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Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: CR1136). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The complex (di-2-pyridyl sulfide-N,N')dichlorooxo-
vanadium(IV), [VOCI>(CjoHgN,S)], was prepared by
the reaction of VCl; and sodium 2-mercaptopyridine N-
oxide in ethanol solution under an atmosphere of argon.
The N atoms of the dipyridy! sulfide ligand and the two
chloride ligands coordinate to the oxovanadium(IV) ion,
to give a complex with square-pyramidal geometry. The
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dipyridyl sulfide ligand forms a folded six-membered
chelate ring with a larger N—V—N bite angle than that
formed by 2,2'-bipyridyl.

Comment

Pyridines have been utilized widely in the synthesis of
transition metal complexes because of their o/7-bonding
capability. An additional and significant effect on the
geometry of the complex formed is expected when
multidentate polypyridines are used. 2,2’-Bipyridine
(bpy) is one such ligand (Holloway & Melnik, 1985),
and gives rise to a five-membered chelate ring. Ligands
of the type py—X—py (bpyX; X = O or S) give six-
membered chelate rings, modifying the metal-nitrogen
bonding. Many vanadium complexes of bpy have been
synthesized and characterized by X-ray crystallography
(Boas & Pessoa, 1987), whereas vanadium complexes
of bpyX are few. Here we report the structure of the
title complex, (I).

[}
Clun,, U..-\\\\Cl

L
NN -
a)

The structure of the the title complex, (I), is shown
in Fig. 1. The mononuclear vanadium(IV) center is lig-
ated by an O, two Cl and two N atoms. The V—O
bond distance [1.573 (2) A] is typical for vanadium com-
plexes having a terminal oxo group (Nugent & Mayer,
1988). The N—V—N, O—V—Cl, O0—V—N and CI
V—N bond angles indicate a typical square-pyramidal
VOCL;N; core with the oxo ligand occupying the apical
site. The V atom lies 0.52 A above the plane formed
by the two Cl and two N atoms. The O atom of the
sodium 2-mercaptopyridine N-oxide used in the syn-
thesis of (I) is a likely source of the terminal oxo
ligand, while the presence of vanadium may promote
the ligand-coupling reaction which results in the for-
mation of the bpyS ligand, an unexpected product of
the reaction. The bpyS ligand is not planar, and the
six-membered chelate ring has a folded boat-like con-
formation. In the chelate ring the N—V—N, V—N—C,
N—C—S and C—S—C bond angles, and the V—N,
N—C and C—S bond lengths all fall within the range
of usual values; hence the six-membered ring is not
strained. The N(1)—V(1)}—N(2) bond angle is larger
than that found for the rigid five-membered chelate
ring formed by bpy in the oxovanadium(IV) com-
plex [VO(bpy)(N-methoxyiminodiacetate)] [77.4 (2)°]
(de C. T. Carrondo, Duarte, Silva & da Silva, 1991).
The V—N bond lengths in the title complex are longer
than those in [VO(bpy)(N-methoxyiminodiacetate)]
[2.088 (4), 2.094(4) A). These results show that the
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Fig. 1. An ORTEPT (Johnson, 1976) view of [VOCI,(CioHgN,S)]
with numbering scheme and displacement ellipsoids at the 30%
probability level. H atoms are omitted for clarity.

folded six-membered chelating mode of the bpyS lig-
and results in an unstrained chelate ring. This ligand
may prove useful in the sythesis of new transition metal
complexes.

Neither ligand coordination nor attractive interactions
with other vanadyl groups are indicated in the crystal
packing. This is accounted for by the steric hindrance
of the pyridine rings. A V=0...-V==0 interaction has
been found in some oxovanadium compounds (Mathew,
Carty & Palenik, 1970; Farmer & Urbach, 1974; Hills,
Hughes, Leigh & Prieto-Alcén, 1993). The distances
between intermolecular pyridine rings (circa 3.9-4.0 A)
indicate no w—m stacking interaction between them in
the crystal structure.

Experimental

The title complex was prepared by the reaction of equimolar
amounts of VCl; and sodium 2-mercaptopyridine N-oxide in
ethanol solution under an argon atmosphere using standard
Schlenk techniques. After stirring for 2 h, diethyl ether was
allowed to diffuse into the green solution obtained. Green
crystals were formed after six months.

Crystal data
[VOCIL(Ci1oHgN2S)] Mo Ka radiatéon
M, = 326.09 A =0.71069 A
Triclinic Cell parameters from 25
P1 . reflections
a=7847 2) A 6 =115-16.6°
b=12691(3) A p=1.326 mm™'
c=73952) A T=293K
a = 101.77 (2)° Plate
B =116.20 (2)° 0.25 x 0.25 x 0.20 mm
v =7431(2)° Green
V=6332(3) A’
Z=2
Dy =1710 Mg m~?
Data collection
Rigaku AFC-5R diffractom- Ry, = 0.026
eter Omax = 27.5°

[VOCI,(CoHgN,S)]

w—26 scans
Absorption correction:

none
3129 measured reflections
2917 independent reflections
1923 observed reflections

(I > 30(D]

Refinement

Refinement on F

R =0.035

wR = 0.040

§$=1.20

1923 reflections

186 parameters

H-atom parameters not
refined

w = 1/[a*(F) + 0.000225F?]

h=0—10
k=-15—-15
/I=-8—-8

3 standard reflections
monitored every 150
reflections
intensity decay: 4.5%

(A/0)max = 0.08

Apmax =033 ¢ A3

Apmin = —0.26 e A3

Extinction correction: none

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A%

Beq = (87r2/3)2iZjU,jai‘a;‘ a;.a;.

x y z Beq
V(1) 0.21741 (8) 0.25220 (5) 0.56366 (8) 256 (2)
Cl(n) 0.2204 (1) 0.07135 (7) 0.4329 (1) 3.69 (4)
Cl) 0.0999 (1) 0.31037 (7) 0.2444 (1) 3.44 (4)
s(1) 0.6610 (1) 021148 (7) 0.6877 (1) 3.17 (4)
o) 0.0424 (3) 0.2999 (2) 0.6270 (4) 40(1)
N(1) 0.3718 (4) 0.3814 (2) 0.6735 (4) 2.8(1)
N(2) 0.4233 (4) 0.1900 (2) 0.8389 (4) 2.6(1)
c) 0.2900 (6) 0.4883 (3) 0.6935 (6) 3.4(2)
cQ 0.3930 (7) 0.5692 (3) 0.7506 (6) 40(2)
ci3) 0.5863 (7) 0.5415 (3) 0.7891 (6) 42(2)
C(4) 0.6750 (6) 04322 (3) 0.7747 (6) 3.5(2)
C(5) 0.5634 (5) 0.3548 (3) 0.7168 (5) 27(1)
C(6) 0.3779 (6) 0.1649 (3) 0.9765 (5) 3102
c) 0.5160 (6) 0.1195 (3) 1.1501 (6) 35(2)
c@®) 0.7078 (6) 0.0984 (3) 1.1820 (6) 38(2)
co) 0.7578 (6) 0.1250 (3) 1.0428 (5) 32(2)
C(10) 0.6110(5) 0.1715 (3) 0.8738 (5) 26 (1)

Table 2. Selected geometric parameters (A, °)

V(1)—CI(1) 2300 (1) N(2)—C(10) 1.339 (4)
V(1)—CI(2) 232(1)  C(1H—CQR) 1.364 (5)
V(1)—0(1) 15732)  C)—CB) 1.370 (6)
V(I)—N(1) 2.116 (3) C(3—C(4) 1.379 (6)
V(1)—N(Q2) 2107(3)  C4—C(G) 1371 (5)
S(1)—C(5) 1781(3)  C(6)—C(7) 1.375 (5)
S(1)—C(10) 1.782(3)  C(1)—C(@®) 1.373(6)
N()—C(1) 1344 (4)  CE®—CO) 1.378 (5)
N(1)—C(5) 1350(4)  C(9)—C(10) 1.378 (5)
N(2)—C(6) 1.333 (4)
CI(1—V(1)—CI(2) 9198(4)  C(6)—N(2)—C(10) 1183 (3)
CI(1—V(1)—O(1) 110.5 (1) N(1)—C(1)—C(2) 1222 (4)
CI—V(1)—N(1) 14631(8)  C(1)—C(2—C(3) 1199 (4)
CI1—V(1)—N(2) 86.00(8)  CQ)—C(3)—C4) 119.7 (4)
Cl(2—V(1)—O0(1) 1033(1)  CR)}—C@4)—C(5) 118.1 (4)
CI2)—V(1)—N(1) 86.86 (8)  S(1)—C(5—N(1) 1153 (2)
Cl2—V(1)»—N(Q) 15793(8)  S(1)—C(5—C(4) 122.0(3)
O(1)—V(1)—N(1) 1024 (1) N(1)—C(5)—C(4) 1227 (3)
O(1)—V(1)—N(2) 98.0 (1) N(2)—C(6)—C(7) 1224 (4)
N(1)—V(1)»—N2) 828(1)  C6—C(N—C(8) 118.7 (4)
C(5)—S(1)—C(10) 972(1)  C(7)—C(8)—C(9) 119.7 (4)
V()—N(1)—C(1) 1243(Q2)  CB—C9—C0) 118.1 (4)
V(1)—N(1)—C(5) 1176 (2) S(1)—C(10)—N(2) 1158 (2)
C(1)—N(1)—C(5) 1180 (3) S(1)—C(10)—C(9) 121.5(3)
V(1)—NQ)—C(6) 124.1 (2) N(2)—C(10—C(9) 1227 3)
V(1) —N(2)—C(10) 117.6 (2)
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Weak reflections with / < 10.00(/) were scanned a second
time and the counts were accumulated to assure good count-
ing statistics. The structure was solved by direct methods using
MITHRIL (Gilmore, 1984) in the TEXSAN package (Molecular
Structure Corporation, 1989). H atoms were placed in calcu-
lated positions (C—H = 1.08 A).

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry, and a packing diagram have been
deposited with the [UCr (Reference: AS1119). Copies may be obtained
through The Managing Editor, International Union of Crystallography,
5 Abbey Square, Chester CH1 2HU, England.
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Abstract

The title compound, [Mo,(I),(CoH,),], is synthesized
by the reaction of Mols(thf); (thf = tetrahydrofuran)
and sodium indenyl, followed by the further reaction
of an intermediate product with tetraphenylphospho-
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nium iodide to form tetraphenylphosphonium indenyl-
triiodomolybdate. The title compound forms from the
latter compound by loss of tetraphenylphosphonium io-
dide. The product is a tetra-u-iodo-bridged dinuclear
molybdenum complex with two terminal indenyl lig-
ands. The indenyl groups are 7°-bonded to the Mo
atoms. The molecule sits on a crystallographic inver-
sion center and has non-crystallographic symmetry Caj,.
The metal-metal distance is 2.720 (4) A.

Comment

The title compound, (I), was obtained from an attempt
to grow crystals of tetraphenylphosphonium indenyl-
triiodomolybdate, whose structure at present remains
unknown.

Although crystals of the title compound were found to
be poorly formed and give only weak X-ray diffraction
peaks with broad and irregular profiles, the structural
analysis was carried out in order to identify the prod-
uct and permit the synthetic program to move forward.
Since techniques are now commonly available for car-
rying out analyses on problematic samples (Sheldrick,
1993), a meaningful refinement and useful analysis
turned out to be possible.

The title compound crystallizes with one half-
molecule per asymmetric unit. The molecule sits across
a crystallographic inversion center. The indenyl groups
occupy terminal positions and are n°-bonded to the Mo
atoms through the five-membered rings of the indenyls,
as can be seen in Fig. 1. The Mo—C distances lie in the
range 2.18 (2)-2.41(2) A. The local twofold axis of the
indenyl group bisects a projection of the planar Mo, (u-
I) systems. That is, if the molecule is viewed from end
to end, the long axes of the indenyl groups are seen
superposed with the bisector of opposite pairs of I—
Mo—I bond angles. The overall symmetry of the dinu-
clear complex, including noncrystallographic symmetry,
is thus Cp. The mirror plane of the chemical point group
runs longitudinally through the two indenyl ligands and
bisects the [—Mo—I angles. Neighboring molecules
form weak but energetically favorable packing inter-
actions. Each terminal indenyl group of one molecule
is related by a crystallographic inversion center to an
indenyl group of another molecule, in such a way
that the two groups are almost eclipsed. The interpla-
nar distance is 3.41 (1) ;\, which is almost identical to
the stacking distance in graphite (Pauling, 1960). This
indicates a weak van der Waals attraction, which is
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