6018 J. Org. Chem. 1990, 55, 6018-6023

Conformational Analysis of Some 1,4-Dioxepane Systems. 2.!
Methoxy-1,4-dioxepanes

A. Espinosa,* A. Entrena, M. A. Gallo, J. Campos, J. F. Dominguez, E. Camacho, and
R. Garrido

Departamento de Quimica Orgénica, Facultad de Farmacia, Universidad de Granada, 18071 Granada, Spain

Received March 6, 1990

The conformational analysis of 5-methoxy-1,4-diokepane (15), 2-methoxy-1,4-dioxepane (16), and 6-meth-
oxy-1,4-dioxepane (17) has been carried out by means of molecular mechanics (MM2). Compound 15 shows one
twist-chair (TC) form as the preferred conformer, while in 16 and in 17 there are three and four TC forms,
respectively. These conformational preferences can be explained on the basis of the anomeric (15 and 16) and
gauche effects (17) and are related to the available experimental data.

Introduction

The conformational behavior of seven-membered rings
that contain two oxygen atoms has been studied in recent
years by means of various techniques. The results indicate
that the conformational preferences of such rings are
diverse and depend on factors such as the position of the
oxygen atoms and the presence of double bonds, condensed
aromatic rings, or substituents.

The saturated 12 and 32 rings show a complex confor-
mational equilibrium between the chair/twist-chair (C/
TC) and the boat/twist-boat (B/TB) families, the TC
conformation being the most stable in both compounds.

The presence of double bonds and/or condensed aro-
matic rings introduces a greater rigidity in the ring, reduces
the number of conformations in the pseudorotational
equilibrium, and stabilizes the chair forms. Thus, it has
been reported that compounds 6,4 7,% and 118 exist as chair
conformations while 27 and 44 show a preference for the
twist boat, although in the latter, there is only a small
difference between the chair and twist-boat energies.
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Substituents modify the conformational preference of
the dioxepine system depending on their type and number.
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Thus, for compound 5* the chair conformation is the most
stable. The 2,4-benzodioxepine derivative 9, with a sub-
stituent at C-3, exists in a chair conformation, while 8 and
10, with two substituents and one electronegative sub-
stituent at C-3, respectively, adopt the TB as the most
stable conformation.’ Finally, C-3 substituents on the
1,5-benzodioxepines 12-14 increase the preference for the
TB conformation as the electronegativity of the substituent
increases.®

Although the influence of various substituents on the
conformation of the above-mentioned unsaturated systems
has been thoroughly studied, such is not the case for
saturated rings 1 and 3. Therefore, we have carried out
the theoretical conformational study of 5-methoxy-1,4-
dioxepane (15), 2-methoxy-1,4-dioxepane (16), and 6-
methoxy-1,4-dioxepane (17). In this paper, we report on
those studies and compare the theoretical data obtained
for 15 and 16 with the observed experimental data.

Results and Discussion

Conformational analysis of 15, 16, and 17 has been
carried out by means of the MM2 program of Allinger,™
using the twist-chair conformations of the 1,4-dioxepane?
as starting points, since they are the most stable, and the
influence of the OMe group on the energy of each con-
former has been determined. So, the equatorial hydrogen
at the C;, C,, or Cg atom in the C1 conformation of 1,4-
dioxepane has been substituted by the OMe group in order
to obtain the C1 conformation of 15, 16, or 17, respectively,
and the equivalent substitution has been carried out in the
14 twist-chairs.

Also, in each conformer, we have considered the three
possible rotamers due to the OMe group, as represented
by the values of the wgsgq dihedral angles in 15, wsge in 16,
and wggegg in 17 (Figure 1), The geometries obtained for
the conformations of 15 and 16 with the MM2 program
have been recalculated with the PC version of the MM2-
(85) program™ in oder to improve the study of the influ-
ence of the anomeric effect on such compounds.

(a) MM2 Results., 5-Methoxy-1,4-dioxepane (15).
Table I shows the different contributions to the steric
energy, the relative energies (kcal/mol), the value of the
wsyss and wysge dihedral angles and the conformational
populations of the different conformers calculated for
5-methoxy-1,4-dioxepane (15). Attempts to calculate the
rotamers and/or the conformers that are missing from the
table were unsuccessful. The absence of TC2 and TC4 and
of most of the g(+) rotamers is observed. The presence
of the 5-OMe group breaks the degeneracy that existed
among the conformations of the 1,4-dioxepane, and one
predominant conformer (T'C3anti, 79%) arises (Figure 2).
Three less important conformations are observed. Two
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Table I. Contributions to the Steric Energy, Relative Energy,” Conformational Population (%), and w3 and w,s9 Dihedral
Angles of the Calculated Conformers of 5-Methoxy-1,4-dioxepane (15)

compres- S rel
conformation sion bending bending van der Waals torsion dipole Wayss Wys80 energy  population
TClanti 1.06 6.73 0.69 11.75 4.51 3.19 1477 -77.2 2.88 0.61
TClg(-) 1.04 8.05 0.76 11.86 5.15 2.75 141.2 68.2 4.55 0.04
TC3anti 0.91 7.81 0.69 11.28 2.97 1.41 -81.7 -74.2 0.00 79.16
TC3g(+) 0.96 741 0.69 11.33 5.01 2.20 -80.3 -146.8 2.53 1.09
TC3g(-) 0.95 10.57 0.79 11.12 3.17 2.52 -116.8 -172.8 4.05 0.08
TCbanti 0.83 9.76 0.72 10.86 3.55 1.67 -55.3 -74.1 2.33 1.53
TCsg(+) 0.86 9.34 0.73 10.48 5.50 2.29 -56.0 -144.5 4.62 0.03
TCsg(-) 0.86 15.67 0.88 11.04 4.29 2.13 -71.8 116.1 9.81 0.00
TCéanti 0.88 9.77 0.75 11.42 3.18 1.52 -71.2 -73.4 2.46 1.24
TCég(-) 0.95 15.07 0.93 11.70 3.72 3.19 -105.2 84.5 10.50 0.00
TC7anti 0.93 9.64 0.77 11.68 3.92 1.56 -59.8 -70.2 3.43 0.24
TC7g(-) 0.99 14.51 0.92 11.99 4.61 3.23 -91.3 75.5 11.18 0.00
TC8anti 0.82 10.62 0.73 11.11 4.26 1.30 -41.9 -79.0 3.79 0.13
TC9anti 0.91 9.55 0.75 11.38 2.56 1.56 -103.3 -72.7 1.65 4.86
TC10anti 0.98 7.33 0.67 1141 4.60 1.88 -156.4 -72.1 1.81 3.69
TC10g(-) 0.98 8.45 0.75 11.20 6.16 1.97 179.6 68.4 4.46 0.04
TCllanti 1.06 6.39 0.69 12.43 4.99 1.63 144.9 -76.9 2.15 2.08
TClig(+) 1.13 6.10 0.71 12.60 7.40 2.17 144.2 -169.8 5.05 0.01
TC1ig(-) 1.07 8.34 0.78 12.75 5.38 1.56 136.4 68.5 4,82 0.02
TC12anti 1.01 6.61 0.66 11.68 4.95 1.82 162.0 =777 1.67 4.66
TC12g(-) 1.01 7.82 0.74 11.61 5.59 1.89 155.9 65.9 3.60 0.18
TC13anti 0.96 8.25 0.69 11.56 491 2.53 -176.8 -74.4 3.84 0.12
TC13g(-) 0.97 9.47 0.76 11.53 5.51 2.55 174.5 72.1 5.73 0.00
TC14anti 1.02 6.99 0.69 11.74 5.30 3.04 166.2 -75.9 3.73 0.14
TC14g(-) 1.02 8.70 0.76 11.84 5.76 2.74 156.6 69.7 5.76 0.00
¢ Relative energies are given in kilocalories/mole in relation to TC3anti.
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Figure 1. Rotamers around the C-OMe bond of compounds 15, H H
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of them (TC12anti, 4.66%, and TC10anti, 3.69%) (Figure
2) derive from the T'C3 isoenergetic twist-chair in 1,4-di-
oxepane,? and the other one (T'C9anti, 4.86%) (Figure 2)
results from a higher energy twist-chair. Finally, the g(-)
rotamer energies are higher than those of the corre-
sponding anti rotamers.

Table I shows that the Eg and Et contributions deter-
mine the energy differences between the conformers. The
conformers with an elevated Eg have a clearly axial OMe
group, establishing strong transannular steric interactions
which are relaxed by a deformation of the intrannular bond
angles. On the other hand, the high E value is mostly due
to the wy,ss and wysgy angles, which are the central dihedral
angles of the C-0~C-0-C moiety affected by the anomeric
effect. This effect can be understood as the preference of
such angles for a g(+) or g(-) conformation and leads to
the greater stability of the axial conformer of the 2-
methoxytetrahydropirane.® This conformational behavior
is thought to be governed by a combination of two factors:
(i) dipole—dipole interactions between a C~O polar bond

(8) Four energetically different twist chairs have been found whose
relative energies defined with respect to the most stable conformation are:
TC3 (TC5, TC10, TC12), 0.0 kcal /mol; TC4 (TC11), 1.16 keal/mol; TC1
(TC7, TC8, TC14), 1.53 keal/mol; and TC2 (TC6, TC9, TC13), 1.56
kcal/mol. See ref 3.

(9) (a) Abe, A, J. Am. Chem. Soc. 1976, 98, 6477. (b) Both, H.;
Grindley, T. B.; Kuedhair, K. A. J. Chem. Soc., Chem. Commun. 1982,
1047.
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Figure 2. The four most stable conformers calculated for 5-
methoxy-1,4-dioxepane (15) (top), 2-methoxy-1,4-dioxepane (16)

(center), and 6-methoxy-1,4-dioxepane (17) (bottom).

and the dipolar moment resulting from the lone pairs of
the adjacent oxygen,!® and (ii) stereoelectronic interaction
between the lone pair of an oxygen and the o*; ¢ adjacent
orbital (called n-¢*).!! Unfortunately, the relative im-
portance of each contribution is difficult to assess quan-
titatively and is still a matter for discussion and investi-
gation.

The treatment of the anomeric effect in the original
MMS2 force field” was not exact, especially with regard to
bond angles and bond lengths. Recently, Allinger!? has
provided a new scheme of parameterization involving a
redetermination of 1, for the 0—-C-O bonds as a function

(10) (a) Tvaroska, I.; Bleha, T. Can. J. Chem. 1979, 57, 424. (b)
Vishveshwara, S.; Rao, V. S. R. Carbohydr. Res. 1982, 104, 21.

(11) (a) Box, V. G. S. Heterocycles 1984, 22, 891. (b) Wolfe, S.;
Whangho, M. H,; Mitchell, D. J. Carbohydr. Res. 1979, 69, 1.

(12) Neorskov-Lauritsen, L.; Allinger, N. L. J. Compt. Chem. 1980, 1,
99,
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Table II. Contributions to the Steric Energy, Relative Energy,” Conformational Population (%), and w;;53 and w2 Dihedral
Angles of the Calculated Conformers of 2-Methoxy-1,4-dioxepane (16)

compres- S rel
conformation sion bending bending van der Waals torsion dipole w7198 w)989 energy  population
TClanti 1.08 6.80 0.71 11.92 4.22 3.31 145.3 -76.2 1.96 1.21
TClg(+) 1.16 6.34 0.72 12.06 6.66 4.11 144.3 -165.5 4.98 0.00
TClg(-) 1.08 8.83 0.80 12.29 4.59 2.94 137.2 67.6 4.44 0.02
TC2anti 1.03 8.00 0.71 11.76 4.49 2.77 163.2 -77.5 2.67 0.36
TC2g(-) 1.01 9.23 0.78 11.65 5.16 2.73 157.3 63.6 4.49 0.02
TC3anti 0.98 6.77 0.64 11.48 5.28 1.88 -178.3 -75.1 0.96 6.58
TC3g(-) 0.99 7.90 0.72 11.44 5.78 2.24 173.4 71.2 3.01 0.20
TC4anti 1.05 6.43 0.68 12.41 5.79 1.68 161.1 -77.0 1.98 1.16
TCbanti 1.02 6.59 0.66 11.59 4.14 2.18 145.0 -77.5 0.11 27.74
TCbg(-) 1.02 7.71 0.74 11.76 4.70 2.18 138.4 68.3 2.02 1.10
TC7anti 0.96 7.82 0.71 11.57 2.98 2.02 -85.9 -74.7 0.00 33.32
TC7g(-) 1.03 10.07 0.82 11.39 3.31 3.20 -121.3 72.2 3.74 0.60
TC8anti 0.95 10.69 0.81 11.49 4.02 1.75 -41.9 -75.5 3.65 0.07
TC8g(+) 0.97 10.08 0.81 11.81 5.78 2.21 -43.7 -138.2 5.60 0.00
TC9anti 0.79 11.51 0.76 10.81 3.02 1.99 -56.8 -72.5 2.80 0.29
TC9g(+) 0.82 11.03 0.77 10.78 5.19 2.36 -57.8 -158.8 4.88 0.01
TC10anti 0.91 8.47 0.72 11.16 3.03 2.00 -70.6 -72.8 0.22 23.14
TC10g(-) 0.97 13.27 0.89 11.29 2.93 2.38 -94.1 97.1 5.66 0.00
TCllanti 0.99 8.98 0.79 12.06 4.29 1.38 ~-59.1 -68.9 2.57 0.42
TC12anti 0.82 10.36 0.72 8.80 3.66 1.72 -38.6 -79.7 2.01 1,12
TC12g(-) 13.18 21.53 1.54 8.65 3.82 2.13 -63.4 75.8 24.78 0.00
TC13anti 0.93 9.76 0.77 11.04 2.18 2.98 -102.1 -71.8 1.60 2.23
TC13g(+) 0.99 9.63 0.81 11.00 4.30 3.61 -98.9 -159.2 4.27 0.02
TCl4anti 1.02 7.80 0.72 11.47 3.81 3.46 ~-150.9 -70.5 2.21 0.80
TC14g(-) 0.99 8.90 0.78 11.12 5.18 2.67 -167.4 73.3 3.56 0.08

¢ Relative energies are given in kilocalories/mole in relation to TC7anti.

of the torsional angles around them. This modification
is incorporated in the MM2(85)™ version and leads to
better results than the original version, in molecules with
this type of effect.

The analysis of the geometry of all the conformers, even
TC2 and TC4, using Dreiding models, has permitted us
to rationalize the results found on the basis of the two
above considered effects. So in T'C2, the 5-OMe group has
an equatorial orientation with an angle wg,ss close to 180°
and the anomeric effect destabilizes this twist-chair causing
it to pseudorotate toward TC1 or TC3. In contrast, in TC4
the angle wgss is almost a g(+) conformation, but the
5-OMe axial group creates strong steric interactions with
0, and C; and destabilizes it.

In the most stable conformation, TC3anti, the two
above-mentioned effects combine in such a way as to
minimize the total sum: the OMe group has a markedly
equatorial character and both angles wgyss and wysgg ap-
proximate the g(-) conformation necessary for stabilization
by the anomeric effect. In the other conformations
(T'C10anti and TC12anti), the angle wyysg is nearly 180°
(~156° in TC10anti and 162° in T'C12anti) and therefore
the anomeric effect elevates the energies.

The anomeric effect also seems to be responsible for the
absence of the g(+) rotamers in some conformations, (wsg
is nearly 180° in g(+) rotamers), as well as for their high
energy when they do exist. Finally, the higher energy of
the g(-) rotamers relative to the anti conformations is a
consequence of the greater steric interactions between the
OMe group and the ring, in the former.

2-Methoxy-1,4-dioxepane (16). Table II shows the
contributions to the steric energy, the relative energies
{(kcal/mol) defined in relation to the most stable confor-
mation (TC7anti), the values of the wq;35 and w;oe9 dihedral
angles and the conformational populations of the calcu-
lated conformers of 2-methoxy-1,4-dioxepane (16).

The conformational behavior of 16 is similar to that of
its isomer 15. On the one hand, the presence of the 2-OMe
group gives rise to four predominant conformations
(TC7anti, 33%; TCbanti, 27,7%; TC10anti, 23,1%;
TC3anti, 6.5%) (Figure 2). On the other, the absence of

the T'C6 conformer and of most of the g(+) rotamers and
a higher energy for g(-) rotamers is observed.

As in the previous case, the Ep energy, interpreted as
an axial or equatorial orientation of the OMe group, and
the E1 energy, due to the wqys and w;gq dihedral angles
as modified by the anomeric effect, are the components
that control the energy differences between conformers.

The Dreiding models shows that in TC6 the OMe group
is equatorial and the wq95 dihedral angle is nearly 180°.
Consequently, the anomeric effect destabilizes this con-
formation. In the g(+) rotamers, the w,y49 dihedral angle
is also nearly 180° so that the anomeric effect also desta-
bilizes them. Furthermore, as in 15, the g(~) rotamers
present a greater steric interaction with the ring than do
the anti ones.

The stabilities of the twist chairs of 16 are also governed
by these two factors. Thus, in TC7anti, the orientation
of the 2-OMe group is markedly equatorial and wqie3 =
-85°; therefore Eg and Er are low. It is the most stable
conformer, although TC7 is not one of the preferable
conformers of 1,4-dioxepane itself. In TC10anti, the 5-
OMe group is axial but the angle wq53 = -70°, a value close
to a g(~) conformation, so it is the third most important
conformer. In contrast, in TC5anti and TC3anti the 2-
OMe is clearly equatorial, but wq;5 has nearly an anti-
periplanar disposition (-178° in TC3anti and 145° in
TCbanti). The absence of important steric interactions
and the destabilization due to the anomeric effect combine
in such a way that these conformers are, respectively, the
second and the fourth of the conformational population.

It must be reiterated that the most stable conformer of
16 is a twist-chair that does not correspond to the most
stable conformers of 1,4-dioxepane. However, it has been
reported that the conformational consequences of the
anomeric effect in seven-membered rings are different from
those in six-membered rings. Thus, in the latter case, the
anomeric effect produces a preference for the axial orien-
tation of the substituents but it does not affect the ring
preference, while it can modify the conformational pref-
erence of the seven-membered ring. This has been ob-
served with 2-methoxy-1-benzoxepine (TB) relative to the
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Table III. Contributions to the Steric Energy, Relative Energy® and Conformational Population (%) of the Calculated
Conformers of 6-Methoxy-1,4-dioxepane (17)

conformation  compression bending S bending van der Waals torsion dipole rel energy population
TClanti 0.95 6.46 0.51 11.27 6.95 1.26 1.55 1.16
TClg(+) 0.95 6.45 0.57 11.27 6.97 1.26 1.94 0.61
TClg(-) 0.97 7.42 0.64 11.23 7.09 2.02 3.86 0.02
TC2anti 0.95 7.67 0.59 11.26 6.29 1.21 2.44 0.26
TC2g(+) 0.94 7.61 0.58 11.20 6.31 1.17 2.28 0.34
TC2g(-) 0.94 8.44 0.66 11.03 6.55 1.76 3.85 0.02
TC3anti 0.96 6.17 0.55 11.23 6.66 0.64 0.69 5.04
TC3g(+) 0.95 6.09 0.55 11.05 6.05 0.85 0.02 15.60
TC3g(-) 0.96 7.39 0.63 11.17 6.99 0.86 2.48 0.24
TC4anti 0.98 5.98 0.58 11.71 6.47 0.73 0.83 3.97
TC4g(+) 0.98 591 0.58 11.93 7.09 0.62 1.59 1.10
TC4g(-) 0.95 7.59 0.65 1148 7.15 0.25 2.55 0.22
TC5anti 0.93 6.59 0.58 10.84 6.16 1.25 0.83 3.97
TCsg(+) 0.91 7.10 0.60 10.53 5.51 0.88 0.00 16.13
TCé6anti 0.79 9.29 0.62 10.05 4.87 1.87 1.96 0.59
TCég(+) 0.80 9.56 0.64 10.21 4.89 1.94 2.51 0.23
TC7anti 0.94 7.16 0.61 10.69 5.53 2.86 2.27 0.35
TC7g(+) 0.96 6.88 0.61 10.99 5.95 3.03 2.88 0.12
TC7g(-) 0.94 8.75 0.68 10.97 6.75 1.27 3.83 0.02
TC8anti 0.96 6.86 0.61 10.99 5.96 3.03 2.88 0.12
TC8g(+) 0.93 7.24 0.61 10.67 5.50 2.85 2.27 0.12
TC8g(-) 0.94 8.73 0.68 10.97 6.76 1.27 3.83 0.02
TC9anti 0.80 9.58 0.64 10.32 4.88 1.94 2.51 0.23
TC9g(+) 0.79 9.26 0.63 10.06 4.88 1.87 1.96 0.59
TC10anti 0.92 7.09 0.60 10.52 5.52 0.89 0.00 16.13
TC10g(+) 0.93 6.61 0.58 10.85 6.14 1.25 0.84 3.94
TCllanti 0.99 5.90 0.58 11.92 7.10 0.62 1.59 1.10
TClig(+) 0.98 5.89 0.57 11.71 6.46 0.74 0.83 3.96
TC11g(-) 0.96 7.58 0.65 11.50 7.13 0.26 2.55 0.22
TC12anti 0.95 6.05 0.55 11.05 6.11 0.83 0.02 15.60
TC12g(+) 0.96 6.19 0.56 11.24 6.63 0.64 0.69 5.03
CT12g(-) 0.96 7.39 0.63 11.17 7.01 0.86 2.49 0.24
TC13anti 0.94 7.59 0.58 11.19 6.33 1.17 2.28 0.34
TC13g(+) 0.95 7.74 0.59 11.25 6.23 1.21 2.45 0.26
TC13g(-) 0.94 8.39 0.66 11.04 6.58 1.76 3.85 0.02
TCl4anti 0.95 6.44 0.56 11.26 6.99 1.26 1.94 0.61
TCl4g(+) 0.95 6.48 0.56 11.22 6.47 1.39 1.56 1.16
TCl4g(-) 0.97 7.66 0.64 11.22 6.92 2.02 3.90 0.02

“Relative energies are given in kilocalories/mole in relation to TC5g(+) (TC10anti).

1-benzoxepine (C)!® and with 5-methoxy-2,3-dihydro-5H-
1,4-dioxepine (5) (C) in constrast to 2,3-dihydro-5H-1,4-
dioxepine (4) (TB);* and now in 16 (TC7) relative to 3
(TC3), although to a lesser degree since the preferred
conformation is still a TC.

6-Methoxy-1,4-dioxepane (17). Table III shows the
different energetic contributions of the conformers calcu-
lated for the compound 17 together with the conforma-
tional populations and the relative energy.

The conformational behavior of 6-methoxy-1,4-dioxe-
pane has turned out to be slightly different from that of
the isomers 15 and 16. All of the twist-chairs and all of
the g(+) rotamers have been found, with only some g(-)
rotamers missing. However, the 6-OMe group modifies the
conformational preferences of 17 with respect to those of
5, as occurs in 15 or in 16. But, due to the symmetry of
6-methoxy-1,4-dioxepane, energetically degenerated con-
formations still exist. So, as preferred conformers we have
found four isoenergetic twist chairs in pairs (TC5g(+) and
TC10anti, 16.13%; TC3g(+) and T'C12anti, 15.6%) (Figure
2) that derive from the more stable TC of 1,4-dioxepane.
Variations in the values of the contributions to the steric
energy of the conformers of 17 are not as important as in
15 or 16; nevertheless, conformational behavior of 17 can
be explained in accordance with the following two effects:
(i) The steric interactions between the ring and the OMe
group when this is axial play an important role, but in the
two most stable conformers (TC5g(+) and TC10anti) the

(13) Désilets, S.; St. Jacques, M. J. Am. Chem. Soc. 1987, 109, 1641.

Table IV. w34 wises, aNA wyye3 Dihedral Angles of the
TC5g(+), TC10anti, TC3g(+), and TC12anti Conformations
of 6-Methoxy-1,4-dioxepane (17)

conformation w1934 Wys68 w1785
TC3g(+) 75.4 150.1 151.7
TCb5g(+) 74.6 40.7 -100.0
TC10anti -74.6 100.2 -40.8
TC12anti -75.2 152.3 148.9

6-OMe group is axial, while in the other two (T'C3g(+) and
TC12anti) the 6-OMe has a clearly equatorial character.
(ii) Concurrently, the molecule has three 0-C-C-O
moieties (01_02_03_04; O4‘C5‘C6_05; 01_C7_CG_08) which
show preference for a g(+) or g(-) conformation due to the
so-called “gauche” effect.!#1® This effect presents a ro-
tational barrier around the central C—C bond of the X-
C-C-Y groups and can be attractive, negligible, or re-
pulsivel4 depending on the nature of the two heteroatoms
in the gauche disposition. A preference for the gauche
conformation has been observed when X and Y are atoms
or small electronegative atomic groups (O, F, CN) and has
been interpreted to arise from interactions between

(14) Juaristi, E. J. Chem. Ed. 1979, 56, 438.

(15) Brunck, T. C.; Weinhold, F. J. Am. Chem. Soc. 1979, 101, 1700.

(16) (a) Connor, T. M.; Mac Laugchlan, K. A, J. Phys. Chem. 19685,
69, 1888. (b) Snyder, R. G.; Zerbi, G. Spectrochim. Acta 1967, 234, 391.

(17) Mark, J. E.; Flory, P. J. J. Am. Chem. Soc. 1965, 87, 1966; 1966,
88, 3702.

(18) Abraham, R. J.; Banks, H. D.; Eliel, E. L.; Hofer, O.; Kaloustian,
M. K. J. Am. Chem. Soc. 1972, 94, 1913.
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bonding and antibonding orbitals!® and is the cause of the
gauche conformation of 1,2-dimethoxyethane’® and of
polyoxyethylene.!” It has also been studied in 5-substituted
1,3-dioxanes'® and in 1,5-benzodioxepines.®

Although there is a gauche effect in 15 and 16 due to
the 0,—C,—C4-0, moiety, it seems negligible relative to the
anomeric effect. However, the presence of three moieties
with this conformational preference in 17 and the absence
of the anomeric effect makes the gauche effect an im-
portant factor governing the energy differences between
conformers. Table IV shows the values of the w;g34, Wyses,
and wyrgg dihedral angles of the TC5g(+), TC10anti,
TC3g(+), and TC12anti conformers. In the two first
conformations the mentioned dihedral angles are nearer
to 60° than in the last two. Thus (Table III) the torsional
contribution is low in TC5g(+) and TC10anti and, al-
though their OMe groups are axial (Eg elevated), they are
the most stable conformations. On the contrary, in
TC3g(+) and T'C12anti, the OMe is equatorial but the Et
component is high because of the gauche effect and these
are, respectively, the third and fourth highest conformers
in stability.

Finally, the higher steric repulsions seem to be the only
cause of the absence of some g(-) rotamers and of the
higher energy of these rotamers relative to the anti or g(+)
ones.

(b) 'H NMR Results. Chemical shifts and coupling
constants of 15 and 16 have been determined using the
following techniques: 'H NMR, 3C NMR (homodecou-
pling and DEPT), 2D C-H correlation, 2D COSY, and 2D
NOESY. We refer to hydrogen atoms as H-2, H-2/, ac-
cording to the carbon atoms to which they are bonded,
indicating as H-2’ the C-2 hydrogen atom that is cis to the
methoxy group.

5-Methoxy-1,4-dioxepane (15). In the 'H NMR
spectrum of 5-methoxy-1,4-dioxepane H-5 (4.69 ppm), H-6
(2.16 ppm), and H-6’ (1.98 ppm) signals can be clearly
observed, assignment being confirmed by irradiating H-5
and by the J;5 and J5 ¢ coupling constants. At 3.97 and
3.47 ppm the signals of two geminal protons appear that
have been assigned to H-3’ and H-3, respectively, on the
basis of the following reasoning: (i) the proximity of the
OMe group should cause a greater chemical shift difference
between the C-3 hydrogens than between those of C-2 or
C-7 and (ii) there is (2D NOESY) a quadrupolar coupling
between H-6’ and H-3’. The coupled multiplets at 3.81
and 3.39 ppm (and at 3.60 and 3.51 ppm) integrate to two
hydrogens, and the 2D CH correlation demonstrates that
each signal corresponds to one of the C-2 hydrogen atoms
and one at C-7. In the first multiplet, H-7" can be iden-
tified and this, together with the 2D COSY spectrum, has
allowed us to assign the relative chemical shifts of H-2,
H-2’, and H-7".

" Table V shows 3Jyy experimental and theoretical cou-
pling constants between neighboring protons in compound
15. The theoretical constants have been calculated, ac-
cording to the generalization of the Karplus equation
carried out by Haasnoot,!® for each one of the conformers,
and their values have been averaged, according to the
conformational populations, in order to compare them with
those observed experimentally. As can be seen, the con-
cordance between the theoretical and the experimental
values is excellent (o, = 0.70). Finally, it can be added
that in 15, 2D NOESY quadrupolar couplings between
H-6’ and H-3’ (vide supra) and between H-5 and H-7 are
observed, indicating their spatial proximity. This fact is

Espinosa et al.

Table V. Theoretical and Experimental Jgy Coupling
Constants of 5-Methoxy-1,4-dioxepane (15) and
2-Methoxy-1,4-dioxepane (16)

15 16

coupling Jeal Joxp Jeal Jexp
H-2, H-3 1.86 1.62 3.29 4.08
H-2, H-% 8.52 9.29 8.21 7.85
H-2, H-3 3.51 3.27 - -
H-2’, H-3 1.12 1.36 - -
H-5, H-6 5.22 5.67 4.71 5.37
H-5, H-¢’ 8.66 7.83 3.81 2.58
H-5, H-6 - - 9.79 10.32
H-5, H-¢’ - - 3.47 3.96
H-6, H-7 1.23 1.64 3.87 3.88
H-6, H-7’ 7.21 6.20 9.44 9.86
H-¢’, H-7 8.93 9.35 4.58 4.74
H-¢’, H-7’ 1.34 2.20 2.87 2.47

s = 0.70 Oms = 0.64

in accordance with the distances calculated by means of
the MM2(85) program between the hydrogen pair in the
TC3anti conformer (2.36 and 2.78 A respectively).
2-Methoxy-1,4-dioxepane (16). The 2-methoxy-1,4-
dioxepane 'H NMR spectrum shows the signals of H-2
(4.69 ppm), H-3 (3.47 ppm), and H-3’ (3.97 ppm) which
can be clearly identified on the basis of their chemical
shifts and coupling constants. H-6 and H-6’ are observed
at 2.04 and 1.73 ppm, respectively, and have been assigned
by means of their coupling constants with protons at C-5
and C-7; H-5 and H-5’ appear at 4.02 and 3.55 ppm, re-
spectively, and H-7 and H-7’ at 4.04 and 3.68 ppm. The
assignment of the chemical shifts has been achieved as
follows: (i) There is a long-range w coupling between the
signals at 3.68 and 4.04 ppm (/57 = 1.15 Hz}, which shows
the markedly equatorial character of H-5 and H-7 and,
consequently, the axial character of H-5" and H-7". (ii) The
existence of a NOE effect (2D NOESY and NOE differ-
ence) between the signal at 3.55 ppm and that of the H-3’
shows the spacial proximity between them and confirms
the axial orientation of both hydrogens. (iii) H-7’ must
be more deshielded than its geminal H-7 because it is cis
to the 2-OMe group, as was proposed for H-3 and H-3’ of
5-methoxy-1,4-dioxepane (15).

Table V shows the 3Jyy experimental and calculated
coupling constants of 16, The concordance between the
values is better (¢, = 0.64) than that of 5-methoxy-1,4-
dioxepane (15) and comparable to that described by
Haasnoot.!®

On the other hand, the J;; long-range coupling constant
requires that H-5, C-5, C-6, C-7, and H-7 lie in the same
plane forming a w, which is a frequent situation in a more
rigid six-membered ring; nevertheless, in the three pre-
ferred conformations of the ring (T'C7anti, TC5anti, and
TC10anti) the five mentioned atoms are in an arrangement
very nearly appropriate for effective long-distance coupling.
Finally, the calculated distance between H-3’ and H-5" in
the TCbanti and T'C7anti conformations are 2.41 and 2.20
A, respectively, sufficient to explain a NOE effect.

Whereas the synthesis of the 6-hydroxy-1,4-dioxepane
has been carried out,? the 6-methoxy-1,4-dioxepane has
not been prepared. The NMR data of the former com-
pound and the symmetry of the latter lead us to expect
that in the 'H NMR spectra of 17, only a coupling constant
between the hydrogen atoms of C-5 and C-7 or C-6 would
be observed so that a correlation between the experimental
and theoretical data would be impossible. For this reason
we did not study it.

(19) Haasnoot, G. A. G.; de Leeuw, F. A. A. M.; Altona, C. Tetrahe-
dron 1980, 36, 2783.

(20) Shabanov, A. L.; Ismiev, I. I.; Magerramova, L. M.; Elchiev, A. B.
Zh. Org. Khim. 1987, 23, 284.
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Conclusions

The theoretical conformational analysis of 5-methoxy-
1,4-dioxepane (15), 2-methoxy-1,4-dioxepane (16), and
6-methoxy-1,4-dioxepane (17) shows a single TC3anti
preferred conformation in 15, while in 16 and 17 there are
three (T'C7anti, TC5anti, and T'C10anti) and four (T'C5g-
(+), TC10anti, TC3g(+), and TC12anti) stable conformers,
respectively. The observed conformational preferences can
be explained on the basis of steric or stereoelectronic ef-
fects (anomeric in 15 and 16 and gauche in 17). There is
a good correlation between the experimental and calculated
vicinal coupling constants in 15 and 16, which supports the
results presented. Moreover, in both cases the observed
NOE effects can be explained if the calculated predomi-
nant conformations are assumed. Finally, in 16 there is
a long-distance w coupling, compatible with the three
calculated preferred conformations.

The conformational behavior of 15 and 16 shows two
consequences of the anomeric effect in seven-membered
rings: (i) The substituents affected by this effect do not
necessarily adopt an axial conformation as they do in
six-membered rings. (ii) The anomeric effect, as it has
been previously described, can change the preferred con-
formation of seven-membered rings but does not modify
the conformation in six-membered rings.

Experimental Section

NMR spectra were recorded on a Bruker AM-300 or WP-80CW
spectrometer in CDCl; solutions using TMS as the internal
standard, and peaks are reported in ppm (8). The infrared spectra
(IR) were recorded on a Perkin-Elmer 782 instrument connected
to a 3600 data station, as a neat film over KBr. The mass spectra
were obtained using a Hewlett-Packard 5988A spectrometer at
70 eV, carrying out injection through a 5890 gas chromatograph.

TLC was performed on silica gel G (Merck), with detection with
iodine, using mixtures of ether—hexane as developing solvent.

5-Methoxy-1,4-dioxepane (15) has been synthesized previously
by us,?! but in this paper we describe its high-resolution NMR
spectroscopic properties. 2-Methoxy-1,4-dioxepane has not been
described previously and herein we describe its synthesis and
structure (Scheme I).

(21) Espinosa, A.; Gallo, M. A.; Campos, J. An. Quim. 1983, 79C, 210.
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5-Methoxy-1,4-dioxepane 15: 'H NMR (300 MHz) (CDCl)
4.69 (dd, 1 H, J54 = 5.67 Hz, J; ¢ = 7.83 Hz, H-5), 3.97 (m, 1 H,
Joz = 9.29 Hz, Jy 5 = 1.36 Hz, J33 = 13.52 Hz, H-3), 3.79 (m,
1H, Jg; = 6.2 Hz, Jg = 2.2 Hz, Jy; = 12.55 Hz, H-7"), 3.72 (m,
1 H, Jyy = 1.36 Hz, Jy 5 = 3.27 Hz, H-2'), 3.66 (m, 1 H, Jy3 =
1.62 Hz, J, 5 = 9.29 Hz, H-2), 3.54 (m, 1 H, Ji; = 9.35 Hz, Js;
= 1.64 Hz, J;, = 12.55 Hz, H-7), 3.47 (m, 1 H, J,; = 1.62 He,
Jyy = 3.27 Hz, Jy3 = 13.52 Hz, H-3), 3.32 (s, 3 H, OMe), 2.16 (m,
lH J56—567HZ,J67— 164HZ,J67 —62HZ Jss = 158HZ
H6),and198(m 1H J56 —783HZ,J67—935HZ J67 =22
Hz, Jg¢ = 15.8 Hz, H- 6’) 13C NMR (CDCla) 102.04 (C-5), 71.46
(C-2), 65.68 (C-7), 64.34 (C-3), 54.92 (OMe), and 38.27 (C-6).

1,1-Dimethoxy-2-(3-hydroxypropoxy)ethane (18). In a
two-necked round-bottomed flask fitted with a reflux condenser
and a dropping funnel are placed 150 mL of dry toluene and 0.13
mol of metallic Na, and the mixture is heated and stirred until
the Na melts. Toluene is separated, and 150 mL of dry dioxane
and, overall, 0.13 mol of 1,3-propanediol are add. The mixture
is refluxed for 24 h, and, then, 0.23 mol of bromoacetaldehyde
dimethyl acetal is added dropwise. After 36 h under reflux, the
mixture is cooled, filtered, and concentrated, and the residue is
dissolved in chloroform and washed with water. The organic layer
is separated, dried over sodium sulfate, filtered, and concentrated.
Distillation of the residue in vacuo yielded (bp 108-115 °C/16
Torr) 7 g (21%) of 1,1-dimethoxy-2-(3-hydroxypropoxy)ethane
(18): 'H NMR (80 MHz) (CDCl;) 4.42 (t, 1 H, J = 5 Hz, CH),
4.8-3.4 (m, 7 H, OCH,, OH), 3.34 (s, 6 H, OCH,), and 1.60 (m,
2 H, CH,CH,CH,); IR (KBr, film) 3440, 2920, 2850, 2820, 1460,
1440, 1375, 1360, 1320, 1270, 1245, 1190, 1115, 1050, 965, 910, 845,
750, and 580 cm™.

2-Methoxy-1,4-dioxepane (16). A 1.9-g portion of 18 is dis-
solved in 20 mL of dry ether, and a few drops of Et,O-BF; are
added. The mixture is kept at room temperature for 22 h and
washed with K,CO4 (10%), and the organic layer is dried over
sodium sulfate, filtered, and concentrated. The residue is purified
by column chromatography with ether-hexane (1:5 v/v), yielding
0.14 g (9%) of 2-methoxy-1,4-dioxepane (16): 'H NMR (300 MHz)
(CDCla) 4.67 (dd 1 H J23 = 4.08 HZ J23 =17.35 HZ, H- 2) 4.04
(m 1H J56—537Hz J56 —258HZ J57— 115HZ,J55 =12.0
HZ,H5) 402(m,1H J67 —986HZ J67 _247HZ J77 =12.7
Hz, H-7’), 3.68 (m, 1 H, J57—115Hz J67—388Hz J67—474
HZ J77 = 127HZ,H7) 3.55 (m IH J56_ 1032HZ J56
3.96 Hz, Js 5 = 12.0 Hz, H-5), 338(5,3H OMe), 2.04 (m, 1 H,
J56— 5.37 HZ,J56— 10.32 HZ J67 = 388HZ J67 =981 HZ,
Jog = 15.6 Hz, H-6), and 1.73 (m, 1 H, J;¢ = 2.58 Hz, Jy ¢ = 10.32
Hz, Jg; = 4.74 Hz, Jg¢ = 15.6 Hz, H-6)); °C NMR (CDCla) 101.93
(C-2), 73.40 (C-3), 72.60 (C-17), 61.10 (C-5) 55.28 (OMe), and 32.74
(C-6); MS (70 eV) m/z (%) (M - 1)** 131 (<1), 104 (10), 101 (5),
74 (2), 73 (3), 72 (7), 71 (26), 61 (56), 59 (3), 58 (4), 59 (6), 45 (43),
44 (25), 43 (37), 42 (100), and 41 (45); IR (KBr, film) 2955, 2912,
2841, 1469, 1451, 1424, 1382, 1356, 1326, 1276, 1257, 1230, 1196,
1172, 1126, 1096, 1063, 1017, 958, 940, 912, 848, 779, and 585 cm™L.
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