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Synthesis, Complexation, and X-Ray Structure of a New Type of Binucleating
Macrocycle Incorporating Both Soft and Hard Ligating Sites

Catherina J. van Staveren,2 David N. Reinhoudt,*= Johan van Eerden,® and Sybolt Harkema®
Laboratories of aOrganic Chemistry and ®Chemical Physics, University of Twente, P.O. Box 217, 7500 AE Enschede,

The Netherlands

A macrocyclic ligand with both a Schiff base moiety and a polyether cavity forms mono- and bi-nuclear complexes;
X-ray analysis of the mononuclear Ba(ClO,), complex shows that Ba2+ is co-ordinated in the polyether cavity.

During the last two decades, many (macrocyclic) ligands that
are capable of forming binuclear complexes have been
reported, because these may serve as models for metallo-
proteins, such as superoxide dismutase, oxidases, and pepti-
dases. The majority of these papers deal with homobinucleat-
ing macrocyclic ligands usually with two identical binding sites

that are composed of the ‘soft’! donor atoms nitrogen and
sulphur.2 Only a few, mostly symmetrical, heterobinucleating
cyclic ligands have been reported.? Fenton and co-workers
have reported a series of non-cyclic heterobinucleating
ligands, with both a hard O,0; and a softer O,N; cavity,
derived from the condensation of 1,3,5-triketones with
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Scheme 1. Ts = tosyl; Gu = guanidinium.
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diamines.* Very recently Lehn and co-workers have described
polytopic receptor molecules, with both porphyrin and
polyether subunits, capable of forming mixed complexes with
organic substrates and metal ions within one complex.5

Here, we report the synthesis, complexation, and X-ray
crystal structure of a new type of macrocyclic ligand with two
very different cavities combined within one molecule. The
macrocycle contains both a polyether cavity that can bind hard
cations, and a salen [salen = N,N’-ethylenebis(salicy-
lideneaminato)] moiety6 capable of binding softer cations like
Ni2+, Cu?+, Co?+, etc.

The syntheses are outlined in Scheme 1. Selective protec-
tion? of 2,3-dihydroxybenzaldehyde was achieved by reaction
of (1) with 1 equiv. of NaH in dimethyl sulphoxide (DMSO) at
room temperature, followed by the addition of 3-bromoprop-
l-ene. Aqueous workup and recrystallisation from light
petroleum (b.p. 40—60°C) afforded 2-allyloxy-3-hydroxy-
benzaldehyde (2) in 60% yield, m.p. 80—81°C.¥ This
compound was treated with penta(ethylene glycol) bis(p-
toluenesulphonate) in acetonitrile with K,COj5 as a base, to
give the linear dialdehyde (3a) (70%) as an oil. Upon
deprotection (5% Pd/C, HCIO,, H,O-MeOH, reflux) the
compound (3b) was obtained in 88% yield. In the !H n.m.r.
spectrum the phenolic OH groups are present as a sharp
singlet at § 10.78.

We found that the macrocyclisation of (3b) with 1,2-
diaminobenzene required a template ion and therefore the
complex of (3b) with Ba(ClO,),, complex (4), was prepared.
In this case the complex of the linear compound (3b) and the
template ion for cyclisation could be isolated as a crystalline
solid.® This white solid complex (m.p. 234—235 °C) was used
in the cyclisation step.

The subsequent ring closure was carried out by slow
addition of separate solutions of the Ba(ClO,), complex (4)
and 1,2-diaminobenzene to refluxing methanol over 2 hours.
The bright orange Ba(ClO,), complex (5) crystallised upon
cooling and addition of a small amount of light petroleum
(b.p. 40—60°C) (m.p. 288—290°C, yield 59%). In the 'H
n.m.r. spectrum a singlet at & 8.91 showed that the imine
linkage was present and the presence of a singlet at & 13.13
proved that in this complex the phenolic OH groups are not
deprotonated. In the mass spectrum the signal with the highest
m/z corresponded to the mass of the salt-free ligand (6).

The structure of the Ba(ClO,), complex (5) was determined
by X-ray crystallography and is shown in Figure 1. The barium
cation is tenfold co-ordinated in the pogether cavity, by six
ether oxygens (Baz+ - - - O 2.84—2.99 A), the two phenolic
oxygens (Ba2+ - - - 02.72—2.75 A), one perchlorate oxygen
(Ba2+ - - - 02.74 A), and by the oxygen of MeOH (Ba2+ - - -
O 2.81 A). Similar values were reported for other
polyether - Ba2+ complexes.14 The second perchlorate anion
is probably hydrogen bonded to MeOH (O - - - O 2.81 A),
although the hydrogen involved could not be located (see
Figure 1). The Schiff base compartment deviates strongly
from planarity; the angles between the mean planes of
adjacent aromatic rings are 25° and 27°. This deformation
allows the phenolic oxygens to complete the Ba2+ co-ordina-
tion.

When this mononuclear Ba(ClO,), complex (5) was treated
with Ni(OAc), in MeOH the heterobinuclear Ni - Ba(ClO,),
complex (7) was obtained which precipitated as dark red
crystals (56%, m.p. 310°C). Satisfactory elemental analysis
was obtained. In the 'H n.m.r. spectrum of complex (7) the
phenolic hydrogen absorptions as in (5) are absent. The CH=N

T Satisfactory elemental analyses, 'H and 13C n.m.r., and mass
spectra were obtained for all new compounds.
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Figure 1. ORTEP? view of the Ba(ClO,), complex (5)-MeOH,
showing the co-ordination of the Ba2*+ by the macrocycle, one
perchlorate anion, and the molecule of methanol. Crystal data:
C31H350,;N,Cl,Ba, monoclinic, space group P2,/n, a = 10.869(10),
b =10.791(10), c = 30.076(15) A, B = 93.46(6)°, U = 3521(11) A3, Z
=4, D.= 173 gecm3, p = 13.6 cm~1. 6162 Reflections were
measured (at 100 K) in the w-26 scan mode (3° < 6 < 25°) on an
Enraf-Nonius CAD4 diffractometer (Mo-K,, radiation, graphite
monochromator). A direct methods!© solution gave the position of the
heavy barium atom and the rest of the structure was revealed by
successive Fourier syntheses. 5197 Reflections [F,2 > 30(F,2)] were
used in the refinement. All hydrogens on the carbon atoms of the
macrocycle were put in calculated positions and were treated as riding
on their parent C atoms [C-H distance 0.96 A, Bj,(H) = 1.2 B.,(C)].
The phenolic hydrogens and the hydrogens of methanol could not be
located on a difference Fourier map. Empirical!! as well as semi-
empirical'? absorption corrections failed to improve agreement
between observed and calculated structure factors, and were there-
fore rejected. Refinement converged at R = 6.8%, R,, = 9.6% (unit
weights), with 479 parameters refined: scale factor, isotropic extinc-
tion parameter, positional, and anisotropic thermal parameters for
non-H atoms. All calculations were done using SDP.13 Atomic
co-ordinates, bond lengths and angles, and thermal parameters have
been deposited at the Cambridge Crystallographic Data Centre. See
Notice to Authors, Issue No. 1.

proton showed a very broad signal at 8 9.6, which sharpened at
higher temperatures. The protons of the aromatic ring derived
from o-phenylene diamine, which exhibit a singlet in the
mononuclear Ba(ClO,), complex (5), showed a characteristic
splitting in the binuclear complex. These signals appear as
multiplets at 6 8.0—8.2 and 7.2—7.4. The signals of the other
aromatic protons are shifted to slightly higher field relative to
the corresponding signals in the mononuclear Ba(ClO,),
complex. High resolution mass spectrometry showed a parent
peak at m/z 606.141, which corresponds to M+ — Ba(ClO,),
and demonstrates that the nickel ion is tightly bound in the
complex. These observations indicate that the nickel ion is
complexed in the N,O, cavity.

The mononuclear complex (5) could be decomplexed by
reaction with guanidinium sulphate in CHCl;-H,O. Isolation
of the product was straightforward because the free macro-
cycle (6) is soluble in CHCl; and BaSO, precipitated from the
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mixture. After evaporation of the solvent, the uncomplexed
macrocycle was obtained as an orange oil. Spectral data were
in agreement with the uncomplexed macrocycle.

When the free macrocycle (6) was treated with Ni(OAc), in
methanol, the nickel complex (8) was obtained as deep red
crystals, m.p. 130—132°C. In the !H n.m.r. spectrum, the
CH=N signal is present as a sharp singlet at & 8.57.

The mononuclear nickel complex forms a complex with
Ba(ClOy), to yield the same heterobinuclear Ni - Ba(ClO,),
complex that was obtained via the mononuclear complex (5).
From this complex Ba(ClQ,), could be removed by reaction
with guanidinium sulphate to yield the mononuclear nickel
complex (8).

Complexes of similar macrocycles with different ring-sizes
and with other metal cations are presently being investigated
together with the co-complexation of neutral organic guest
molecules in the macrocyclic cavity of the heterobinuclear and
mononuclear complexes.
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