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In the crystal structure of the title compound, [Mn(C;H,0y)-
(C1oHsN,)(H,0),], the Mn" atom demonstrates a distorted
octahedral geometry, being coordinated by two N atoms of a
2,2'-bipyridine ligand, two O atoms from the carboxylate
groups of the chelating malonate dianion and two O atoms of
two cis water molecules. The complex molecules are linked to
form a three-dimensional supramolecular array by both
hydrogen-bonding interactions between coordinated water
and the carboxylate groups of neighboring molecules and
aromatic —m-stacking interactions of the bipyridine rings.

Comment

In recent years, extensive research has been carried out on
one-, two- and three-dimensional manganese(II) complexes
with dicarboxylate ligands, which have potential applications
in molecular-based magnets, catalysis and supramolecular
chemistry (Li et al., 2002; Devereux et al., 2000; Shi et al.,
2000). The malonate dianion may act as a bidentate or
tridentate bridging ligands to form various structural topolo-
gies (Filippova et al., 2000; Li et al, 1997; Lightfoot &
Snedden, 1999). To the best of our knowledge, there are only
five reports on the structures of manganese(II) complexes
with malonate (mal), viz. [Mn(mal)(H,0),] (Lis & Matus-
zewski, 1979), [Mn(mal)(phen),] (phen is 1,10-phenanthro-
line; Wang et al., 2000), [Mns(mal)4(H,O)s] (Wei et al., 1996),
[CaMn(mal),(H,0),] (de Muro et al, 2000) and [MnCu-
(mal),(H,0)4] (Ruiz-Perez et al., 2000). Both [Mn(mal)(H,O),]
and [Mn(mal)(phen),] are mononuclear structures in which
malonate acts as a chelating ligand; the other three structures
were found to be polymeric, with the malonate ligands serving
as syn—anti bridges. We report here the preparation and crystal
structure of the title Mn" complex, diaqua(2,2’-bipyridine)-
malonatomanganese(II), (I), with a chelating malonate ligand.

The molecular structure of (I) is shown in Fig. 1. The title
complex exists as discrete monomers. A malonate dianion
chelates the Mn"" atom through two O atoms from different
carboxylate groups. The Mn" atom are also coordinated by
two 2,2'-bipyridine N atoms and two O atoms of two cis water

molecules. The Mn site exhibits a distorted octahedral coor-
dination sphere with the bond angles ranging from 161.39 (7)
to 176.94 (7)° for trans angles and from 72.22 (7) to 104.64 (7)°
for the other angles (Table 1). The Mn—O(carboxylate) bond

@

distances are 2.1215 (17) and 2.1667 (16) A, which are
comparable with those reported for [Mn(mal)(phen),] (Wang
et al., 2000). The Mn—O(water) distances of 2.1595 (19) and
2.1757 (19) A are comparable with those found in
[Mn,(mal),(H,O)s] (Wei et al., 1996). The Mn—N bond

Figure 1
The molecular structure of (I), showing ellipsoids at the 35% probability
level.

Figure 2
The molecular packing diagram of (I), with hydrogen bonds shown as
dashed lines.
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lengths are in good agreement with the corresponding bond
lengths found in a previously reported complex (McCann et
al., 1998). The six-membered malonate chelate ring has a boat
configuration and the stability of this ring is the reason that
malonate coordinates only to one metal atom and does not act
as a bridge between metal atoms.

Both hydrogen-bonding and m—m-stacking interactions play
an important role in constructing the three-dimensional
supramolecular structure. As shown in Fig. 2, complex mol-
ecules are linked to each other through hydrogen bonds
between coordinated water molecules and the carboxylate
groups of neighboring molecules to form layers in the crystal
(Table 2). Neighboring layers are linked to each other through
m—m-stacking interactions between the 2,2'-bipyridine rings of
adjacent molecules, with face-to-face separations of ca 3.62
and 3.95 A.

Experimental

An ethanol solution (10 ml) of 2,2’-bipyridine (0.156 g, 1 mmol) was
added slowly to an aqueous solution (10 ml) of MnCL,-4H,0 (0.198 g,
1 mmol) with continuous stirring and refluxing. A large amount of
precipitate was produced. An aqueous solution (10 ml) of malonic
acid (0.116 g, 1 mmol), neutralized with an aqueous solution of
NaOH (0.080 g, 2 mmol), was added slowly to the above reaction
mixture with continuous stirring and refluxing until the precipitate
had dissolved. After half an hour, the reaction mixture was cooled to
room temperature and filtered. Yellow single crystals were obtained
from the filtrate after a week. Crystals of the title complex suitable for
X-ray analysis were obtained by slow evaporation from an ethanol
solution.

Crystal data

[Mn(C5H,04)(C1oHsN,)(H20),]
M, = 34920

D, =1547Mgm™
Mo Ko radiation

Monoclinic, P2,/c
a=17834(2)A

b =9408(2) A
c=20532(4) A
B=9775 (2"

V =1499.4 (6) A®
Z=4

Data collection

Siemens P4 diffractometer
 scans
Absorption correction: empirical
(North et al., 1968)
Tmin = 0.843, Tyax = 0.996
3153 measured reflections
2647 independent reflections
2210 reflections with I > 20(1)

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.031

wR(F?) = 0.080

§=1.06

2647 reflections

216 parameters

H atoms treated by a mixture of
independent and constrained
refinement

Cell parameters from 26
reflections
6 =3.7-14.8°
n=091 mm—
T =29 (2) K
Prism, yellow
0.50 x 0.42 x 0.38 mm

1

R; = 0.010

Omax = 25.0°

h=0—9

k=0—11

l=-24—>24

3 standard reflections
every 97 reflections
intensity decay: 2.6%

w = 1/[o*(F,%) + (0.0396P)*
+ 0.4939P]

where P = (F,” + 2F.%)/3
(A/0)max < 0.001
Apmax =057 ¢ AT
APmin = —038¢ A7
Extinction correction: SHELXL97
Extinction coefficient: 0.0055 (8)

All the water H atoms were located in a difference Fourier map
and the remaining H atoms were fixed geometrically and allowed to
ride on their parent atoms (C—H = 0.93 or 0.97 A).

Table 1 .

Selected geometric parameters (A, °).

Mn—O1 2.1667 (16) Mn—N2 2.2751 (19)
Mn—03 2.1215 (17) 0o1—Cl11 1.267 (3)
Mn—0O5 2.1595 (19) 02—Cl11 1.235 (3)
Mn—06 2.1757 (19) 03—Cl13 1237 (3)
Mn—N1 2.2877 (19) 04—C13 1.255 (3)
01—Mn—03 85.70 (6) 05—Mn—N2 92.09 (8)
01—Mn—05 93.85 (7) 06—Mn—N2 91.74 (7)
01—Mn—06 104.64 (7) 01—Mn—N1 92.24 (7)
03—Mn—05 176.94 (7) 03—Mn—N1 95.95 (7)
03—Mn—06 93.13 (7) 05—Mn—NI1 87.10 (7)
05—Mn—06 84.04 (7) 06—Mn—N1 161.39 (7)
O1—Mn—N2 163.06 (7) N1—Mn—N2 7222 (7)
03—Mn—N2 89.17 (7)

Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
0O5—H5A---02 0.81 (2) 1.88 (2) 2.692 (3) 178 (2)
O5—H5B- --04" 0.81 (3) 1.88 (3) 2.688 (3) 177 (3)
06—H6A- - .02 0.82 (3) 1.82 (3) 2.626 (3) 171 (3)
06—H6B- - -04! 0.82 (2) 2.00 (2) 2.816 (3) 179 (3)

Symmetry codes: (i) —x,y — 4,3 —z; (i) x —1,y,z; (i) 1 —x,y — 3,3 — z.

Data collection: XSCANS User’s Manual (Siemens, 1991); cell
refinement: XSCANS User’s Manual, data reduction: SHELXTL-
Plus (Sheldrick, 1990a); program(s) used to solve structure:
SHELXS97 (Sheldrick, 1990b); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: SHELXTL.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQ1008). Services for accessing these data are
described at the back of the journal.
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