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New Pyridine-modified Macrocycle and Its Ability to Encapsulate Four Divalent Metal Ions
[Nickel(II), Manganese(Il), and Zinc(II)] into the Ring
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A large phenol- and polyether chain-based macrocycle H,L
possessing four pyridylmethyl groups as pendant donors was
prepared and its ability to encapsulate four divalent metal ions
[Ni(IT), Mn(Il), and Zn(II)] was confirmed by IR and NMR
spectroscopy and X-ray crystallography.

Tetranuclear metal complexes in which the metal ions are
located in close proximity are of current interest,’ as models of
multi-electron redox reactions, such as the oxygen-evolving
complex (OEC) of photosystem II of green plants.” In an earlier
stage of our program to produce tetranuclear metal complexes, we
have synthesized a phenol-based large macrocycle H,L,*> which
had been designed to encapsulate four metal ions into the ring.
However, the macrocycle could not give any tetranuclear
complexes, instead, functioned as a dinucleating ligand. Thus,
with the aim of strengthening metal binding ability to produce
tetra- or polynuclear structures, we have designed and
synthesized a new functionalized macrocycle H,L,, which
possesses four pyridylmethyl groups onto the secondary amines
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Functionalized ligand HyL,, used in this study

of the reduced macrocycle. Herein we report its property as a
tetranucleating ligand toward divalent metal ions Ni(II), Mn(II),
and Zn(Il). And, further, structural characterization and magnetic
property are described for the isolated complexes [M,(L,)-
(CH,CO,),[(C10,),*3H,0(M = Ni: 1, Mn : 2, and Zn : 3). To
our best knowledge, H,L is the first example as a stable large
macrocycle which can be isolated and afford a type of “dimer of
dimers” tetranuclear arrangement* toward different metal species.
The new macrocyclic ligand was prepared by general N-
alkylation of H,L. with 2-(chloromethyl)pyridine.” As the
representative case, the tetranuclear Ni(I[) complex 1 was
synthesized as follows: To a solution of 100 mg (0.987 mmol) of
H,L,, dissolved in 10 cm’ of methanol was added 89 mg (3.95
mmol) of nickel(I) acetate dihydrate. The reaction mixture was
heated at 50 - 60 °C for 5 min and then an excess of NaClO,
(97.0 mg, 78.9 mmol) was added. The precipitated green
microcrystals were collected, washed with methanol, diethyl ether,
and then air-dried. Yield: 89 mg (52%).° A similar reaction using
manganese(IT) acetate dihydrate and zinc(II) acetate, instead of the
nickel salt, under the same conditions (reaction scale and

stoichiometry) gave off-white microcrystals 2 (Yield: 48%)’ and
colorless microcrystals 3 (46%),° respectively.

The three complexes on KBr disks show practically the same
IR spectral pattern, indicating essentially the same molecular
structure in their solid state. The four acetate groups included in
each complex show a set of very strong absorption for their
v,,(COO) and v,(COO) vibrations.” The separation between the
two vibrations (162 - 175 cm™) is typical value for that of
bridging carboxylate.'® '"H NMR spectrum of the metal-free
ligand in CD,CN shows a single doublet at 8.49 ppm for the
protons at 6-position of the pyridine units, while it shifted to
lower field and separates into two doublets at 8.62 and 8.70 ppm
in the spectrum of 3, indicating that the four pyridyl groups are
involved in coordination in the solution. Molar conductance of 1
(290 S cm® mol™), 2 (269 S cm® mol?), 3 (310 S cm® mol™)
measured in acetonitrile falls within the range reported for a 1: 2
electrolyte type.’* All these results suggest that the functionalized
macrocycle (L, )* binds four metal ions to form [M(L, )(u-
CH,COO),]** cation both in solid and solution. In fact, the
suggested structure was confirmed by X-ray crystallography to
the nickel(Il) complex as the acetonitrile adduct [Ni (L )(u-
CH,C00),](CIO,),*2CH,CN (1°)."

Figure 1 shows the structure of [Ni(L,,)(u-CH,COO),J**
with the numbering scheme. The compound resides on a
crystallographically imposed center of symmetry, relating the
primed and unprimed atoms. The macrocycle (L;,,)* has a planar
form and linear conformation with respect to its polyether chains,
producing a large cavity in the center of the ring, into which four
Ni(Il) ions are encapsulated as a pair of p-phenoxo-bis(u-
carboxylato)dinuclear species. The two nickel ions in each
dinuclear core are at a distance of 3.338(1) &, and crystallo-

Figure 1. Perspective view and atom-numbering scheme of complex cation
in 1 as the acetonitrile adduct. Selected bond distances (&) and angle (°) around
Nil and Ni2: Nil-O1 = 2.140(5), Ni1l-O4 = 2.006(4), Ni1l-O5 = 2.026(5),
Ni1-07 =2.013(5), Nil-N1 =2.096(7), Ni1-N3 =2.087(6), Ni2-03 =2.256(6),
Ni2-04 =1.979(5), Ni2-06 =2.015(3), Ni2-08 =2.023(5), Ni2-N2 =2.108(4),
Ni2-N4 = 2.092(6), Nil-O4-Ni2 =113.8(2).
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graphically inequivalent. However, the metal ions have essentially
the same coordination geometry in distorted octahedron with
N, O, donor sets. Concerning bond distances, the Ni(II)-N(amin,
py) interaction (average 2.096 A), and all the Ni(II)-O bonds
(average 2.010 A), except for the ether oxygens, fall well within
the range of distances observed for typical Ni(II)-nitrogen and
-oxygen coordination compounds. The bond distances between
the Ni(II)-O(ether) linkages (average 2.198 A) are slightly longer
than the other Ni(II)-O interactions, probably due to the poorer
affinity of the ether oxygen to the metal. The two dinuclear units
are far apart with the distances Nil-Nil'= 8.846(1) A, Nil-Ni2'
=8.163(1) A, and N2-Ni2'= 8.793(1) A, respectively.
Magnetic suscepnblhtles of 1 and 2 were measured in the
temperature range 4.2 - 290 K. Their temperature dependences of
the magnetic susceptibility (x,) and effective magnetic moment
(t) per Ni(Il) and Mn(Il) are shown in Figure 2 and Figure 3,
respectively. The u,; values 3.07 and 5.46 from each complex at
room temperature indicate that the two metal ions are in the high
spin state, i.e. S=1 for Ni(Il) and S=5/2 for Mn(II), respectively.
Slight increase of .. in 1 with decreasing temperature, with the
maximum at ca. 15 K, suggests operation of weak ferromagnetic
coupling between the two Ni(Il) ions. On the other hand,

0.250 3.50

— 0.200 L 3.25

5

€ 0.150 - 3.00 S
o m
£ o
G 0.100 - 275 ¢
=

X 0.0504 L 2.50

0.000 - 2.25

300.0

Figure 2. Temperature dependences of Xa(A) and P (O) of 1. Solid curves
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Figure 3. Temperature dependences of x, A(A) and p g (O) of 2. Solid curves
are calculated for g =2.00, J =-4.6 cm'l, and N =0 cm® mol™.
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continuous decrease of W, in 2 with decreasing temperature
evidently indicates antiferromagnetic coupling between the two
Mn(II) ions. Their magnetic beghavior was confirmed by the
best-fitting technique between observed and theoretical magnetic
data. In each complex, because of large separation and no
existence of bridging ligand between the two dinuclear units,
magnetic interaction between the units can be neglected. Thus,
their magnetic data were analyzed with Van Vleck equations based
on isotropic Heisenberg model (€= -2J§,°S,;S,=5,=1for 1
and §, =S, = 5/2 for 2), to give the best-fitting parameters g =
2.13,J=+3.1cm’, Na = 200x 10° cm® mol”?, and 8 =-3.5 K
for1,” and g = 2.00,J = -4.6 cm™, and Na = 0 cm® mol™! for 2.
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