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The reaction of the tetrabenzoxazines 2 with acetic anhydride
under mild conditions leads selectively and exclusively to the
tetraamides 3 in which the oxazine rings are opened ; their
structure was deduced from their 1H NMR spectra and con-
Ðrmed for one example by an X-ray single crystal structure
analysis ; acylation of the hydroxy groups was not observed.

Condensation of the all-cis isomers of resorcarenes 11 with
primary amines and an excess of formaldehyde leads in a
strictly regioselective way to the benzoxazineC4-symmetrical
derivatives 22 (Scheme 1), which are usually obtained in high
yields.3,4 This reaction provides not only an extension of the
cavity, it also a†ords easy access to potential host molecules
with inherent chirality. Whilst the regioselectivity has been
proved by NMR spectroscopy and by several X-ray
analyses,3,4 the isolation of the single enantiomers has, as yet,
not been possible. Recently, their chromatographic separation
was achieved, using (3S,4R)Whelk-O1 and CHIRALPAK AD
as chiral stationary phases.5 However, it can also be shown
that these compounds are easily enantiomerised (even) under
the chromatographic conditions. Most probably this
enantiomerisation6 takes place, catalysed by traces of acid, via
immonium cation intermediates, as shown in Scheme 2.7
Thus, the derivatisation of the four remaining hydroxyl
groups in 2 by O-alkylation or O-acylation should lead to
stable enantiomers, since for an intermediate immonium
cation only one adjacent hydroxyl group would be available
for the regeneration of the benzoxazine ring.8h10

We attempted the acylation of 2a,b with acetic anhydride
(slight excess) in chloroform at room temperature in the pres-
ence of triethylamine and a catalytic amount of 4-
dimethylaminopyridine.11 The only products that we could
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isolate in moderate yield12 were the tetraamides 3a,b (Scheme
1), but no indication for O-acylation could be observed.13
Thus, in agreement with the results for simple benzoxazines,14
the more nucleophilic nitrogen (in comparison to oxygen), is
acylated, while formaldehyde is hydrolytically eliminated from
the N/O acetal.

The structure of the acylation products is already evident
from their 1H NMR spectra, which are only in agreement
with the formation of a tetraamide. In addition to a singlet for
the aromatic protons (around 7.2 ppm), there are two singlets
for the phenolic hydroxyl groups at 11.5 and 8.7 ppm, suggest-
ing hydrogen bonds of quite di†erent strengths. In keeping
with general experience, the low-Ðeld signal corresponds to a
strong intramolecular hydrogen bond to the carbonyl oxygen,
while the signal at higher Ðeld corresponds to a weaker hydro-
gen bond to the hydroxyl group of the adjacent resorcinol
unit. Although the protons are diastereotopic, ifArÈCH2ÈN
the OÈHÉ É ÉOÈHÉ É ÉO2C hydrogen bonding system is
kinetically stable, they appear as a singlet at 4.5 ppm.15

Single crystals of 3a, suitable for X-ray analysis, were grown
from dichloromethaneÈacetonitrile.16 The molecular structure,
the conformation and the numbering scheme are shown in
Fig. 1, while Fig. 2 illustrates the crystal packing. The mol-
ecule lies on a fourfold crystallographic axis, which conÐrms
the chiral, symmetrical conformation already suggested byC4the NMR spectra. The resorcarene skeleton therefore shows a
perfect cone conformation with an interplanar angle between
the resorcinol rings and the plane through the methine
carbons of 130.1¡. The strong hydrogen bonds between the
OH group (O2) and the carbonyl oxygen (O3) are reÑected by
the very short OÉ É ÉO distance of 2.58 while the weakerA� ,
intramolecular hydrogen bonds between the OH groups (O1,
O2B) of adjacent resorcinol rings lead to an OÉ É ÉO distance of
a more usual length (2.74 All other bond distances andA� ).
angles are within the expected ranges. The CH2ÈNÈC2O
arrangement is nearly planar (torsion angle C13ÈN1ÈC14È
O3 \ 8.75¡ ; N atom 0.01 out of the plane of its ligands) andA�
the cyclohexyl ring assumes the chair conformation. As shown
in Fig. 2, these R2 residues are oriented away from the
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Scheme 2

Fig. 1 Molecular conformation of 3a in the crystalline state. The
numbering scheme is indicated. Thermal ellipsoids are drawn on a
20% probability level.

resorcarene cavity. Rotation around the bond byArÈCH2about 180¡ would lead to an analogous hydrogen bonding
system in a conformation with a more closed cavity. Accord-
ing to MM calculations,17 such a conformation is even more
stable, by 10.8 kcal mol~1, due to a much more favourable
van der Waals term, and might exist in solution, especially in
the presence of suitable guests.

In the crystal lattice the molecules are arranged in inÐnite
chains (molecular tubes)18 along the c axis with an alternating
sequence of the two enantiomeric conformations with reversed
helicity of the hydrogen bonding system. Neighbouring chains
point in opposite directions. Between the macrocycles one
solvent molecule lies on the fourfold axis, acetonitrile with a
probability of 52% and dichloromethane (48%), with the chlo-
rine atoms equally distributed over two positions to obtain
the fourfold symmetry.

In conclusion, the acylation of the tetrabenzoxazines 2 does
not lead to tetraesters but to the tetraamides 3, in which the
oxazine rings are opened. This is in contrast to some reports
in the literature,8,9 but in agreement with studies on simple
benzoxazines.14 The tetraamides 3, which can be modiÐed by
variation of the R2 and of the acyl groups, may also be inter-
esting as host molecules.

Fig. 2 Packing of 3a projected along the a axis (above) and c axis
(below). One solvent position can be occupied by acetonitrile (52%) or
dichloromethane (48%) in two equally populated positions.
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