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A Unique Asymmetric [Mn}] Triple-Stranded
Helicate from a Symmetric Pentadentate
Ligand**

Guillem Aromi, Paula Carrero Berzal, Patrick Gamez,
Olivier Roubeau, Huub Kooijman, Anthony L. Spek,
Willem L. Driessen, and Jan Reedijk*

One of the richest parcels of supramolecular chemistry is
that where the various components of a complex assembly
recognize and associate with each other “via” the intermedi-
acy of coordination bonds.'! In this area, the specific
coordination requirements of transition metals are combined
with the electronic and structural features of new ligands in
the design and construction of unprecedented molecular
architectures displaying novel and exciting properties. This
approach has been relatively unexplored in the field of
molecular magnetism.?! We have recently started a program
aimed at the design and preparation of novel multidentate
ligands as a means of assembling transition metal centers into
species displaying new topologies and innovative magnetic
properties. In this context, we have built in the same molecule
two f-diketone units and a phenol group to produce a
symmetric O-pentadentate ligand (H;L).P! The preparation of

O O OH O O

some related molecules and their use as dinucleating ligands
have been reported in the literature.[) We intended to use a
basic form of H;L as a template to bring in proximity a
number of transition metals in discrete, molecular arrays.
Examples of such systems involving oligo-a-pyridylamine
ligands are known.?> 1 We now report the first case with an
oxygen donor ligand and introduce an unprecedented asym-
metric topology within the context of coordination helicates.

Reaction of H;L with one equivalent of Mn(AcO),-4H,0
in the solvent mixture MeOH/py (2/1, v/v) leads to a yellow
crude product upon precipitation with hexanes. Recrystalli-
zation of this product from CH,Cl,/Et,O/hexanes affords
yellow needles of [Mn;(HL);] (1) in an overall yield of 15 %.
The structure of 1€ (Figure 1) consists of a trinuclear array of
Mn" ions chelated and bridged by three HL?*~ ligands
wrapped around the molecular axis in an irregular helical
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Figure 1. Pluton representation of complex 1.

manner. The three metal centers are quasi colinear (Figure 2;
the Mn(1)-Mn(2)-Mn(3) angle being 179.20(3)°) and display
three distinct Mn ---Mn vectors with distances of 3.024(17),
5.044(2), and 8.076(3) A for Mn(1) ---Mn(2), Mn(2) --- Mn(3),
and Mn(1) ---Mn(3), respectively. This topological asymmetry

Figure 2. Pluton representation of 1 down the molecular axis emphasizing
the amphiverse helical nature of the complex.

of the metals along the molecular axis is what makes this
compound unique amongst the family of metallohelicates.!"!
To the best of our knowledge, this is the first asymmetric
homometallic helicate obtained from a ligand with idealized
C,, symmetry. In addition, it constitutes a new addition to the
smaller subset of compounds within this category that are
based on oxygen donor ligands.[*< 7 8] The peripheral metals
of the complex are chelated by the -diketonate units of the
ligands. Evidence of the high degree of conjugation within
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these chelate rings is their quasi planarity. The central metal
ion is bridged to Mn(1) by the three inner oxygen donors of
the corresponding diketonate groups, with the oxygen atoms
from the phenol units completing the hexacoordination
around this ion in the form of six-membered chelate rings.
In contrast to the case of the external Mn ions, the chelate
rings involving Mn(2) display a distorted chair conformation.
The coordination around the Mn centers is intermediate
between octahedral and trigonal prismatic, with twist angles]
and Mn—O distances within the ranges of 16.55-34.87° and
2.092(4)-2.261(4) A, respectively. The +2 oxidation state of
all the Mn ions is consistent with valence bond sum analysis,
the elemental analysis!'l of the compound, and its magnetic
behavior (see below). The cavity left between Mn(2) and
Mn(3) is the most likely location of the three protons
necessary to insure the electroneutrality of the complex, and
indeed residual electron density was found in this area during
the crystal structure determination.! The O—H --- O contacts
between O(13), O(18), O(23) and O(14), O(19), O(24),
respectively, (2.409(6), 2.382(6), and 2.385(6) A) are slightly
shorter than in organic molecules containing an equivalent
moiety['] and fall within the range found in coordination
complexes displaying the M—O—H---O—M unit.l'l These
hydrogen-bond interactions are undoubtedly influencing the
overall stereochemistry of the molecule (see below). The
topological asymmetry of 1 translates into the presence of
different helical domains. The irregularity of the helix is
further brought about by the change of chirality of the metals
along the chain. These show the A, 4, and A configurations(?!
for Mn(1), Mn(2), and Mn(3), respectively (Figure 3); the
AAA4 form exists in the crystal in an equal amount by virtue of
the inversion center present within the Pccn space group. This
alternation of configuration leads to the change of helicity
through the molecular axis that renders this helicate amphi-
verse (Figure 2).

A A A

Figure 3. Stereochemistry along the axis of helicate 1.

Consistent with the relatively slow electronic relaxation of
the Mn" ion,"*l the '"H NMR spectrum of 1 in CDCIl; shows
only very broad, paramagnetically shifted signals. This
precludes the study of the enantiomerization dynamics of
this new type of helicate using that technique. Diamagnetic
versions of 1 with a built in stereochemical probe in the form
of diastereotopic protons could be used for that purpose, and
this is currently being explored.

Variable-temperature magnetic susceptibility measure-
ments were performed on powdered 1 in the 5-300 K range
under a constant magnetic field of 20 kG. A plot of the
effective magnetic moment (u.¢/ug) versus temperature (7/K)
is shown in Figure 4. The value of u.4 at room temperature
(10.1) is very close to the spin-only value (10.25 u) expected
for three uncoupled Mn" ions per molecule with g =2.00, and
the value decreases monotonically to reach 5.87 ug at 5 K.
This behavior indicates the presence of antiferromagnetic
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Figure 4. Plot of the effective magnetic moment (u.¢) per molecule versus
T for 1in a 20.0 kG field. The solid line is a fit of the data to the appropriate
theoretical equation; see the text for the fitting parameters.

interactions within this system. The magnetic data have been
fit to a theoretical expression obtained by use of the van Vleck
equation,[” the Kambe vector coupling method,® and the
spin Hamiltonian given in Equation (1).

H = ﬂ383§3§+,“3812§12§— 2SS, @)

This Hamiltonian results from consideration of a simple
model consisting of the presence of an exchange-coupled
Mn!---Mn" pair next to a third, uncoupled Mn!! center. In
Equation (1), §; is the spin of Mn;, with §;,=8,=8;=%, J is
the exchange constant of the Mn, --- Mn, coupling, g, and g
are the Landé factors of the Mn,;, pair and the Mn; ion,
respectively, up is the Bohr magneton, and B is the external
magnetic field. The best fit (Figure 4, solid line) was found for
J=-2.38(2) cm™!, g3=2.08(2), and g,,=1.90(2). A temper-
ature-independent paramagnetism parameter (TIP) was held
constant at 600 x 1076 cm*Kmol~!. A detailed analysis of the
magnetic susceptibility data by use of a full-matrix diagonal-
ization method will be necessary in order to evaluate the
importance of the three possible Mn2—O—H --- O—Mn3 addi-
tional pathways for the magnetic super-exchange.

The unique triple-stranded helicate 1 is the first crystallo-
graphically characterized complex with a deprotonated form
of H;L. The study of the coordination properties of this ligand
is currently being extended to other metals.
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