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Abstract-Chemical equilibration and *H NMR spectra were used to determine the ring conformations 
of 2,6-dialkyl- and 2,2,6-trialkyl-4-oxo-1,3-dioxans. These compounds have no greatly favoured ring 
conformation but they may exist in half-chair or (twist-) boat forms the distribution between them 
depending mainly on the steric requirements of the alkyl substituents. 

Relatively little but increasing attention has been 
paid to the ring conformations of 5 and 6-member- 
ed lactones.1-8 The preference for co-planarity of 
the 5 atoms of the lactone group, C-CO-O-C, 
implies that in a y-lactone only the fifth ring atom- 
p to the CO function - may be either above or below 
the lactone plane. Correspondingly, a S-lactone may 
attain the co-planarity of the la&one grouping in the 
half-chair or boat conformation.1*3 

Sheppard and Tumeti reported slightly flattened 
half-chair conformations for a number of unstrained 
steroidal la&ones and kept their boat-type confor- 
mations inadmissible on the basis of vicinal 
coupling constants. Carroll and Blackwell 
studied the conformations of cis- and trans-3,5- 
dimethy!valerolactones with the aid of lH NMR 
spectra and came to the conclusion that both 
isomers exist predominantly in half-chair conforma- 
tions. Later Carroll et aL6 reached the same result 
from CD properties of the same isomeric la&ones. 

However, in certain cases the (O-CO-C)-part 
of the lactone molecules is planar but the third C 
atom of the la&one grouping deviates somewhat 
from this plane. For instance, Hackert and Jacob- 
son’ found by X-ray analysis that the ring confor- 
mation of a crystalline gluconolactone is somewhere 
between a half-chair and a normal chair conforma- 
tion. Similarly, Jeffrey and Kim8 pointed out that in 
some y-lactones the lactone grouping is not fully 
planar. Consequently, steric requirements of cer- 
tain substituents seem to be enough to overwhelm 
the conjugation effect which favors the planarity of 
the whole lactone grouping. 

To get further information about the effect of the 
lactone system on the ring conformation of 6- 
membered rings we started a study of a new family 
of compounds - 4-0x0- 1 ,3-dioxans.g These com- 
pounds are very suitable objects for a structural 
and conformational investigation since their acetal 
counterparts - 1,3-dioxans- are extensively inves- 
tigated during the last few years10-12 and moreover, 

the preparation and equilibration of stereoisomeric 
4-0x0- 1,3-dioxans is not too difficult. In the follow- 
ing we report some results dealing with the confor- 
mational effects met in the 2,6-dialkyl- or 2,2,6- 
trialkyl-substituted derivatives. 

Chemical equilibrations 

2b la 

2a lb 

tram cis 
2-R 6-R 2-R 6-R 

2: Me Me 
4: Me i-Pr 

1: Me Me 
3: Me i-Pr 

6: Me t-Bu 
8: t-Bu t-Bu 

5: Me t-Bu 
7: t-Bu t-Bu 

At first sight the free energy differences between 
the stereoisomers (eq. 1, Table 1) are surprising 
and even confusing because of the relatively little 
change in the AG” changing the 6 substituent from 
Me to t-Bu. On the basis of the values of conforma- 
tional energies for a set of similarly substituted 
1,3-di0xans~~-*~ and of the preferred conformations 
of &la&ones it is concluded that the trans 4-0x0- 1,3- 
dioxans (eq. 1) exist either in the half-chair confor- 
mation with axial 6 alkyl (2b) or in the slightly 
twisted boat form (2a). This is even confirmed by 
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Table 1. Equilibria between isomeric 2,6-dialkyl-4-oxo- 1,3-dioxans and 
thermodynamic quantities for them 

2-R 6-R -“C K” -AC?‘, kJ/mol -AH”, kJ/mol AS”, J mol-’ K-l 

Me Me 23 7.08 4.82 
Me Me -11 7.46 4.38 1*0&0.6’ 13&2” 
Me i-Pr 51 5.09 4.39 
Me i-Pr 23 5.38 4.14 
Me i-Pr -1.5 5.64 3.91 1.43 * 0.05’ 9.1&0*2b 
Me i-Pr -11 5.78 390 
Me t-Bu 51 7.15 5.30 
Me t-Bu 23 8.15 5.17 2.5 * 0.6” 8*9&2*lb 
Me t-Bu - 10 8.83 4.77 
t-Bu t-Bu 25 8.8 5.4 kO.4” ab. 4” ab. 4” 

“Estimates. 
bStandard deviations. 
“GLPC area ratios; response ratios assumed to be unity. K = [cis]/[?runs] 

the similar free energy differences between com- 
pounds 5 and 6 and 7 and 8. 

As to the conformational energy of an axial 
t& @sup .3t &a&! be .mus~~~~~.~~~.~~~~.~~ 
2-3) than that of an axial Me group on position 6 of 
the 4-oxo-l,%dioxan ring.12-14 Comparison of the 
equilibria (1) for isomer pairs 1 and 2 and 7 and 8 
led us inevitably to the conclusion that at least the 
truns isomers cannot exist merely in half-chair 
forms but the boat forms must have more or less 
contribution. 

Unfortunately, accurate equilibrations of the 
epimeric 2,6-dialkyl-4-oxo- 1,3-dioxans were very 
difficult to carry out because of some decomposi- 
tion products which concealed the less stable ?ru~ 
isomer. However, it was possible to find out that 
the free energy difference between a given pair of 
epilWers & ru% &pa& Vary mrrch OIT the Wz@cra- 
ture and moreover, decrease in temperature gener- 
Z&Y “Iavours tie more &l&e hs ‘Isomer ~&he ‘<I. 
Tllese cancthstius are in c&se agreemenrwuil the- 
results r&&ad in tie ectui&atiOn oft is -and rr ans - 
2-methyl-6-isopropyl-4-oxo-1,3-dioxans which was 
WlZW‘r?&~ wzz2&&&+ a> %a?F &@Z2Z?ti r&rZpZ=- 
tures (Table I). The smaJJ enthalpy difference, 
1.4 kJ/mol, for this isomer pair points out that the 
&&Ten\ lin&? CDlflDTlYEiilDnS 0% b-DXD-~,%CilDXi3ll 

do not &IIer very much in enem Erom each &ner 
but their relative amounts are greatly dependent on 
the ring substitution. The entropy difference 9.1 
J mol-’ K-’ in favour of the cis isomer may partly 
be due to a conformational equilibrium between the 
ccoz§ormers j?ra ana Yrj>. Pseu&%itia~on di ‘Ihe&&- 
chair form Ia, however, is thought to be responsible 
&r the ma& part UP te ratbergreat erttm_qv tiff- 
erence. Similarly, the predominant conformation of 
the trans forms should be a boat form IIa whereas 
the proportion of the Ira&c~air 1Ib is much smaXer 
XX& desse~~~~ fu*h<x when the six% of the 6 sub 
sriruent increases. 

The enthalpy difference (ca 1.0 kJ/mol) between 

isomeric 2,6-dimethyl-4-oxo- 1,3-dioxans (eq 1; 
R, = R2 = Me) does not differ significantly from 
that between the 6-isopropyl compounds (l-4 
dogma!, Table r< +VherWX .t- Z&X W&?&~&X% .iz .pW; 
tion 6 decreases the flexibility of the half-chair con- 
formation (Ia) and further the proportion of the 
truns half-chair form (IIb) appreciably. The total 
effect is illustrated by increased enthalpy difference 
(2-5-4.2 kJ/mol) and decreased entropy difference 
(< 8 e.u.) in favour of the more stable cis isomers. 

On the basis of the equilibration results it was, 
however, very difficult to make any definite conclu- 
sions. That is why another method was needed to 
test the above consideration about the ring confor- 
mations of the studied 4-0x0- 1 .bdioxans. 

‘H NMR results 
Chemical shigts. The spectra can be easily 

analyzed since the various protons or proton group- 
&g? CaE” &TX%tt4.~ &e&t& &aZ &Y Irit?C 19 iot%nX 
a-& the C’o fWi&?zr. The .F- a& &-$W&rrs f&-m air 
“ABX” system fi-om which the chemical shifts and 
coupling constants between these protons are 
simply resolvedand the final parameters computed 
with the aid of an iterative ABC p~ogram.~~ The 

chemical shift values for the more stable isomers 
w&i&+ were &5&r&& “<is” &7ms e I’isteb iff 
7&i& 2 twe&er bb&& &0se for &e 2&f-fiti&+- 
substituted derivatives which most probably also 
exist in a half-chair conformation (Ia). However, 
in certain cases the half-chair structure might be 
distorted towards the twist-boat conformation to 
fu&ce i&e iirieaci&r of &e 2 aXi& s&s&&W 
(structure III). 
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Table 2. Chemical shifts for the cis-2,6-dialkyl- and 2,2,6- 
trialkyl-4-oxo-1,3-dioxans in Hz from internal TMS 

2-R, 2-R, 6-R 2-H 2-Me 5-H* 5-Ha 6-Hx 6-Me 

Me H Me 3245 87 136.1 155.4 245.5 78 
Me H i-Pr 320 88 137.1 148.5 214.5 - 
Me H t-Bu 320.5 88 140 144.5 211.5 - 
t-Bu H t-Bu 284.5 - 140 144.5 208 - 
Me Me Me - 93” 130.2 149.1 257.0 76 
Me Me i-Pr - 92” 131.6 145.4 224 - 
t-Bu Me Me* - 89 127.7 148.4 254 76 

“Both 2 methyl groups. 
?rans-2,6-diMe-2-t-Bu-4-oxo-1,3-dioxan. 

Table 3. Chemical shifts for the trans-2,6-dialkyl- 
4-0x0- 1,3-dioxans in Hz from internal TMS 

2-R 6-R 2-H 2-Me 5-H,, S-Ha 6-Hx 

Me Me 335.5 85 148.2 159.2 259.0 
Me i-Pr 325.5 86 152 152 223.5 
Me t-Bu 327.5 86 157.9 145.0 222.5 
t-Bu t-Bu 292 - 158.4 145.5 222.5 

Vicinal coupling constants. The most informative 
PMR parameters are, however, the values of the 
vicinal and geminal coupling constants. If we 
inspect the experimental values presented in Tables 
4 and 5 we observe that the values of JJ6 are very 
similar in both isomer series and that a large tram 
coupling prevails in both cases. For cis series this 
supports the existence of ring conformations Ia 
and/or Ib in agreement with the results obtained 
from the equilibration data. 

The spectrum of truns-2,6-dimethyl-4-oxo-1,3- 
dioxan was recorded also at various temperatures 
to check whether or not the values of the vicinal 
coupling constants change continuously. The 

Table 4. The values of J,, and J,, for cis-2,6-dialkyl- 
and 2,2,6-trialkyl-4-oxo-1,3-dioxans in Hz. 

Hb 
* H, 

% 

0 R 

R, \H, 

k, 

2-R, 2-R, 6-R J,,, JAX Jsx XJ*x+ Jex 

Me H Me - 17.83 10.88 444 15.32 
Me H i-Pr - 17.35 10.53 4.73 15.26 
Me H t-Bu - 17.87 9.81b 5.56 15.37 
t-Bu H t-Bu - 17.65 9.W 5.65 15.55 
Me Me Me - 17.47 10.98 4.09 1587 
Me Me i-Pr -17.14 1090 394 1484 
t-Bu Me Me” - 17.42 ll+O 3.47 14.47 

“trans-2,6-diMe-2-t-Bu-4-oxo- 1,3dioxan. 
‘solvent (CD&NCDO 

Table 5. The values of J,, and J,, for tram-2,6- 
dialkyl-Coxo- 1,3-dioxans in Hz 

of+ 
H, 

0 

2 
‘.. H”, 

d’ 

2-R 6-R J,,, Jax JBx ZJ,, + Jsx 

Me Me - 16.72 966 6.17 15.83 
Me i-Pr - 15.%O 11.08” 5.38’ 1646 
Me t-Bu -15.52 12.37 4.95 17.32 
t-Bu t-Bu - 15.33 12.53 5.15 17.67 

“For benzene solution since A&CC&) ca 0. 

results are shown in Table 6. The different coupling 
constants remained practically constant which may 
be explained by assuming that the molecule is 
(1) relatively biased or (2) a mixture of two or 
more conformations the relative amounts of which 
do not change appreciably with temperature. The 
change in the vicinal coupling constants from 6-Me 
to 6-t-Bu compound is, however, so pronounced 
that it could hardly occur in a biased system and 
hence the actual situation is best demonstrated by a 
conformational equilibrium between conformations 
IIa and IIb in which the amount of the latter de- 
creases with increasing size of the 6-substituent. 

If we inspect in more detail the values of the 

Table 6. The dependence of J,, 
and J, of trans-2,6-dimethyl-4- 
oxo- 1,3-dioxan on temperature 

in benzene 

“C J,, J.4X J LAB 8X 

33 -16.72 9.59 6.18 21.3 
55 -16.62 9.34 6.18 21.4 
70 - 16.72 9.62 6.00 21.3 
85 -16.82 9.75 5.87 21.3 

100 - 16.72 9.50 6.27 21.2 
115 -16.72 984 5.98 21.2 
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vicinal coupling constants both in the cis and in 
the trans series (Tables 4 and 5) it is easily seen, 
that the sum of JAx + JBx remains nearly constant 
in the cis-2,6-disubstituted compounds whereas in 
the CDTJES_DDIdh&? fYL2n.Y !iDlYYlS tihe VihUe d ‘IsojS 

sum increases appreciably with the size of the 6- 
alkyl group. This is in agreement with the above 
conclusion that the ring conformation of the tram 
compounds depends greatly on the size of the 6- 
substituent and resembles more and more IIa when 
the size of this substituent increases.‘6**B 

Moreover, e.g. the value of JAx decreases from 
Il.0 (Me) to 9.9. (t-Bu) in the cis-series but the 
valuce 05 s,,, remains practica%y conslant. The 
change in the values of JAx and JBx is probably 
mainly due to the nature of 6-substituent but not to 
an ayqrecia&e c&auge afcan&rma~iaa. <n <tie ciuns 
series the value of JAx increases from 9.7 (Me) to 
12.4 Hz (t-Bu) and that of J,,, increases from - 16.7 
(Me) to - 15.5 Hz(t-Bu). Thus the values of the 
vicinal coupling constants of the cis and tram 
series change in the opposite directions. Taking 
into account that the data for the trans compounds 
inevitab1y demonstrate the increasing contribution 
of IIa we cannot avoid the conchrsion that the 
conformational change in the cis series must occur 
to the opposite direction (towards Ia) and/or the 
effect of 6-substituents is otherwise reflected on the 
values of JAx and JBx.** 

Geminal coupling constants. Let us at first con- 
sider the coupling constant values of the isomeric 
2,6-d%me1@y~-~-oxD-\ %i1DXan~‘m cDmpa5%Dn Wj?n 
the ccorrespon&n~ grran$r%es 05 cis- anb frnns-3.5- 
dirn&&&&r&~~ <T@&.& 72. T&cc is z &AZ- 
ing similarity between the coupling constants of the 
cis and trans isomer pairs. Carroll and Blackwell 
presented half-chair conformation for the both 

Table 7. Comparison between the corresconding 
coupling constants of cis- and truns-3-methylvalero- 
lactones and cis- and trans-2,6-dimethyl-4-oxo- 1,3- 

dioxans 

Structure X JAB J AX JBX 

It&c 
IO.3 5% 

- 17.83 10.88 4.44 

“Coupling constants are practically independent of 

tenp. 

valerolactones and later Carroll et aL5s6 came to the 
same result on the basis of the circular dichroism 
of the lactones in question. However, the tram 
isomer has a geminal coupling constant of only 16.1 
Hz jn comptison wjti rhe v&De 37.3x2 for tie 
cis isomer. Similar situation prevails in the 2,6- 
dimethyl-Coxo- 1,3-dioxans 16.7 Hz us 17.8 Hz. 
The value of the geminal coupling constant between 
protons (Y to a sp2-bond depends on the dihedral 
angle between the H-C bond and the C=O bond 
and this effect is at maximum when the CO group 
bisects the H-C-H angle.15 This outcome may 
vary from 0 to 6 Hz as function of the magnitude 
d rbe riihedrti angle. 

The normal J,, value for the 5-protons of 1,3- 
dioxans is around 13 Hz16 and thus one could 
ekqecf a - C9Kz mintium &c 4_aKa- <Jd<ax;aas. 
However, it is well known’r that the X-CH*-Y 
angle also effects on the magnitude of the geminal 
coupling constant: the smaller the angle, the greater 
the s character of the CH bonds and the more posi- 
tive the coupling constant. The C,-CsC, angle 
of 4-0x0- 1,3-dioxans is obviously smaller than that 
in 1,3-rtiuxans and thus -117-18) Hz might we11 
represenf the maximum value for J,,, ofthe former 
compounds. For cyclohexanones the correspond- 
ing maximum is around - 16 Hz whereas the values 
of the geminal coupling constants for cyclohexanes 
vary between -( 11 to 12) Hz the maximum change 
-(4-5) Hz being in good agreement with the sup- 
posed change between 4-0x0- 1,3-dioxans and 
\ s-tiDA%.n% 

ConsegaDntiy , &5 cis -2,6-~%m~~~~~~~ as we% 
a?, &AZ 2,2,&-&&+&&@&&rZ cdOf;G- 1 ,%b;mKER% 
have ring conformations where (1) the C=O bond 
bisects the angle formed by the 5 protons and (2) 
the 6-proton is at anti position in respect of the 
other 5 proton in agreement with the values of the 
vicinal coupling constants ca I1 and 4 Hz which 
are typical for dihedral angles near 180 and 60”. 

Inspection of molecular models indicates that the 
only ring conformations which meet these require- 
ments for the cis isomers are the half-chair form 
(Ia) which has the planar C-CO-O-C grouping 
and both alkyl substituents equatorially orientated, 
and the twist-beat fDrm (Ib; a 2,5-~V&-boat’~) 
where only the C-CO-O part of the molecule is 
planar and the both alkyl groups pseudoequatorially 
located. These conclusions are in close agreement 
with the proceeding conclusions. The cis-2,6- 
disubstituted compounds undoubtedly exist mainly 
in a half-chair conformation (Ia) while the conforma- 
tion of the 2,2,6_trisubstituted compounds might in 
some cases be distorted towards the 2,5-twist-boat 
(Ib or III). 

In the case of the trans-2,6-dialkyl-4-oxo-1,3- 
dioxans inspection of models reveals that the 2,6- 
di-t-Bu compound has only one favoured confonna- 
tion namely the 2,5-boat where the C-CO- 
O-C gwupiffg is fieady pkmix Tikis cortformatiorr 
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Table 8. Physical constants of the prepared 4-0x0- 1,3-dioxans 

B.P. @ Isomer 
Compound T/torr or M.P. Yield, % Ratio 

1315 

2,6-diMe 60-61/2 55 95:5” 
2-Me-6-i-Pr Ill-3/10 14465 55 85: 15” 
2-Me-6-t-Bu 117-9/10 14422 55 88: 12” 
2,2,6-triMe 97-S/12 1.4370 10 - 
2,2-diMe-6-i-Pr - 42-43°C 4 - 
2,6-di-t-Bu 139-141/11 38-40°C 70 89: 11” 
2,6-diMe-2-t-Bu 102-4/8 41-43°C 25 > 1000:1c 

“[cis]/[truns]. 
bPurified by preparative GLPC. 
CPredominantly trans-2,6-diMe-2-t-Bu-4-oxo-l,3-dioxan. 

includes also correct spatial arrangements for a 
small J,,, (- 15.3 Hz) and for the values 12.5 
and 5.2 of the vicinal coupling constants which are 
typical for this type of boat form.18 When the size 
of the 6-substituent decreases the contribution of 
the half-chair conformation (IIb), where this sub- 
stituent is axially orientated, increases. Simultan- 
eously, the value of J,,, decreases from - 15.3 to 
- 16.7 Hz and the value of J&anti) from 12.5 to 
9.7 Hz. 

If we select the values - 17.8 and - 15.3 Hz to 
present the limiting values of J,,, in Ia and IIa, 
respectively we can estimate that truns-2,6- 
dimethyl-Coxo-1,3-dioxan consists of 56% of the 
half-chair form and of 44% of the boat form. 
respectively, we can estimate that trans-2,6- 
Consequently, the energy difference between the 
half-chair and boat conformations is of the same 
order of magnitude as the conformational energy of 
an axial 6-Me group in the half-chair form in this 
case. Generally, the 4-0x0-1,3-dioxan ring seems 
to be a very mobile system for which it is difficult 
to define any certain conformation. Substitution of 
the ring affects greatly on the availability ofdifferent 
conformations and the results obtained in the 
present study confirm the view that the normal 
chair form has very little or no contribution whereas 
the amounts of half-chair and boat conformations 
depend greatly on the orientation of the different 
substituents. 

EXPERIMENTAL. 
The studied compounds were prepared from suitable 

3-alkyl-3-hydroxypropanoic acid+’ and aldehydes or 
ketones.s” 2,2_Dimethoxypropane was used instead of 
acetone in preparation 2,2-dimethyl-6-alkyl-4-oxo-1,3- 
dioxans.18 Physical constants of the synthesized samples 
are shown in Table 8. 

Chemical equilibrations were carried out in CC2, solns 
(ca 10% v/v of the substrate). Several catalysts were 
tested and Dowex 50 ionexchange resin proved to be the 
best. Equilibrium states were reached very rapidly even 
within a few hr. This is demonstrated by the fact that in 
the case of the epimeric 2-Me-6-isoPr-4-oxo-1,3-dioxans 
repeatable equilibrium ratios were obtained at each 
temp after few hr and the same equilibration mixture 

could generally be used at least at two temps. The 
equilibrium ratio for the isomeric 2-Me-6-t-Bu-4-oxo-1,3- 
dioxans at - 11” was determined using p-toluene-sulphonic 
acid as catalyst but at the higher temps Dowex 50 was 
preferred since the formation of a disturbing decomposi- 
tion product was much more rapid when using p-TOS at 
temps above 0”. Samples including p-TOS were-of course 
neutralized bv 2-3 drops of diethvlamine before GLPC 
analysis. Accurate equilibrations were made very difficult 
by some decomposition products which tended to conceal 
the peak of the less stable tranr isomer. This phenomenon 
was most disturbing in the case of 2,6-diMe-4-oxo-1,3- 
dioxans whereas equilibration of 2-Me-6-iso-Pr-Coxo- 1,3- 
dioxans was easily carried out at various temps. 

NMR spectra were recorded usually in CCI, solns 
(10% w/v) but sometimes also other solvents might be 
used. The spectra were recorded with Perkin-Elmer R 10 
spectrometer working at 60 MHz and the equilibration 
samples were analyzed by Perkin-Elmer F 11 gas chroma- 
tograph equipped with a 2 m x l/8 in column containing 
10% Carbowax 20 M on Chromosorb G (60/80 mesh). 
The stereoisomers were separated and the single products 
purified by Perkin-Elmer F 21 preparative gas chromato- 
graph using 4.5 m X 318 in 5% Carbowax 20 M column. 
The equilibrations were started from both sides either 
from pure isomers or from initially cis-rich and tmns-rich 
samples. NMR and equilibration results are collected in 
Tables l-7. 
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