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Hybrid Metallacoronates or One-Dimensional
Oxo-Bridged Metal Strings by Self-Assembly—
Coordination Number Controlled Product
Formation™*

Rolf W. Saalfrank,* Harald Maid, Nicolai Mooren, and
Frank Hampel

Dedicated to Professor Kenneth N. Raymond
on the occasion of his 60th birthday

Recent developments in the field of design and synthesis of
supramolecular inorganic structures that exhibit novel prop-
erties have provided exciting new prospects.!!l We have
reported on the template-mediated self-assembly of three-
membered copper coronate 1 and sandwich complex 2,
starting from dialkyl ketipinates H,L! (Scheme 1).21 A
common feature of these complexes is that the incapsulated

1. Ca(NO4),
2. Cu(OAc),
o LU, D
i
=0 1: (Cac[Cu, (L' 1, }HNO,),
=0 1. GuCl, )
]
RO S0 M 22N KOH @

HL | Q_O:ﬁ

=cu” @ =ca” 2 {KclCuyll'),],10H
K

RO OR

Scheme 1. Synthesis and schematic representation (without coordinating
solvent molecules) of metallacoronate 1 and metallasandwich complex 2.

o
@

alkali or alkaline-earth metal ions are coordinated to the inner
carbonyl oxygen donors. Compared to the ketipinate dianions
(LY)?~, the hybrid dianions (L?)?>~ or (L*)*~ of the glycolate- or
catecholate-bridged bis-1,3-diketones, owing to their extra
oxygen donors, should be even better ligands*-®! for the design
of metallacoronates. To test this hypothesis, we prepared a
solution of bis-1,3-diketone H,L? and a twentyfold excess of
alkali metal acetates (M =K, Rb, Cs) in methanol, and added
this mixture dropwise to a solution of copper(il)acetate in
methanol. Green crystals were obtained in each case
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(Scheme 2). The microanalytical data and FAB-MS spectra
provided indications that the products were the dinuclear
copper chelate compounds 3. 8

1. MOAc
L2 2. Cu(QAC), m
2 —_—
MeOH
O =Cu® 3: (Mc[Cuy (L), ]}OAc 2MeOH

@ =w K. R Cs)

—
i o o n o o
L7 = A oo A,

Scheme 2. Synthesis and schematic representation of the hybrid metal-
lacoronates 3.

To obtain an unambiguous characterization of the molec-
ular structure of the metallacoronates 3, we carried out a
single-crystal X-ray structure analysis of the potassium
complex 3, M = Kl (Figure 1). According to this analysis, in

~" ~ ol
d ‘{i;) %
-~ \

T
) a0

Figure 1. Stereoview of hybrid metallacoronate 3, M=K, in the crystal.
Selected bond lengths [A] (mean values): Cu-O° 1.918, Cu-O' 1.924, K-Oi
2.923, K-0¢2.986 (O° = outer O, Oi = inner O, O°¢ = ether-O). The dihedral
angle of the tetragonal pyramid bases at copper is 84°.

3, M=K, the two copper(ll) centers are linked through two
bis-bidentate glycolate-bridged bis-1,3-diketone dianions
(L?)?, affording a [22]metallacrown-8 system (22-MC-8).
Formal replacement of the two copper(i) centers in the
metallacoronand 22-MC-8 by ethylene bridges gives the
topologically equivalent crown ether [24]crown-8. Each
copper(t) ion in K-3 is coordinated in a square-pyramidal
fashion to four oxygen atoms of the ligands (L?)*~ and that of a
methanol molecule. The resulting metallacoronand 22-MC-8
is wrapped around a central potassium ion with the effect that
four carbonyl oxygen and four ethyleneglycol oxygen donors
each are coordinated to this center. Charge compensation is
achieved through coordination of an extra disordered acetate
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ion to the potassium ion. Thus 3, M =K, can be characterized
as a double-stranded helicate incapsulating a potassium ion.
Viewed ideally, the cationic core of the system {KC
[Cu,(L?),]}* has D, symmetry, which is reduced for {KC
[Cu,(L?),]}*-2MeOH to C, and for {K C[Cu,(L?),]}OAc-
2MeOH to C,. As a rule, chiral molecules from achiral
building blocks yield racemic mixtures.'”l As expected, the
crystals of helical 3, M =K, contain both enantiomers (P and
M) as documented by the space group C2/c.

The prognosis of the structure of supramolecular coordi-
nation complexes is based on the careful selection of matching
metal —ligand combinations. However, previous findings
prompted us to tackle nonmatching metal —ligand combina-
tions as well.l'¥] In extension of this strategy, starting with the
hybrid dianions (L?)*~ or (L*)?* and hexacoordinate divalent
metal ions, instead of tetra-/pentacoordinate copper(11), bicy-
clic negatively charged {2}-metallacryptates {M' C [(M"),(L%
L3),]}~ were expected. The formation of a dimetallic triple-
stranded helicate (={2}metallacryptand) is associated with
the generation of a cavity. The host —guest properties of these
self-assembled voids strongly depend on the possible inter-
action between spacer and guest and the charge of the
{2}metallacryptand. Notably, most of the macrobicyclic host
cavities remain unoccupied and only recently it was shown that
alkyl-bridged biscatecholate ligands or m-pyridinediyl-spacered
bis-1,3-dicarbonyl dianions yield {2}metallacryptates.['4!

However, despite these achievements, there were only
speculations about the final composition of the neutral
species, which may be deduced from anionic {M'C
[(M™),(L?/L?)5]}~. Therefore, we allowed a solution of cat-
echolate-bridged bis-1,3-diketone H,L? in methanol to react
with nickel(11) acetate in the presence of a twentyfold excess of
cesium ions as template (Scheme 3) and, after work-up,
isolated a microcrystalline green solid. Based on the elemen-
tal analysis and FAB mass spectrometry, the resulting solid
represents a neutral {2}metallacryptate of the composition
[{Cs C [Niy(L?)3]}Cs], which was unequivocally characterized
by an X-ray crystallographic structure determination.!']
According to this analysis the {2}metallacryptand [Ni,(L%);]*~
core is composed of two nickel(t1) centers linked through three
bis-bidentate catecholate-spacered bis-1,3-diketone dianions

1. CsDAc

o5 2 NilOAG),
L ——p
MeOH

(4)": (CseNiy(L), ]}

/——-\ = (L:’)z_

© =N* @ =cs

{er0|{®20{®"e
SO TR YIRS
(4), : [{Cs<INi,(C); 11 Cs],,

Scheme 3. Synthesis and schematic representation (without methanol
molecules) of the one-dimensional oxo-bridged metal string (4-3MeOH),.
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(L?®)*~. Therefore, each nickel(m) ion is coordinated octahe-
drally by six oxygen donors. The resulting {2}metallacryptands
are homochiral with either (4,4)-fac or (A,A4)-fac configu-
ration at the nickel centers. They hold a cesium ion in the void,
which is coordinated by six carbonyl oxygen and six catecho-
late oxygen donors, each. Charge compensation of the
{2}metallacryptates (4)~ is achieved through extra external
cesium ions. Interestingly, the thus accessible neutral (4,4)/
(A,4) building blocks [{Cs C [Ni,(L?);]}Cs] 4 are self-comple-
mentary and aggregate alternating across the external cesium
ions to give the unprecedented one-dimensional oxo-bridged
metal  string  meso-[{Cs C[Niy(L?);]}Cs-2MeOH], (4-
2MeOH),.l'"] In (4-2MeOH), the coupling external cesium
ions are coordinated to two sets of three peripheral carbonyl
oxygen donors and two methanol molecules. An additional
noncoordinated methanol molecule per monomer unit trap-
ped in the crystal leads to the final overall stoichiometry (4-
3MeOH), for the polymer (Scheme 3, Figure?2). In the
crystal, the oxo-bridged metal strings (4-2MeOH), run
parallel to the (a,c)-plane diagonal of the unit cell (Figure 3).

Figure 2. Structure of the self-complementary monomers 4 in the crystal.
For reasons of clarity the methanol molecules were omitted. Selected bond
lengths [A] (O°/Cs° = outer O/Cs, O//Cs' = inner O/Cs, O¢ = ether-O, mean
values are labeled with *) of 4: Ni-O° 2.044*, Ni-O' 2.030*, Cs-O' 3.201 -
3.441, Cs'-O° 3.259-3.648, Cs°-O° 2.948 —3.397.118]

Figure 3. Stereo view of the crystal packing of the oxo-bridged metal
strings (4-2MeOH),. View along the b axis. For reasons of clarity the
noncoordinating methanol molecules are omitted.
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In conclusion, we have developed a convenient route for
the template-mediated self-assembly of hybrid metallacoro-
nates {K C[Cu,(L?),]JOAc. Evaluation of the construction
plan of these systems initiated the elaboration of self-
complementary monomer [{Cs C [Ni,(L?);]}Cs] and finally of
the one-dimensional oxo-bridged metal string [{CsC
[Niy(L?);]}Cs],. There is currently much interest in the
fundamental study of oxygen-mediated metal—metal inter-
actions and their potential applications.!"”

Experimental Section

K-3: A solution of H,L? (96 mg, 0.25 mmol)P¥! and potassium acetate
(245 mg, 2.5 mmol) in methanol (64°C, SmL) was added dropwise to a
solution of copper(i1) acetate monohydrate (50 mg, 0.25 mmol) in methanol
(5mL). The green solution was filtered and layered with diethyl ether
(20 mL). Yield: 129 mg (98 %), green crystals; m.p. >134°C (decomp); IR
(CHBr;3): 7=1592, 1559, 1516 cm~!'; FAB-MS (3-nitrobenzyl alcohol
matrix): m/z: 927 {K C [Cuy(L?),]}+.118

(4),: A solution of nickel(i1) acetate tetrahydrate (166 mg, 0.67 mmol) in
methanol (5mL) was added dropwise to a mixture of H,L3 (306 mg,
1.00 mmol)P! and cesium acetate (1.286 g, 6.70 mmol) in methanol (64°C,
SmL). The green solution was filtered and layered with diethyl ether
(10 mL). Yield: 116 mg (27%), emerald green crystals; m.p. >230°C
(decomp); IR (CHBr3): 7=1611, 1469 cm~'; FAB-MS (3-nitrobenzyl
alcohol matrix): m/z: 1561 [Cs{Cs C [Ni,(L?);]}Cs]*, 1429 [{CsC
[Nip(L2); ]} Cs] .0
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Natural Products Are Biologically Validated
Starting Points in Structural Space for
Compound Library Development: Solid-Phase
Synthesis of Dysidiolide-Derived Phosphatase
Inhibitors**

Dirk Brohm, Susanne Metzger, Ajay Bhargava,
Oliver Miiller, Folker Lieb, and Herbert Waldmann*

The combinatorial synthesis of compound libraries on
polymeric supports is at the heart of protein ligand and
inhibitor discovery, in particular in the development of new
drugs and chemical tools for the study of biological processes.
To achieve high efficiency in this process, powerful and
alternative strategies for the design of compound libraries are
of paramount importance. Herein, a structure-based approach
to this fundamental problem is outlined. The key feature is to
employ the structural frameworks of biologically active
natural products, which are evolutionarily selected for binding
to specific protein domains, as a guiding principle for library
development. Furthermore, it is demonstrated that the key
synthetic challenge posed by this approach, the multistep
solid-phase synthesis of natural products and their analogues,
can successfully be met.

Proteins can be regarded as modularly built biomolecules
assembled from individual domains as building blocks. Since
the total number of all available protein domains appears to
be fairly limited,['! it has to be expected that in newly
discovered proteins with widely varying function and activity
the same modules (i.e. domains) or close relatives will be
found repeatedly in varying combinations and arrangements
as structure- and function-determining entities. Thus, a key to
the efficient discovery of new ligands and inhibitors for known
and, in particular, for newly discovered proteins is to identify
compound classes already biologically validated as being
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