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polar molecules, such as urea. An alternative possibility is to
assemble a given set of molecules around a metal center™ or
molecular pattern®4 and then couple the molecules to one
host—-guest complex. In this reaction sequence the metal
center or molecular pattern functions as template.’] In a
number of recent reports the latter strategy has been used for
the synthesis of catenanes and knots,'! and of molecular wires
imbedded in an alkane double helix.I”! In these reactions, host
and guest often become irreversibly integrated in an assembly
with novel molecular properties.

In a recent study, we prepared a series of shape-persistent
multimetallic compounds which can be easily converted into
the corresponding multicationic species.®! The cationic sites in
the trication of 1 (see Scheme 1) used in the present study are
fixed in a two-dimensional space and are at the corners of a
triangle with edges of 1.75 nm.[® The NCN pincer platinum
cations bind new ligands exclusively trans to C,,, along the
pseudo C, axis of the molecule (C,-C,,,-Pt). Accordingly,
binding of pyridine ligands provides a special molecular
arrangement having the planes of the tris(phenylene)benzene
core and the pyridine ligands coplanar. It turns out that of the
combinations ECE pincer ligand/metal/pyridine (E: N, S;
metal: palladium, platinum) the NCN pincer platinum
pyridine complexes are the kinetically most stable ones.!
Moreover, the NCN-Pt complexes are the least active
catalysts for the isomerization of a-olefins (see below). This
makes the trication of 1 an ideal template for interconnecting
the pyridine rings at the ortho or meta positions thereby
forming a large tris(pyridyl) macrocyclic compound around
the trication.

Here we report the selective linking of 2,6-bis(dec-9-
enyloxy)pyridine substituents by alkene metathesis to form a
69-membered tris(pyridyl) macrocycle. Its detachment occurs
by addition of nucleophiles, for example, CI-. The trisolefinic
macrocycle could be hydrogenated and subsequently recoor-
dinated to the tricationic template. This sequence (Scheme 1)
provides a new approach to the selective synthesis of large-
ring macrocyclic hosts which have as the only preorganization
a precise atom connectivity pattern.

2,6-Bisolefin-substituted pyridines 2a,b were prepared
from 9-decen-1-ol and 2,6-dibromopyridine or 2,6-bis(chloro-
methyl)pyridine, respectively. The template precursor 1
(1 mmol) was reacted in CH,Cl, with three equivalents of
either 2a or 2b in the presence of suspended AgBF, to give
the tricationic compounds 3a or 3b, respectively, in quanti-
tative yields. A prolonged reaction time (30 min to 16 h) is
necessary because of the poor solubility of AgBF, in CH,Cl,.
The compounds 3 undergo alkene metathesis in the presence
of the first-generation Grubbs catalyst, [Cl,(Cy;P),Ru=
CHPh] (5 mol% per pyridine ligand), leading to the tricat-
ionic tris-platinum heteromacrocycle complexes 4. The al-
kene metathesis reactions were performed under high dilu-
tion (1 x1073M) to prevent intermolecular olefin metathesis
polymerization. Easy detachment of the newly formed
macroheterocycle from the tricationic template was possible
by reacting 4 with an aqueous NaCl solution, affording free
macrocycle Sa or Sb and the neutral template precursor 1. In
fact, pure 1 was obtained quantitatively and could be reused
in subsequent experiments.
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Scheme 1. a) AgBF,, CH,Cl,; b) [Cl,(PCy;),Ru=CHPh] 5 mol %, CH,Cl,; ¢) NaCl, H,0/CH,Cl,; d) H,, Pd/C.

The macroheterocycles 5§ were isolated by preparative
thin-layer chromatography (TLC) in 67 (5a) and 44% (5b)
yield. Some mono-pyridine macrocycles and linear oligomers
were also formed as by-products. In an attempt to increase the
reaction rate and to decrease the amount of catalyst, the
more  active  second-generation = Grubbs  catalyst,
[CL(PCy;)(IMes)Ru=CHPh], IMes = 1,3-bis(2,4,6-trimethyl-
phenyl)-4,5-dihydroimidazol-2-ylidene, was used in the meta-
thesis reaction of 3b. However, this led to a dramatic decrease
in yield of macrocycle 5b (20%), while large amounts of
oligomers were formed. These findings point to the occur-
rence of secondary cross- and ring-opening metathesis
polymerization (ROMP) reactions.

As 5a and S5b were formed as mixtures of cis/trans
trisolefinic heteromacrocycles, for analysis purposes they
were hydrogenated over Pd/C in CH,CI, thus providing the
alkane macrocycles 6a (99 %) and 6b (80 % ).[' In the case of
5b, some hydrogenolysis of the benzylic ether bond was
observed as a side reaction.'l Tt should be noted that
according to mass spectrometry both saturated compounds
6 contain macrocycles having one CH, group less as small
impurities. These macrocycles are most likely formed through
cross metathesis of an a-olefinic substituent with a 3-olefinic
one, which was formed by a prior metal-catalyzed isomer-
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ization reaction. Unfortunately, it was not possible to separate
these macrocycles from the desired products by TLC.

The macrocycles 6, which are very flexible and non-
preorganized (e.g., by conformational preferences in the
connecting alkanediyl chains), were further studied as hosts
for highly preorganized nanosized trimetallic guests such as 1.
The reaction of 6a with 1 gave—after work-up with acetone—
complex 7a in almost quantitative yield (96 %). Character-
ization comprised NMR spectroscopy, elemental analysis and
electrospray mass spectrometry.l'” The mass and isotopic
pattern in the experimental spectrum was identical to that in
the calculated spectrum for the tricationic complex 7a.

Definite proof for the reattachment to 1 and the perfect
cyclic structure of 6a was provided by an X-ray structure
determination of 7a (with tetraphenylborate as counter
anion). This salt was obtained by reaction of 7a with NaBPh,
in acetone. The molecular geometry and some selected
distances and angles are given in Figure 1.1”! The central
benzene ring of the template is substituted at positions 1, 3,
and 5 with pincer—platinum moieties, each at a different twist
angle (the dihedral angles between the planes of the central
ring and the pincer aryl rings range from 25.6(3) to 85.1(5)°).
The macrocyclic tris(pyridyl) ligand is ligated through its
pyridine N atoms to the three peripheral metal centers trans
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Figure 1. ORTEP representation of the cation in complex 7a. The
hydrogen atoms have been omitted for clarity. Only the major confor-
mation of each of the disordered groups is shown. Selected bond
lengths [A] and angles [°]: Pt1-C1 1.910(5), Pt1-N1 2.104(4), Pt1-N2
2.087(4), Pt1-N7 2.191(4), Pt2-C13A 1.916(5), Pt2-N3A 2.094(6), Pt2-
N4A 2.071(5), Pt2-N8 2.192(4), Pt3-C25 1.929(5), Pt3-N5 2.090(4), Pt3-
N6 2.093(4), Pt3-N9 2.183(5); C1-Pt1-N1 81.72(18), C1-Pt1-N2
81.19(18), N1-Pt1-N7 94.71(15), N2-Pt1-N7 102.39(15), C1-Pt1-N7
176.32(17), N1-Pt1-N2 162.86(16), C13A-Pt2-N3A 80.4(2), C13A-Pt2-
N4A 81.8(2), N3A-Pt2-N8 98.4(2), N4A-Pt2-N8 99.5(2), C13A-Pt2-N8
176.87(19), N3A-Pt2-N4A 161.8(3), C25-Pt3-N5 82.24(19), C25-Pt3-N6
81.33(19), N5-Pt3-N9 96.92(17), N6-Pt3-N9 99.55(17), C25-Pt3-N9
178.3(2), N5-Pt3-N6 163.49(18).

to C,,,, of the framework. The pyridine rings of the ligand are
nearly perpendicular to the PtCN; ((NCN)-Pt-N(py)) coor-
dination planes (84.3(4)-89.8(3)°), and are linked at the 2-
and 6-positions by saturated O(CH,),5O bridges to form a 69-
membered macrocycle.

In conclusion, this report demonstrates the possibility of
synthesizing large polynuclear heteromacrocycles by meta-
thesis of olefin-substituted pyridines in the coordination
sphere of symmetric, shape-persistent multimetallic tem-
plates. In addition, these multimetallic templates are quanti-
tatively recovered. Currently, this template-directed synthesis
is applied in the selective and high-yield synthesis of large
heteroatomic crown ether rings.
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