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Abstract

Thermolysis of a toluene solution containing [Fe2W(CO)10(�3-S)2] (1) and [(�5-C5H5)W(CO)3(CCPh)] (2), at 80°C yields the
mixed metal cluster [Fe2(CO)6(�3-S)2W{(�5-C5H5)W(CO)3(CCPh)}2] (3). Structure of 3 has been established crystallographically.
It consists of a triangular Fe2W unit, each face of which is capped by a sulfido ligand. Each Fe atom bears three carbonyl groups.
Two separate molecules of [(�5-C5H5)W(CO)3(CCPh)] are attached to the W atom of the Fe2W core through the acetylide groups.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

There is continuing interest in metal acetylide chem-
istry from several perspectives. Metal acetylide com-
plexes can serve as useful precursors for preparation of
organometallic polymers [1–6], as components in non-
linear optical materials [7,8], and as new liquid crystals
[9,10]. Carbon–carbon bond formation reactions by
using metal acetylide precursors has been of particular
interest [11–15]. Mononuclear acetylide complexes have
been shown to undergo different types of coupling
reactions on metal clusters, and as a consequence,
numerous new acetylide-bridged mixed-metal clusters
have been synthesised during the course of these inves-
tigations. In previous studies, we have investigated the
use of chalcogen-bridged metal carbonyl compounds as
precursors to add metal acetylide molecules and have
observed several types of acetylide couplings to occur
on the chalcogen-bridged metal cluster frameworks.
Nature of the chalcogen bridges, the metal acetylide
used, and the reaction conditions used in these reac-

tions all appear to play important roles in influencing
the course of such acetylide couplings. We have ob-
served coupling with and without CO as well as oxo-
containing metal acetylide complexes when the
reactions have been performed under aerobic condi-
tions [16–18]. In this paper we report the formation of
an unusual acetylide-containing mixed-metal cluster
from a mild thermolysis reaction, its structural charac-
terisation and investigation of its electrochemistry
(Scheme 1).

2. Results and discussion

2.1. Synthesis and characterisation of [(�5-C5H5)2-
W3Fe2S2(CO)12(CCPh)2]

When a toluene solution of [Fe2W(CO)10(�3-S)2] (1)
and [(�5-C5H5)W(CO)3(CCPh)] (2) was heated at 80°C,
under nitrogen atmosphere, an immediate color change
was observed and after twenty minutes, a dark brown
compound was separated in pure form from the reac-
tion mixture, and characterised as [(�5-C5H5)2W3Fe2S2-
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Scheme 1.

Table 1
Crystal data and structure refinement parameters for 3

C19H10FeO6SW1.50Empirical formula
Formula weight 697.96

293(2)Temperature (K)
0.70930Wavelength (A� )
OrthorhombicCrystal system
PnabSpace group

Unit cell dimensions
18.921(3)a (A� )
11.338(1)b (A� )
18.939(3)c (A� )
4062.9(10)V (A� 3)
8Z
2.282Dcalc (mg m−3)

Absorption coefficient (mm−1) 9.322
2600F(000)
0.35×0.35×0.3Crystal size (mm3)
4249/3577Reflections collected/unique
2.09–24.92� Range for data collection (°)
0�h�22, 0�k�13, 0�l�22Index ranges

Completeness to �=24.92 (%) 96.9
Refinement method Full-matrix-block least-squares

on F2

3577/0/237Data/restraints/parameters
0.526Goodness-of-fit on F2

Final R indices [I�2�(I)] R1=0.0488, wR2=0.1286
R1=0.0635, wR2=0.1406R indices (all data)
2.256 and −1.629Largest difference peak and

hole (e A� −3)

Table 2
Selected bond lengths (A� ) and bond angles (°) of compound 3

Bond lengths
Fe(1)–S(1) 2.308(3)2.051(11)W(1)–C(8)
Fe(1)–Fe(1�)W(1)–C(7) 2.535(4)2.084(11)
S(1)–Fe(1�)W(1)–Fe(1) 2.982(2) 2.319(4)

1.338(16)C(7)–C(8)2.194(11)W(2)–C(7)

Bond angles
C(8)–W(1)–C(8�) 110.2(6)50.48(8)S(1)–Fe(1)–W(1)

64.85(4)C(8)–W(1)–C(7) 37.7(5) Fe(1�)–Fe(1)–W(1)
97.8(4)C(8)–C(7)–W(2) 142.5(9) C(8�)–W(1)–C(7)

C(8)–W(1)–C(7�)C(8)–C(7)–W(1) 69.8(7) 97.8(4)
C(8�)–W(1)–C(7�) 37.7(5)147.3(6)W(2)–C(7)–W(1)

145.1(12) C(7)–W(1)–C(7�) 110.0(6)C(9)–C(8)–C(7)
50.48(8)S(1�)–Fe(1)–W(1)142.3(9)C(9)–C(8)–W(1)

C(7)–C(8)–W(1) 72.5(7)

Symmetry transformations used to generate equivalent atoms:
(atom�)=−x+3/2, y, −z.

(CO)12(CCPh)2] (3). The Se- and Te-anaologs of 1 did
not show any reactivity towards 2 under the same
reaction conditions. Structural features of 3 were iden-
tified on the basis of IR and 1H-NMR spectroscopy.
The IR spectrum of 3 shows bands due to terminally
bonded carbonyl groups and its 1H-NMR spectrum
confirmed the presence of phenyl group and one type of
(�5-C5H5) group. For an unambiguous determination
of the structure of 3, single crystals were grown and
X-ray structure analysis carried out (Table 1). Dark
brown crystals of 3 were grown from hexane–
dichloromethane solvent mixtures at 0°C. Its molecular
structure, shown in Fig. 1, can be described as consist-
ing of an Fe2WS2 trigonal bipyramidal unit with the S
atoms occupying the apical positions. Each Fe atom
bears three terminal carbonyl groups. The Fe–W bond
distance 2.982(2) A� is comparable in length with the
Fe–W bond reported earlier [19,20]. The W atom of
the Fe2WS2 core is attached to two separate molecules
of [(�5-C5H5)W(CO)3(CCPh)] through the acetylide
group. The distance between the two acetylide carbon
atoms C(7)–C(8) is 1.338(16) A� Table 2. This is com-
parable to the distance observed for a similar bonding
type in W(PhC�CPh)(�8-C8H8) (1.31(3) A� ) [21]. Forma-
tion of 3 involves a formal transformation of the
Fe2WS2 square pyramidal core in 1 to a trigonal

Fig. 1. (a) Ball and stick representation of the core of 3. (b) ORTEP

diagram of 3 (with 30% probability ellipsoids). Two orientations of
the disordered Cp ring are represented by bold and dashed lines,
respectively.
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bipyramidal geometry by formation of a Fe–Fe bond.
The W atom is stripped of its carbonyl group and two
molecules of 2 bind to it through the acetylide groups.
There is no decarbonylation at the metal centers of the
adding 2 units and no new bonds are formed between
the metal atoms of 2 and any of the Fe2WS2 core atoms
of 1. The acetylide groups remain uncoupled. This is in
marked contrast to the related reactions in which the
adding acetylide units undergo decarbonylation and
coupling between the acetylide groups with or without
CO is observed [16]. Attempts to induce coupling be-
tween the acetylide groups of 3 by photolysis or ther-
molysis resulted in decomposition. Role of the bridging
chalcogen atoms in influencing the course of the reac-
tions is apparent. Reactions which favor acetylide cou-
pling may be thought to occur by an initial loss of CO
groups from the [(�5-C5R5)M(CO)3(CCPh)] (R=H,
CH3; M=Mo, W) and attachment of the coordina-
tively unsaturated units formed with the lone pairs of
the chalcogen atoms of [Fe3(CO)9(�3-E)2]. Orientation
of the adding metal acetylide units is such that the
tail-to-tail or head-to-tail coupling occurs. In these
cases several new metal–metal bonds are also formed.
An alternate mechanism, as is observed in formation of
3, is one whereby decarbonylation occurs at a metal
center of the chalcogen bridged cluster making this unit
an electophile. Decarbonylation in 1 occurs at the W
atom rather than the Fe atoms and thus it is at the W
atom that the addition of two molecules of 2 occurs to
form 3. Under the milder reaction conditions used in
preparation of 3, 2 remains intact. Compounds
[Fe2W(CO)10(�3-Se)2] and [Fe2W(CO)10(�3-Te)2] do not
undergo decarbonylation under similar conditions and
hence do not add 2 to form the Se- and Te- analogs of
3.

2.2. Redox properties of complex 3

The redox properties of complex 3 have been studied
by cyclic voltammetric and differential pulse voltam-
metric techniques in dichloromethane solvent using a
platinum working electrode. It exhibits two irreversible
oxidative waves, I and II at Epa, 0.68 and 1.43 V versus
SCE, respectively, and two reductive waves III and IV
at Epc, −1.27 and −1.59 V versus SCE, respectively
(Fig. 2) (under identical experimental conditions fer-
rocene/ferrocenium couple appears at 0.58 V vs. SCE)
[22]. The one-electron and two-electron nature of the
responses II/IV and I/III, respectively, are established
from the cyclic voltammetric as well as differential
pulse voltammetric current height considerations [23].
The observed redox processes may be assigned to be
associated with the tungsten centers. In 3 there are two
types of W centers, W1/ W2 and W3. Since the chemi-
cally equivalent W1 and W2 are different from the third
one, W3, therefore it can logically be ascribed that the
responses I and III are due to the simultaneous oxida-
tion and reduction of the W1 and W2 centers and
responses II and IV correspond to the oxidation and
reduction of the third W3 center [24].

The electronic spectrum of this complex has been
recorded in dichloromethane solvent in the range of
700–190 nm. The complex exhibits multiple transitions
in the UV–vis region (Section 3). On the basis of their
high intensities the bands are assigned to be charge
transfer in nature.

3. Experimental

3.1. General procedures

Reactions and manipulations were carried out using
standard Schlenk line techniques under an atmosphere
of pre-purified nitrogen, unless otherwise stated. Sol-
vents were purified, dried, and distilled under an argon
or nitrogen atmosphere prior to use. Infrared spectra
were recorded on a Nicolet Impact 400 FTIR spec-
trophotometer, as hexane solutions in 0.1 mm path
length cells; 1H-NMR spectra were recorded on a
Varian VXR-300S spectrometer in CDCl3. Elemental
analysis were performed using a Carlo-Erba automatic
analyser. Electrochemical measurements were carried
out using a PAR model 273 A potentiostat/galvanostat.
A platinum wire working electrode (length, 0.3 cm and
diameter, 0.5 mm), a platinum wire auxiliary electrode
and a saturated calomel electrode (SCE) were used in a
three electrode configuration. Tetraethyl ammonium
perchlorate (TEAP) was the supporting electrolyte and
the solute concentration was �10−3 M. Epa and Epc

are the anodic and cathodic cyclic voltammetric peak
potentials respectively. Electronic spectra were recorded

Fig. 2. Cyclic voltammogram (— ) and differential pulse voltam-
mograms (---) of 3 in dicholoromethane solvent (scan rate, 50 mV
s−1).
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using a Shimadzu UV-2100 spectrophotometer. The
compounds [Fe2W(CO)10(�3-S)2] (1) and [CpW(CO)3-
C�CPh] (2) were prepared by established procedures
[24,25].

3.2. Reaction of [Fe2WS2(CO)10] with
[CpW(CO)3-C�CPh]

To a solution of [Fe2WS2(CO)10] (15 mg, 0.0234
mmol) in dry toluene (30 ml) was added [CpW(CO)3-
C�CPh] (25 mg, 0.0504 mmol). The reaction mixture
was heated at 80°C for 20 min under an atmosphere of
nitrogen. The solution was cooled to room temperature,
and the solvent was removed in vacuo. The residue was
dissolved in a minimum amount of CH2Cl2 and was
chromatographed using silica gel TLC plates. Use of
60/40 v/v hexane–dichloromethane mixture afforded a
dark brown band 3 (20 mg, 61%).

3: IR [�(CO) cm−1]: 2075 (vs), 2043 (vs), 2032 (m),
2011 (s), 1983 (w), 1963 (m), 1943 (m), 1934 (s). UV
[dichloromethane, �max, nm (�, M−1 cm−1)]: 556
(2596), 418 (10340), 283 (41149), 232 (57021). 1H-NMR
(�, ppm): 5.71 (s, C5H5), 7.52–7.54 (m, C6H5). M.p.
238–240°C (decomposition). Anal. Calc. (found) for
C38Fe2H20O12S2W3: C, 32.70 (32.50); H, 1.44 (1.50)%.

3.3. Structural characterisation of 3

Crystal data (C19H10FeO6SW1.50, M=697.96, or-
thorhombic, Pnab, a=18.921(3), b=11.338(1), c=
18.939(3) A� , V=4062.9(10) A� 3, Z=8, Dcalc=2.282 mg
m−3, wavelength=0.70930 A� , �(Mo–K�)=9.324
mm−1. Rectangular single crystals of deep brown color
were grown by slow evaporation of the compound from
a mixture of dichloromethane and hexane. Crystal of
dimensions of 0.35×0.35×0.3 mm3 was used for data
collection and X-ray data were collected on a PC
controlled Enraf–Nonius CAD-4 single crystal X-ray
diffractometer (MACH-3). The structure was solved by
direct methods using SHELXS-86 and refined by full-ma-
trix least-squares on F2 using SHELXL-97 [26]. The
initial solution yielded the coordinates of all W, Fe, S
and few carbon atoms. Successive difference Fourier
maps revealed the rest of the structure. The X-ray
analysis of the complex shows that the two halves of
the molecule are related by symmetry. Least squares
refinement of scale, positional and anisotropic thermal
parameters of all the atoms was carried out except the
Cp ring which showed orientational disorder and Cp
ring atoms have been refined isotropically [27]. Cp ring
is disordered and there are two different positions for
the atom C19. Atoms C19 and C19� were refined with
0.5 occupancy. The central four atoms in both the rings
superpose, as their movements get smeared out in the
thermal parameters. Out of 4249 reflections collected, in
the � range of 2.09–24.92, (0�h�22, 0�k�13, 0�

l�22) in 	/2� scan mode using graphite monochroma-
tised Mo–K� radiation, 3577 were independent. The
data with 237 refined parameters, converged to R1=
0.0488, Rw=0.1286, from 3577 unique reflections ([I�
2�(I)]).

4. Supplementary material

Crystallographic data for the structural analysis have
been deposited with the Cambridge Crystallographic
Data Centre, CCDC no. 155321. Copies of this infor-
mation may be obtained from The Director, CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (fax: +44-
1233-336-033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).
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