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Poly[[diaquahexa-u-cyanido-dicyanido-

di-u-pyrimidine-dimanganese(ll)molybdate(1V)]

trihydrate]

The structure of the title compound, {[Mn,Mo(CN)g-
(C4HyN,),(H,0),]-3H,0},, is built up of Mo' atoms in a
square-antiprismatic coordination, which are linked to
distorted octahedrally coordinated Mn' atoms through
cyanide bridges to form a three-dimensional structure. The
Mn' atoms are also bridged by the pyrimidine ligands.

Comment

Cyanide-bridged metal assemblies (Ludi & Giidel, 1973;
Babel, 1986) have been intensively studied as functionalized
magnetic materials due to their flexible design and simple
synthesis. Hexacyanometallate-based magnets are known to
exhibit high magnetic ordering temperatures (Ferlay et al.,
1995; Hatlevik et al., 1999; Holmes & Girolami, 1999; Ohkoshi
et al., 2000) and interesting magnetic properties (Miller, 2000;
Verdaguer et al., 2002; Margadonna et al., 2004; Ohkoshi et al.,
2004). Recently, octacyanometallate-based magnets have also
received much attention, due to their variety of crystal
structures and coordination geometries (Przychodzen et al.,
2006). In the case of Mn'"-Mo'" octacyanometallate-based
assemblies, crystal structures containing organic ligands (Sra et
al., 1999; Sieklucka et al., 2000; Rombaut et al., 2000; Herrera
et al., 2003; Withers et al., 2005; Shen et al., 2006) and without
organic ligands (Willemin et al., 2003) have been reported. In
the present work, we report the title Mn"-Mo" bimetallic
complex of composition {[Mn,Mo(CN)g(C4sH,N,),(H,0),]--
3H20}na (I)
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The coordination geometry around the Mo and Mn atoms
can be described as square-antiprismatic and distorted octa-
hedral, respectively (Fig. 1). Three of the CN groups in the
[Mo(CN)g]*~ unit are also connected to Mn1 and three of the
CN groups are connected to Mn2. The remaining two CN
groups do not act as bridging ligands. Atoms Mn1 and Mn2 are
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Figure 1

Part of the polymeric structure of compound (I), showing the
coordination environment around the Mn and Mo atoms. Displacement
ellipsoids are drawn at the 50% probability level and H atoms have been
omitted for clarity. [Symmetry codes: (i) x +3, —y +3, z + 3 (i) —x + 3,y +1,
—z+3 (i) —x+1,—y+1,—z+ L (V) x+L —y+hz -5 (v) —x+Ly+1
—z+1]

° ° °
C (]
- ° o
s ® \
| a | ¢
°© i e !
, e
o | °
o =\ © ’ ° ) °
4 405/~ -
03<
° ° 0SB ° °
A o
< ° 02 01 < :
° °
° L ©04
o o | [ ¢ \

o
°

Figure 2

The crystal structure of compound (I), viewed down the b axis. Blue, red,
dark purple, grey, green and light purple represent Mo, Mnl, Mn2, C, N
and O atoms, respectively. H atoms have been omitted.

each coordinated by three cyanide N atoms, two pyrimidine N
atoms and one O atom of a water molecule. The Mn atoms are
connected by the pyrimidine ligands. From this arrangement, a
three-dimensional coordination network is formed (Fig. 2).
There are additional water molecules (O3, O4, O5) in the
structure, which might be connected via hydrogen bonds, but
their H atoms were not located in the difference map.

Experimental

Single crystals of compound (I) were prepared by slow diffusion of an
aqueous solution (4 ml) containing both MnSO45H,O (96.4 mg,
0.4 mmol) and pyrimidine (160.1 mg, 2 mmol) into an aqueous solu-
tion (20 ml) of K4[Mo(CN)g]-2H,O (99.3 mg, 0.2 mmol). After one
week, yellow platelet crystals of (I) were obtained. Elemental
analysis, calculated: C 28.93, H 2.73, N 25.30%; found: C29.01, H2.71,
N 25.33%. The CN stretching vibrations are observed at 2117, 2127,

2132, 2136, 2148, 2151 and 2163 cm™ ! in the IR spectrum. In the
diffuse reflectance spectrum, absorptions at 300, 350 and 430 nm are
observed. The absorption at 300 nm was assigned to a charge transfer
from Mo'" to the 77* orbital of the cyanide group, and the others were

attributed to the d—d transitions of Mo".

Crystal data
[Mn;Mo(CN)s(C4HaN,)2(H,0)s] -

H,

B =96.7670 (19)° _
vV =2511.77 (17) A?

M, = 66421 Z=4
Monoclinic, P2, /n Mo Ko radiation
a =13.0160 (6) A w=153mm™"
b =12.8648 (4) A T=90(1)K

¢ =15.1056 (6) A

0.30 x 0.27 x 0.07 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

Absorption correction: multi-scan
(ABSCOR; Higashi, 1995)
Tmin = 0.696, Tiax = 0.898

24053 measured reflections

5745 independent reflections
4944 reflections with F? > 20(F?)
Rine = 0.032

Refinement

R[F? > 26(F?)] = 0.032
wR(F?) = 0.088

S =1.00

4944 reflections

346 parameters

H-atom parameters constrained
Appax = 1.93 € A3

Apmin = —0.88 ¢ A2

Table 1 .

Selected geometric parameters (A, °).

Mo—Cl 2.150 (2) Mnl—N5' 2.224 (2)
Mo—C2 2.151 (2) Mn1—N6" 2198 (2)
Mo—C3 2.164 (2) Mn1—N9 2.344 (2)
Mo—C4 2.160 (2) Mn1—N127 2.296 (2)
Mo—C5 2.164 (2) Mn2—02 2.148 (2)
Mo—C6 2152 (2) Mn2—N2 2.158 (2)
Mo—C7 2.158 (2) Mn2—N7" 2207 (2)
Mo—C8 2.164 (2) Mn2—N8* 2225 (2)
Mnl1—01 2.184 (2) Mn2—N10" 2.349 (2)
Mn1—N1 2.176 (2) Mn2—N11 2.329 (2)
C1—Mo—C2 113.23 (9) 02—Mn2—N2 89.59 (9)
C1—Mo—C5 142.05 (9) 02—Mn2—N7" 90.77 (9)
C1—Mo—C6 77.07 (9) 02—Mn2—N8" 97.26 (9)
C1—Mo—C7 77.81 (9) 02—Mn2—N10" 92.54 (8)
C1—Mo—C8 141.55 (9) 02—Mn2—N11 177.48 (8)
C2—Mo—CS 79.33 (9) N2—Mn2—N7" 173.53 (8)
C2—Mo—C6 143.54 (9) N2—Mn2—N8" 98.48 (9)
C2—Mo—C7 143.50 (9) N2—Mn2—N10" 88.87 (8)
C2—Mo—C8 79.74 (9) N2—Mn2—N11 89.72 (8)
C5—Mo—C6 114.87 (9) Mnl1—N1—C1 164.7 (2)
C5—Mo—C7 73.09 (10) Mn2—N2—C2 165.7 (2)
C5—Mo—C8 74.08 (9) Mn1—N5'—C5' 150.0 (2)
C6—Mo—C7 71.55 (9) Mn1—Né6"—C6" 1722 (2)
C6—Mo—C8 73.13 (9) Mn2—N7"—C7" 170.7 (2)
C7—Mo—C8 114.01 (9) Mn2—N8'—C8" 151.6 (2)
0O1—Mnl1—N1 91.72 (8) Mo—C1—N1 178.6 (2)
O1—Mnl—N5' 91.71 (8) Mo—C2—N2 178.4 (2)
01—Mn1—N6" 90.81 (8) Mo—C3—N3 177.6 (2)
01—Mn1—N9 83.82 (7) Mo—C4—N4 178.5 (2)
0O1—Mnl1—N12% 178.04 (7) Mo—C5—N5 1783 (2)
N1—Mnl—N5' 97.58 (8) Mo—C6—N6 176.0 (2)
N1—Mnl—N6" 171.69 (8) Mo—C7—N7 176.3 (2)
N1—Mnl—N9 88.14 (8) Mo—C8—N8 177.0 (2)
N1—Mn1—N12% 88.68 (8)

Symmetry  codes: (i) x+4+i-y+iz+h () —x+iy+i-z+3% (i)
1L,y + L=z 4+ L) x 45, —y+52—5 ) —x+5y+5 —2+5
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The H atoms of the solvent water molecules could not be located.
The H atoms of the coordinated water molecules were located in a
difference Fourier map and refined as riding, with O —H restraints of
0.95 A, and with Uiso(H) = 1.2U4(O). The H atoms of the pyrimidine
molecules were placed in calculated positions, with C—H = 0.95 A,
and refined using a riding model, with Ujso(H) = 1.2U4(C). Atom O5
is disordered and was refined using a split model using occupancy
factors of 0.6 for O5A and 0.4 for O5B. The highest residual electron-
density peak is located 1.25 A from O5A.

Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine-
ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku,
2006); program(s) used to solve structure: STR97 (Altomare et al.,
1999); program(s) used to refine structure: CRYSTALS (Betteridge et
al., 2003); molecular graphics: ORTEP-3 (Farrugia, 1997) and
VESTA (Momma & Izumi, 2006); software used to prepare material
for publication: CrystalStructure.

The present research was supported in part by a Grant-in-
Aid for Scientific Research from the Ministry of Education,
Culture, Sports, Science and Technology of Japan, and by the
Yamada Science Foundation.
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