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The possibilities to form dimeric capsules with supramo- m oY oY

lecular chirality from tetraurea calix[4]arenes composed of

two different phenolic urea units are discussed in general @ﬁ @ﬁ

and demonstrated experimentally for various selected ex-

amples. AN, N, 2 AN, “n HN_ " 4n
c:0  C:0 o co

Tetraethers of calix[4]arenes, substituted at their wide rim by ) i) 1and 4 i) " 2and 3

four urearesidues (general formula 1), form dimeric capsulesin Ra Rs Ra Rs

non-polar solvents which are held together by a seam of

hydrogen bonds between N-H and O=C functions.l This n Y Ra Re
dimerisation occurs with the inclusion of a suitable guest 1 - CgHy R R
molecule, often the solvent itself. 2a 1 CyHy Tolyl t-Butyl

As illustrated in Fig. 1 the two calix[4]arene parts of the ~ o~
capsule areturned by (time averaged) 45° around their common 3a 2 CgHy, @ © CioHys
axis with respect to each other. Due to the directionality of the O—(CHy);,-O
hydrogen bonded belt, the symmetry of a capsule is S, since M M
two enantiomeric C4-symmetrical calix[4]arenest are com- 3b 2 CgHy @ © Tolyl
s ly a heterod sed of two diff O (CHom0

onsequently a heterodimer, composed of two different

calix[4]sgrqene tyetraure632 is chiral (&-symmetry), but this 3¢ 2 Gy Tolyl n-Hexyl
chirality3iscaused by the directionality of the hydrogen bonded 3d 2 CgHy Tolyl Adamantyl
belt (Fig 2a). In other words, changing thisdirectionality creates 4a - GCgHyy Tolyl Adamantyl

the other enantiomer. If this process occurs fast on the NMR
time-scale within a capsule, as we recently showed for capsules
with included ammonium cations,# racemisation takes place
much faster, than dissociation/recombination.5 Due to their

geometry dimeric capsules offer further possibilities to achieve
chirality, if we consider tetraurea calix[4]arenes composed by
different phenolic units A and B. This difference may be
expressed by different residues Y or R or both. Although the
single calixarene ABBB (2, Cs), AABB (3, Cs), and ABAB (4,
C,,) is achira, its incorporation into a homodimer makes the
assembly chiral, asillustrated in Fig. 2b. This supramolecular
chirality® is due only to the mutual arrangement of the two
calixarenes in the dimer! The directionality of the hydrogen
bonded belt does not create additional sterecisomers, it just
decreases the symmetry of the capsule. It may be anticipated
that this supramolecular chirality is more pronounced for
different residues Ra/Rg than for different ether residues Y A/
Fig. 1 Molecular shape of a dimeric capsule 1,. Yg.
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Fig. 2 Schematic representation of the symmetry properties of @) homo- and heterodimer of calixarenes 1 consisting of the same phenolic units (AAAA or
BBBB) and b) homodimers of calixarenes consisting of different phenalic units (2, ABBB; 3, AABB; 4, ABAB); the symmetry class is indicated with and
without directionality of the hydrogen bonded belt (symbolised by arrows); [, 0: Cy4, C, axes; o: symmetry plane.
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Fig. 5 Section of the tH NMR-spectrum 400 MHz of 4a, in benzene (NH
in red, Ar—Hcaix in green, Ar—Hiqyi in blue, Ar—CHx-Ar in violet).

Calixarenes 2 and 3, differing in their urea residues R, and
Rg are easily prepared, using protection strategies described
earlier.” As shown in Fig. 2b, 2 and 3 are expected to form two
regioisomeric capsules upon dimerisation.® This is demon-
strated by the NMR-spectra of 2a,, 3¢, and 3d, (Fig. 3). The
ratio of the two regioisomers can be influenced not only by the
residues R (and eventually Y) but for a given compound a so by
the solvent (= guest). Replacement of Rg = n-hexyl (3c) by Rg
= adamantyl (3d), for instance, changes the ratio from 1:1 to
2:1. The two regioisomers of 2a are formed in 1:1 ratio in
CDCl3, butinaratio of 1:6in CgD1o, an interesting effect from
the viewpoint of supramolecular chemistry.

2ain C¢D,, 2ainCDCl; 1:1
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Fig. 3 Section of the tH NMR-spectra (Aryl-NH) of 2a,, 3c,, 3d, proving
the formation of two regioisomeric capsules in the indicated ratio.

The equilibrium between the two regioisomeric capsules can
be shifted entirely to one side for compounds of type 3 by a
covalent connection between two adjacent residues (3a,b). In
fact 3a and 3b form only one of the two possible dimers, in
which an overlap of the two connecting loops Ra—Ra is
avoided. The NMR spectra presented in Fig. 4 give an
unambiguous evidence.

Tetraureas of type 4, on the other hand, form only a single
regioisomeric dimer (as a pair of enantiomers).: Again thisis
definitely proved by *H NMR spectroscopy. Fig. 5 shows the
first example of such C,-symmetrical dimer with different urea
residues Ry and Rg. A complete assignment of all signals with
the help of 2D NMR spectra gs-COSY, gs-NOESY, gs
TOCSY confirmsthe C,-symmetry of the capsule: 8 singletsfor
NH, 8 m-coupled doublets for Ar—-H (calix); 4 o-coupled
doublets Ar—H (tolyl), 8 doublets (gemina coupling) for Ar—
CHx-Ar.

It could be shown that dimeric capsules with supramolecular
chirality are in principle kinetically stable enough® for optical
resolution by chromatography on chiral stationary phases,
although a complete separation of all four stereocisomers of 2,
and 3, was not possible.10 Resolution is studied presently for
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Fig. 4 Schematic representation of the two potential regioisomers| and 11
of 3a,b. Sections of the IH NMR-spectra (Aryl-NH*) of 3a, (4 different
protons) and 3b,, (8 different protons) proving the formation of the single

capsule | with Cy-symmetry.

dimers of 3a,b or 4a where only a single pair of enantiomers
exists.
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