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Crystals of the title compound, [(C4H9)4N][MoOCl4(H2O)],

were synthesized by the reaction of a hydrochloric acid

solution of H2MoO4 and [(C4H9)4N]Cl with the reducing agent

N2H4�2HCl. The structure consists of an [MoOCl4(H2O)]

anion and a tetrabutylammonium cation. The MoV atom is

coordinated by four chlorides, one terminal oxo and one aqua

ligand in a distorted octahedral geometry. The MoÐCl bond

lengths are in the range 2.352 (2)±2.402 (1) AÊ , MoÐO(oxo)

1.647 (4) AÊ and MoÐOH2 2.340 (4) AÊ . Intermolecular OÐ

H� � �Cl hydrogen bond lengths are in the range 3.232±3.336 AÊ

for O� � �Cl.

Comment

Molybdenum in its higher oxidation states readily forms

polynuclear anionic metal±oxygen clusters and many poly-

molybdates with a wide variety of geometrical and electronic

structures have been reported (Pope & MuÈ ller, 1991; MuÈ ller et

al., 1995, 1998; MuÈ ller & Serain, 2000). However, the synthesis

of polymolybdates with bridging chlorine atoms is far less well

developed. In the course of our work on the synthesis of

chlorine-bridged polymolybdates, the title compound, (I), was

unexpectedly obtained as single crystals.

The X-ray structure analysis of (I) reveals that the geometry

of the [MoOCl4(H2O)]ÿ anion is similar to those of its

analogues (Bino & Cotton, 1979; Boorman et al., 1975; Cindric

et al., 1996; Garner et al., 1977; Junk & Atwood, 1998; Kepert

et al., 1997). As shown in Fig. 1, the coordination environment

of the Mo atom is a distorted octahedron with the cis angles at

Mo ranging from 80.4 (1) to 99.8 (2)�. The Mo O bond

length of 1.647 (4) AÊ and the MoÐOwater bond length of

2.340 (4) AÊ are typical values for terminal oxygen and aqua

bond lengths to Mo. The MoÐCl bond lengths are in the range

2.352 (2)±2.402 (1) AÊ , the cis±ClÐMoÐCl angles are

88.3 (1)±89.1 (1)�, and the O MoÐOH2 angle is 177.7 (2)�,
so the [MoOCl4(H2O)]ÿ anion deviates only slightly from C4v

symmetry.

Anions are linked in pairs through OÐH� � �Cl hydrogen

bonds involving the aqua ligands (Table 2). As shown in the
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packing of the cations and anions in the crystal structure, there

are no other signi®cant interactions (Fig. 2).

Experimental

A solution of H2MoO4 (4.86 g, 30 mmol) in 20 ml concentrated HCl

and 20 ml water was stirred with N2H4�2HCl (0.75 g, 7.14 mmol) for

about 1 h, resulting in a green mixture. [(C4H9)4N]Cl (2.77 g,

10 mmol) was added and the solution was ®ltered. Green crystals of

the title compound formed after a few days.

Crystal data

(C16H36N)[MoOCl4(H2O)]
Mr = 514.21
Monoclinic, P21/n
a = 9.401 (1) AÊ

b = 15.770 (1) AÊ

c = 16.845 (1) AÊ

� = 95.581 (1)�

V = 2485.6 (2) AÊ 3

Z = 4

Dx = 1.374 Mg mÿ3

Mo K� radiation
Cell parameters from 3968

re¯ections
� = 1.8±25.1�

� = 0.97 mmÿ1

T = 293 (2) K
Prism, green
0.45 � 0.20 � 0.10 mm

Data collection

SMART CCD diffractometer
' and ! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.644, Tmax = 0.908

8905 measured re¯ections
4368 independent re¯ections

3157 re¯ections with I > 2�(I)
Rint = 0.033
�max = 25.1�

h = ÿ11! 11
k = ÿ13! 18
l = ÿ20! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.050
wR(F 2) = 0.124
S = 1.15
4368 re¯ections
225 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0375P)2

+ 3.4179P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.54 e AÊ ÿ3

��min = ÿ0.45 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0010 (3)

Table 1
Selected geometric parameters (AÊ , �).

MoÐO 1.647 (4)
MoÐOW 2.340 (4)
MoÐCl2 2.352 (2)

MoÐCl4 2.358 (1)
MoÐCl1 2.380 (1)
MoÐCl3 2.402 (1)

OÐMoÐOW 177.7 (2)
OÐMoÐCl2 99.8 (2)
OWÐMoÐCl2 82.48 (11)
OÐMoÐCl4 99.0 (2)
OWÐMoÐCl4 81.5 (1)
Cl2ÐMoÐCl4 89.1 (1)
OÐMoÐCl1 98.3 (2)
OWÐMoÐCl1 81.1 (1)

Cl2ÐMoÐCl1 88.3 (1)
Cl4ÐMoÐCl1 162.7 (1)
OÐMoÐCl3 97.3 (2)
OWÐMoÐCl3 80.4 (1)
Cl2ÐMoÐCl3 162.9 (1)
Cl4ÐMoÐCl3 88.6 (1)
Cl1ÐMoÐCl3 88.8 (1)

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

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

OWÐHW1� � �Cl1i 0.84 2.61 3.338 (4) 145
OWÐHW2� � �Cl3i 0.85 2.47 3.238 (4) 151

Symmetry code: (i) 2ÿ x; 1ÿ y; 2ÿ z.

H atoms on C atoms were generated geometrically. Aqua H atoms

were clearly visible in a different map and were positioned geome-

trically and included in the structure-factor calculations as riding

atoms with ®xed isotropic displacement parameters.

Data collection: SMART (Siemens, 1996); cell re®nement: SMART

and SAINT (Siemens, 1994); data reduction: SAINT; program(s) used

to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Siemens, 1994); software used to prepare material for

publication: SHELXL97.
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Figure 1
The cation and anion of (I) shown with 30% probability ellipsoids.

Figure 2
Packing diagram of (I), viewed down the a axis.
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