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Methyltriphenylphosphonium hexachlororhenate(1V)

The title compound, (C;oH;sP),[ReClg], consists of alternating
cationic and anionic layers. Unlike some related materials, the
Re'V cations (Re site symmetry 1) of the hexachloro-
rhenate(IV) anions do not order magnetically. Some of the
Cl atoms of the anion are disordered over two positions
related by rotation with respect to a Cl—Re—Cl axis, which
can be correlated with C—H. - -Cl interactions.

Comment

Numerous crystal structures containing [ReClg]*~ hexa-
chlororhenate(IV) anions combined with organic cations have
been reported (Cambridge Structural Database, Version 5.27;
Allen, 2002). However, phosphonium cations are constituents
of only two of these structures, namely the bis(triphenyl-
phosphine)iminium salt (Chau et al, 1988) and the tetra-
phenylphosphonium salt acetonitrile solvate (Matecka et al.,
1998). Magnetic studies performed on compounds of this type
have often revealed the presence of antiferromagnetic inter-
actions between neighbouring d> Re' centres (Gonzalez et al.,
2005; Mrozinski et al., 2002). The possible means of transfer of
magnetic interactions was proposed to be via hydrogen bonds
(Mrozinski et al., 2002) or Re—L---L—Re contacts (L
denotes a ligand) (Tomkiewicz et al., 2003).
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The title compound, (I), is an example of a hexachloro-
rhenate(IV) compound in which the magnetic centres are
effectively diluted by the bulky methyltriphenylphosphonium
cations, thereby preventing magnetic ordering. Each nearly
regular octahedral hexachlororhenate(IV) anion has inversion
symmetry, with the Re—Cl bond lengths showing normal
values (Table 1; Matecka et al., 1998). The anions are disor-
dered over two orientations (Fig. 1) related by rotation with
respect to an axis defined by the atoms Cl1, Re and CI1'
[symmetry code: (i) 1 — x, 1 — y, 1 — z]. The two positions
differ significantly in occupancy [0.91 (2) and 0.09 (2),
respectively]. The methyltriphenylphosphonium cation
displays its normal shape (Nelson & Alcock, 1982).

In the crystal structure of (I), well defined cation layers
perpendicular to [010] are apparent (Fig. 2). Voids formed
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Figure 1

The structure of the constituent ions of (I), showing 50% probability
displacement ellipsoids. The bonds for the minor component are dashed.
Unlabelled Cl atoms are generated by the symmetry operation (1 — x,
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Figure 2
A view of the packing of (I), along [001], showing the cation layers
perpendicular to [010]. H atoms have been omitted for clarity.
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between the layers are occupied by the hexachloro-
rhenate(IV) anions. The distances between the Re centres are
considerable, the shortest of these being equal to the a axis
length. The crystal structure is stabilized by weak C—H- - -Cl
hydrogen bonds. The hydrogen-bonding schemes are different
for the two anion orientations (Fig. 3, Table 2).
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Figure 3

Detail of (I), showing the interaction of the anion with neighbouring H
atoms in (a) the major and (b) the minor orientations. Only interactions
involving the unique Cl atoms are shown. [Symmetry codes: (i) 1 — x,
1—y,1—z(v) —x,1—y,1—2z (vi)%+x,%—y, —%+z;(vii)1+x,y,z;
(vili) -+ x,3 —y, =3+ 2]
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Figure 4

Thermal dependence of x,7 for (I) (x. is the molar magnetic
susceptibility; see text). The solid line is the calculated curve.

The magnetic properties of (I) are illustrated in Fig. 4, with
XmT plotted as a function of temperature (x,, is the magnetic
susceptibility). The yx,,7 value remains nearly constant over a
wide range of temperatures and decreases smoothly at low
temperatures. Taking into account the fact that the hexa-
chlororhenate(IV) anions are practically isolated in the crystal
structure, the slight decrease of x,,,7" at low temperatures could
be interpreted on the basis of zero-field splitting (ZFS) effects
originating from the combined action of the second-order
spin-orbit coupling and a slightly distorted octahedral ligand
field on the 4A2g ground state for a d> ion (Chiozzone et al.,
1999).

ZFS effects become important in Re**
there are no magnetic interactions. D values of 9 and 13 cm
were found for the tetrabutylammonium and tetraphenyl-
arsonium derivatives, respectively (|D| is the energy gap
between the Kramers doublets |£3/2> and |£1/2>; Chiozzone
et al., 1999). In the case of the title compound, a least-squares
fit to the susceptibility data leads to D = 14 (2) cm '. The
value of the effective magnetic moment for (I) at room
temperature is 3.55 BM, which is significantly less than the
spin-only value of 3.87 BM expected for three unpaired elec-
trons, and this confirms the large spin-orbit coupling for the
rhenium(IV) ion (Earnshaw, 1968).

complexes when
—1

Acta Cryst. (2006). E62, m3178-m3180

Hotyriska et al. « (CioH;sP)2[ReClsl  mM3179



metal-organic papers

Experimental

Methyltriphenylphosphonium  rhenate(VII)  (0.2664 g)  was
suspended in acetone (2.5 ml) and a slow stream of gaseous HCI was
bubbled through the mixture. The solid rhenate(VII) dissolved and
the reaction mixture underwent colour changes from yellow through
orange to brown-red. The resulting solution was placed in a separate
vessel where it slowly turned brown-yellow, and after approximately
1 h greenish needles precipitated. The needles were removed from
the mixture and washed with acetone [yield 69.6% with respect to
rhenate(VII)]. The mixture separated from the needles was left to
stand and in 1 d a small number of similar greenish crystals of lower
purity were precipitated, which were covered with a brown amor-
phous substance soluble in acetone. This second crop of crystals was
identified as the same compound as that in the first precipitation
process, based on unit-cell measurements.

The magnetic measurements were performed in a 0.5 T magnetic
field, using a Quantum Design SQUID magnetometer between 1.8
and 300 K. Diamagnetic corrections of the constituent atoms were
calculated based on Pascal constants (Konig, 1966). IR data: Cl—
Re—Cl deformation 166 cm™', Re—Cl stretch 297 cm ™.

Crystal data

(C19H15P)2[ReClg) Z=2

M, =953.51 D,=1670 Mgm™
Monoclinic, Pgl/n Mo Ka radiation
a=9.144 (3) A =374 mm™"

b =16.343 (4) A T=100(2) K

c=12976 (4) A
B =10213 3)°
V =1895.8 (10) A®

Data collection

Kuma KM4 CCD area detector
diffractometer

 scans

Absorption correction: numerical
(CrysAlis RED; Oxford
Diffraction, 2003)
Tonin = 0.631, T = 0.902

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.059
wR(F?) = 0.088

S =1.09

8322 reflections

224 parameters

Table 1

Block, green
0.15 x 0.09 x 0.05 mm

31489 measured reflections
8322 independent reflections
5603 reflections with 7 > 20(1)
Rine = 0.060

Omax = 35.0°

H-atom parameters constrained

w = 1/[0*(Fy’) + (0.0253P)%]
where P = (F,” + 2F2)/3

(A1) max = 0.001

APmax =323 A7

ApPmin = —128 ¢ A7

Selected geometric parameters A, °).

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
C22—H22---CI2 0.95 2.76 3.535 (4) 139
C62—H62. - -CI2" 0.95 2.78 3.514 (4) 135
C1—H131---C11it 0.98 2.67 3.538 (4) 147
C63—H63- - -CI* 0.95 2.82 3.404 (4) 121
Cl1—H121---CI3 0.98 2.82 3.456 (6) 123
C42—H42- - -CI3" 0.95 2.83 3.695 (4) 152
C23—H23---CI3" 0.95 2.73 3.582 (5) 149
C42—H42. - -CI3A" 0.95 2.76 3.66 (2) 158
C23—H23. - -CI3A" 0.95 2.60 3.40 (3) 142
C22—H22---CI2A' 0.95 271 3.56 (2) 149
C62—H62- - -CI2A" 0.95 271 335 (2) 126

Symmetry codes: (i) —x + 1, —y + 1, —z + 1; (ii) x — 4, —y +3, z + & (iii)) x — 1, y, z; (iv)
x+L-y+laH+E W) —x, —y+1,—z+1

All H atoms were placed in idealized positions and refined using a
riding model, with C—H = 0.95 A (aromatic C) or 0.98 A (methyl C)
and Ujso(H) = 1.2U.y(C) or 1.5U.y(methyl C). During the refinement,
the largest peaks in the difference Fourier map occurred approxi-
mately 2.3 A from the Re atom. The hexachlororhenate(IV) anion
was assumed to be disordered over two orientations, in both of which
the Re atom coordinates remained constant. During the disorder
modelling, restraints were imposed on two pairs of bond lengths
(Re—CI2A equal to Re—CI2 and Re—CI3A4 equal to Re—Cl3). The
highest peak and deepest hole were near to atoms Re and Cl1,
respectively.

Data collection: KM-4 CCD Software (Kuma Diffraction, 1999);
cell refinement: KM-4 CCD Software; data reduction: CrysAlis RED
(Oxford Diffraction, 2003); program(s) used to solve structure:
SHELXS97 (Sheldrick, 1997); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: DIAMOND
(Brandenburg & Putz, 2005); software used to prepare material for
publication: SHELXL1.97.
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