Tetrahedron Vol 39, No 23.pp 3959 10 3963. 1983
Printed in Great Bntain

0040402083 $3.00 + 00
Pergamaon Press Ltd

CONFORMATIONAL ANALYSIS OF 23-DIALKOXY-I,
4-DIOXANES

ERNEST GIRALT, MIQUEL A. PERICAS and ANTONI RIERA
Departament de Quimica Organica, Facultat de Quimica. Universitat de Barcelona.
Barcelona-28. Spain

(Received in UK 25 January 1983)

Abstract—The conformation of several 2.3 - dialkoxy - 1,4- dioxanes with bulky alkoxy groups has been studied
using 'H NMR techniques. For all the cis-isomers a degenerated equilibrium between the two axial-equatorial
chair conformers is observed. For the trans-dineopentiloxy-, and trans - 2,3 - diisopropoxy - 1,4 - dioxane a
clear preference for the diaxial conformer is observed. For the trans - 2,3 - di - t - butoxy derivativeaca 1: 1
equilibrium between the diaxial and diequatorial forms is found. These results can be interpreted on the basis of
the relative degree of fulfilment for the exo-anomeric requirements in each of the compounds.

The structure and conformational analysis of 1.4-diox-
anes bearing polar substituents have been the subject of
a large number of studies related to the presence of
anomeric effects in such systems.'? On the other hand,
2,3-dialkoxy-1, 4-dioxanes have been used in our labora-
tory as starting materials for the synthesis of acetylene
diethers.’

In almost all of the studied examples' the results of the
conformational analysis have revealed the trans-isomers
to be found more than 95% in a diaxial conformation.
There is, however, an exception to such behaviour: trans
- bis(trimethylsiloxy) - 1.4 - dioxane exists in solution as
a 1: 1 mixture of diaxial and diequatorial conformers and
this fact has been interpreted as a manifestation of a
peculiar reverse anomeric effect.'” However, since tri-
methylsiloxy is a very bulky substitutent, steric effects
cannot be discarded as a contributing factor influencing
the position of the conformational equilibrium in this
compound.

Compounds I, II and III (Fig. 1), which we had pre-
viously prepared as synthetic intermediates, cover a full
series ranging from a primary to a tertiary alkoxy sub-
stituent and offer, therefore, a convenient model for the
study of the influence of purely steric effects on the
position of conformational equilibria. Moreover, our
results could, in principle, afford a new light on the steric
requirements for the manifestation of the anomeric effect.

EXPERIMENTAL

2.3- Dialkoxy - 1, 4 - dioxanes were obtained from trans - 2.3 -
dichloro - 14 - dioxane by reaction with the corresponding
alcohols in the presence of solid K-:COx according to procedures
described.’ Diastereomeric separation was achieved by flash-
chromatography® on neutral alumina. In a typical run ca 1g of
the diastercomeric mixture was applied to 1cm ¢ column loaded
with ca 60 g of 100-125 mesh, Actv. 1 neutral alumina Elution
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Fig. 1.

was performed initially with petroleum ether, until the trans
isomer had been separated, followed by increasing polarity of
petroleum ether/diethyl cther mixtures for the clution of the
cis - diastereoisomer. The stereochemical purity of each fraction
was checked by 'H NMR.

NMR spectra were recorded on a Varian XL-200 instrument
operating in F. T. mode. Sample concentrations ranged from 2 to
S mg/ml.

RESULTS

All of the 2,3 - dialkoxy - 1.4 - dioxanes being the
subject of this study exhibited in their NMR spectra
(CDCl,, 20°) a sharp signal at § = 4.4-4.8 ppm, due to the
acetalic protons, and a complex absorption at § = 3.0-
4.1 ppm due to the -O-CH,~CH,-O- moiety of the
molecules. Whereas all spectra from cis isomers are
practically identical, two types of patterns were observed
for the corresponding trans isomers, the resuits for I1b
being substantially different from those of Ib and Iib, as
it can be seen in Figs. 2 and 3. The forementioned
complex signal was first analyzed as a AA'BB’ system by
means of the LAOCOON 3 program. After full opti-
mization, the simulated spectra were superimposable
with the experimental ones (RMS error were in all cases
less than 0.5 Hz). Results are summarised in Table 1.

If we assume that the introduction of our bulky sub-
stituents do not cause any geometrical distortion, the
conformational equilibria shown in Fig. 4 should exist.

The absence of geometrical distortion in the chair
conformations could be confirmed by caiculation of the
dihedral angle ¢ according to Lambert® (Fig. 5). Results
are summarized in Table 2. In all cases, the deviation was
less than 2° from the reported (57°° value for 1.4 -
dioxane.

The analysis of the cis isomers la, Ila, and Illa,
together with the calculated ¢ values confirmed the
presence of a fast degenerated equilibrium between two
equivalent axial-equatorial chairs.

Population analyses for the trans isomers were sub-
sequently performed using the values of J.. and J..
found for deuterated dioxanes as a model” (Table 3).

JAH = XJ,",+(] _X)Jec

3959



3960 E. GiRALT et al.

-
J

N

Fig. 2. Observed and calculated spectrum of the AA'BB’ system in trans - 2,3 - dineopentiloxy - 1.4 - dioxane Ib.
(Methylene signals from neopentiloxy group are superposed to the observed AA'BB’ system.)

s
o

Fig. 3. Observed and calculated spectrum of the AA'BB’ system in trans - 2.3 - di - t - butoxy - 1.4 - dioxane IIIb.

Fig. 4. Fig. §.



Table 1. NMR data (in Hz) of 2.3 - dialkoxy - 1.4 - dioxanes I. I and I1I. (* from AA'BB’ analysis. ¥ from "'C

Conformational analysis of 2.3 - dialkoxy - 1.4 - dioxanes

satellite. § directly measured)

"
Vi V¢ 3 dg T oo W a0

la 793.28  717.82  902.00 3.18 .76 6.36 1.8
1a 802.03  721.55  910.77 3.17 11,63 6.36 1.8
Illa 784.12  695.08  918.24 3.17 211,47 6.36 1.6
\* v A3 " Yo It Y0t

Ib 813.85  689.13  884.00 10.40  1.86  3.28 -12.16 1.2
IIb 816.76  681.94  896.26 10.40 2.08  3.28 -12.11 1.2
111b 79105 711.65  893.95 6.50  5.89  2.86 -12.16 3.8

Table 2. Coupling constants. R-values and ring dihedral angles of 2.3 - dialkoxy - 1.4 - dioxanes I, I and I
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JpransH2)  Joiq(H2) R e

la 6.36 3.18 2.00 56.8
I1a 6.36 3.17 2.01 56.8
Illa 6.36 3.7 2.01 56.8
Ib 6.13 3.28 1.87 55.8
1Ib 6.24 3.28 1.90 56.0
11b 6.19 2.86 2.16 57.9

Table 3. Diaxial-diequatorial equilibria and free energy differences for trans - 2,3 - dialkoxy - 1,4 - dioxanes

% diaxial from % diaxial from AGga
Jer Jpg a4 Jep
(]3C satellite) (AA'BB' analysis) (kJd/mo1)
Ib 96 88 92 5.4
11b 96 88 30 5.0
11Ib 46 51 54 0.2

Jep=ylat(-y)].
Jua=11.THz J..=1Hz

It was a priori somewhat surprising that, whereas in
the compounds Ib and IIb the equilibria were shifted
towards the diaxial form, according with previous results
in the 2,3 - dialkoxy - 1.4 - dioxane series, in the case of
IIIb, were the bulk of the substituents reaches a maxi-
mum, practically none of the conformers was pre-
dominant.

These results could be confirmed by the measurements
of Jiy between the acetalic protons (Fig. 6). Since these
protons are chemically equivalent, the measure must be
performed on the basis of the 'H-"C satellites cor-
responding to their signals (Table 1). A second popu-
lation analysis was performed with these data using the

coupling constants of 5 - t - butyl - 2,3 - dimethoxy - 1.4 -
dioxans as a model."”
Jee=%XJaa+ (1-%)Jee; Juu=62Hz J..=1Hz
Results of this analysis (Table 3) completely confirmed
those obtained by the analysis of the AA'BB’ system.

DISCUSSION

The preference of trans - 14 - dioxanes with elec-
tronegative substituents in positions 2 and 3 to adopt a
diaxial conformation has been traditionally interpreted in
terms of the anomeric effect, i.e. the preference of
electronegative substituents in position 2 of tetrahydro-
pyrane rings for the axial orientation.® Several con-
troversial theoretical models for the explanation of the
anomeric effect have been proposed.”

The conformational analysis of compounds Ib and IIb
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Fig. 6. "'C satellite signals from acetalic protons in 2.3 - dialkoxy - 1.4 - dioxanes I. [1 and I11.

gives to results in good agreement with those previously
described for trans - 2,3 - dichloro, -difluoro, -dibromo,
-dimethoxy, -diphenoxy and -diacetoxy - 1.4 - dioxanes.'
A statistical weight major than 95% of the diaxial con-
former was found in all of these cases. On the contrary,
the diaxial and diequatorial conformers of compound
[IIb have approximately the same population. A similar
situation has been previously described for the trans -
2,3 - bis(trimethylsiloxy) - 1,4 - dioxane. Fuchs et al.
reported a ca 1:1 diaxial/diequatorial equilibrium for
this compound from 'H and '*C NMR evidence.'” These
authors interpreted their results on the basis of a peculiar
“reverse anomeric effect”™ which could arise cither
from the inductive effect of Si or from a (p—d)xr O-Si
bonding interaction. Since none of these factors can be
present in the case of trans - 2,3-di - t - butoxy - 1.4 -
dioxane (11Ib) it is clear that, at least for this compound,
other effects must be invoked. As is shown in Table 4, it
does not exist a clear correlation between the position of
the conformational equilibrium in compound IIIb and the
solvent polarity, and, therefore, an explanation based
exclusively in electrostatic interactions must be
excluded.®"

The dramatic change of the relative conformer stabil-
ity in compound b in comparison to compounds Ib and
I1b, strongly suggests that the substitution degree in the
a-C of the substituent plays an important role. This can
be connected with the » Charton steric parameters''

based on the effective van der Walls radii (Bu'O: 1.22,
Pr'O: 0.75, Bu'CH,0: 0.70, EtO: 0.48 and McO: 0.36).

The term exo-anomeric effect was introduced in the
series of 2-alkoxytetrahydropiranes to account for the
preference of the aglyconic carbon to be in near syn-
clinal orientation to both the ring oxygen and the
anomeric hydrogen.*”* The exo-anomeric effect has
received recently very extensive experimental and
theoretical attention and most probably the same kind of
interactions that results in the anomeric affect™'” must be
invoke to account for it.

If this effect operates in the case of 2.3 - dialkoxy - 1,4
- dioxanes, the conformation of the alkoxy substituents
should be antiperiplanar 1o the C,-C; bond of the ring. In
order 1o test this expectation from a theoretical point of
view, MNDOQ calculations were performed on the rota-
tion of the OMe substituent in the axial conformer of 2 -
methoxy-1,4 - dioxane, which was taken as a model

Table 4. Solvent effect on the conformational equlibrium for

trans - 2.3 - di - t - butoxy - 1.4 - dioxane
solvent JEF % diaxial 7

CC14 2.7 67

DCC]3 3.8 46

CD3CN 2.8 65




Conformational analysis of 2,3 - dialkoxy - 1.4 - dioxanes

compound for the 23 - dialkoxy - 14 - dioxanes.
Geometries were optimized in respect to all geometrical
parameters except for those defining the bending of the
ring, which were fixed at 57° in order to preclude the
known tendency of MNDO calculations to flatten
saturated six-membered rings. Results are summarized in
Table 5.

Allowance of the free rotation of the OMe group led to
the absolute minimum of the selected energy hypersur-
face. This corresponds to a 87° value of the w angle, a
conformation in which. according to the IUPAC criteria,
the methoxy substituent adopts an antiperiplanar arran-
gement relative to the C,-C; bond of the ring. It can be
concluded that MNDO calculations' predicts the exis-
tence of exo-anomeric effect in alkoxy substituted diox-
anes. It seems reasonable that the same effect operates in
the case of trans - 2,3 - dialkoxy - 1,4 - dioxanes and thus
the dimethoxy, diisopropoxy and dineopentiloxy com-
pounds would be in a conformation that satisfies
the requirements for the exo-anomeric effect. However,
in the case of trans - 2,3 - di - t - butoxy - 1.4 - dioxane,
simple examination of space filling molecular models of
the diaxial conformation with both alkoxy groups
antiperiplanar relative to the C»-C, bond reveals the
presence of unavotdable non-bonded repulsion with the
axial hidrogen atoms on Cs and Ce.

These repulsions can be easily released through open-
ing of both (@ and o') torsion angles (Fig. 7), but the
resulting conformation does not satisfy any more the
exo-anomeric requirements, being consequently des-
tabilized relative to the diequatorial conformation, in
which the interactions with annular H atoms are absent.
The position of the equilibrium is then shifted to the
diequatorial form. Perhaps these same arguments apply
to the conformer relative stability in the trans - 2,3 -
bis(trimethylsiloxy) - 1.4 - dioxane, previously studied by
Fuchs et al.'™ If our reasoning is correct, the exo-
anomeric effect is of a primordial importance in the case
of alkoxy substituents, so that the reason why bulky
substituents minimize the anomeric effect would be the
steric hindrance to reach the exo-anomeric confor-
mation.
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Table S. MNDO calculated heats of formation of the conformations of axial 2 - methoxy - 1.4 - dioxane as a
function of the torsional angle w. (* values are referred to the calculated minimum energy conformation w = 87°,

AH! - - 5826.3k)/mol)
CH
w 3
0° 60° 120° 180° 240° 300°
AH;- (kJ/mol) -498.6 -523.3 -522.8 -513.3 -503.5 -496.6
*
Er‘e] 27.7 3.0 3.5 13.0 22.8 29.7




