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The stereochemical properties of 2, 4-, 7-, and 8-methyl substituted 5,6,7,8-tetrahydro-1,3,6-dioxazocines
have been investigated by their pmr and cmr spectroscopy. On the basis of the coupling constant and

v-effects, the stereochemical structures are discussed.
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The conformation of medium-ring compounds contain-
ing heteroatoms has been studied by means of pmr and
cmr spectroscopy [1-4]. For example, Anet et al. [5] obtain-
ed pmr and cmr data of 1,3-dioxocanes over the range of
room temperature to — 170° and concluded that 1,3-dioxo-
canes exist exclusively in boat-chair (BC) with the oxygen
in the BC-1,3 positions. On the other hand, solution
studies [6] on azocines by dynamic cmr show that this com-
pound exists as a BC conformation in which the nitrogen
resides at the BC-1 position on the molecular plane of sym-
metry.

We report here the stereochemical structures in solution
of 6-phenyl-5,6,7,8-tetrahydro-4H-1,3,6-dioxazocine and its
five methyl substituted derivatives, in which three methyl-
ene groups of cyclooctane have replaced with a nitrogen
and two oxygens.
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EXPERIMENTAL

All the melting points are uncorrected. The pmr and cmr spec-
tra were obtained on JEOL-GSX-400 spectrometer. Chemical
shifts are referenced to the central peak of the deuteriochloro-
form: triplet at 77.00 ppm. Pmr spectra (for the deuteriochloro-
form solvent) are referenced to internal tetramethylsilane. Gas
chromatography was performed on a Hewlett-Packard S890A in-
strument fitted with an OV101 capillary column. N,N-Bis(2-hy-
droxyethyl) and N,N-bis(2-hydroxypropyl)anilines were prepared
by the reaction of the corresponding aniline with ethylene oxide

or propylene oxide, respectively [7]. N{2-Hydroxypropyl)}- N{2-hy-
droxyisopropyl)aniline was prepared from the reaction of aniline
and ethyl lactate in the presence of sodium ethoxide and subse-
quently was treated with lithium aluminum hydride. These N«2-
hydroxypropyl)anilines were in turn treated with 2-chloropro-
pionic acid methyl ester, followed by the treatment of lithium
aluminum hydride.

Results and Discussion.

The series of compounds 1-6 was prepared by the reaction of
the corresponding anilinodiols with an aldehyde or ketone in
methylene chloride over molecular sieves 3A at room tempera-
ture. In the case of compounds 1-3, two isomers of types a and b
can be separated by the use of a silica gel column with hexane as
an eluent. The products of these reactions and physical proper-
ties are summarized in Table 1.

Table 1
Physical Properties of Compounds 1-6

Compound Yield Mp °C C H N
No. Yo (Caled.)
la 9 [a] 61.16 7.35 5.63
(61.05) (7.09) (5.48)
1b 15 87.0-88.0 61.16 7.12 5.39
2a 5 [a] 62.27 7.54  5.03
(62.23) (7.47) (5.19)
2b 7 84.8-85.5 62.17 7.51  5.08
3a 45 [a] 72.38 9.43  5.49
(72.25) (9.30) (5.62)
3b 8 [a] 72.45 9.48  5.55
4 42 [a] 72.04 9.41 5.51
5 18 134.0-135.2 61.93 7.40 5.30
6 60 88.0-89.0 57.84 6.13  6.07
(58.03) (6.20) (6.15)
[a] Liquid.

The pmr spectra of the heterocyclic protons of compounds la
and 1b are displayed in Figure ! and Table 2. The C-2 protons of
compound la give rise to a sharp singlet line at 6 4.72 and, the
two quartets at 6 3.30 and 3.48 can be assigned to the C-5,7 pro-
tons, respectively. The multiplet signal at 6 3.91 belongs to the

methine protons at C-4,8. In contrast, in compound 1b, the
methine protons for C-5,8 appeared at 6 3.91, and the resonance
of the C-5,8 protons at 6 3.17 and 3.79. Striking differences in
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Table 2
PMR Chemical Shifts of Compounds 1-6

Compound 2-H 4,8-H

No. ax eq

la 4.72 (s) 3.91 (m)

1b 4.42 (d) 5.27(d) 3.91(m)

2a 4.95 (q) - 4.06 (m)

4.26 (m)

2b 4.55 (q) - 3.87 (m)

3a - 4.15 (m)
4.11 (q) 3.65 (q)

3b - 4.06 (m)
3.72 (1) 3.43 (q)

4 - 4.18 (m)

5 4.75 (d) 5.04 (d) 3.99 (m)

6 4.43 (s)

[a] Chemical shift of 7-CH3. [b] Values for ax and eq may be interchanged.
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Figure 1. The pmr spectra of the heterocyclic protons of
compounds 1a and 1b.

compound 1b compared with la are recognizable in the signals
of the C-2 protons. That is, two sharp doublet peaks for com-
pound 1b appeared at § 4.42 and 5.27. The presence of the two
kinds of peaks can be expected to exist for diastereotopic protons
with a symmetrical conformation, while the single methylene
resonance for C-2 protons show time-averaged symmetry at room
temperature. The pmr spectra of compound la at various tem-
peratures are shown in Figure 2. Below —100°, the band of the
C-2 protons for compound la splits into two and at —120° two

well separated bands are found (6 4.68 and 4.79). At —120°, the
four protons at C-5,7 give separate resonances at § 2.98, 3.46,
3.89 and 3.96, whereas the C-4,8 protons remain unchanged at é
3.76. The presence of two resonances each for the C-2 protons
and the C-5,7 protons at low temperature indicates that this com-
pound exists as a 1:1 mixture of mirror-image symmetrical con-
formations.
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Chemical Shifts, &
5,7-H 2-CHj3 4,8-CHj3
ax eq
3.30 (q) 3.48 (q) - 1.26 (d)
3.17 (g) 3.79(d) - 1.23 (d)
3.13 (q) 3.34 (d) 1.23 (d) 1.19 (d)
3.34 (q) 3.46 (q) 1.22 (d)
3.16 (q) 3.77 (d) 1.25 (d) 1.21 (d)
3.08 (q) 3.77 (q) 1.36 (s) 1.17 (d)
4.15 (m) 1.39 (s) 1.28 (d) [a]
3.27 (q) 3.14 (d) 1.29 (s) 1.01 (d)
4.06 (m) 1.27 (s) 1.24 (d) [a]
3.23 (q) 3.33 (@) 1.30 (s) 1.20 (d)
3.22 (d) 3.74 (d) [b] - 1.22 (d)
3.05 (q) 3.55 (d) 1.19 (s)
3.44 (q) — -
- 20 °C
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- 80 °C
- 105 °C
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Figure 2. Patrial 400-MHz pmr spectra of compound la in
dichlorodifluoromethane at several temperatures.

Judging from an examination of molecular models, cyclo-con-
densation of meso-anilinodiols with paraformaldehyde gave the
equatorial (eqleq and axial (ax}ax methyl groups, while an
analogous condensation with racemic anilinodiols gave the eq-ax
methyl groups. Some possible stereoisomers of types a and b are
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illustrated in Scheme 1. Isomers Ia and Ib are the eq-ax isomers
with BC form, whereas Ila and IIb are the eq-eq and ax-ax iso-
mers. Similarly, IITa and IIIb are the eq-ax isomers with chair-
chair (CC) form, whereas IVa and IVb are the eq-eq and ax-ax
isomers, The configurations of IIb and IVb are unlikely because
of non-bonded interactions between the 4,8-diaxial methyl
groups. In the case of configurations I and III, the C-2 protons
are diastereotopic protons, while the C-2 protons of configura-
tions IT and IV are enantiotopic protons.

Scheme 1. Possible stereoisomers of compounds 1a and 1b.
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In the chair form of cyclohexane, typical coupling constants [8]
span the following ranges: Jaa = 9.5-12.5 Hz; Jea = 3.0-4.5 Hz;
Jee = 2-3 Hz. Eliel [9] has also reported that Jaa and Jea for
cis-4,6-dimethyl-1,3-dioxane with chair form are 9.5 and 3.1 Hz.
The vicinal coupling constants between the C-4,5 protons and the
C-7,8 protons are given in Table 3. Compound 1b shows a vicinal
coupling constant of 9.77 Hz (Jaa). This value is a coupling con-
stant for Hax and quite incompatible with the presence of Heq in
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Table 3

1371

Coupling Constants, J4 5, of Compounds 1-5

Compound Coupling Constant, Hz

No. cis trans geminal

la 3.54 7.69 14.93

1b 0.00 9.77 15.39

2a 2.56 9.71 15.02
(2.19) (7.88) (15.38) [a]

2b 0.00 9.34 15.57

3a 3.29 6.02 15.76
3.29 6.59 12.56 [a]

3b 0.00 7.33 16.49
5.49 11.73 11.73 [a]

4 2.93 8.42 14.65

5 - - 15.39
0.00 9.53 14.89 [a]

[a] Coupling constants of J7 3.

the positions C-4,8. On the other hand, the vicinal coupling con-
stant for compound 1la is smaller than that of 1b and intermedi-
ate in magnitude between Jaa and Jea for typical coupling con-
stants of cyclohexane.

In order to obtain more precise information on the possible
orientation of the 4,8-dimethyl groups for 1a and 1b, cmr spectra
at C-2 was examined. As can be seen in Table 4, the shift differ-
ences of C-2 for 1a and 1b are consistent with the above argu-
ments. The C-2 for 1a appeared at 93.6 ppm, whereas these for
1b appeared at 96.5 ppm, very close to the parent compound 6.
The upfield shift of 2.9 ppm at C-2 in la relative to 1b is due to
the y-gauche relationship [10] between the axial methyl group at
C-4 or C-8 and the C-2 ring carbon. That is, one of the methyl
groups on C-4 or C-8 of 1a indicates the axial orientation but two
methyl groups on C-4,8 for 1b exist in the diequatorial orienta-
tion.

From the above results, it may be thought that the geometry of
compound Ib is ITa or IVa in Figure 1, and the equilibrium be-
tween eq-eq and ax-ax methyl groups lies very much on the side
of the eg-eq conformation. On the other hand, compound 1a is a
mixture of interconverting eq-ax forms of either I or IIL

Aromatic solvent shifts provide confirmatory evidence in sup-
port of the BC conformation in compound 1. Since it has been ex-
perimentally well established that aromatic systems like benzene

Table 4
Carbon-13 Chemical Shifts of Compounds 1-6

Compound
No. C-2 C-4 C-5 C-7
la 93.6 71.3 56.8 56.8
1b 96.5 73.0 59.2 59.2
2a 98.2 72.9 56.4 56.3
2b 104.9 73.0 59.6 59.6
3a 100.2 67.1 53.4 64.3
3b 100.5 67.6 51.3 63.3
1 100.2 65.9 55.9 55.9
5 89.6 75.8 61.2 61.0
6 97.5 66.4 52.0 52.0

Chemical Shifts, §

cs 2-CH, 4,8-CHy 7-CHj
71.3 - 20.2 -
73.0 - 18.7 -
63.7 19.8 20.4, 21.1 -
73.0 19.5 24.6

54.3 25.3, 25.1 20.5 14.7
51.4 26.0, 24.2 20.3 13.0
65.9 25.6 20.5 -
73.4 - 18.9, 25.2 -
66.4 - - -
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are capable of coordinating at electron-deficient sites within a
solute molecule [11-13], solute protons coordinated in the vicinity
of the aromatic solvent should experience large shielding effects.
For example, the C-3,4 methylene protons for tetrahydrofuran
should be strongly shielded while the remaining protons may be
only marginally affected [14]. Assuming that collision complexes
of a similar geometry are formed between solvent benzene mole-
cules and the two oxygens and a nitrogen atom in the 1,3,6-diox-
azocine system, then the geometry of the association differs in
the two isomeric 1,3,6-dioxazocines (I-IV in Scheme 1). The fol-
lowing considerations are presented. For the I-I'V conformations,
aromatic solvent association should take place from the C-5,7
protons. Consequently, the C-2 protons are only marginally af-
fected in the I and II conformations, while the remaining ring
protons and the methyl groups are shielded. In the III and IV
conformations, the ax-methyl and the ax-hydrogen(s) on the C-4
and/or C-8 and the C-2 protons are only marginally affected.

The benzene-induced shift (A = & deuteriochloroform - § per-
deuteriobenzene) of compound la showed that the C-4,8, C-5,7
protons and the C-4,8 methyl protons are shielded (+0.28, +0.31
and +0.23 ppm, respectively) while the C-2 protons are only mar-
ginally affected (+0.14 ppm). For compound 1b, the C-4,8
(+0.34 ppm), C-5,7 protons (+0.33 and +0.42 ppm) and the
C-4,8 methyl protons (+0.28 ppm) are shielded while Heq (+0.11
ppm) and Hax (+0.25 ppm) protons on the C-2 are only marginal-
ly affected. Only structures of I and IT in Figure 1 are compatible
with these observation. It may be concluded that the preferred
structure of la is considered to take the BC conformation with
ax-eq methyl groups. In contrast, the preferred structure of 1b
exists in the BC conformation with eq-eq methyl groups.

In the case of compounds 4 and 5, the sole product was obtain-
ed while two isomers of types a and b can be separated for com-
pounds 2 and 3. The existence of isomeric pairs is readily ration-
alized in terms of steric effects associated with diaxial interac-
tion. If one assumes, that the methyl group on C-4 and/or C-8 for
compound 4 is an axial orientation, there is steric repulsion be-
tween the axial methyl group on C-4 and/or C-8 and the axial
methyl group on C-2. Since two methyl groups on C-4,8 exist in
only the equatorial configuration. The methyl group on C-8 for
compound 5 exists in the equatorial configuration for the same
reason.

In accordance with the foregoing arguments, compounds 2a
and 2b should exist in the configuration with a 2-eq methyl
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group. Therefore, it can be considered that compound 2a exists
in the BC conformation with 2,4-dieq and 8-ax methyl groups,
whereas the methyl groups of 2b exist with 2,4-dieq and 8-eq
configuration. The nmr data are compatible with this supposi-
tion. The upfield shifts of 6.7 ppm at the C-2 carbon of isomer 2a
are due to the 7y-gauche relationship between the ax methyl
group on C-8 and the axial hydrogen at the C-2 carbon. More-
over, the pmr spectra of compounds 2a and 2b displayed similar
coupling patterns to compounds 1a and 1b as shown in Tables 2
and 3.

The compounds 3 exist in the configuration in which the C-4
methyl group would avoid the axial position because of an inter-
action between the 2-ax methyl group. The coupling constants
J7 5 for compounds 3a and 3b are 6.59 and 11.73 Hz, respectively.
The coupling constant of 11.73 Hz is for Hax protons and quite
incompatible with the presence of Heq proton on the C-7 posi-
tion. That is, the preferred structure of compounds 3a and 3b ex-
ist in the BC conformation in which the 4- and 7-methyl groups
are equatorial and axial, in which the 4- and 7-methyl groups are
equatorial and equatorial, respectively.
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