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A novel S4-symmetric icosanuclear manganese metalladiazamac-
rocycle was synthesized using a pentadentate ligand, N-3-phenyl-
trans-2-propenoylsalicylhydrazide (H3L), that has a rigid and bulky
terminal N-acyl group. A 20 cyclic repeat of an −(Mn−N−N)−
linkage resulted in a highly puckered diaza-bridged 60-membered
icosanuclear metallamacrocycle. The steric interaction between the
ligands in the cyclic system leads to five consecutive MnIII centers
in a chemically different −(MnAMnBMnCMnDMnE)− environment, with
the chiralities of the metal centers being in a rather complicated
−(ΛΛ∆ΛΛ)(∆∆Λ∆∆)− sequence.

Metallamacrocycles such as molecular squares1 and rect-
angles,2 molecular wheels,3 metallacrowns,4 metalladiaza-

macrocycles,5-7 and cyclic polyoxometalates8 that contain
metal ions as ring constituents are an interesting class of
compounds because these types of molecules could be used
as building blocks for diverse molecular architectures,9

molecular magnets,10 sensor materials,11 and host systems
for various guest recognition chemistries.12 The size of the
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E.; Glahé, F.; Lippert, B.J. Am. Chem. Soc.2000, 122, 1381-1390.
(e) Patel, U.; Singh, H. B.; Wolmersha¨user, G.Angew. Chem., Int.
Ed. 2005, 44, 1715-1717. (f) Halper, S. R.; Cohen, S. M.Angew.
Chem., Int. Ed.2004, 43, 2385-2388.

(10) (a) Tasiopoulos, A. J.; Vinslava, A.; Wernsdorfer, W.; Abboud, K.
A.; Christou, G.Angew. Chem., Int. Ed.2004, 43, 2117-2121. (b)
Galán-Mascaro´s, J. R.; Dunbar, K. R.Chem. Commun.2001, 217-
218.

(11) Lee, S. J.; Lin, W.J. Am. Chem. Soc.2002, 124, 4554-4555.

Inorg. Chem. 2006, 45, 7991−7993

10.1021/ic060646d CCC: $33.50 © 2006 American Chemical Society Inorganic Chemistry, Vol. 45, No. 20, 2006 7991
Published on Web 09/02/2006



metallamacrocycles could be determined by the nature of
the bridging ligands and metal ions involved, such as the
length of a bridging group between the metal centers, the
coordination geometries of the metal ions, or the number of
repeating units in the cyclic structure.1a,2a,c,3a,13

Diaza-bridged metallamacrocycles,5-7 termed metalladiaza-
macrocycles,5a have received considerable interest because
of their potential to be used as secondary building blocks
for the construction of two- or three-dimensional network
structures.14 These compounds can be readily assembled
using a trianionic pentadentate ligand,N-acylsalicylhy-
drazide, with trivalent octahedral metal ions.5,6 The ring size
of the metalladiazamacrocycle can be controlled by modify-
ing the close-contact interactions between the residues of
the ligands that are directed to the inner core of the cyclic
structure.5b With flexible linear or â-substitutedN-acyl
groups, the 18-membered hexanuclear metallamacrocycles
are preferred as the most stable geometry, regardless of the
length of the chain or the size of theâ substituents.5b-d,6c

With sterically demandingR substituents at theN-acyl
groups, 24-5b,6b or 30-membered5b,6a metallamacrocycles
could be generated depending on the size and numbers ofR
substituents on theN-acyl group. The introduction of a rigid-
rod-shapedN-acyl group such as atrans-2-pentenoyl group
with a double bond led to a puckered 36-membered dode-
canuclear metallamacrocycle.5a Even though the size of the
N substituent is comparable to those of linear acyl groups,
the rigid trans-2-pentene group with a restricted rotational
degree of freedom results in the ring expansion of the
metallamacrocycle to a puckered dodecanuclear system.

In this study, we tried to observe the effect of a bulkier
group along with rigidity at theN-acyl position of the ligand
upon complexation with an octahedral metal ion such as Mn.
In connection with this, we report the synthesis of a new
pentadentate ligand, 3-phenyl-trans-2-propenoylsalicylhy-
drazide (H3L), that has a rigid-rod-shaped terminalN-acyl

residue with a sterically bulky phenyl end (Chart 1) and the
preparation of its Mn complex: a 60-membered icosanuclear
metalladiazamacrocycle (see the Supporting Information).

Dark-brown needle-shaped single crystals15 of [Mn20L20-
(DMSO)18(H2O)2] were obtained by slow diffusion of ethanol
into a dimethyl sulfoxide (DMSO) solution of manganese-
(II) acetate and the ligand. The ligand has three replaceable
protons and hence coordinates as a trianion via three O atoms
and two hydrazinic N atoms. The ligand not only bridges
the ring metal ions using a hydrazide N-N group but also
directs the stereochemistry of the metal ions into aΛ or ∆
configuration (Figure S1 in the Supporting Information). The
O1, N1, and O3 atoms bind to one Mn atom, and O2 and
N2 bind to the adjacent Mn in a back-to-back fashion (Figure
S2 in the Supporting Information), leading to a highly
puckeredS4-symmetric 60-membered cyclic structure con-
sisting of 20 Mn metal ions and 20 ligands (Figures 1 and
2). The Mn ions in complex1 are in five different chemical
environments that can be designated as MnA, MnB, MnC,
MnD, and MnE and represented as a cycle of-(MnAMnB-
MnCMnDMnE)- repeating units (Figure S1 in the Supporting
Information and Figure 1). Each metal center has a distorted
octahedral geometry with five donors from two ligands, with
the remaining coordination site being occupied by a DMSO
or water molecule. Only 8 N-terminal 3-phenyl-trans-2-
propenoyl groups out of 20 are directed to the inner core of
the metallamacrocycle, while the remaining 12 N-terminal
groups are directed outward (Figure 1). While all phenoxy
parts of the ligands are located at the outer side of the
macrocycles in all previous instances, four phenoxy groups
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Chart 1. Schematic Diagram of Ligand H3L with Partial Labeling

Figure 1. ORTEP diagram of complex1 (top view) drawn with Mn and
N atoms having 50% probability ellipsoids and the others having 10%
probability ellipsoids. Mn atoms are represented by green, and N atoms
are represented by blue. The (Mn-N-N)n- linkages are highlighted with
thickened bonds, and the chiralities of the metal centers are shown in a
-(ΛΛ∆ΛΛ)(∆∆Λ∆∆)- sequence. The red part represents an asymmetric
unit in the crystal structure.
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can be viewed as “inverted” to the inner side in this
icosanuclear system. The sequence of the chiral configuration
of Mn centers in the metalladiazamacrocycle was also found
to be different from that of previous reports.5,6 The five Mn
centers MnA, MnB, MnC, MnD, and MnE of the asymmetric
unit possess a rather complicatedΛΛ∆ΛΛ chiral sequence
(Figure S2 in the Supporting Information and Figure 1). The
observed chiral configuration after a∆∆ (or ΛΛ) sequence
is Λ (or ∆). The Mn centers in theS4-symmetric icosanuclear
metallamacrocycle can be identified as possessing a
-(ΛΛ∆ΛΛ)(∆∆Λ∆∆)- chiral configuration sequence. The
change of the chirality of the metal center induces a bending
in the puckered cyclic folding. While the change of the
chirality from Λ to ∆ (or vice versa) produces a wide turn
in the folding, two consecutive changes of the chiralities,
such asΛ∆Λ (or ∆Λ∆), produce a sharp turn (Figure 1).
The combination of the wide and sharp turns leads to a
puckered cyclic structure. TheΛΛΛ or ∆∆∆ consecutive
configurations were not observed. This chiral sequence might
lead to a helical structural segment that may make it difficult
for ring closure of the folded chain. The neighboring Mn-
Mn interatomic distances are in the narrow range of 4.820-
4.911 Å. However, the Mn-Mn-Mn interatomic angles in
the puckered 60-membered ring are in the range from
102.45° to 132.20° with an average value of 121.53°, which
is much smaller than the value in the ideal planar cy-
cloicosane structure (162°).

The magnetic behavior of complex1 is illustrated in Figure
3. The effective magnetic moment (µeff) decreased slightly
with decreasing temperature from 4.46µB at 300 K to 4.07
µB at 50 K. Below 50 K, it rapidly decreased and reached
1.71µB at 2 K. This behavior is typical for a weakly coupled
antiferromagnetic system. Thus, by fitting the magnetic
susceptibility data at high temperatures,T > 50 K, to the

Curie-Weiss expressionø-1(T) ) C/(T + Θ), we obtained
an effective coupling constantJeff (-1.99 K) and an effective
magnetic moment per metal ionµeff (4.5 µB) for the
metallamacrocycle1. This behavior is similar to that reported
for other similar metalladiazamacrocycles.5,6

In this study, we prepared a 60-membered manganese
metalladiazamacrocycle using 20 ring Mn ions and 20
3-phenyl-trans-2-propenoylsalicylhydrazides as diaza bridg-
ing ligands, where a 3-phenyl-trans-2-propenoyl group serves
as a sterically rigid and bulky N-terminal residue. Steric
repulsion between the N-terminal groups resulted in the
inverted arrangement of some of the phenoxy parts of the
ligands to the inner core of the macrocyclic ring system with
some of the terminalN-acyl groups on the outer side. The
inverted positioning of the phenoxy orN-acyl groups in the
cyclic system resulted in a highly puckeredS4-symmetric
icosanuclear metalladiazamacrocycle with a new type of
-(ΛΛ∆ΛΛ)(∆∆Λ∆∆)- chiral sequence.

Further efforts to understand the factors that govern the
sequence of the stereochemistry of the metal center, the
nuclearity and size of the macrocycle, and the final archi-
tecture of this type of macrocyclic assembly are in progress
in our laboratory.
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Figure 2. Perspective side view of complex1 showing the ring puckering
in theS4-symmetric metallamacrocycle. Mn atoms are represented by green,
and N atoms are represented by blue. The (Mn-N-N)n- linkages are
highlighted with thickened bonds.

Figure 3. Plots of the effective magnetic moment (µeff) and the inverse
magnetic susceptibility (ø-1) as a function of temperature for complex1.
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