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The title compound, [Mo2O5(C11H10N3O)2]�2CH3CN, is a

dinuclear molybdenum complex. It has crystallographic C2

symmetry with the central O atom located on a twofold

rotation axis. The Mo atoms, octahedrally coordinated by four

O and two N atoms, are bridged by a �-O and two �-

pyrazolonyl groups. An intermolecular NÐH� � �O hydrogen

bond stabilizes the crystal packing.

Comment

Ferrocene-based scorpionate ligands can serve as building

blocks for the generation of redox-active, metal-containing

polymers (JaÈkle et al., 1996; Fabrizi de Biani et al., 1997;

Herdtweck et al., 1998). Molybdenum is a multivalent element

and can be coordinated in various ways. When this element is

employed as a central metal of the polymer, some novel and

peculiar physical properties may be expected. We tried to

synthesize the monomer FcTpPhMo(CO)2(�3-C4H7) [Fc =

ferrocenyl, TpPh = tris(4-phenylpyrazolyl)borate, C4H7 = 2-

methylallyl; for the preparation of 4-phenyl pyrazole, see Tolf

et al. (1979)], starting from FcTpPhLi and Mo(CO)6, followed

by treatement with 3-bromo-2-methylpropene. Due to a

leakage in the apparatus, the reaction mixture came into

contact with air and moisture. As a result, the target

compound was not obtained, but the title complex, (I), was

isolated instead. Formation of (I) occurred via a complete

breakdown of the scorpionate ligand, accompanied by

molybdenum oxidation, as well as oxidative CH activation at

the pyrazolyl moiety. Moreover, nucleophilic attack on

acetonitrile by a pyrazolyl N atom led to the incorporation of

solvent molecules into the complex.

Complex (I) (Fig. 1), characterized as its diacetonitrile

adduct, has crystallographic C2 symmetry with the central O

atom located on a twofold rotation axis. The Mo atoms are
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octahedrally coordinated by four O atoms and two N atoms.

The two Mo O double bonds, Mo1 O2 and Mo1 O3, are

almost of equal length (Table 1), but the fact that O2 acts as an

acceptor for an intermolecular hydrogen bond (Table 2) is

re¯ected by its elongated distance to Mo. The O atom bridging

the Mo atoms displays an angle of 144.69 (9)�. The longest

bond to Mo is that to O15, which also forms a double bond to

the pyrazole ring. The length of this double bond is in

agreement with 175 comparable structures retrieved from the

Cambridge Structural Database (Version 5.21, April 2001;

Allen & Kennard, 1993). For these structures, the following

mean values were found: C O 1.25 (4) AÊ , CÐC 1.43 (3) AÊ

and C C 1.37 (3) AÊ . In contrast to the parent pyrazole, which

exhibits two CÐC bonds of equal length [1.37 (2) AÊ ], the

C13ÐC14 and C14ÐC15 bond distances in (I) are signi®-

cantly different from each other, i.e. 1.364 (2) and 1.460 (2) AÊ ,

respectively. These alternating bonds indicate the aromatic

system of the pyrazole ring to be severely perturbed, as is to be

expected for a pyrazolone moiety. The pyrazolone and the

phenyl ring are not coplanar, the dihedral angle between them

is 21.41 (9)�. The gaps between the molecules of (I) are

occupied by acetonitrile solvent molecules which form several

weak hydrogen bonds (Table 2).

Experimental

FcTpPhLi (0.31 g, 0.50 mmol) and Mo(CO)6 (0.20 g, 0.75 mmol) were

dissolved in acetonitrile (25 ml) and the mixture was re¯uxed for 6 h.

After ®ltration, the ®ltrate was driven off under reduced pressure.

The residue was dissolved in toluene (30 ml) and then 3-bromo-2-

methylpropene (0.10 ml, 0.99 mmol) was added. The mixture was

kept under re¯ux for 7 h, then cooled to 293 K. The solvent was

removed in vacuo and the solid residue washed with hexane (15 ml).

The crude product was recrystallized from CH3CN/toluene (1:2).

Upon standing in air for several days, the title complex was obtained

as yellow crystals as the diacetonitrile adduct. 1H NMR (250.1 MHz,

DMSO-d6): � = 2.07 (s, 3H, CH3CN), 2.19 (s, 6H, CH3C NH), 7.34

(mult, 6H, Ph±H3,4,5), 7.74 [d, 4H, J(HH) = 6.9 Hz, Ph-H2,6], 8.54 (s,

2H, pz±H).

Crystal data

[Mo2O5(C11H10N3O)2]�2CH3CN
Mr = 754.43
Orthorhombic, Pbcn
a = 14.2861 (4) AÊ

b = 11.8522 (4) AÊ

c = 17.2215 (6) AÊ

V = 2915.97 (16) AÊ 3

Z = 4
Dx = 1.718 Mg mÿ3

Mo K� radiation
Cell parameters from 85437

re¯ections
� = 4.3±61.3�

� = 0.92 mmÿ1

T = 173 (2) K
Needle, yellow
0.50 � 0.14 � 0.08 mm

Data collection

Stoe IPDS-II two-circle
diffractometer

! scans
Absorption correction: empirical

(MULABS; Spek, 1990; Blessing,
1995)
Tmin = 0.657, Tmax = 0.930

83 661 measured re¯ections

4464 independent re¯ections
3841 re¯ections with I > 2�(I)
Rint = 0.056
�max = 30.6�

h = ÿ20! 20
k = ÿ16! 16
l = ÿ24! 24

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.032
wR(F 2) = 0.088
S = 1.05
4464 re¯ections
198 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0652P)2

+ 0.018P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.74 e AÊ ÿ3

��min = ÿ0.72 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0082 (5)

Table 1
Selected geometric parameters (AÊ , �).

Mo1ÐO3 1.7098 (14)
Mo1ÐO2 1.7206 (12)
Mo1ÐO1 1.9074 (5)
Mo1ÐN16 2.1676 (14)
Mo1ÐN11 2.2216 (13)
Mo1ÐO15i 2.2347 (14)

N11ÐC15 1.3476 (19)
N12ÐC13 1.373 (2)
C13ÐC14 1.364 (2)
C14ÐC15 1.460 (2)
C15ÐO15 1.2790 (19)
C16ÐN16 1.297 (2)

O3ÐMo1ÐO2 103.31 (6)
O3ÐMo1ÐO1 99.69 (5)
O2ÐMo1ÐO1 108.40 (5)
O3ÐMo1ÐN16 93.80 (6)
O2ÐMo1ÐN16 92.05 (5)
O1ÐMo1ÐN16 151.94 (6)
O3ÐMo1ÐN11 93.39 (6)
O2ÐMo1ÐN11 156.66 (5)

O1ÐMo1ÐN11 84.25 (5)
N16ÐMo1ÐN11 70.40 (5)
O3ÐMo1ÐO15i 169.42 (6)
O2ÐMo1ÐO15i 83.52 (5)
O1ÐMo1ÐO15i 85.52 (4)
N16ÐMo1ÐO15i 77.73 (5)
N11ÐMo1ÐO15i 77.88 (5)
Mo1iÐO1ÐMo1 144.69 (9)

Symmetry code: (i) 1ÿ x; y; 1
2ÿ z.

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N16ÐH16� � �O2i 0.88 2.19 2.9209 (18) 141
C13ÐH13� � �N1L 0.95 2.57 3.358 (3) 140
C24ÐH24� � �N1Lii 0.95 2.67 3.379 (3) 132
C25ÐH25� � �N1Lii 0.95 2.98 3.531 (3) 118

Symmetry codes: (i) 1ÿ x;ÿy;ÿz; (ii) x; 1ÿ y; 1
2� z.

All H atoms were located by difference Fourier synthesis and

re®ned with ®xed individual displacement parameters [Uiso(H) =

1.2Ueq(N), 1.2 Ueq(C) or 1.5Ueq(Cmethyl)] using a riding model with

NÐH = 0.88 AÊ , aromatic CÐH = 0.95 AÊ or methyl CÐH = 0.98 AÊ .
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Figure 1
A perspective view of the title compound with the atom-numbering
scheme. Displacement ellipsoids are at the 50% probability level.
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The methyl groups were allowed to rotate about their local threefold

axes.

Data collection: X-Area (Stoe & Cie, 2001); cell re®nement: X-

Area; data reduction: X-Area; program(s) used to solve structure:

SHELXS97 (Sheldrick, 1990); program(s) used to re®ne structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: XP in

SHELXTL-Plus (Sheldrick, 1991).
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