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cis-[Mn(4,4'-azpy),(H,0)4]** Cations through Hydrogen Bonding Interactions
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A novel complex [Mn(4.,4"-azpy),(H,0)4]1(ClO4),-2(4,4'-
azpy)-0.5(H,0) was synthesized and characterized. It is com-
posed of the first example cis-[Mn(4,4'-azpy),(H,0)4]>* ca-
tions. Three-dimensional rhombic network is formed through
hydrogen bonding interactions between coordinated water and
mono-coordinated 4,4'-azpy and noncoordinated 4,4’-azpy.

Pronounced interest in the crystal engineering of coordi-
nated frameworks stems from, not only for their potential appli-
cations as zeolite-like material in molecular section, ion ex-
change, and catalysis, but also their intriguing variety of
architectures and topologies.! Up to now, the most important
driving forces in crystal engineering are coordination bonding
and hydrogen bonding interactions.? Extended networks posses-
sing higher dimensionalities can be obtained by assembly of co-
ordination polymers (or complexes) with lower dimensionalies
via hydrogen-bonding interaction.”> However, normally the
higher dimensional networks are constructed by one-dimen-
sional chains via hydrogen-bonding interactions.>* Only a few
are formed by self-assembly of hydrated metal ion building
blocks.*> Up to now, some metal-ions [M(LI),(H,0),]**
(LI = monodentate)* and one-dimensional chains
[M(L2)(H,0)41,2"* (L2 = bidentate)® compounds are reported,
all of these compounds adopt trans geometry. We have been
pursing the synthetic strategies for the preparation of non-inter-
penetrating open framework and new architectures and topolo-
gies, in which the rod-like rigid spacers such as 4,4'-azpy (4,4'-
azpy = 4,4'-azobispyridine), 4,4'-bipy (4,4'-bipy = 4,4’-bipyri-
dine) are chosen as building blocks.?¢2263¢3d [ the present
work, we have synthesized a new complex [Mn(4,4'-
azpy)2(H,0)41(Cl0y),-2(4,4'-azpy)-0.5(H,0) (1)°, novel three-
dimensional rhombic network constructed by hydrogen-bonding
interactions involving the first reported cis-[Mn(4,4’-
azpy),(H,0)4]** cations.

Compound 1 was synthesized by the reactions of a water
solution (20mL) of Mn(ClO4),-6H,O (0.362 g, 1 mmol) and
an ethanol solution (20mL) of 4,4’-azpy (0.184 g, 1 mmol)).
The red single crystals suitable for X-ray diffraction were ob-
tained after about two weeks. Elemental analysis confirmed
the organic content. (Found: C, 44.56; H, 3.75; N, 20.73 Calcd.
for C40H41C12MI1N16012_50: C, 4483, H, 386, N, 2092%) As
these perchlorates are potential explosives safety precaution
should be taken in handing these materials.

1 contains cis-[Mn(4,4'-azpy),(H,0),4]*>" cations, uncoordi-
nated 4,4’-azpy molecules, H,O and disordered C1O,~ anions.
The Mn(Il) is in a distorted octahedral geometry, being coordi-
nated by four oxygen atoms from coordinated water molecules
and two nitrogen atoms from two monodentate 4,4'-azpy (Fig-
ure 1). The bond angle N(1)-Mn(1)-N(5) is 93.99(6)°. This

Figure 1. The local coordination of cis-[Mn(4,4'-
azpy)»(H,0)4]** cation. Selected distances (A) and angles
(°): Mn(1)-0O(1), 2.1698(13); Mn(1)-O(2), 2.1475(19);
Mn(1)-0(@3), 2.2059(15); Mn(1)-0O4), 2.1417(14);
Mn(1)-N(1), 2.2937(19); Mn(1)-N(5), 2.3023(15); O(1)-
Mn(1)-0(2), 89.32(7); O(1)-Mn(1)-0(3), 90.83(6); O(1)-
Mn(1)-04), 175.63(5); OQ2)-Mn(1)-0O(3), 90.95(7);
0O(3)-Mn(1)-0(4), 88.62(6); N(1)-Mn(1)-O(1), 93.50(6);
N(5)-Mn(1)-0(1), 85.96(5); N(1)-Mn(1)-N(5), 93.99(6).

geometry is quite different from the geometry found in metal
ions [M(L1),(H,0)4]*" (L1 = monodentate)* and one-dimen-
sional chains [M(L2)(H,0)4],>"t (L2 = bidentate),’ in which
two L1 (or L2) ligands adopt trans geometry. The cis-
[Mn(4,4’-azpy)2(H20)4]2Jr cation is the first example of cis geo-
metry.

Each cis-[Mn(4,4'-azpy),(H,0),]>* cation acts as a hydro-
gen-bonding acceptor, forming two equivalent N- - -H-O hydro-
gen bondings between the two terminal nitrogen atoms [N(6)
and N(2)] of two 4,4’-azpy ligands and hydrogen atoms from
two coordinated water molecules [O(1) and O(3)] per Mn center
on two neighboring cis-[Mn(4,4/-azpy)2(H20)4]2+ cations
[N(6)---O(1) (—x+1, —y+2, —z), 2.833A; OQ3)---NQ)
(—x—=1, —y+1, —z), 2.842A]. The same cis-[Mn(4,4'-
azpy)2(H,0)4]** cation acts also as a hydrogen-bonding donor,
forming two additional equivalent O—H- - -N hydrogen bonding
per Mn center with two terminal nitrogen atoms of two 4.,4'-
azpy ligands from two  neighboring  cis-[Mn(4,4'-
azpy)z(H20)4]2+ cations. The structure, therefore, features a
complementary binary hydrogen-bonding system. Through hy-
drogen-bonding interactions inter cis-[Mn(4.,4'-
azpy)z(H20)4]2+ cations, one-dimensional double-stranded
chain structure is formed (Figure 2). The pyridyl rings of 4,4'-
azpy ligands stack with face to face separation ca. 3.3-3.6 Ain
chain, indicating significant m-m interactions.” These comple-
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Figure 2. The one-dimensional double-stranded
chain structure along the ¢ direction.
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Figure 3. Viewing the two-dimensional rhombic
network from the a direction.
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mentary binary hydrogen-bonding systems are few. Two exam-
ples reported previously are [Cdy(HyO0)4(4,4'-
bipy)s(NO3),](PFg),% and {[Coy(4,4"-azpy)s(H,0)¢]-
(Cl04)4-10(H,0)-4(4,4' -azpy).”f But an obvious difference is
that there are four N- - -H-O hydrogen bondings between coor-
dinated water molecules and four monocoordinated 4,4'-bipy or
4,4 -azpy of “H-shaped” dimeric cations. But cis-[Mn(4,4'-
azpy)z(HzO)4]2+ cation only has two monocoordinated 4,4'-
azpy, so two N---H-O hydrogen bondings are formed in cis-
[Mn(4,4"-azpy)>(H,0)4]*" cation in 1.

Interchain connections are formed through O-H- - -N hydro-
gen bonding involving coordinated water molecules and unco-
ordinated 4,4’-azpy ligands. The hydrogen bonding can be for-
mulated as Mn-H,O- - -4,4’-azpy- - -H,O-Mn. One-dimensional
chains are linked through hydrogen-bonding interactions be-
tween coordination water [O(1) and O(4)] and uncoordinated
4 4-azpy ligand [O(1)---N(©9), (x—1, y+1, z), 2.788A;
0(4)- - -N(10), 2.792 A], to form a two-dimensional rhombic
network with dimensions 14.8 A x 17.8 A (Figure 3). Hydro-
gen-bonding interactions between coordinated water and unco-
ordinated  4,4’-azpy ligand  [O(2)---N(13), 2.730 A,
O4)---N(15), 2.749 A] further link the two-dimensional net-
works to construct a three-dimensional rhombic network with
channel 12.2A x 152 A (Figure 4). The disordered CIO4~ an-
ions and water molecules lie in the channel and form hydrogen
bonding with coordinated water. These three-dimensional hy-
drogen-bonding network are rare. One example reported pre-
viously is [Mn(H20)4(4,4’-bipy)2](C104)2-4(4,4/-bipy)Sb when
4,4'-bipy instead of 4,4’-azpy was used. But the obvious differ-
ences are cis geometry of cis-[Mn(4,4’-azpy)2(H20)4]2Jr cation
and three-dimensional rthombic network in the title complex,
and frans geometry of trans-[Mn(4,4"-bipy),(H,0)4]** cation
and three-dimensional trangular network in the latter. Another
example is [Mn(H2O)4(],L-bpe)](C104)2-4(bpe)-2H20.3e Which
also is of trans geometry and forms an infinite chain with the
bridged bpe ligand. The four other bpe molecules are hydrogen

Figure 4. Viewing the three-dimensional rhombic
network from the b direction.
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bonded to the aqua ligands and form an extensive interpenetrat-
ing three-dimensional network. 1 is a successful example for
regulating architectures and topologies by regulating the lengths
of ligands through hydrogen bonding.

Thermal analysis shows that water was lost in a continuous
fashion (Obsd., 7.4%; Calcd., 7.6%) in 80-122 °C. Uncoordi-
nated 4,4’-azpy ligand was lost (Obsd., 32.5%; Calcd., 34.3%)
in 122-264°C. Then coordinated 4,4’-azpy ligand was lost
and explosion happened at 324 °C.
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