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Synthesis and Heterodimetallic Complexes of Lateral Macrobicyclic Cryptands
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The macrobicyclic molecules (1a—c) have been synthesized; they are heteroditopic ligands combining a ‘soft’ and a
‘hard’ binding subunit, which form lateral dinuclear cryptates such as [Rh+-CO, M C (1a—c])] by selective

complexation to a given site.

Lateral macrobicyclic cryptands are coreceptor molecules!
based on the combination of two different binding subunits
(heteroditopic), a chelating one and a macrocyclic one; they
are therefore dissymmetrical in nature.?2 When binding two
metal cations they should form dinuclear cryptates with
specific features: (i) whether homometallic or heterometallic,
the two cations will differ in number of free co-ordination sites
and redox properties; (ii) a soft, redox active site may be
combined with a hard Lewis acid centre; (iii) whereas the
cations may interact directly at short distances, at longer
separations cascade type binding of substrate(s) between the
two metal ions may induce activation, catalysis, and conden-
sation of the bound species.2

Dinuclear macrocyclic and macropolycyclic ligands have
been actively studied in recent years.23 We describe here the

+ UA 422 of the CNRS.

synthesis and some properties of ligands belonging to the
lateral macrobicyclic type,22 which combine a ‘soft’ pyridyl-
dithio (PyS,) chelating subunit with the ‘hard’ azoxamacro-
cycles [12]-N,0,, [15]-N,03, and [18]-N,0O, in (1a—¢) respec-
tively. The synthetic strategy involved attachment of lateral
chains to the macrocycles followed by cyclisation to give the
macrobicyclic structures. We reported earlier a cryptand of
the same class (2) whose dinuclear Cull complex displayed
strikingly different electrochemical properties for the two
cations, which had a difference in redox potential of ca.
0.5 V.2a45

Reaction of the diazapolyoxamacrocycles (3a—c)® with
3-oxaglutaric anhydride in CH,Cl, gave the diamido-diacids
(4a—c), which were reduced with diborane in tetrahydrofuran
(THF) (reflux, 2 h) to the diamino-diols (5a—c) (colourless
oils; 80—90% overall yield). These were treated with neat
SOCI, to give the dichlorides (6a—c) (colourless oils; 80—
90% yield) which were kept as their dihydrochloride salts.
Reaction of (6a—c) with the disodium salt of 2,6-
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dithiomethylpyridine in propan-2-ol (reflux, 6 h, concen-
tration ca. 3—4 mm for each reagent) gave the desired
macrobicyclic cryptands (1a—c) as colourless oils in ca. 55%
yield.t

Because of their heteroditopic nature, the cryptands
(1a—c) may be expected to exhibit haptoselectivity,! i.e.
preferential binding of a metal ion of given type and/or
oxidation state to each subunit. Heterobinuclear Felll-Cull
complexes of a macrobicycle containing a porphyrin macro-
cycle and a PyS; unit have been reported.?

1 All new compounds had spectral and microanalytical data in
agreement with their structure.
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Figure 1. Principle of dimetallic activation of a substrate forming a
cascade complex with a dinuclear cryptate of lateral macrobicyclic
type combining a ‘hard’ (Lewis acid) and a ‘soft’ (redox) metallic site.

The complexation of Cull by (la—c) was studied by
following the changes in visible absorption spectra occurring
on titration with copper trifluoromethanesulphenate in prop-
ylene carbonate. Using as references the spectra of the Cull
complexes of (3a—c¢) (Apnax. 710—790 nm, & 50—90)8—10 and
of PyS; ligands!? (A, 680 nm, € 650),° the data indicated that
Cul was bound first preferentially to the macrocyclic subunit
and then to the PyS, groups, giving finally a complex with a
stoicheiometry of 2:3 ligand : Cu!! (from a Job plot). Such a
species was isolated and characterized in the case of
[(1a)(Cu2+);](BF,)s:3H,0. These results are in accord with
the formation of strong 1:1 Cull complexes by macrocycles
(3a—c);810 furthermore, since Cu!! givesa 1: 1 complex with a
macrocycle containing two PyS, units,!!2 one may propose
that in the 2:3 complexes a Cull ion is bound to each
macrocycle and the third cation is bound to two PyS, units,
one from each macrobicycle.

When (1a—c) were allowed to react with [Rh,Cl,(CO),] in
methanol, the spectral properties of the solutions obtained
indicated the formation of 1:1 complexes containing an
(Rh—CO)* unit with a terminal carbonyl group {v 2000—2010
cm~1; & (13CO) 188.7, J(Rh-13CO) 69—70 Hz]; large down-
field shifts (ca. 10 p.p.m.) were observed for the CH,S
13C n.m.r. signals on going from the free ligands to the
complexes, whereas the other 13C signals were little affected.
These data agree with the formation of haptoselective
complexes (7a—c) in which an (Rh—CQO)* group is bound to
the ‘soft’ PyS, subunit of (la-—c) in square planar co-
ordination. Such species have been reported with other
ligands containing the PyS, fragment.!la Complex (7a) was
isolated as small reddish crystals of its monoprotonated
hexafluorophosphate. f

Since in (7a—c) the carbonyl group should be oriented
towards the macrocyclic subunit, it was of interest to
investigate the formation of hetero-dinuclear cryptates of type
(8a—).

Titration of the trifluoromethanesulphonates of (7a—c)
(obtained from the chlorides with silver trifluoromethanesul-
phonate) with Cul! trifluoromethanesulphonate in propylene
carbonate gave an absorption band at 720—770 nm which
increased on addition of up to 1 equiv. Cull, in agreement with
binding of Cul! to the macrocyclic units of (7a—c), thus giving
dimetallic (Rh1-CO, Cul!) complexes of type (8a—c).

Several studies were carried out with anhydrous trifluoro-
methanesulphonate (TfO) or tetrafluoroborate salts of
diamagnetic cations using 13C n.m.r. spectroscopy and iso-
topically enriched 13CO complexes (7a—c) in CD;CN or
(CD3),CO. Addition of LiPFg or Zn(TfO), to (7a), of AgTfO,
La(TfO)s, or AI(TfO); to (7b), and of AgTfO, Ba(BF,),, or
Cd(BF;), to (7c¢) gave shifts of the CH,
13C n.m.r. signals indicative of complexation of the cation to
the ‘hard’ binding site, the macrocyclic unit. The dimetallic
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complexes formed by reaction of (7a) with LiPF4 and
Zn(BF,), were isolated and characterized.i The n.m.r.
parameters of the 13CO groups were little affected by binding
of the second cation, which led in all cases to small downfield
shifts of ca. 1—2 p.p.m. and to a decrease in J(Rh-13CO) of 1
Hz or less. Also the vibrational frequency v(CO) was
unchanged.

The formation of haptoselective hetero-dimetallic cryptates
of type (8a—c) depends on the relative size of the two
partners; the cation may be found either on ‘top’ of the
macrocycle (e.g. for [12]-N,O,) or inside the macrocyclic
cavity (e.g. for the larger [15]-N,0; and [16]-N,O, rings).

In complexes (8a—<), orientation of the carbonyl group
more or less towards the metal ion bound to the macrocyclic
subunit may activate the CO substrate towards nucleophilic
reactions at the carbon centre (see Figure 1). Reaction of
co-ordinated CO with nucleophiles such as H,O, H-, HO-,
and MeO~ 12 may be enhanced by interaction of its oxygen
with a Lewis acid!3 such as a metal ion,13:14 bound for instance
to a polyether chain in the ligand.!5 Lateral macrobicyclic
cryptates represent a class of systems well suited (see Figure 1)
for inducing processes of ‘push—pull’ dimetallic substrate
activation.
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