture is the fact the axial isopropyl 

group must be able to escape into a methyl-inside conforma- 

tion, which is relatively easy in the 5-position. This si- 

tuation is less clearly or not at all met in the 4,4-diiso- 

propyl and 2,2-diisopropyl derivatives, respectively. No 

analogous itinerary with the in-between dips in the energy 



profile can be found in these compounds. 

It is interesting that 5,s-dicyclopropyl-l,3-dioxane has the 

more usual barrier of 9.8 kcal.mole-l. Small rehybridiza- 

tion effects of the branched 5-geminal groups apparently 

change the picture dramatically. It may seem surprizing that 

5,5-diphenyl-l,3-dioxane and the fluorene derivative (k5) 

have the normal barrier of 10.7 9"9 
kcal.rmlel. However, we saw above 

that 5-phenyl, which has a low 

conformational preference of 1.0 

kcal.mole-l, assumes the bisectional position when axial. 

The ground state of 5,5-diphenyl-1,3-dioxane and of 12 is 

then presumably not unduly strained, in accordance with their 

unexceptional inversion barriers (Tavernier et al., 1974). 

The explanation proposed for the low barrier in 5,5-di- 

isopropyl-1,3-dioxane is corroborated by the inversion bar- 

riers of the isomeric spiro compounds (I$) and (l~), which 

again have two tertiary carbon atoms bonded to the 5-position 

of the 1,3-dioxane moiety. The cyclohexane part of 46 and k7 

4 
1 assumes the conformation depicted ( H-nmr parameters). The 
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molecular structure in the neighbourhood of the 1,3-dioxane 

moiety is however very different. In k6, there is a methyl- 
outside conformation, and the barrier to reversal of the 

- 1 heterocyclic ring is normal (10.7 kcal.mole . In k7, on 

the contrary, the ground state of the molecule is a methyl- 

inside conformation, and the barrier to ring reversal of the 

- 1 1,3-dioxane ring is approximately 7.5 kcal.mole (Tavernier, 

Anteunis, 1975). The 1,3-dioxane nucleus has also been 

used to look at another manifestation of methyl-inside strain, 

namely a raising of the inversion barrier. The idea was to 

have a structure such that not the ground state, but the tran- 

sition state would be subject to methyl-inside strain, or 

something reminiscent of it. Consider the spiro compound (13) 

It can exist, in principle, in two pairs of identical all- 

chair conformers, acr,B6 and a D , ~ a  (Fig. 1 1 ) .  The forms aB,Ba 

are the more stable ones. The transformation of aB to Ba 

or vice-versa formally requires a reversal of the cyclohexane 

and the 1,3-dioxane rings. Again formally, after reversal 

of only one ring, aa or B B  is formed, and the strain present 



in this conformation (or some cognate form encountered du- 

ring the inversion i.tinerary) should cause an increase in 

the inversion barrier. Experimentally, the barrier to re- 
-1 versa1 of the 1,3-dioxane moiety in I$ is 11.4 kcal.mole , 

the highest one reported for a non-annellated 1,3-dioxane 

derivative. The relatively high inversion barrier is not 

a result of the heavy substitution pattern, because the si- 

milarly substituted (9)  has a barrier of only 10.0 kcal.mole-' 
(Tavernier et al., 1973). 
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V. Non-Chair Conformations. 

A+_MB09%Pf -D_PfPPf k?% 

There are two distinct twist-boat (TB) forms of 1,3-dioxane, 

a symmetrical one, the 2,5-TB form, which has a C2 axis, and 

an asymmetrical one, the 1,4-TB form (CHART 5). As the full 

CHART 5 

symmetry of the TB form of cyclohexane (point group V) is 

approximately conserved in the TB forms of 1,3-dioxane, it 

is possible to talk about pseudo C2 axes (6-C2) in these 

forms. It was originally suspected that the boat form of 

1,3-dioxane could be a relatively low energy conformation, 

and perhaps this idea was lent credence by the prediction 

that the (or a) boat form of 1,3-dioxane should be strained 
-1 

over the chair form by no more than 2.2 kcal.mole . It 

turned out that this prediction was based on the understan- 

dable but unfortunate choice of the rotational barrier in 

methanol as a model for the rotational barriers around the 

C-0 bonds in 1,3-dioxane (Eliel et al., 1965). Subsequent 



work has  shown t h a t  t h e  f r e e  energy d i f f e r e n c e  between t h e  

c h a i r  and t h e  TB forms of 1,3-dioxane is even l a r g e r  than 

i n  t h e  c a s e  of cyclohexane ( s e e  TABLE X I I I ) .  C l e a r l y ,  it 

would be convenient  t o  have a t  o n e ' s  d i s p o s a l  c r i t e r i a  t o  

d i s t i n g u i s h  c h a i r  and non-chair forms. In  view of t h e  pro- 

found conformational  changes involved,  it i s  n o t  s u r p r i z i n g  

t h a t  s e v e r a l  c r i t e r i a  have been advanced: (i) a low abso lu te  

va lue  of ' ~ ( 2 )  (Anteunis,  Swaelens e t  a l . ,  1971a) e.9. ' ~ ( 2 )  

= -2.8 Hz  i n  a  2,5-TB form (Anteunis, Swaelens, 1970); (ii! 

an inc reased  sum of v i c i n a l  coupl ing cons tan t s  i n  t h e  a l ipha-  

t i c  p a r t  of t h e  r i n g ,  e.9. f o r  t r a n s  4,6-dialkyl-1,3-dioxa- 

3  cis + 3 ~ t r a n s  = 10.5 t o  11 Hz f o r  a  c h a i r  nes z J ( 4 , 5 )  = J 

form and >15 Hz f o r  a  2,s-TB form (Tavernier ,  Anteunis,  1967; 

P i h l a j a  e t  a l . ,  1972) ;  (iii) d e v i a t i o n s  of s p e c i f i c  s o l v e n t  

e f f e c t s  i n  NMR, e s p e c i a l l y  ASIS (aromat ic  so lven t  induced 

s h i f t s )  ( P i h l a j a ,  Ayras, 1970b; P i h l a j a ,  1968) ; ( i v )  lowered 

3  
va lues  f o r  t h e  exocycl ic  coupl ing cons tan t  JH-Me i n  compa- 

r i s o n  wi th  t h e  one expected f o r  a x i a l  methyl (Tavernier ,  An- 

t e u n i s ,  1971a) ;  (v)  s u b s t a n t i a l  d e v i a t i o n s  of r i n g  13c che- 

mical  s h i f t s  from those  expected f o r  a  c h a i r  form (Ridde l l ,  

1970; K e l l i e ,  R idde l l ,  1971) ;  ( v i )  s u b s t a n t i a l  d e v i a t i o n  of 

t h e  experimental  b o i l i n g  p o i n t  from t h e  one excepted on t h e  

b a s i s  of empi r i ca l  r u l e s  ( K e l l i e ,  R idde l l ,  1972) ;  ( v i i )  the r -  

mochemical d a t a  ( P i h l a j a ,  Luoma, 1967) ;  ( v i i i )  c h i r o p t i c a l  

p r o p e r t i e s  (TOCanne, 1970) .  
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2 By way of illustration, the temperature dependency of J(2) 

in trans-4-t.buty1-6-alkyl-1,3-dioxanes (alkyl = methyl, 

isopropyl, cyclohexyl, trif luoromethyl) has made it possible 

to assay the minor amounts of flexible forms (Anteunis, 

Swaelens, 1970; Dirinck, Anteunis, 1972). 

&-Chair-twist Equilibria. 

TABLE XI11 gives the chair-twist boat energy differences of 

some six membered rings. It is seen that the energy diffe- 

rence AH~C-TB) increases roughly with the "compactness" of 

the molecule, as a result of residual non-bonded repulsions 

(Eliel, 1970b). In a recent review (Riddell, 1974) rather 

divergent values for AHo(C-TB) in 1,3-dioxane are reported. 

TABLEXIII. Chair-Twist Boat Energy Differences of some six membered Rings. 

kcal .mole-' kcal.mole-I e.u 

cyclohexane 5.1 6.0 3.2 

1,)-dioxane 8 . 0 ~  8.6a <2.2 

2.6 4 . 0  4 . 5  

(a) For the 2,5-TB form the difference seems to be lower, 

e.8. AH' = 6.2 kcal.mole-l, see text far discussion. 

In the opinion of the present authors, it has not always 



been appreciated that these apparent discrepancies partly 

arise because of the difference in nature of the TB forms 

under consideration. Thus, torsional strain may be smaller 

in the 2,5-TB form (see half-chair forms, CHART 4, for com- 

parison), and note the slightly higher di pseudo-axial H-H 

interactions in the 1,4-TB form (CHART 5). 

When studying 2,5-TB-like compounds as in trans-4-t.butyl- 

6-alkyl-l,3-dioxanes (Anteunis, Swaelens, 1970) one would 

expect to obtain a lower AHo (T-C) value than when studying 

1,4-TB-like compounds as trans-2,4,4,6-tetramethyl-1,3-di- 

oxane (Pihlaja et al., 1972). Indeed, qualitatively one 

may state that (i) $-equatorial substitution is preferred 

over $-axial substitution; (ii) a t.buty1 in 2-, and 4(6) 

position will end up in a $-axial position, rather than in 

an isoclinal (bisectional) position; '(iii) gem.dimethy1 will 

show up at an isoclinal position. Therefore trans-4-(1'- 

adamanty1)-6-t.butyl will escape almost exclusively in the 

2,5-TB form, but trans-2,4,4,6-tetramethyl-1,3-dioxane will 

occur in the 1,4-TB form. (CHART 6 ) .  

2,5 -TB 

CHART 6 
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It may well be then that Ho(2,5 TB-C) is *6.2 to 6.8 kcal.rrole-I 

(Anteunis, Swaelens, 1970; Pihlaja, 1968) but that ~H"(1,4 T-C) 

is 7.5 1.8.0 kcal.mole-' (Pihlaja, 1974; Pihlaja, Pasanen, 1974). 

Actually, the values of AHo (C-T) of 6.2 kcal.mole-l (Anteunis, 

Swaelens, 1970; Dirinck, Anteunis, 1972) may even be somewhat 

overestimated. These values were arrived at from the dependen- 

cy of 2~(2) on temperature, and the thermodynamic parameters 

were corrected for the axial strain that must be present in 

the chair form in equilibrium with the 2,5-TB form. However 

it was assumed that no residual strain due to the alkyl groups 

was present in the 2,5-TB form, and this is perhaps not exact- 

ly so. 

1. Thebuttressing phenomenon. 

A number of changes in the ring shape of 1,3-dioxanes, brought 

about by the presence of substituents, have been discussed 

(Eliel et al., 1974; Danneels, Anteunis, 1975). It seems that 

such "non-typical" forms occur more frequently in s i x  membered 

cyclanes than is usually accepted. Thus, in cyclohexane, in- 

troduction of a "heavy" equatorial substituent such as tert. 

butyl results in a puckering of the ring (Parthasarathy et al., 

1972; Johnson et al., 1973), a feature also found from calcula- 

tions (Altona, Sundaralingam, 1970). This puckering gives an 

enhanced interaction of the axial hydrogen geminal to tert.bu- 

tyl with the syn-axial hydrogens (or other axial ligands) at 



the y-position. This interaction is accentuated when there 

is an additional equatorial y-substituent. The importance 

of this so-called "Allinger buttressing" by alkyl groups in 

the 1,3-dioxane nucleus was examined (Eliel et al., 1974). 

Buttressing by an equatorial 5-tert.buty1 or a 5-geminal di- 

methyl group seems to be unimportant; equatorial methyl at 

position 4 and 6 exert a sizeable buttressing effect on the 

axial substituents; equatorial alkyl groups at C-2 cause but- 

tressing in the increasing order Ph <Me*EtcL.Pr*t.Bu. 

Buttressing originating from polar groups at position 2 was 

observed (Danneels, Anteunis, 1975) in cis-4,6-dimethyl-2- 

dichloromethyl and cis-4,6-dimethyl-2-trichloromethyl-1,3-di- 

oxane. The dipole moment of the trichloroderivative deviates 

seriously (0.8 D) from the expected one, that of the dichloro- 

compound much less so. From NMR parameters (shift and coupling 

constants) the deformation of the C-4, C-5, C-6 part in the 

order t.Bu < CHC12 << CC13 was established. 

2. Non-Chair forms in C-sp2 hybridized-1,3-dioxanes. 

Conformational descriptions of 1,3-dioxanes that contain sp 2 

ring carbon atoms are scarce. The ring shape of 4-0x0-1,3- 

dioxanes seems to depend on the substitution pattern: 3,4-mo- 

noplanar (half-chair), 2,5-TB and 2,5-B forms (or a time ave- 

raged mixture of these) have been proposed. Mesomeric over- 

lap in the 0-C=O part of the ring and minimized non-bonded in- 

teractions are at the origin of this behaviour (Ayrzs, Pihla- 

ja, 1973a,b; Ayrzs, 1973). 
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4-Methylidene-1,3-dioxane (20) was examined by NMR spectro- 
% 

scopy (Anteunis, Camerlynck, 1975a). The coupling constants 

2~(2), 2~(5), '~(61, 3~ and 4~ disclosed the conformation of 

22, and by reference to a rule of thumb (developed for cyclo- 

hexane systems, Bucourt, 1974) a set of ring torsion angles 
, . . . 

could be proposed. The conformation of 22 can differ slightly 
. . . . . . 

from the corresponding 4-0x0-compound, not only because of the 
. . 

unequal importanceof mesomerism, but also because of the dif- 

ferent spatial requirements of C=O and C=CH2. A difference 

is also perceptible in cyclohexane derivatives, g.g.l,4-cyclo- 
~.~ . . 

hexanedione exist as a 1,4-TB (Bastiansen et al., 1971; Groth, 

1968), but 4-methylidene-cyclohexane and 1,4-bismethylidene 

cyclohexane exist as flattened chairs (Rickborn, Wuesthoff, 

1970; Jacques, Bernard, 1969). At variance with 22, 5-methyli- 

dene-1,3-dioxane (21) assumes a -frattenid chair conformation 
I, 

(Anteunis, Camerlynck, 1975b), -&h&h is not uneipkct&. in view 

of the behaviour of methylidene cyclohexane. 2-~ethylidene- 
, ... ~. 

. . .. . 
1,3-dioxane is extremely unstabie. It was not possible to in- 

vestigate its conformational characteristics accurately (An- 



teunis, CamerLinck, 1975). 

It can be expected that it resembles a sofa form (cf. the 

2-0x0-1,3-dioxane studied by Pihlaja et al., 1970). Also 

4 A -1,3-dioxene (2+2) and some derivatives were investigated 

and on the basis of 'H-N.M.R. parameters a 1,2-diplanar 

form was proposed (Anteunis, ~amerlinck, 197513) . 
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