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Abstract

Ž .Ž . Ž . Ž .The open pentanuclear cluster Ru m -C m-SMe m-PPh CO reacts with iron or ruthenium carbonyls to give a series of5 5 2 2 2 2 11

higher nuclearity clusters in which the C ligand acts as a template about which the extra metal atoms aggregate. The crystallographi-2
Ž .Ž . Ž . Ž . Žcally-determined structures of the following four complexes are reported: MRu m -C m-SMe m-PPh CO and M Ru m -5 6 2 2 2 2 14 2 5 6

.Ž . Ž . Ž .Ž . Ž .C m -SMe m-PPh m-CO CO MsFe, Ru . The metal cores of the hexanuclear clusters are constructed of two edge-sharing2 3 2 2 2 15
Ž w x .squares forming a permetallabicyclo 2.2.0 hexane skeleton , while in the latter, the seventh metal atom bridges an outer edge of one of

the squares. Alternatively, the core geometries can be related to the trigonal prism. q 1998 Elsevier Science S.A.

Keywords: Dicarbon ligand; Ruthenium carbonyl; Trigonal prism

1. Introduction

Their potential uses as novel materials with liquid
w x w xcrystal 1 or nonlinear optical properties 2–4 , or as

w xone-dimensional molecular wires 5,6 , has focused in-
terest on metal complexes containing all-carbon

w xmolecules, C 7–9 . Several metal cluster complexesn

that contain the simplest carbon molecule encapsulated
by a metal cage have been reported. These include
w Ž .Ž . x2y w x w Ž .Ž . x3yCo Ni C CO 10 , Co Ni C CO6 2 2 16 3 7 2 15
w Ž .Ž . x2y w x Ž . Ž . w xNi C CO 11,12 and Rh C CO 13 .10 2 16 12 2 2 25
Little chemistry of these systems has been reported,
with the exception that treatment of the Co–Ni cluster
with H at ambient temperatures afforded ethane,2

Ž . w Ž . xy w xNi CO and Co CO 12 .4 4
A variety of polynuclear systems in which the C2

ligand is attached to more open clusters is also known.

) Corresponding author.
1 Dedicated to Peter Maitlis, outstanding chemist and colleague, in

recognition of his unparalleled contributions to organometallic chem-
istry.

� Ž . 4 Ž . w xIn both Co CO m ,m -C 14–17 and the het-3 9 2 3 3 2
w Ž . Ž .x2y w xerometallic complex Fe Co CO m ,m -C 18 ,3 3 18 3 3 2

the C unit can be considered to be a carbon-linked2
bis-methylidyne system. Other examples include

Ž .Ž .Ž . w x Ž .ŽCo m -C m -S CO 19 , FeRu m -C m -6 6 2 4 14 6 5 2 5
.Ž . w x Ž . Ž . ŽC H CO 20 and FeRu m -C CO h-2 16 6 5 2 2 17
. w xC Me 21 .5 5 2

Several years ago, we described the synthesis of the
Ž .Ž . Žopen pentanuclear cluster Ru m -C m-SMe m-5 5 2 2

. Ž . Ž .PPh CO 1 , which contains an exposed C ligand2 2 11 2
sitting atop a somewhat distorted pentagon of ruthenium

w xatoms 22 . The multisite bonding capabilities of the C2
ligand have obvious consequences on its reactivity, and
the extensive chemistry of 1 has been described else-

w xwhere 23,24 . The designed build-up of clusters with
novel architectures is an interesting exercise. We de-
cided to make use of the potential ability of the m-SMe
groups present in 1 to expand their coordination to m3
as an aid the incorporation of extra metal atoms into the
Ru cluster of 1 and its use as a precursor to higher5
nuclearity clusters built up around the C ligand has2

w xbeen communicated briefly 25 . Herein, we describe

0022-328Xr98r$19.00 q 1998 Elsevier Science S.A. All rights reserved.
Ž .PII S0022-328X 97 00439-7
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the complexes that we have obtained from reactions
Ž . Ž .between 1 and Fe CO or Ru CO .2 9 5

2. Results

Ž . Ž .Reactions between 1 and Fe CO or Ru CO were2 9 5
carried out in toluene in sealed tubes at about 1008C for
periods of up to 6 h. Conventional work-up using
preparative thin-layer chromatography afforded in-
tensely coloured bands containing the novel clusters

Ž .Ž . Ž . Ž . w Ž .MRu m -C m-SMe m-PPh CO MsFe 25 6 2 2 2 2 14
Ž .x Ž .Ž . Žor Ru 3 and M Ru m -C m -SMe m-2 5 6 2 3 2

. Ž . w Ž . Ž .xPPh m-CO MsFe 4 , Ru 5 as crystalline2 2 15
Žsolids with essentially total conversions of 1 Scheme

.1 .

( ) ( )( ) ( ) ( ) [2.1. a Ru M m -C m-SMe m-PPh CO Ms5 6 2 2 2 2 14
( ) ( )] [ ( ) ( )]Fe 2 or Ru 3 MsFe 2 or Ru 3

The orange hexanuclear complexes 2 and 3 have
Ž . 1seven terminal y CO bands in their IR spectra. The H

NMR spectra contain the expected resonances for the
w Ž . Ž .xSMe at d 1.87 and 1.93 2 , 1.78 3 and PPh groups2

w Ž . Ž .x 13at d 6.90–7.83 2 , 6.79–7.82 3 . In the C NMR,
w Ž . Ž .xsinglets at d 18.56 and 18.79 2 , 18.69 3 are

assigned to the SMe groups, while the Ph resonances
occur as extended multiplets between d 127 and 143 for

Ž .both complexes. As shown by the X-ray studies below ,
the SMe groups in 2 are chemically inequivalent and
give rise to two signals, but in homometallic 3, they are
equivalent. In the CO region, only seven resonances
Ž .one broadened were found between d 191 and 213
Ž .2 , while four were observed for 3 between d 192 and
201. The C ligands, of which both carbons are equiva-2
lent in both complexes, give rise to doublets at d 254.9
Ž . Ž . q2 and 252.2 3 . The FAB mass spectra contained M

Ž . Žw xq. Ž .ions at 1442 2 and 1459 M–CO 3 , each of
Ž . Ž .which fragments by loss of up to 14 2 or 13 3 CO

groups.
Both complexes were fully characterised by single

crystal X-ray structural determinations. As expected,
they are isostructural. Figs. 1 and 2 contain views of
single molecules of 2 and 3, respectively, while impor-
tant bond parameters are given in Table 1. The six-atom
metal core consists of two rhomboids sharing an edge,
which in 2 consists of a pair of disordered FerRu

Ž . Ž .atoms. The dihedral angles are ;83 2 and 82.28 3 8

Scheme 1.
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Ž .3 . Each carbon of the m ,m -C ligand is approxi-4 4 2
w Ž .mately under the centre of the rhomboid C 1 lies

˚Ž . Ž . Ž .;0.38 2 , 0.384 7 A 3 from the planes of the
Ž . Ž . Ž .M 1,2,5,6 atoms, atom C 2 similarly lies ;0.36 2 ,

˚Ž . Ž . Ž . x0.374 6 A 3 from the M 2,3,4,5 planes , with Fe–C
˚ Ž .and Ru–C distances between 2.05 and 2.06 A Fe and

˚Ž . Ž . Ž .between 2.081 5 and 2.146 6 A Ru . In this respect,
the attachment of the carbons to the M rhomboids4
resemble, although having somewhat longer M–C dis-
tances, those found in the bases of carbido complexes

˚Ž . Ž Ž . w xsuch as M C CO MsFe, Fe–Cs1.89 A av. 26 ;5 15
˚Ž . Ž . w x.Ru, Ru–Cs2.05 3 A av. 27 . However, in 2 and 3,

the two carbon atoms are also bonded to each other
˚w Ž . Ž . Ž . Ž . Ž . Ž .xC 1 –C 2 1.355 9 2 , 1.381 8 A 3 , with the

Ž . Ž . Ž .C 1 –C 2 vector making angles of ;41, 428 2 and
Ž . Ž . Ž .40.67 2 , 41.61 2 8 3 with the M planes.4

Ž . ŽThe M–M bonds range between 2.86 1 disordered
˚. Ž . Ž .M . . . M separation and 2.97 1 A for 2 and between

˚Ž . Ž . Ž .2.884 1 and 2.985 1 A for 3 ; corresponding Ru–Ru
bonds in 2 and 3 are of comparable length. The hinge

˚Ž . Ž . Ž .bond M 2 –M 5 is 2.90 1 A in 2, this distance being
the mean of the two disordered FerRu pairs. In 3, this

˚Ž . Ž .Ru–Ru separation is 2.966 1 A. The ‘outer’ Ru 1 –
Ž . Ž . Ž . ŽRu 6 and Ru 3 –Ru 4 bonds which are each bridged

˚. Ž . Ž .by the PPh groups are 2.899, 2.880 2 A 2 and2
˚Ž . Ž .2.891, 2.884 1 A 3 , while the other M–M separations

˚ ˚w Ž . Ž . Ž .x2.915–2.97 A 2 , 2.954–2.965 1 A 3 are all some-
w hat longer. W ithin the rhom boids, the

Ž . Ž .Fig. 1. Molecular projections of a 2 in the orientation of Scheme 1, and b 3 down the molecular quasi-axis. In this figure and in Fig. 2, 20%
˚probability amplitude thermal ellipsoids are shown for non-hydrogen atoms; hydrogen atoms have arbitrary radii of 0.1 A.
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Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 M 2 M 5 Ru 6 and M 2 Ru 3 Ru 4 M 5 atoms
Ž 2 .are nearly coplanar x 359, 93 for 3 . and the dihedral

Ž . Ž .angles between these planes are ;978 2 and 97.72 2 8

Ž .3 .
˚w Ž . Ž .The Ru–S distances 2.442–2.459 2 A 2 ; 2.449–

˚Ž . Ž .x2.470 2 A 3 are similar to others found bridging
˚Ž .nonbonding Ru . . . Ru vectors, e.g., 2.449, 2.454 1 A in

1. The asymmetry is reflected in the nonbonded
˚Ž . Ž . w Ž . Ž . Ž .xRu 1 . . . Ru 3 distances 3.877 2 . 3.931 2 A 3 and

˚Ž . Ž . Ž . Ž .the Ru 4 . . . Ru 6 separations are 3.924 2 , 3.897 2 A
˚Ž . w Ž . Ž .3 . The Ru–P distances 2.294–2.326 3 A 2 , 2.298–

˚Ž . Ž .x2.331 2 A 3 are within the range normally found for

bonds to bridging PR groups; the bridges are slightly2
unsymmetrical. A consistent feature through both struc-
tures is the common disposition of the phenyl groups
associated with these ligands. Coordination is com-
pleted by 14 CO groups, three on each of the hinge
atoms and two on each of the other four Ru atoms.

( ) ( )( ) ( ) (2.2. b M Ru m -C m -SMe m-PPh m-2 5 6 2 3 2 2 2
)( ) [ ( ) ) ( )]CO CO MsFe 4 , Ru 515

The black crystalline heptanuclear clusters 4 and 5
have similar spectroscopic properties that are in accord

Ž . Ž .Fig. 2. Molecular projections of a 4 in the orientation of Scheme 1 and b 5 down the molecular quasi-axis of the M array.6
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Ž .with their solid-state structures see below . The IR
Ž .spectra contain many terminal y CO bands and one

Ž .assigned to a bridging CO group at 1872 4 or 1820
y1 Ž . 1cm 5 . The H NMR spectra contain the expected

resonances for the SMe groups, at d 1.70 and 2.85 in 4
and d 1.58 and 2.79 in 5. Satisfactory 13C NMR spectra
have not yet been obtained. The FAB mass spectra are

q Ž .unexceptional, containing M ions at mrz 1554 4
Ž .and 1644 5 , respectively, each of which fragments by

loss of up to 16 CO groups.

The molecular structures of 4 and 5 have been
confirmed by single-crystal X-ray structural determina-
tions. Plots of the two structures are shown in Figs. 3
and 4, respectively, while significant bond parameters
are collected in Table 1. The structures are similar to

Žthose of 2 and 3, the seventh metal atom Ru in both
. Žcases bridging an edge of one of the square faces in 4,

.the one not involving the iron atom . In 4, the two iron
atoms form the shared edge of the fused squares; these
atoms are ruthenium in 5. In these complexes, the SMe

Table 1
Significant bond parameters for complexes 2, 3, 4 and 5

Ž . Ž . Ž . Ž .2 FeRu 3 Ru 4 Fe Ru 5 Ru5 6 2 5 7

˚( )Bond distances A
aŽ . Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –M 2 2.915 9 , 2.938 2 2.954 1 2.705 1 2.803 3

Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –Ru 6 2.899 2 2.891 1 3.187 1 3.153 2
Ž . Ž . Ž . Ž .Ru 1 –Ru 7 y y 3.054 1 3.029 2

aŽ . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –Ru 3 2.932 9 , 2.944 4 2.983 1 2.939 1 2.977 2
aŽ . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –M 5 2.90 1 , 2.908 7 2.966 1 2.795 2 3.008 2

Ž . Ž . Ž . Ž . Ž . Ž .Ru 3 –Ru 4 2.880 2 2.884 1 2.857 1 2.840 2
aŽ . Ž . Ž . Ž . Ž . Ž . Ž .Ru 4 –M 5 2.97 1 , 2.967 7 2.979 1 2.843 1 2.928 2
aŽ . Ž . Ž . Ž . Ž . Ž . Ž .M 5 –Ru 6 2.92 1 , 2.924 7 2.985 1 2.881 1 2.965 3

Ž . Ž . Ž . Ž .Ru 6 –Ru 7 y y 2.939 1 2.976 2
Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –S 1 2.442 2 2.470 2 2.409 2 2.426 4
Ž . Ž . Ž . Ž . Ž . Ž .Ru 3 –S 1 2.451 2 2.468 2 2.470 2 2.482 4
Ž . Ž . Ž . Ž .Ru 7 –S 1 y y 2.424 2 2.412 4
Ž . Ž . Ž . Ž . Ž . Ž .Ru 4 –S 2 2.454 2 2.449 2 2.452 2 2.453 4
Ž . Ž . Ž . Ž . Ž . Ž .Ru 6 –S 2 2.459 2 2.454 2 2.417 2 2.411 4
Ž . Ž . Ž . Ž .Ru 7 –S 2 y y 2.454 2 2.434 4
Ž . Ž . Ž . Ž . Ž . Ž .Ru 3 –P 1 2.309 2 2.312 2 2.293 2 2.310 4
Ž . Ž . Ž . Ž . Ž . Ž .Ru 4 –P 1 2.326 3 2.331 2 2.306 2 2.303 4
Ž . Ž . Ž . Ž .Ru 1 –P 2 2.294 2 2.298 2 y y
Ž . Ž . Ž . Ž . Ž . Ž .Ru 6 –P 2 2.302 2 2.326 2 2.335 2 2.361 4
Ž . Ž . Ž . Ž .Ru 7 –P 2 y y 2.314 2 2.320 4
Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –C 1 2.111 5 2.095 6 2.093 7 2.14 1

aŽ . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –C 1 2.06 1 , 2.081 7 2.117 6 2.058 6 2.21 1
aŽ . Ž . Ž . Ž . Ž . Ž . Ž .M 5 –C 1 2.05 1 , 2.079 7 2.131 6 2.050 6 2.17 1

Ž . Ž . Ž . Ž . Ž . Ž .Ru 6 –C 1 2.119 8 2.139 6 2.116 6 2.09 1
aŽ . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –C 2 2.06 1 , 2.081 7 2.133 6 1.998 6 2.13 1

Ž . Ž . Ž . Ž . Ž . Ž .Ru 3 –C 2 2.120 6 2.096 6 2.104 7 2.09 1
Ž . Ž . Ž . Ž . Ž . Ž .Ru 4 –C 2 2.117 6 2.111 6 2.119 7 2.14 1

aŽ .Ž Ž . Ž . Ž . Ž . Ž . Ž .M 5 –C 2 2.05 1 , 2.080 7 2.146 6 2.020 7 2.13 1
Ž . Ž . Ž . Ž . Ž . Ž .C 1 –C 2 1.355 9 1.381 8 1.38 1 1.37 2

( )Bond angles 8
)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –Ru 1 –Ru 6 89.9 2 , 90.03 8 91.57 3 87.97 4 89.93 6
)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –M 2 –Ru 3 83.1 2 , 82.5 1 82.93 3 85.49 5 83.95 6
)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –M 2 –Ru 5 90.3 3 , 89.7 3 89.03 3 95.36 5 93.07 6
)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 3 –M 2 –Ru 5 90.4 3 , 90.2 3 89.09 4 89.70 5 86.99 6
)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –Ru 3 –Ru 4 90.3 2 , 90.42 9 90.84 4 88.36 4 92.08 6

Ž . Ž . Ž . Ž .) Ž . Ž . Ž . Ž .Ru 3 –Ru 4 –M 5 89.3 2 , 90.1 1 90.74 4 90.41 4 91.13 6
Ž . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –M 5 –Ru 4 -, 89.4 2 89.32 4 91.54 5 89.75 6
Ž . Ž . Ž . Ž . Ž . Ž . Ž .M 2 –M 5 –Ru 6 -, 90.1 2 89.51 3 92.68 5 89.80 6

)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 4 –M 5 –Ru 6 83.4 3 , 83.5 2 81.61 3 86.11 5 83.36 6
)Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –Ru 6 –M 5 89.3 2 , 90.2 1 89.87 3 84.01 4 87.18 6

Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 1 –S 1 –Ru 3 104.82 7 105.52 7 103.63 7 104.0 1
Ž . Ž . Ž .Ru 1 –S 1 –Ru 7 y y
Ž . Ž . Ž . Ž . Ž .Ru 3 –S 1 –Ru 7 y y 128.63 9 128.1 2
Ž . Ž . Ž . Ž . Ž . Ž . Ž .Ru 4 –S 2 –Ru 6 105.98 7 105.29 7 106.75 7 107.3 1
Ž . Ž . Ž . Ž . Ž .Ru 4 –S 2 –Ru 7 y y 129.77 8 129.3 2
Ž . Ž . Ž .Ru 6 –S 2 –Ru 7 y y

a Values for Fe components of disordered pairs.
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g ro u p s a re n o w trip le -b rid g in g , a to m s
Ž . Ž . Ž . Ž . Ž .Ru 3 S 1 Ru 7 S 2 Ru 4 forming essentially planar

Ž 2 .pentagons x 477, 22 . The PPh groups bridge the2
Ž . Ž . Ž . Ž .Ru 3 –Ru 4 and Ru 6 –Ru 7 vectors.
Coordination is completed by 15 terminal CO groups,

Ž .two on each metal atom except M 5 , which has three
w Ž .the expected third CO on M 2 is found bridging the

Ž . Ž . xRu 1 –M 2 vector . The presence of the latter results in
˚Ž . Ž . w Ž . Ž . Ž .short Ru 1 –M 2 separations 2.705 1 A 4 , 2.803 3

˚ Ž .x Ž . Ž . Ž . Ž .A 5 , but the Ru 1 M 2 M 5 Ru 6 rhomboid remains
Ž 2 .essentially undistorted x 156, 286 . For 4 and 5, the

dihedral angles between the mean M planes are4
Ž . Ž .85.83 3 8 and 83.61 4 8, respectively.

Ž . Ž .As found for 2 and 3, atoms C 1 and C 2 are
˚Ž . Ž . Ž . Ž .0.363 7 , 0.40 2 and 0.398 7 , 0.43 1 A below their

Ž . Ž .respective M planes, with the C 1 –C 2 vector mak-4
Ž . Ž . Ž . Ž .ing angles of 44.16 2 , 41.69 2 4 and 44.16 3 ,

Ž . Ž .39.57 3 8 5 with the M planes. The Fe–C distances4
˚Ž . Ž .in 4 are between 1.999 6 and 2.058 6 A and the Ru–C

˚Ž . Ž . Ž .distances between 2.093 7 and 2.119 7 A 4 and
˚Ž . Ž . Ž . Ž . Ž .2.09 1 –2.21 1 A 5 . The C 1 –C 2 separations are

˚ ˚Ž . Ž . Ž . Ž .1.38 1 A 4 and 1.37 2 A 5 , consistent with some
C–C multiple bonding character.

Detailed comparisons of the four complexes reveal
several significant differences between the MRu and5

Ž . Ž . Ž . Ž .M Ru structures. Thus, in the M 2 Ru 3 Ru 4 M 52 5
Ž . Ž .rhombus, with the exception of the hinge M 2 –M 5

bond, the three M–M separations are significantly
wshorter in 5 when compared with 3 2.977, 2.840,

˚ ˚Ž . Ž . x2.928 2 A in 5 vs. 2.983, 2.884, 2.979 1 A in 3 .
Ž . Ž . Ž . Ž .Similarly, Ru 1 –Ru 2 and Ru 5 –Ru 6 are 2.954,

˚ ˚Ž . Ž .2.985 1 A in 3 and 2.803, 2.965 2 A in 5. In contrast,

Ž . Ž . Ž . Ž .Ru 1 –Ru 6 and Ru 2 –Ru 5 are considerably length-
˚ ˚Ž . Ž .ened in 5: 3.153, 3.008 2 A vs 2.891, 2.966 1 A in 3.

Ž .Similar differences are found in 2 and 4 for the Fe 2 –
˚Ž . Ž .Fe 5 separations, which are 2.795 2 A in 2 and

˚Ž . Ž . Ž .3.008 2 A in 4. The Ru 7 –Ru 1,6 vectors are also
˚Ž .long in both complexes, at 3.054, 2.939 1 A in 4 and

˚Ž .2.976, 3.029 2 A in 5.

3. Discussion

We have shown that the open C -containing cluster 12
Ž . Ž .reacts with Fe CO or Ru CO to give high yields of2 9 5

six- and seven-atom clusters with novel geometries. The
structures of the heteronuclear clusters give some in-
sight into the location of the added metal atoms, which
are found within the metal skeleton. A possible route to
these complexes is shown in Scheme 2.

We note that calculations of electron density in 1
indicate that it is concentrated both on the C unit and2
on the SMe group bridging the nonbonded Ru . . . Ru

w xvector 28 . These two sites would be expected to be
Ž .those attacked by the entering M CO fragment orn

during any cluster rearrangement that might occur dur-
ing the reaction. In accord with this idea, we propose

Ž .that an M CO fragment derived from the carbonyls3
adds to the C ligand, with concomitant M–M bond2
formation between other atoms of the Ru pentagon.5

Ž .Addition of the second M CO fragment occurs simi-3
larly, pushing one of the Ru atoms to a position where
an Ru–Ru bond is bridged. At the same time, the SMe
groups are brought within bonding range of a third Ru

Scheme 2.
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Table 2
Crystal data and refinement details for complexes 2, 3, 4 and 5

Ž . Ž . Ž . Ž . Ž .Compound 2 FeRu 3 Ru 4 Fe Ru 4s Fe Ru 5 Ru5 6 2 5 2 5 7

Formula C H FeO P Ru S PC H C H O P Ru S C H Fe O P Ru S .;0.5C H C H Fe O P Ru S .;0.75CH Cl C H O P Ru S42 26 14 2 5 2 7 8 42 26 14 2 6 2 44 26 2 16 2 5 2 6 14 44 26 2 16 2 5 2 2 2 44 26 16 2 7 2
MW 1534.1 1487.2 ;1596.9 ;1617.5 1664.4
Crystal system Monoclinic Orthorhombic Triclinic Monoclinic Triclinic

aŽ . Ž . Ž . Ž . Ž .Space group C2rc No. 15 F2 dd No. 43 P1 No. 2 P2 rc No. 14 P1 No. 21

˚Ž . Ž . Ž . Ž . Ž . Ž .a A 44.65 3 10.685 5 24.594 10 19.923 9 16.304 8
˚Ž . Ž . Ž . Ž . Ž . Ž .b A 11.307 6 36.597 18 10.971 5 11.087 8 14.827 12
˚Ž . Ž . Ž . Ž . Ž . Ž .c A 21.81 1 48.77 2 10.606 5 25.221 9 10.967 13
Ž . Ž . Ž .a 8 104.02 4 89.24 5
Ž . Ž . Ž . Ž . Ž .b 8 102.61 5 96.12 4 102.31 4 88.37 3
Ž . Ž . Ž .g 8 96.38 3 85.30 5

3˚Ž .V A 10745 19 062 2733 5443 2641
Z 8 16 2 4 2

y3Ž .D g cm 1.90 2.07 1.94 1.97 2.07c
Ž .F 000 5984 11 456 ;1554 ;3134 1576

Ž .Crystal size mm 0.65=0.30=0.55 0.65=0.23=0.28 0.25=0.48=0.30 0.075=0.42=0.07 0.15=0.04=0.38
a Ž .A min, max 1.56, 2.62 1.32, 1.45 1.50, 1.74 1.11, 1.28 1.16, 1.35

m, cmy1 17.0 20.2 18.9 19.4 19.3
Ž .2u 8 50 55 50 45 50max

N 8881 5787 9620 7088 9322
N 5918 4758 6542 2652 47370

aR 0.034 0.027 0.036 0.10 0.050
aR 0.031 0.027 0.040 0.10 0.046w

a Both chiralities; F2 dd is a nonstandard setting of Fdd2.
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Table 3
Ž .Non-hydrogen positional and isotropic displacement parameters, 2

2˚Ž .Atom x y z U eq A

Ž . Ž . Ž . Ž . Ž .Ru 1 0.40612 1 0.46101 5 0.63837 2 0.0344 2
aŽ . Ž . Ž . Ž . Ž .Fe 2 0.3518 2 0.3124 8 0.6024 3 0.073 3
aŽ . Ž . Ž . Ž . Ž .Ru 2 0.35150 7 0.3104 3 0.6021 1 0.027 1

Ž . Ž . Ž . Ž . Ž .Ru 3 0.33000 1 0.45445 5 0.69637 2 0.0321 2
Ž . Ž . Ž . Ž . Ž .Ru 4 0.30315 1 0.62245 5 0.60087 2 0.0307 2

aŽ . Ž . Ž . Ž . Ž .Fe 5 0.3255 3 0.477 1 0.5063 4 0.039 4
aŽ . Ž . Ž . Ž . Ž .Ru 5 0.3251 1 0.4801 7 0.5051 2 0.032 2

Ž . Ž . Ž . Ž . Ž .Ru 6 0.37979 1 0.62826 5 0.54069 2 0.0321 2
Ž . Ž . Ž . Ž . Ž .S 1 0.38072 4 0.5481 2 0.71602 7 0.0386 6
Ž . Ž . Ž . Ž . Ž .C 01 0.4014 2 0.5193 8 0.7954 3 0.075 3
Ž . Ž . Ž . Ž . Ž .S 2 0.35061 4 0.7355 1 0.60657 7 0.0377 6
Ž . Ž . Ž . Ž . Ž .C 02 0.3406 2 0.8849 6 0.5766 4 0.081 4
Ž . Ž . Ž . Ž . Ž .C 11 0.4252 1 0.3780 7 0.5818 3 0.049 3
Ž . Ž . Ž . Ž . Ž .O 11 0.4373 1 0.3227 5 0.5512 2 0.082 3
Ž . Ž . Ž . Ž . Ž .C 12 0.4377 2 0.4090 7 0.7041 3 0.057 3
Ž . Ž . Ž . Ž . Ž .O 12 0.4572 1 0.3791 6 0.7441 2 0.109 3
Ž . Ž . Ž . Ž . Ž .C 21 0.3704 2 0.2166 7 0.5529 4 0.063 3
Ž . Ž . Ž . Ž . Ž .O 21 0.3807 2 0.1513 6 0.5234 3 0.109 3
Ž . Ž . Ž . Ž . Ž .C 22 0.3179 2 0.2110 7 0.5904 4 0.059 3
Ž . Ž . Ž . Ž . Ž .O 22 0.2993 1 0.1420 5 0.5833 3 0.091 3
Ž . Ž . Ž . Ž . Ž .C 23 0.3712 2 0.2527 7 0.6796 3 0.064 3
Ž . Ž . Ž . Ž . Ž .O 23 0.3827 1 0.2044 5 0.7247 2 0.088 3
Ž . Ž . Ž . Ž . Ž .C 31 0.2926 2 0.3697 6 0.6789 3 0.041 3
Ž . Ž . Ž . Ž . Ž .O 31 0.2706 1 0.3164 4 0.6693 2 0.061 2
Ž . Ž . Ž . Ž . Ž .C 32 0.3396 2 0.3962 6 0.7789 3 0.046 3
Ž . Ž . Ž . Ž . Ž .O 32 0.3458 1 0.3593 5 0.8293 2 0.079 2
Ž . Ž . Ž . Ž . Ž .C 41 0.2656 2 0.5388 6 0.5808 3 0.041 2
Ž . Ž . Ž . Ž . Ž .O 41 0.2428 1 0.4922 5 0.5652 2 0.067 2
Ž . Ž . Ž . Ž . Ž .C 42 0.2806 1 0.7615 6 0.5726 3 0.039 2
Ž . Ž . Ž . Ž . Ž .O 42 0.2670 1 0.8442 4 0.5565 2 0.066 2
Ž . Ž . Ž . Ž . Ž .C 51 0.3428 2 0.4198 7 0.4429 3 0.055 3
Ž . Ž . Ž . Ž . Ž .O 51 0.3530 1 0.3824 5 0.4034 3 0.090 3
Ž . Ž . Ž . Ž . Ž .C 52 0.2890 2 0.3938 8 0.4790 3 0.063 3
Ž . Ž . Ž . Ž . Ž .O 52 0.2679 1 0.3386 6 0.4600 3 0.106 3
Ž . Ž . Ž . Ž . Ž .C 53 0.3116 2 0.6183 7 0.4672 3 0.055 3
Ž . Ž . Ž . Ž . Ž .O 53 0.3023 1 0.6999 5 0.4358 2 0.074 2
Ž . Ž . Ž . Ž . Ž .C 61 0.4000 1 0.5550 6 0.4840 3 0.043 3
Ž . Ž . Ž . Ž . Ž .O 61 0.4120 1 0.5202 5 0.4472 2 0.067 2
Ž . Ž . Ž . Ž . Ž .C 62 0.3767 2 0.7647 7 0.4903 3 0.061 3
Ž . Ž . Ž . Ž . Ž .O 62 0.3737 2 0.8469 6 0.4600 3 0.111 3
Ž . Ž . Ž . Ž . Ž .C 1 0.3614 1 0.4846 5 0.5830 2 0.030 2
Ž . Ž . Ž . Ž . Ž .C 2 0.3347 1 0.4820 5 0.6028 2 0.031 2
Ž . Ž . Ž . Ž . Ž .P 1 0.30303 4 0.6245 2 0.70746 7 0.0343 6
Ž . Ž . Ž . Ž . Ž .C 111 0.3191 1 0.7422 6 0.7622 3 0.040 2
Ž . Ž . Ž . Ž . Ž .C 112 0.3040 2 0.7798 6 0.8090 3 0.048 3
Ž . Ž . Ž . Ž . Ž .C 113 0.3176 2 0.8629 7 0.8530 3 0.058 3
Ž . Ž . Ž . Ž . Ž .C 114 0.3450 2 0.9093 7 0.8512 4 0.068 3
Ž . Ž . Ž . Ž . Ž .C 115 0.3602 2 0.8773 7 0.8051 4 0.068 3
Ž . Ž . Ž . Ž . Ž .C 116 0.3474 2 0.7920 7 0.7612 3 0.054 3
Ž . Ž . Ž . Ž . Ž .C 121 0.2658 1 0.5997 6 0.7275 3 0.040 2
Ž . Ž . Ž . Ž . Ž .C 122 0.2642 2 0.5287 7 0.7792 3 0.052 3
Ž . Ž . Ž . Ž . Ž .C 123 0.2369 2 0.5098 7 0.7955 4 0.066 4
Ž . Ž . Ž . Ž . Ž .C 124 0.2105 2 0.5622 8 0.7611 4 0.069 4
Ž . Ž . Ž . Ž . Ž .C 125 0.2117 2 0.6320 7 0.7112 4 0.062 3
Ž . Ž . Ž . Ž . Ž .C 126 0.2397 2 0.6516 6 0.6940 3 0.047 3
Ž . Ž . Ž . Ž . Ž .P 2 0.42565 4 0.6379 2 0.61340 7 0.0364 6
Ž . Ž . Ž . Ž . Ž .C 211 0.4333 2 0.7577 7 0.6692 3 0.054 3
Ž . Ž . Ž . Ž . Ž .C 212 0.4236 2 0.8696 9 0.6514 5 0.100 5
Ž . Ž . Ž . Ž . Ž .C 213 0.4295 3 0.965 1 0.6921 6 0.126 6
Ž . Ž . Ž . Ž . Ž .C 214 0.4445 4 0.943 1 0.7504 7 0.147 9
Ž . Ž . Ž . Ž . Ž .C 215 0.4557 4 0.834 1 0.7705 5 0.158 8

Ž .Table 3 continued

2˚Ž .Atom x y z U eq A

Ž . Ž . Ž . Ž . Ž .C 216 0.4493 3 0.7406 9 0.7291 4 0.104 5
Ž . Ž . Ž . Ž . Ž .C 221 0.4621 1 0.6300 6 0.5883 3 0.041 2
Ž . Ž . Ž . Ž . Ž .C 222 0.4669 2 0.6965 7 0.5388 3 0.053 3
Ž . Ž . Ž . Ž . Ž .C 223 0.4952 2 0.6916 7 0.5214 3 0.064 3
Ž . Ž . Ž . Ž . Ž .C 224 0.5181 2 0.6204 8 0.5532 3 0.064 3
Ž . Ž . Ž . Ž . Ž .C 225 0.5136 2 0.5565 8 0.6025 4 0.071 4
Ž . Ž . Ž . Ž . Ž .C 226 0.4855 2 0.5601 7 0.6198 3 0.057 3
Ž . Ž . Ž . Ž . Ž .C 101 0.4565 5 0.020 2 0.9204 6 0.140 9
Ž . Ž . Ž . Ž . Ž .C 1011 0.4382 5 y0.036 2 0.9425 8 0.27 1
Ž . Ž . Ž . Ž . Ž .C 102 0.4856 3 0.015 1 0.9133 6 0.107 6
Ž . Ž . Ž . Ž . Ž .C 103 0.4986 5 0.094 2 0.8841 7 0.19 1
Ž . Ž . Ž . Ž . Ž .C 104 0.4892 6 0.182 2 0.8580 7 0.20 1
Ž . Ž . Ž . Ž . Ž .C 105 0.4547 5 0.196 1 0.8625 6 0.138 8
Ž . Ž . Ž . Ž . Ž .C 106 0.4361 4 0.130 1 0.8900 6 0.135 8

aSite occupancy factors0.5.

atom. The observations of two SMe resonances in the
cases of 2 and 4 are consistent with the solid state
structures being present in solution, with no fluxional
processes leading to their becoming equivalent.

3.1. Electron counts

The clusters we have described above present several
unusual structural features. Extensive arrays of metals
atoms are held in relatively open arrangements by the
C and SMe ligands. Metal–metal separations of )3.02
Å are weakly bonding at best and it is appropriate at

Ž .this stage to consider the cluster valence electron c.v.e.
counts for complexes 2–5. Complexes 2 and 3 are 94-e
clusters and their geometries can be derived from 90-e

w xtrigonal prisms by cleavage of two M–M bonds 29 ;
the same c.v.e. count is expected on the basis of Min-

w xgos’s condensed cluster counting rules 30 . Individual
metal atoms achieve 18-e configurations in all cases if
the C ligand is considered to be a 6-e donor.2

In contrast, complexes 4 and 5 are electron-rich with
110 c.v.e., two more than expected. There are now
many examples of clusters containing several 3-e bridg-
ing ligands, such as PR or SR, which are formally2

w xelectron-rich 31–33 . Structural studies have shown
these complexes to have one or more lengthened M–M

Ž .vectors or enlarged triangular faces , a feature which
has been rationalised by EH MO calculations as result-
ing from the extra electrons being accommodated in
low-lying orbitals that have M–M antibonding character
w x34–36 . The several longer-than-normal M–M vectors
found in 4 and 5 suggest that a similar explanation
operates here.

The electron configurations of these complexes have
been considered before in a survey of higher nuclearity

w xclusters containing the C ligand 29 . While the metal2
skeleton is related to a trigonal prism, this core is too
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Table 4
Ž .Non-hydrogen positional and isotropic displacement parameters, 3

)˚Ž .Atom x y z U eq A 2

Ž . Ž . Ž . Ž . Ž .Ru 1 0.50058 5 0.30918 1 0.39672 1 0.0308 2
Ž . Ž . Ž . Ž . Ž .Ru 2 0.44285 6 0.28258 1 0.45250 1 0.0333 2
Ž . Ž . Ž . Ž . Ž .Ru 3 0.60461 5 0.34518 1 0.46917 1 0.0295 2
Ž . Ž . Ž . Ž . Ž .Ru 4 0.39098 5 0.39336 1 0.46991 1 0.0290 1
Ž . Ž . Ž . Ž . Ž .Ru 5 0.22296 5 0.33205 1 0.45376 1 0.0319 2
Ž . Ž . Ž . Ž . Ž .Ru 6 0.28935 5 0.35857 1 0.39774 1 0.0318 2
Ž . Ž . Ž . Ž . Ž .C 11 0.4020 7 0.2724 2 0.3821 1 0.042 2
Ž . Ž . Ž . Ž . Ž .O 11 0.3446 6 0.2490 1 0.3728 1 0.068 2
Ž . Ž . Ž . Ž . Ž .C 12 0.6428 7 0.2871 2 0.3805 1 0.044 2
Ž . Ž . Ž . Ž . Ž .O 12 0.7273 6 0.2733 2 0.3708 1 0.071 2
Ž . Ž . Ž . Ž . Ž .C 21 0.3644 9 0.2394 2 0.4392 2 0.059 3
Ž . Ž . Ž . Ž . Ž .O 21 0.3179 8 0.2127 2 0.4325 1 0.105 3
Ž . Ž . Ž . Ž . Ž .C 22 0.4309 8 0.2647 2 0.4896 1 0.054 3
Ž . Ž . Ž . Ž . Ž .O 22 0.4224 8 0.2541 2 0.5111 1 0.094 3
Ž . Ž . Ž . Ž . Ž .C 23 0.6096 8 0.2660 2 0.4464 2 0.052 3
Ž . Ž . Ž . Ž . Ž .O 23 0.7084 6 0.2531 2 0.4438 1 0.079 2
Ž . Ž . Ž . Ž . Ž .C 31 0.5850 7 0.3308 2 0.5059 1 0.044 2
Ž . Ž . Ž . Ž . Ž .O 31 0.5802 6 0.3203 2 0.5278 1 0.072 2
Ž . Ž . Ž . Ž . Ž .C 32 0.7771 7 0.3361 2 0.4744 1 0.047 3
Ž . Ž . Ž . Ž . Ž .O 32 0.8819 5 0.3308 2 0.4779 1 0.077 2
Ž . Ž . Ž . Ž . Ž .C 41 0.3655 7 0.3806 2 0.5073 1 0.041 2
Ž . Ž . Ž . Ž . Ž .O 41 0.3473 6 0.3737 2 0.5295 1 0.063 2
Ž . Ž . Ž . Ž . Ž .C 42 0.3123 8 0.4384 2 0.4759 1 0.048 3
Ž . Ž . Ž . Ž . Ž .O 42 0.2667 7 0.4659 1 0.4796 1 0.081 3
Ž . Ž . Ž . Ž . Ž .C 51 0.1080 7 0.2977 2 0.4388 1 0.045 2
Ž . Ž . Ž . Ž . Ž .O 51 0.0403 6 0.2766 2 0.4301 1 0.074 2
Ž . Ž . Ž . Ž . Ž .C 52 0.1771 6 0.3197 2 0.4908 1 0.044 2
Ž . Ž . Ž . Ž . Ž .O 52 0.1449 6 0.3113 2 0.5121 1 0.074 2
Ž . Ž . Ž . Ž . Ž .C 53 0.1228 7 0.3742 2 0.4508 2 0.047 3
Ž . Ž . Ž . Ž . Ž .O 53 0.0525 6 0.3980 1 0.4497 1 0.068 2
Ž . Ž . Ž . Ž . Ž .C 61 0.1913 7 0.3227 2 0.3809 1 0.046 3
Ž . Ž . Ž . Ž . Ž .O 61 0.1232 6 0.3030 2 0.3708 1 0.077 2
Ž . Ž . Ž . Ž . Ž .C 62 0.1782 8 0.3924 2 0.3830 2 0.059 3
Ž . Ž . Ž . Ž . Ž .O 62 0.1071 7 0.4122 2 0.3738 1 0.099 3
Ž . Ž . Ž . Ž . Ž .S 1 0.6422 2 0.35298 5 0.41959 3 0.0358 5
Ž . Ž . Ž . Ž . Ž .C 01 0.8066 7 0.3428 3 0.4123 2 0.066 3
Ž . Ž . Ž . Ž . Ž .S 2 0.3986 2 0.40870 4 0.42107 3 0.0359 5
Ž . Ž . Ž . Ž . Ž .C 02 0.3121 9 0.4507 2 0.4156 2 0.058 3
Ž . Ž . Ž . Ž . Ž .C 1 0.3852 6 0.3278 2 0.4285 1 0.028 2
Ž . Ž . Ž . Ž . Ž .C 2 0.4218 6 0.3405 2 0.4540 1 0.029 2
Ž . Ž . Ž . Ž . Ž .P 1 0.5996 2 0.40676 5 0.47972 3 0.0330 5
Ž . Ž . Ž . Ž . Ž .C 111 0.7049 7 0.4385 2 0.4618 1 0.038 2
Ž . Ž . Ž . Ž . Ž .C 112 0.7938 8 0.4578 2 0.4764 1 0.053 3
Ž . Ž . Ž . Ž . Ž .C 113 0.8827 8 0.4791 2 0.4630 2 0.065 3
Ž . Ž . Ž . Ž . Ž .C 114 0.8799 9 0.4819 2 0.4347 2 0.063 3
Ž . Ž . Ž . Ž . Ž .C 115 0.7917 9 0.4636 2 0.4202 2 0.064 3
Ž . Ž . Ž . Ž . Ž .C 116 0.7038 8 0.4416 2 0.4333 1 0.052 3
Ž . Ž . Ž . Ž . Ž .C 121 0.6232 7 0.4206 2 0.5154 1 0.042 2
Ž . Ž . Ž . Ž . Ž .C 122 0.7086 7 0.4038 2 0.5320 1 0.051 3
Ž . Ž . Ž . Ž . Ž .C 123 0.7275 8 0.4162 2 0.5591 2 0.065 3
Ž . Ž . Ž . Ž . Ž .C 124 0.6585 9 0.4451 3 0.5684 2 0.074 4
Ž . Ž . Ž . Ž . Ž .C 125 0.5737 9 0.4618 2 0.5519 2 0.065 3
Ž . Ž . Ž . Ž . Ž .C 126 0.5561 8 0.4497 2 0.5258 2 0.060 3
Ž . Ž . Ž . Ž . Ž .P 2 0.4446 2 0.35216 5 0.36464 3 0.0348 5
Ž . Ž . Ž . Ž . Ž .C 211 0.5580 7 0.3878 2 0.3565 1 0.035 2
Ž . Ž . Ž . Ž . Ž .C 212 0.5339 8 0.4247 2 0.3573 2 0.058 3
Ž . Ž . Ž . Ž . Ž .C 213 0.624 1 0.4499 2 0.3495 2 0.074 4
Ž . Ž . Ž . Ž . Ž .C 214 0.7385 9 0.4386 2 0.3421 2 0.064 3
Ž . Ž . Ž . Ž . Ž .C 215 0.7687 9 0.4028 2 0.3416 2 0.066 3
Ž . Ž . Ž . Ž . Ž .C 216 0.6794 8 0.3771 2 0.3483 1 0.053 3
Ž . Ž . Ž . Ž . Ž .C 221 0.3949 7 0.3389 2 0.3301 1 0.039 2

Ž .Table 4 continued

)˚Ž .Atom x y z U eq A 2

Ž . Ž . Ž . Ž . Ž .C 222 0.3259 7 0.3639 2 0.3149 1 0.050 3
Ž . Ž . Ž . Ž . Ž .C 223 0.2911 8 0.3558 3 0.2883 2 0.066 3
Ž . Ž . Ž . Ž . Ž .C 224 0.3215 8 0.3240 2 0.2766 2 0.064 3
Ž . Ž . Ž . Ž . Ž .C 225 0.391 1 0.2990 2 0.2913 2 0.064 3
Ž . Ž . Ž . Ž . Ž .C 226 0.4283 9 0.3067 2 0.3180 1 0.056 3

small to encapsulate the C ligand, so that two M–M2
Žbonds are ‘broken’ by retention of two more ligands

.than would be required by the trigonal prism . The
relationship of the cores present in 2 and 3 to that in the

w Ž .Ž . x2yheterometallic cluster Co Fe m ,m -C CO ,3 3 3 3 2 18
which can also be related to a trigonal prism by cleav-

Ž .age of two different M–M bonds, has also been noted.
There is a strong interaction of the C ligand with2

the resulting metal cage, comprising donation from C2
Ž .s p and p bonding frontier MOs into vacant metal

MOs and back bonding from filled metal MOs to the C2
) Žp orbitals. The C ligand is negatively charged about2

.y0.32 e on each carbon atom with an overlap popula-
tion of 1.20. It will be interesting to explore the chem-
istry of these complexes further, although the relatively
high steric protection of the C ligand suggests that it2
will be difficult to get it to participate in reactions.

4. Conclusions

The high reactivity of cluster 1 extends to its reac-
Ž .tions with metal carbonyls such as Fe CO and2 9

Ž .Ru CO . From these reactions, we have isolated and5
characterised the four complexes described above, which
contain novel cluster geometries. Possible routes to
these complexes have been discussed, involving attack
at the cluster and rearrangement. These observations are
consistent with the expected behaviour of 1 being mani-
fested not only in chemistry of the exposed C ligand2
Ž .here in further interactions with metal atoms but also
at the SMe groups, which in 4 and 5, adopt the triple-
bridging bonding mode.

5. Experimental

5.1. General conditions

All reactions were carried out under dry, high purity
nitrogen using standard Schlenk techniques. Solvents
were dried and distilled before use. Elemental analyses
were by the Canadian Microanalytical Service, Delta,
BC, Canada V4G 1G7. TLC was carried out using glass

Ž . Žplates 20=20 cm coated with silica gel Merck 60
.GF , 0.5 mm thick .254
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Table 5
Ž .Non-hydrogen positional and isotropic displacement parameters, 4

2˚Ž .Atom x y z U eq A

Ž . Ž . Ž . Ž . Ž .Ru 1 0.30808 3 0.02183 6 0.11628 5 0.0443 2
Ž . Ž . Ž . Ž . Ž .Fe 2 0.23252 4 y0.07063 9 y0.10077 9 0.0404 4
Ž . Ž . Ž . Ž . Ž .Ru 3 0.16179 3 0.09899 5 0.03975 6 0.0418 2
Ž . Ž . Ž . Ž . Ž .Ru 4 0.19899 3 0.28301 5 y0.09358 5 0.0393 2
Ž . Ž . Ž . Ž . Ž .Fe 5 0.26673 4 0.11503 9 y0.22650 9 0.0394 4
Ž . Ž . Ž . Ž . Ž .Ru 6 0.35330 3 0.23885 5 y0.01426 5 0.0388 2
Ž . Ž . Ž . Ž . Ž .Ru 7 0.32254 3 0.30507 5 0.25162 5 0.0412 2

Ž . Ž . Ž . Ž . Ž .S 1 0.24163 8 0.1465 2 0.2148 2 0.0435 7
Ž . Ž . Ž . Ž . Ž .C 01 0.2235 4 0.0997 8 0.3586 7 0.067 4
Ž . Ž . Ž . Ž . Ž .S 2 0.28428 8 0.3702 2 0.0589 2 0.0394 7
Ž . Ž . Ž . Ž . Ž .C 02 0.3004 3 0.5398 7 0.0745 7 0.057 3
Ž . Ž . Ž . Ž . Ž .C 11 0.3588 3 y0.0778 7 0.0374 7 0.060 3
Ž . Ž . Ž . Ž . Ž .O 11 0.3870 3 y0.1456 6 y0.0091 6 0.089 3
Ž . Ž . Ž . Ž . Ž .C 12 0.3271 4 y0.0333 8 0.2676 8 0.076 4
Ž . Ž . Ž . Ž . Ž .O 12 0.3361 3 y0.0751 7 0.3566 6 0.121 4
Ž . Ž . Ž . Ž . Ž .C 21 0.2700 3 y0.1880 7 y0.1917 7 0.052 3
Ž . Ž . Ž . Ž . Ž .O 21 0.2908 3 y0.2630 5 y0.2527 6 0.089 3
Ž . Ž . Ž . Ž . Ž .C 22 0.1693 3 y0.1645 7 y0.1764 7 0.057 3
Ž . Ž . Ž . Ž . Ž .O 22 0.1305 2 y0.2342 5 y0.2284 6 0.091 3
Ž . Ž . Ž . Ž . Ž .C 23 0.2402 3 y0.1327 6 0.0494 7 0.054 3
Ž . Ž . Ž . Ž . Ž .O 23 0.2227 3 y0.2094 5 0.0999 5 0.076 3
Ž . Ž . Ž . Ž . Ž .C 31 0.1011 3 0.0361 7 y0.0897 8 0.057 3
Ž . Ž . Ž . Ž . Ž .O 31 0.0622 3 y0.0022 5 y0.1643 6 0.092 3
Ž . Ž . Ž . Ž . Ž .C 32 0.1198 4 0.0350 8 0.1530 8 0.069 4
Ž . Ž . Ž . Ž . Ž .O 32 0.0936 3 y0.0037 7 0.2208 6 0.116 4
Ž . Ž . Ž . Ž . Ž .C 41 0.1446 3 0.2121 7 y0.2376 7 0.058 3
Ž . Ž . Ž . Ž . Ž .O 41 0.1136 3 0.1724 6 y0.3305 6 0.091 3
Ž . Ž . Ž . Ž . Ž .C 42 0.1966 3 0.4395 7 y0.1374 7 0.056 3
Ž . Ž . Ž . Ž . Ž .O 42 0.1951 3 0.5321 5 y0.1678 6 0.089 3
Ž . Ž . Ž . Ž . Ž .C 51 0.3239 3 0.0494 7 y0.2985 6 0.052 3
Ž . Ž . Ž . Ž . Ž .O 51 0.3586 3 0.0063 6 y0.3464 5 0.081 3
Ž . Ž . Ž . Ž . Ž .C 52 0.2160 3 0.0122 7 y0.3502 7 0.054 3
Ž . Ž . Ž . Ž . Ž .O 52 0.1855 3 y0.0535 5 y0.4350 5 0.078 3
Ž . Ž . Ž . Ž . Ž .C 53 0.2671 3 0.2506 7 y0.2943 7 0.052 3
Ž . Ž . Ž . Ž . Ž .O 53 0.2710 3 0.3255 5 y0.3529 5 0.072 3
Ž . Ž . Ž . Ž . Ž .C 61 0.4078 3 0.1323 7 y0.0477 7 0.054 3
Ž . Ž . Ž . Ž . Ž .O 61 0.4437 2 0.0754 5 y0.0691 6 0.075 3
Ž . Ž . Ž . Ž . Ž .C 62 0.3777 3 0.3272 7 y0.1317 7 0.059 3
Ž . Ž . Ž . Ž . Ž .O 62 0.3917 3 0.3795 6 y0.2080 5 0.086 3
Ž . Ž . Ž . Ž . Ž .C 71 0.3121 3 0.4545 7 0.3715 7 0.059 3
Ž . Ž . Ž . Ž . Ž .O 71 0.3083 3 0.5468 6 0.4437 6 0.096 3
Ž . Ž . Ž . Ž . Ž .C 72 0.3578 3 0.2514 7 0.3921 7 0.058 3
Ž . Ž . Ž . Ž . Ž .O 72 0.3790 3 0.2274 6 0.4807 5 0.086 3
Ž . Ž . Ž . Ž . Ž .P 1 0.13974 9 0.3001 2 0.0624 2 0.0456 7
Ž . Ž . Ž . Ž . Ž .C 111 0.1572 3 0.4208 6 0.2174 7 0.046 3
Ž . Ž . Ž . Ž . Ž .C 112 0.1677 3 0.5476 7 0.2170 8 0.062 3
Ž . Ž . Ž . Ž . Ž .C 113 0.1790 4 0.6420 8 0.3338 8 0.081 4
Ž . Ž . Ž . Ž . Ž .C 114 0.1784 4 0.6094 9 0.4495 8 0.088 4
Ž . Ž . Ž . Ž . Ž .C 115 0.1678 5 0.4851 9 0.4509 8 0.092 5
Ž . Ž . Ž . Ž . Ž .C 116 0.1576 4 0.3906 8 0.3366 8 0.072 4
Ž . Ž . Ž . Ž . Ž .C 121 0.0684 3 0.3131 7 0.0174 8 0.061 3
Ž . Ž . Ž . Ž . Ž .C 122 0.0305 4 0.278 1 0.090 1 0.104 6
Ž . Ž . Ž . Ž . Ž .C 123 y0.0258 5 0.280 1 0.060 2 0.145 8
Ž . Ž . Ž . Ž . Ž .C 124 y0.0433 4 0.319 1 y0.046 1 0.135 7
Ž . Ž . Ž . Ž . Ž .C 125 y0.0077 5 0.356 1 y0.120 1 0.125 6
Ž . Ž . Ž . Ž . Ž .C 126 0.0492 4 0.3532 9 y0.0878 9 0.085 4
Ž . Ž . Ž . Ž . Ž .C 1 0.2830 3 0.1011 5 y0.0372 6 0.036 2
Ž . Ž . Ž . Ž . Ž .C 2 0.2283 3 0.1151 6 y0.0673 6 0.035 2
Ž . Ž . Ž . Ž . Ž .P 2 0.40532 8 0.3616 2 0.1813 2 0.0436 7
Ž . Ž . Ž . Ž . Ž .C 211 0.4287 3 0.5288 6 0.1965 7 0.048 3
Ž . Ž . Ž . Ž . Ž .C 212 0.4302 4 0.6170 8 0.3161 8 0.073 4
Ž . Ž . Ž . Ž . Ž .C 213 0.4491 5 0.7443 8 0.3262 9 0.097 5

Ž .Table 5 continued

2˚Ž .Atom x y z U eq A

Ž . Ž . Ž . Ž . Ž .C 214 0.4676 4 0.7829 8 0.223 1 0.093 5
Ž . Ž . Ž . Ž . Ž .C 215 0.4669 4 0.6948 7 0.1059 8 0.067 4
Ž . Ž . Ž . Ž . Ž .C 216 0.4472 3 0.5702 7 0.0929 7 0.052 3
Ž . Ž . Ž . Ž . Ž .C 221 0.4696 3 0.3132 7 0.2417 6 0.048 3
Ž . Ž . Ž . Ž . Ž .C 222 0.5197 3 0.3940 7 0.2670 8 0.060 3
Ž . Ž . Ž . Ž . Ž .C 223 0.5688 3 0.3558 9 0.3089 9 0.074 4
Ž . Ž . Ž . Ž . Ž .C 224 0.5695 4 0.2379 8 0.3257 8 0.070 4
Ž . Ž . Ž . Ž . Ž .C 225 0.5202 4 0.1565 8 0.3015 9 0.073 4
Ž . Ž . Ž . Ž . Ž .C 226 0.4709 3 0.1925 7 0.2593 8 0.059 3

aŽ . Ž . Ž . Ž . Ž .C 101 y0.0428 9 0.163 2 0.524 2 0.120 8
aŽ . Ž . Ž . Ž . Ž .C 102 0.002 1 0.194 2 0.460 3 0.17 1
aŽ . Ž . Ž . Ž . Ž .C 103 0.0305 9 0.336 2 0.505 2 0.133 9
aŽ . Ž . Ž . Ž . Ž .C 104 y0.003 1 0.437 2 0.503 4 0.20 1
aŽ . Ž . Ž . Ž . Ž .C 105 0.032 1 0.568 4 0.525 8 0.52 5
aŽ . Ž . Ž . Ž . Ž .C 106 0.010 1 0.700 3 0.505 3 0.17 1

aSite occupancy factors0.5.

5.2. Instrumentation

IR: Perkin-Elmer 1700X FTIR; 683 double beam,
Ž1NaCl optics. NMR: Bruker CXP300 or ACP300 H

13 .NMR at 300.13 MHz, C NMR at 75.47 MHz . FAB
ŽMS: VG ZAB 2HF 3-nitrobenzyl alcohol as matrix, Ar

as exciting gas, gun voltage 7.5 kV, current 1 mA,
.accelerating potential 7 kV .

( )5.3. Reaction of 1 with Fe CO2 9

Ž . Ž .A mixture of Fe CO 340 mg, 0.93 mmol and 12 9
Ž . Ž .95 mg, 0.073 mmol was heated in toluene 10 ml in a
Carius tube at 988C for 6 h. After removal of solvent,

Žthe residue was purified by preparative TLC light
. Žpetroleumracetone 10r3 . The main orange band R f

.0.4 was recrystallised from CH Cl rMeOH to yield2 2
Ž .Ž . Žorange crystals of FeRu m -C m-SMe m-5 6 2 2

. Ž . Ž . Ž .PPh CO 2 89 mg, 84% . Anal. Found: C, 34.94;2 2 14
H, 1.88; Mq, 1442. C H FeO P Ru S calc. C,42 26 14 2 5 2

Ž . Ž .34.99; H, 1.82%; M, 1442. IR cyclohexane : y CO
2073s, 2041vs, 2034s, 2020s, 2003w, 1990m, 1977s,

y1 1 Ž . Ž1926vw cm . H NMR: d CDCl 1.87, 1.93 2=3H,3
. Ž . 13 Ž .s, SMe , 6.90–7.83 20H, Ph . C NMR: d CDCl3

Ž . Ž .18.56, 18.79 2=s, SMe , 127.26–132.50 m, Ph ,
Ž . Ž139.24 d, J s20.0 Hz, ipso C , 142.27 d, J s36.1CP CP

. Ž . ŽHz, ipso C , 191.03 d, J s7.0 Hz , 191.72 d,CP
. Ž . Ž . Ž .J s6.9 Hz , 195.56 m, br , 196.42 s , 200.68 s ,CP

Ž . Ž . Ž . Ž201.36 s , 212.44 m, br CO , 254.93 d, J s5.4CP
. Ž . qHz, C . FAB MS mrz : 1442, M ; 1414–1050,2

w xq Ž .M–nCO ns1–14 . A second minor brown band
Ž .R 0.25 was recrystallised from CH Cl rMeOH tof 2 2

Ž .Ž . Žgive black crystals of Fe Ru m -C m -SMe m-2 5 6 2 3 2
. Ž .Ž . Ž . Ž .PPh m-CO CO 4 20 mg, 17% . Anal. Found:2 2 15

C, 34.23; H, 1.83; Mq, 1554. C H Fe O P Ru S44 26 2 16 2 5 2
Ž .calc.: C 34.46; H, 1.71%; M, 1554. IR cyclohexane :

Ž . Ž .y CO 2073w, 2068s, 2043vs, 2034m, 2027s, 2004 sh ,
Ž .2016m, 2004s, 1990w, 1985 sh , 1977m, 1975m,

y1 1 Ž .1959w, 1949w, 1872vw cm . H NMR: d CDCl3
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Table 6
Ž .Non-hydrogen positional and isotropic displacement parameters, 5

)˚Ž .Atom x y z U eq A 2

Ž . Ž . Ž . Ž . Ž .Ru 1 0.75018 8 0.82912 8 0.6123 1 0.0297 4
Ž . Ž . Ž . Ž . Ž .Ru 2 0.81913 8 0.65043 9 0.5897 1 0.0336 5
Ž . Ž . Ž . Ž . Ž .Ru 3 0.68366 8 0.63375 8 0.4171 1 0.0325 5
Ž . Ž . Ž . Ž . Ž .Ru 4 0.78398 8 0.68127 8 0.2142 1 0.0284 4
Ž . Ž . Ž . Ž . Ž .Ru 5 0.92458 8 0.69511 9 0.3712 1 0.0338 5
Ž . Ž . Ž . Ž . Ž .Ru 6 0.85935 8 0.88730 8 0.3874 1 0.0291 4
Ž . Ž . Ž . Ž . Ž .Ru 7 0.67781 7 0.93074 8 0.3939 1 0.0281 4

Ž . Ž . Ž . Ž . Ž .S 1 0.6400 2 0.7901 3 0.4836 3 0.032 1
Ž . Ž . Ž . Ž . Ž .C 01 0.5421 9 0.798 1 0.566 1 0.049 6
Ž . Ž . Ž . Ž . Ž .S 2 0.7619 2 0.8456 2 0.2411 3 0.029 1
Ž . Ž . Ž . Ž . Ž .C 02 0.766 1 0.904 1 0.096 1 0.041 6
Ž . Ž . Ž . Ž . Ž .C 11 0.834 1 0.858 1 0.715 1 0.039 6
Ž . Ž . Ž . Ž . Ž .O 11 0.8784 8 0.8746 8 0.789 1 0.070 6
Ž . Ž . Ž . Ž . Ž .C 12 0.6798 9 0.893 1 0.724 2 0.043 6
Ž . Ž . Ž . Ž . Ž .O 12 0.6401 8 0.9295 9 0.801 1 0.079 6
Ž . Ž . Ž . Ž . Ž .C 21 0.904 1 0.656 1 0.705 1 0.050 7
Ž . Ž . Ž . Ž . Ž .O 21 0.9563 8 0.659 1 0.773 1 0.091 7
Ž . Ž . Ž . Ž . Ž .C 22 0.814 1 0.531 1 0.625 2 0.066 8
Ž . Ž . Ž . Ž . Ž .O 22 0.813 1 0.456 1 0.655 1 0.119 9
Ž . Ž . Ž . Ž . Ž .C 23 0.7313 9 0.702 1 0.702 1 0.036 6
Ž . Ž . Ž . Ž . Ž .O 23 0.6849 7 0.6839 8 0.782 1 0.063 5
Ž . Ž . Ž . Ž . Ž .C 31 0.720 1 0.511 1 0.397 1 0.056 8
Ž . Ž . Ž . Ž . Ž .O 31 0.737 1 0.4363 8 0.387 1 0.086 7
Ž . Ž . Ž . Ž . Ž .C 32 0.591 1 0.597 1 0.505 2 0.068 8
Ž . Ž . Ž . Ž . Ž .O 32 0.537 1 0.575 1 0.561 1 0.133 9
Ž . Ž . Ž . Ž . Ž .C 41 0.821 1 0.560 1 0.185 1 0.041 6
Ž . Ž . Ž . Ž . Ž .O 41 0.8450 8 0.4866 8 0.158 1 0.076 6
Ž . Ž . Ž . Ž . Ž .C 42 0.809 1 0.703 1 0.048 1 0.042 6
Ž . Ž . Ž . Ž . Ž .O 42 0.8263 9 0.7183 9 y0.051 1 0.077 6
Ž . Ž . Ž . Ž . Ž .C 51 1.016 1 0.716 1 0.474 1 0.047 7
Ž . Ž . Ž . Ž . Ž .O 51 1.0702 8 0.7251 9 0.532 1 0.082 6
Ž . Ž . Ž . Ž . Ž .C 52 0.950 1 0.567 1 0.373 1 0.047 7
Ž . Ž . Ž . Ž . Ž .O 52 0.9639 8 0.4911 8 0.377 1 0.077 6
Ž . Ž . Ž . Ž . Ž .C 53 0.978 1 0.711 1 0.216 2 0.062 8
Ž . Ž . Ž . Ž . Ž .O 53 1.0114 9 0.721 1 0.122 1 0.101 7
Ž . Ž . Ž . Ž . Ž .C 61 0.932 1 0.911 1 0.508 1 0.043 6
Ž . Ž . Ž . Ž . Ž .O 61 0.9827 7 0.9226 8 0.578 1 0.062 5
Ž . Ž . Ž . Ž . Ž .C 62 0.937 1 0.914 1 0.268 2 0.055 7
Ž . Ž . Ž . Ž . Ž .O 62 0.9824 8 0.9317 9 0.190 1 0.081 6
Ž . Ž . Ž . Ž . Ž .C 71 0.605 1 0.975 1 0.281 1 0.037 6
Ž . Ž . Ž . Ž . Ž .O 71 0.5577 7 1.0048 8 0.211 1 0.064 5
Ž . Ž . Ž . Ž . Ž .C 72 0.6196 9 1.000 1 0.513 1 0.040 6
Ž . Ž . Ž . Ž . Ž .O 72 0.5811 7 1.0479 8 0.577 1 0.060 5
Ž . Ž . Ž . Ž . Ž .P 1 0.6481 2 0.6492 3 0.2151 4 0.033 1
Ž . Ž . Ž . Ž . Ž .C 111 0.5697 9 0.7339 9 0.161 1 0.032 5
Ž . Ž . Ž . Ž . Ž .C 112 0.576 1 0.774 1 0.049 1 0.048 7
Ž . Ž . Ž . Ž . Ž .C 113 0.515 1 0.835 1 0.006 2 0.064 8
Ž . Ž . Ž . Ž . Ž .C 114 0.446 1 0.858 1 0.079 2 0.067 8
Ž . Ž . Ž . Ž . Ž .C 115 0.438 1 0.819 1 0.193 2 0.065 8
Ž . Ž . Ž . Ž . Ž .C 116 0.499 1 0.757 1 0.234 1 0.043 6
Ž . Ž . Ž . Ž . Ž .C 121 0.623 1 0.5485 9 0.134 1 0.038 6
Ž . Ž . Ž . Ž . Ž .C 122 0.572 1 0.491 1 0.185 1 0.055 7
Ž . Ž . Ž . Ž . Ž .C 123 0.550 1 0.413 1 0.125 2 0.076 9
Ž . Ž . Ž . Ž . Ž .C 124 0.585 1 0.398 1 0.009 2 0.062 8
Ž . Ž . Ž . Ž . Ž .C 125 0.634 1 0.453 1 y0.044 2 0.072 9
Ž . Ž . Ž . Ž . Ž .C 126 0.656 1 0.531 1 0.015 2 0.057 7
Ž . Ž . Ž . Ž . Ž .C 1 0.8203 9 0.7678 9 0.463 1 0.036 6
Ž . Ž . Ž . Ž . Ž .C 2 0.7957 8 0.6931 9 0.407 1 0.027 5
Ž . Ž . Ž . Ž . Ž .P 2 0.7817 2 1.0287 3 0.3808 3 0.033 1
Ž . Ž . Ž . Ž . Ž .C 211 0.793 1 1.1052 9 0.253 1 0.039 6
Ž . Ž . Ž . Ž . Ž .C 212 0.726 1 1.143 1 0.184 2 0.055 7
Ž . Ž . Ž . Ž . Ž .C 213 0.736 1 1.209 1 0.096 2 0.078 9

Ž .Table 6 continued

)˚Ž .Atom x y z U eq A 2

Ž . Ž . Ž . Ž . Ž .C 214 0.812 2 1.234 1 0.069 2 0.09 1
Ž . Ž . Ž . Ž . Ž .C 215 0.878 1 1.197 2 0.129 2 0.083 9
Ž . Ž . Ž . Ž . Ž .C 216 0.871 1 1.131 1 0.220 2 0.064 8
Ž . Ž . Ž . Ž . Ž .C 221 0.781 1 1.110 1 0.508 1 0.041 6
Ž . Ž . Ž . Ž . Ž .C 222 0.744 1 1.199 1 0.491 2 0.063 8
Ž . Ž . Ž . Ž . Ž .C 223 0.739 1 1.256 1 0.590 2 0.075 9
Ž . Ž . Ž . Ž . Ž .C 224 0.773 1 1.231 1 0.700 2 0.058 8
Ž . Ž . Ž . Ž . Ž .C 225 0.808 1 1.148 1 0.713 2 0.065 8
Ž . Ž . Ž . Ž . Ž .C 226 0.812 1 1.084 1 0.618 2 0.061 8

Ž . Ž .1.70, 2.85 2=3H, s, SMe , 7.14–7.95 20H, m, Ph .
Ž . q w xqFAB MS mrz : 1534, M ; 1526–1106, M–nCO

Ž .ns1–16 .

( )5.4. Reaction of 1 with Ru CO 5

Ž .Complex 1 50 mg, 0.038 mmol was added to a
Ž . wsolution of Ru CO ca. 0.2 mmol; prepared from5

Ž . Ž . Ž .Ru CO 50 mg, 0.078 mmol and CO 45 atm. in3 12
Ž . xcyclohexane 20 ml at 1208C , and the mixture was

heated at 988C for 6 h in a Carius tube. After removal
of solvent, the residue was purified by preparative TLC
Ž .light petroleumracetone 10r3 . The main orange band
Ž .R 0.4 was recrystallised from CH Cl rMeOH tof 2 2

Ž .Ž . Žgive orange crystals of Ru m -C m-SMe m-6 6 2 2
. Ž . Ž . Ž .PPh CO 3 48 mg, 86% . Anal. Found: C, 33.88;2 2 14

H, 1.77; Mq, 1459. C H O P Ru S calc.: C, 33.87;42 26 14 2 6 2
Ž . Ž .H, 1.74%; M, 1488. IR cyclohexane ; y CO 2075s,

2041vs, 2037s, 2026w, 2011m, 1991m, 1978m, 1955vw
y1 1 Ž . Ž .cm . H NMR: d CDCl 1.78 6H, s, 2=SMe ,3

Ž . 13 Ž . Ž6.79–7.82 20H, m, Ph . C NMR: d CDCl 18.69 s,3
. Ž . Ž2=SMe , 127.21–132.71 m, Ph , 139.26 d, J sCP

. Ž .19.6 Hz, ipso C , 142.36 d, J s36.7 Hz, ipso C ,CP
Ž . Ž . Ž .191.72 d, J s7.0 Hz , 195.77 s, br , 196.17 s ,CP
Ž . Ž . Ž .201.62 s , CO , 252.19 d, J s8.6 Hz, C . FABCP 2

Ž . w xq Ž . qMS mrz : 1459–1067, M–nCO ns1–14 ; M
Ž .not observed. A second minor orange band R 0.2f

was recrystallised from CH Cl rMeOH to give orange2 2
Ž .Ž . Ž . Žcrystals of Ru m -C m -SMe m-PPh m-7 6 2 3 2 2 2

.Ž . Ž . Ž .CO CO 5 6 mg, 10% . Anal. Found: C, 32.04; H,15
1.63; Mq, 1644. C H O P Ru S calc.: C, 32.14;44 26 16 2 7 2

Ž . Ž .H, 1.59%; M, 1644. IR cyclohexane : y CO 2072s,
2043vs, 2034s, 2024s, 2014m, 1999m, 1994m, 1974m,
1969w, 1962w, 1954w, 1820w cmy1. 1H NMR:
Ž . Ž . Žd CDCl 1.58 3H, s, SMe , 2.79 3H, d, J s0.23 HP

. Ž . Ž .Hz, SMe , 7.14–7.94 20H, m, Ph . FAB MS mrz :
q w xq Ž .1644, M ; 1616–1196, M–nCO ns1–16 .

5.5. Crystallography

Unique data sets were measured at ca. 295 K within
the specified 2u limits using an Enraf-Nonius CAD4max

Ždiffractometer 2uru scan mode; monochromatic Mo–
˚ .K a radiation, l 0.7107 A ; N independent reflections3

Ž .were obtained N with I)3s I being consideredo
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observed and used in the full matrix least squares
refinement after gaussian absorption correction.
Anisotropic thermal parameters were refined for the

Ž .non-hydrogen atoms; x, y, z, U were includediso H
constrained at estimated values. Conventional residuals

X < <R, R on F are quoted, statistical weights derivative of
2Ž . 2Ž . 4Ž .s I ss I q0.0004s I being used. Com-diff diff

w xputation used the XTAL 3.2 program system 37 imple-
mented by S.R. Hall; neutral atom complex scattering
factors were employed. Crystal data and refinement
details are given in Table 2.

5.6. Abnormal features and Õariations in procedure

2. This material was found to decompose in the
X-ray beam; data were collected on the largest possible
specimen overnight at maximum speed with periodic
reorientation checks. Decomposition of about 20% was
compensated for by scaling. Following exploratory re-
finements with variable site occupancies, the sites of

Ž .Ru 2,5 were set at 50% occupancy with iron atoms;
although separate components at each site were refin-
able in a stable manner with meaningful anisotropic
thermal parameters, the separation of components at

˚w Ž . Ž . xeach site is small sites 2,5: 0.03 1 , 0.04 1 A and
differences in associated geometries are of doubtful

Žmeaning and significance Table 3; see also Table 4 for
.data on 3 .

4. This complex was initially isolated as inferior
material as a dichloromethane solvate, 4s, offering lim-
ited and weak data capable of supporting meaningful
anisotropic thermal parameter refinement for Ru, Fe
only, and with solvent population refining to 0.75.
Crystallisation from hexane afforded better crystals in a
different form, permitting normal refinement, the sol-
vent being modelledrrefined with constrained geometry
and site occupancy 0.5. We give the results of the latter
in detail; details of the dichloromethane solvent other

Ž .than immediate crystal data are deposited Table 5 .
5. A satisfactory specimen was obtained only with

difficulty, the crystals appearing to craze on standing,
Ž .although seemingly stable in the X-ray beam Table 6 .
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