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H-bonded Chains and Networks:

A Recurring Feature in the Solid State
Structures of Manganese (I1I) Carboxylate
Schiff Base Complexes

Sasi Bini,"S Swathy,t VS Thampidas,* and Robert D Pike$

Abstract

Two mnew manganese(lll) Schiff base complexes,
[Mn(salen)(m-NO2-CsHsCO2)(H20)] (1) and [Mn(msalen)
(p-OH-CsH4CO»)(H20)] (2), where Hjsalen = N,N'-
bis(salicylidene)-1,2-diaminoethane, Homsalen = N,N'-bis
(3-methoxysalicylidene)-1,2-diaminoethane were
synthesized from the manganese (II) carboxylates. Single
crystal X-ray diffraction studies show that the Jahn-Teller
distorted octahedral complexes are stabilized by
H-bonded chains and networks in the solid state.

Keywords: Manganese (III), Carboxylate, Schiff base, H-bonds,
Chains, Networks.

1. Introduction

The construction of a supramolecular assembly through specific
recognition events, leading to a supermolecule like a single crystal,
with well-defined shape and structure involves the establishment
of specific and selective connections between two or more
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molecules through non-covalent interactions [1-4]. Electrostatic
interactions arising from the presence of small directional and non-
directional electrical charges on the interacting molecules play a
major role in the formation of non-covalent bonds. A wide range of
attractive and repulsive forces, such as ion-ion interactions, dipole-
dipole interactions, ion-dipole interactions, van der Waals forces,
and -1 stacking are classified as non-covalent interactions [5, 6a-
6c, 7, 8, 9a & 9b]. Hydrogen bonding, a specific example of a dipole-
dipole interaction corresponding to the attractive force between a
hydrogen atom attached to an electronegative atom and a
neighbouring dipole, has been extensively used in the construction
of supramolecular entities. These bonds are relatively strong and
directional, and offer a degree of control in the creation of a variety
of molecular architectures through self-assembly process. Bond
energies between 4-120 k] mol-! are known and various bond
lengths from 1.2 to 3.2 A have been reported [10-11].

An area, where the coordination chemistry of high-valent
manganese witnessed significant attention in recent decades, is
complexes employing ligands like carboxylates and Schiff bases
[12-20]. Manganese(IIl) carboxylate complexes with Schiff base
ligands display a great deal of structural diversity and includes
mononuclear, dinuclear, and polymeric species [14,16]. We have
been exploring the chemistry of manganese(Ill) complexes with
carboxylate and Schiff base ligands for some time. Some of the
results have already been published as preliminary structure
reports [21,22]. Herein we present a detailed analysis of these
structures with a view to investigate the hydrogen bonding
interactions present in these complexes.

2. Experimental

2.1 Materials and methods

All chemicals were purchased from E-Merck and used without
further purification. The manganese(ll) carboxylate precursors
were prepared as reported earlier or alternatively by mixing hot
aqueous solutions of sodium carboxylate and manganese(II)
chloride (2:1 molar ratio), which gave pale pink crystals of the
compounds in yields greater than 70 % in a day’s time [14].
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2.2 Physical methods

IR spectra were recorded on a Nicolet 6700 spectrometer (KBr
pellets, 4000-400 cm?) and elemental analyses were performed
using a Perkin-Elmer 2400 CHNS analyzer.

2.3 Synthesis

2.3.1 [Mn(salen)(1-NO»-CcH4CO,) (H.0)](1)

To a solution of Mn(m-NO,-CsHsCO,)2.2H,O (1.00 g, 2.36 mmol)
and salicylaldehyde (0.58 g, 4.72 mmol) in methanol (40 ml), 1,2-
diaminoethane (0.14 g, 2.36 mmol) was added. The solution was
stirred for 20 minutes, filtered and left to evaporation in an open
conical flask. Brown crystals were deposited in 2-3 days. These
were collected by filtration, washed with methanol, and dried in
air. Yield 0.88 g (74.5 %). Anal. Calc. for Co H2oMnN3Oy7 (505.36): C,
57.9; H, 3.9; N, 8.3; Mn, 10.8 %. Found: C, 57.6; H, 3.8; N, 7.9; Mn,
10.6 %. IR (KBr pellet): o/cm™ = 3042 (m,br), 1622 (vs), 1597 (vs),
1537 (s), 1359 (s), 1274 (m), 1152 (m), 459 (w).

2.3.2 [Mn(msalen)(p-OH-CsH1CO2)H:0] (2)

To a solution of [Mn(p-OH-CeHiCO»)2(H20)2].H.O (1.00 g, 2.61
mmol), and 3-methoxysalicylaldehyde (0.76 g, 5.22 mmol) in
methanol (40 ml), 1,2-diaminoethane (0.16 g, 2.61 mmol) was
added. The solution was stirred for 20 minutes, filtered and left to
evaporation in an open conical flask. Brown crystals were
deposited in 2-3 days. These were collected by filtration, washed
with methanol, and dried in air. Crystals for X-ray crystallography
were grown from a DMF solution. Yield 1.00 g (72.0 %). Anal. Calc.
for CosHsMnN20s (536.41): C, 55.9; H, 4.6; N, 52; Mn, 10.3 %.
Found: C, 55.6; H, 4.4; N, 5.0, Mn, 9.9 %. IR (KBr pellet): /cm =
3051 (m,br), 1633 (vs), 1596 (vs), 1383(s), 1286 (1), 1151(m), 463 (w).

2.4 X-ray crystallography

Data were collected on a Bruker SMART APEX II diffractometer,
equipped with a CCD area detector (Cu-Ka radiation, graphite
monochromator, A = 1.54178 A) at 100(2) K. The crystal structures
were solved by direct methods and refined by full-matrix least
squares methods based on F2 values against all reflections

including anisotropic displacement parameters for all non-H
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atoms, using SHELXS97 and SHELXL97 [23]. All the non-hydrogen
atoms were located from a Fourier map and refined anisotropically.
Hydrogen site locations were inferred from neighbouring sites and
were treated by a mixture of independent and constrained
refinement. The molecular graphics were done with MERCURY 2.0
[24].

3. Results and Discussion

3.1 Molecular structures of 1 and 2
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Figure 1: Molecular structures of [Mn(salen)(m-NO,-CsHsCO,)(H,0)] (1) and [Mn(msalen)(p-OH-
CsH4CO2)H:0] (2).

Molecular structures of 1 and 2 consist of manganese (III) ions in
distorted octahedral environments (Figure 1). Table 1 summarizes
data collection and structure refinement for the complexes. The
N20: donor set of the tetradentate Schiff base ligand bind the
manganese(Ill) ion in a nearly planar square consisting of two
Mn-Nimine (1.97-1.99 A) and two Mn—Oprenol (1.88-1.91 A) bonds
(Table 2) leaving only the trans positions open for carboxylate
linkage. In both complexes, the carboxylates adopt a unidentate
coordination mode accommodating the aqua ligands along the
opposite axial directions. Jahn-Teller distortions, which facilitate
the removal of double degeneracy of the e; electron of the high-spin
manganese (III) ion are apparent in Complexes 1 and 2 with
elongated axial bonds [Mn—-O,q = 2.32 and 2.33 A and Mn-Ocan,=
2.12 and 2.15 A]
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Complex 1 2

Empirical formula C23H20Mn N307 C25H25MHN208

Formula weight 505.36 536.41

T (K) 100(2) 100(2)

Wavelength (A) 1.54178 1.54178

Crystal system Monoclinic Monoclinic

Space group P2;/n P2,/c

a(A) 6.7297 (1) 8.5988 (3)

b (A) 10.5793 (2) 13.5524 (5)

c(A) 29.228 (5) 21.1335 (8)
a(°) 90 90.00

L) 95.188 (1) 93.280 (2)
7(°) 90 90.00

V(A3 20724 (4) 2458.75 (16)

V4 4 4

Peale. (g cm3) 1.620 1.449

4 (mm™T1) 5.66 4.82

F(000) 1040 1112
Omin/max (°) 9.7/70.5 9.7/72.7

Total data 21257 26252

Unique data 3640 4259

Rint 0.046 0.033
Restraints/ 0/308 0/329

parameters

Goodness-of-fit 1.114 1.04

(GOF)

Final R indices R1-0.0347 R1-0.0290
[I>206(D)] wR> = 0.0366 wR> = 0.0348
R indices (all data) R1-0.0909 R1=0.0784

wRy = 0.0922 wR, = 0.0815

Table 1: Crystal data and structure refinement for 1 and 2.

Complex 1 2
Mn-O, 1.8879 (15) 1.8821 (11)
Mn-O, 1.9113 (15) 1.8848 (12)

0a = Oagua, Oc = Ocarboxyater Op = Opnenclic; Ni = Nimine

Table 2: Selected bond angles (°) and bond lengths (A) of land 2.
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The extent of angular distortions around the Mn-N2O; cores of the
complexes vary significantly the dihedral angles between the
aromatic rings of the Schiff base ligands are 15.60 and
3.60°respectively and the corresponding N,N',O,0' least-square
plane deviations from the manganese(IIl) ions, along the Mn--Ocar
directions are 0.016 and 0.083 A.

3.2. Solid state structures of 1, 2

Figure 2: Helical chain of [Mn(salen)(m-NO,-CsH,CO,)(H.0)] (1) molecules along the ab plane;
H-bonds (---).

Occupation of the trans coordination sites by carboxylate and water
in complex 1 facilitate the spontaneous generation of
supramolecular architectures, in the solid state through hydrogen
bonding. Adjacent [Mn(salen)(m-NO>-C¢H4CO)(H20)] molecules
meet in a nearly end on fashion along a screw (21) axis so that the
carboxylate and water engage in hydrogen bonding interactions
(O4-—-HIW = 1.89 A; 04---O7 = 2.71 A) to generate helical chains
progressing along the ab plane (Figure 2 and Table 3). The Mn---Mn
(éistance in the chain is 6.24 A, whereas the repeat distance is 10.58
A.

D-H..A D-H H...A D...A D-H..A
O7-H2W...02i 0.77 2.31 3.074 (2) 172
O7-HIW...O4ii 0.84 1.89 2.710 (2) 166

Symmetry codes: (i) —x— ,y+ ,—z+ ;(ii)—x+ ,y+ ,—z+

Table 3: Hydrogen-bond geometry of complex 1 (A, °).
14
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Asymmetric units in complex 2 are much closer to one another than
those in complex 1 (Mn-—Mn = 4.85 A). Approach of the
coordinated water molecules is face on. This together with the
presence of extra methoxy groups on the Schiff base provides four
proximate recognition sites for every axial water molecule.

Figure 3: Section of the crystal structure of [Mn(msalen)(p-OH-CsH,CO,)H,0] (2) showing the
formation of a g~aqua dimer; H-bonds (---).

Bifurcated hydrogen bonds are formed between the aqua
hydrogens, HIW (O3---06 = 3.00 A; 0301 = 2.95 A), H2W (O3---
07 =3.00 A; 03--02 = 2.87 A) and the methoxy/phenoxy oxygens
of the Schiff base giving rise to a supramolecular p-aqua dimer
(Figure 3).

Figure 4: Section of the crystal structure of 2 showing dimer-dimer self assembly through H-bonds.

Adjacent Mn, dimers are further linked through hydrogen bonds
utilizing the non-bonded oxygens of the carboxylate and the

hydrogens of the p-hydroxy group (H8--O5 = 1. 79 A, 08--O5 =
15
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259 A) producing a supramolecular chain extending along the
(103) plane (Figure 4). Two such chains are connected through
identical supplementary H-bond interactions between non-bonded
oxygens of the carboxylate and the hydrogens of the p-hydroxy
group (H8---O5 = 1. 79 A, 08--05 = 259 A) producing a 2-
dimensional network progressing nearly parallel to the (103) plane
(Figures 5 and 6). Formation of y-aqua dimers stabilized by non-
covalent interactions like H-bonds are occasionally encountered in
manganese(III)-Schiff base chemistry [16,25,26].

Figure 5: Section of the crystal structure of 2 showing H-bonded 2D-network.

Figure 6: Close-packing of 2 showing H-bonded 2D-network parallel to the (103) plane.

16
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D-H..A D-H H..A D...A D-H..A
O8-HS...05i 0.84 1.79 2.599 (2) 161
O3-H2W...O7ii 0.84 2.32 3.002 (2) 139
O3-H2W...02i 0.84 211 2.871 (2) 150
O3-HI1W...O6ii 0.84 2.29 3.000 (2) 142
03— H1W...Otii 0.84 2.21 2.948(2) 147

Symmetry codes: (i) —x+1,y+ , —z+ ;(ii) —=x, -y +1, —z +1.

Table 4: Hydrogen-bond geometry of complex 2 (A, °).
4. Conclusion

X-ray diffraction analysis reveal a great deal of information about
non-covalent interactions like hydrogen bonds in the solid state
structures of manganese(IIl) carboxylate complexes with symmetric
N20, Schiff base ligands. It is obvious that the use of carboxylate
and water as capping ligands in these complexes facilitates the
formation of H-bonded chains and networks in the solid state.
Natural systems are abound with examples of chains and networks
arising from non-covalent interactions and are vital for the catalytic
functioning of many metallo-biomolecules. As there are several
manganese-containing biomolecules in biological systems, it may
be worthwhile to pursue structural level studies as discussed in the
paper, in areas like bioinorganic modeling.
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