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Abstract

4,4’-Bipyridine (4,4’-bipy) reacts with the activated cluster [Os3(CO);o(NCMe),] readily at room temperature to give a mixture of
[Os3(u-H)(CO)19(n-NCsH3CsH4N)] (1) and [Os3(p-H)(CO)1o(n-NCsH3CsH3N)Os3(u-H)(CO) 0] (2), the composition of which
depends upon the reaction conditions and the ratio of the reactants. The reactivities of the metalloligand precursor 1 with a pendant
nitrogen atom towards [W(CO)s(THF)] and [Re(CO)sCl] have been investigated, affording two new heterometallic clusters [Os;(p-
H)(CO),o(n-NCsH;CsH4,N)W(CO)s] (3) and [ReCl(CO)3{Os3(pn-H)(CO)o(n-NCsH;CsHyN)}»] (4) in moderate to good yields.
Compound 4 can also be prepared from the reaction between [Os3(CO);o(NCMe),] and [ReCI(CO);(4,4’-bipy),]. The X-ray crystal
structures of compounds 1-3 have been determined and molecular orbital calculations on these complexes using density functional
theory (DFT) method reveal that they all have similar orbitals in the LUMO region. Clusters 1 and 2 have the Os—Os c-bonding
orbitals as their HOMO orbitals while cluster 3 has the ‘t,,” set orbitals of the W(CO)s fragment as the HOMO orbitals. © 2002

Elsevier Science B.V. All rights reserved.
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1. Introduction

Metal complexes containing bridging 4,4’-bipyridine
(4,4'-bipy) ligand or alike continue to arouse constant
and general interest in coordination and metallosupra-
molecular chemistry [1]. Linking transition metal centres
together with these ligands allows communication
between them, usually leading to intriguing physical
properties [1,2]. Among these, 4,4’-bipyridine and pyr-
azine have found extensive use in this context in the
assembly of rectangular two-dimensional metal network
structures and coordination polymers with interesting
structural motifs [3]. A variety of solid-state architec-
tures have been constructed in the past years based on
these excellent bridging units [3,4]. We have also recently
reported the use of 4,4’-azopyridine in the preparation
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of some homometallic linking osmium cluster complexes
and dinuclear tungsten carbonyl species [5]. Taking into
account the fact that the symmetrical rigid 4,4'-bipy
ligand could serve as a versatile building block for the
construction of metal-organic coordination frame-
works and has the potential of linking up two different
metal moieties within a single molecule, we initiated a
program to develop a promising synthetic path in the
search for a new class of stable heterometallic carbonyl
compounds bridged by dipyridyl ligands. Here, we
present the results of such a study. In the first place,
the new metalloligand complex [Os;(u-H)(CO);o(u-
NCsH;CsH4N)] (1) possessing one functional coordina-
tion site was synthesized and its subsequent use in the
generation of new homonuclear and heteronuclear
linked species will be discussed. Such compounds are
thought to be good intermediates in the synthesis and
build-up of high-nuclearity clusters and supramolecular
coordination compounds [6].

0022-328X/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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2. Results and discussion

2.1. Synthesis

Depending on the reaction conditions and stoichio-
metry of the reactants used, the complex [Os;(p-
H)(CO)o(up-NCsH3CsHy4N)] (1) with a pendant pyridyl
group at the periphery and the linking cluster [Os;(p-
H)(CO);o(n-NCsH3CsH3N)Os;3(1-H)(CO)1o] (2) can be
prepared with varying vyields by the reaction of
[0s3(CO);o(NCMe),] with 4,4’-bipy (Scheme 1). Com-
plexes 1 and 2 are actually oxidative-addition products
from this reaction. They are the results of orthometalla-
tion of the pyridyl ring in the ligands accompanied by
C-H bond cleavage a to the nitrogen donor site and loss
of MeCN groups [6b,6c,7]. The use of complex 1 as a
metalloligand can lead to the synthesis of several
homometallic and heterometallic carbonyl clusters.
Cluster 2 can be alternatively made by reacting complex
1 with another molar equivalent of
[0s5(C0O);1o(NCMe),]. The facile displacement of one
carbonyl ligand of [W(CO)g] by pyridines to give
[W(CO)s(NCsH4R)] is well-documented and has suc-
cessfully been applied to the preparation of [Os;(p-
H)(CO)1o(n-NCsH;CsHN)W(CO)s] - (3)  [5.8].  The
monosubstituted tungsten carbonyl complex 3 was
readily prepared by reacting 1 with [W(CO)s(THF)]
prepared in situ from photolysis of [W(CO)g] in THF.
Moreover, substitution of two CO ligands in [Re-
CI(CO)s] by pyridyl ligands is highly feasible [9] and
this provides a convenient synthetic entry to the
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preparation of [ReCl(CO)3{Os3(1-H)(CO);o(p-
NCsH3;CsH4N)}»] (4). Complex 4 can also be prepared
with a  similar  yield by  treatment  of
[Os3(CO)1o(NCMe),] with the rhenium bis(dipyridyl)
species [ReCl(CO);(4,4-bipy),]. The reactions were
readily monitored by thin-layer chromatography
(TLC) and solution IR spectroscopy. All the complexes
obtained were purified by preparative TLC on silica
using a hexane—CH,Cl, mixture as eluent and they were
isolated as air-stable yellow to orange solids in high
purity. Complexes 1-4 are soluble in common organic
solvents and have been characterized by satisfactory
microanalysis, fast atom bombardment mass spectro-
metry (FABMS), IR and NMR spectroscopies. The
molecular structures of 1-3 have been established by X-
ray crystallography.

2.2. Spectroscopic properties

The molecular formulae of all the new complexes was
initially established by FABMS, IR and 'H-NMR
spectroscopies. The spectroscopic properties are in
accordance with their formulation and the data are
summarized in Table 1. In the solution IR spectra, the
vco vibrational modes are diagnostic and represent a
useful monitoring tool. For 1 and 2, their IR carbonyl
spectra in CH,Cl, solution have a similar vco pattern in
the region 2200—1600 cm ~' and are reminiscent of the
p-pyridyl clusters [Os3(n-H)(CO);o(n-NCsH3R)] (R =
H, alkyl, anthryl, ferrocenyl derivatives, etc.) [6¢,7,10]
and of other related orthometallated nitrogen-hetero-
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Scheme 1.
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Table 1
Spectroscopic data for compounds 1-4

Complex IR (veo)lem ' 2

'"H-NMR (J, J in Hz) ® MS (m/z) ©

1 2103m, 2064vs, 2052vs, 2018vs, 2010s, 1990m, 1968sh

2 2102m, 2064vs, 2053s, 2019s, 2008s, 1992sh, 1968sh

3 2104m, 2064vs, 2053vs, 2020s, 2009s, 1991m, 1974sh, 1929vs, 1898m

4 2104m, 2064vs, 2052vs, 2020vs, 2008s, 1992m, 1970w, 1926m, 1890m

8.70 (dd, 2H, J=4.4, 1.6, Hy or H,)
8.20 (d, 1H, J= 6.1, H,)

7.50 (d, 1H, J = 1.8, H.)

7.44 (dd, 2H, J = 4.4, 1.6, Hy or H,)
6.87 (dd, 1H, J=6.1, 1.8, Hy)
—14.78 (s, 1H, OsH)

8.18 (d, 2H, J= 6.1, Hy)
7.38 (m, 2H, H,)

6.83 (m, 2H, Hy)
—14.78 (s, 2H, OsH)

8.92 (d, 2H, J = 6.7, Hy or H,)
8.27 (d, 1H, J=6.1, Hy)

747 (d, 1H, J=24, H,)

7.43 (d, 2H, J = 6.7, Hy or H,)
6.86 (dd, 1H, J=6.1, 2.4, Hy)
—14.73 (s, 1H, OsH)

8.87 (dd, 4H, J = 5.0, 1.6, Hy or Hy)
8.25 (d, 2H, J = 6.0, H,)

7.50 (dd, 4H, Hy or H,)

7.45 (m, 2H, H,)

6.85 (m, 2H, Hy)

—14.76 (s, 2H, OsH)

1007 (1007)

1858 (1858)

1331 (1331)

2319 (2319)

4 CH,Cl,.
® CDCl,.
¢ Simulated masses in parentheses.

cyclic compounds [11]. This suggests the N,C mode of
binding to the metal atoms. The solution state IR
spectrum of 3 in the carbonyl absorption region appears
as a simple combination of those found in the consti-
tuent  species, [Os3(u-H)(CO);o(1-NCsH3R)]  and
[W(CO)s(NCsH4R)] [5,8a,12].

The "H-NMR spectra of 1-4 show resonances due to
the protons associated with the ligands and the bridging
hydrides along the metal-metal edges [13]. Their 'H-
NMR spectra further confirm orthometallation of the
pyridine ring over the Os; unit. The most downfield
signal is ascribed to the ortho-proton which integrates as
one proton against the hydride resonance. In each case,
the parent molecular ions were detected in their
respective positive FAB mass spectra followed by
sequential loss of carbonyls.

2.3. Electronic absorption spectroscopy and redox
properties

Table 2 lists the electronic spectral data for the new
complexes in CH,Cl, at room temperature. The absorp-
tion spectra of these compounds are essentially domi-
nated by the intense bands in the UV region that arise
from the metal-perturbed intraligand m — nt* transitions.
An additional absorption band is also observed near 400
nm for 1-3 whereas a broad shoulder at ca. 372 nm is
present for 4 which tails off beyond 400 nm. These

Table 2
Electronic absorption and electrochemical data for complexes 1-4 in
CH,Cl,

Compound  Amay (¢) @ E (ox)/V °
1 230 (4.1), 252 (3.5), 393 (0.9) 0.79 ©
2 231 (5.6), 274sh (4.4), 396 (1.5) 0.91 ¢
3 243 (7.4), 398 (1.4) 0.83 °
4 229 (10.0), 324 (3.3), 372 (2.5) ¢ 0.84 ©

2 Extinction coefficients ( x 10 ~*) are shown in parentheses.

® The electrochemical measurements were made at a glassy carbon
working electrode containing 0.1 M [NBuy]PF¢ as base electrolyte,
using a scan rate of 100 mV s~ '. All potentials were quoted with
reference to the ferrocene/ferrocenium couple which was used as an
internal standard.

¢ Irreversible wave.

4 Shoulder band.

lowest energy peaks can be compared with that observed
in [Os3(u-H)(CO)19(n-NCsHy)] (386 nm) [6¢]. With
reference to the results obtained from molecular orbital
calculations (vide infra), it is likely that the low-energy
features are predominantly of cluster core-to-ligand
charge transfer character, in common with those nor-
mally present in pyridyl metal complexes [14]. However,
we cannot rule out that such low-energy band may be
obscured by the n—n* transition associated with the
pyridyl ligand in 1. By comparing with the absorption
spectrum of fac-[ReCl(CO);(4,4’-bipy),] in CH,Cl,
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which exhibits the Re —»4,4’-bipy charge transfer band
at 317 nm [9b], we assign the absorption peak at 324 nm
for 4 to arise from a similar MLCT state.

The electrochemical properties of 1-4 were studied in
CH,Cl, using cyclic voltammetry with [NBuy]PFg as the
supporting electrolyte and redox potential values ob-
tained are gathered in Table 2. Each of them undergoes
an irreversible oxidation in the range 0.79-0.91 V,
rather close to the oxidation potential for the pyridyl
analogue [Os;(u-H)(CO);o(n-NCsHy)] (0.92 V) [6c].
Similar irreversible oxidation processes were also en-
countered for a series of electron deficient benzohetero-
cycle triosmium clusters reported by Rosenberg and
coworkers [15]. We can thus assign this oxidation event
to be cluster-based and attachment of another electron-
deficient metal carbonyl fragment to the original cluster
1 incurs an anodic shift in the oxidation potentials for 2
and 3 as compared to that of 1. No ligand-centred
reduction processes were apparent within the solvent
window in each case. In contrast to other tungsten
carbonyl complexes bearing pyridyl ligands, there is no
evidence of observing any oxidation process due to the
{W(CO)s(NCsH4R)} unit in 3 [5,8a,8D].

2.4. Crystal structure analyses

To substantiate the proposed structures of the newly
synthesized compounds, single-crystal X-ray analyses
were carried out for 1-3. Perspective views of the
molecular structures of 1-3 are depicted in Figs. 1-3,
respectively, which include the atom-numbering scheme.
Pertinent interatomic distances and angles are combined
and listed in Table 3. The structure of 1 reveals an
orthometallation of one of the pyridyl rings, arising
from C—H fission and transfer of an o-hydrogen atom
to the metal. This is consistent with the structural
assignment from spectroscopic studies and is directly
related to the structure of the previously reported
[Os3(n-H)(CO)19(1-NCsH4R)] [6¢,7a,10] and other thio-
lato bridged triosmium clusters of the type [Os;(u-
H)(CO);¢(1-SR)] (R =Et or Ph) formed by oxidative
addition reaction of thiols with [Os3(CO);o(NCMe),]
[16]. The pyridyl ring bridges the edge Os(2)—0Os(3) of
the Os; triangle to afford a four-membered ring contain-
ing Os(2), Os(3), C(11) and N(1) while the other pyridyl
binding site remains uncoordinated. For 2, the ligand
links up two Os; units in a symmetrical fashion and both
ends of 4,4’-bipy have undergone orthometallation. The
essential structural feature of the cluster metal core in 2
is similar to that of 1. The length of the Os(2)—0s(3)
edge that is bridged by the hydride and pyridyl plane is
longer (2.917(2) 1, 2.9184(9) A 2) than the two non-
bridged Os—Os bonds (2.8643(7)—2.8848(7) A), typical
of other similar complexes [6¢,7a,10]. The pyridyl rings
are essentially planar in each case.
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Fig. 3. Molecular structure of 3, showing the atomic labelling scheme.
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Table 3
Selected bond lengths (A) and angles (°) for complexes 1-3

1 2 3
Bond lengths
Os(1)-0s(2) 2.879(2) 2.8643(7) 2.866(1)
Os(1)-0s(3) 2.874(2) 2.8848(7) 2.8881(9)
0s(2)-0s(3) 2.917(2) 2.9184(9) 2.9271(9)
Os—C(pyridyl) 2.06(3) 2.111(8) 2.09(2)
Os—N(pyridyl) 2.07(2) 2.125(7) 2.14(1)
W(1)-N(@©2) 2.28(1)
Bond angles
0Os(2)-0s(1)-0s(3) 60.95(4) 61.01(2) 61.15(2)
0s(1)-0s(2)-0s(3) 59.44(4) 59.84(2) 59.79(2)
Os(1)-0s(3)-0s(2) 59.61(4) 59.15(2) 59.05(2)

Os(X)—0s(Y)—N(pyridyl)
Os(X)—-0s(Y)—C(pyridyl)
Os(X)—C(Y)—N(pyridyl)

68.0(6) (X=2, Y=3)
68.3(7) (X=3, Y=2)
112(1) (X =2, Y=11)

68.32) (X=3, Y=2)
67.83) (X=2, Y=23)
113.0(6) (X=3, Y= 11)

69.13) (X=3, Y=2)
67.7(4) (X =2, Y=3)
114(1) (X =3, Y= 16)

Structurally, the heterometallic complex 3 can be
treated as comprising compound 1 that is covalently
bonded to a W(CO)s fragment through the dangling
pyridine. Within the triosmium cluster framework, the
dibridged metal-metal bond is the longest of the three
(0s(2)-0s(3) 2.9271(9) A). The other two non-bridged
metal—metal bonds are at 2.866(1) and 2.8881(9) A. The
tungsten atom resides in an approximately octahedral
environment and the W-C-O bonds do not show
significant deviations from linearity (174(2)—178(1)°).
The W-N(pyridyl) distance is 2.28(1) A, which com-
pares well with literature values [5,8b]. The W—-C bond
distances range from 2.01(2) to 2.07(2) A. All the
aromatic bond lengths and angles are within the
expected range.

2.5. Molecular orbital calculations

To understand the spectroscopic behaviour of these
clusters, we have carried out molecular orbital calcula-
tions for 1-3 at the B3LYP level of density functional
theory (DFT) [17] based on their experimental geome-
tries. Examining the molecular orbital patterns of our
molecules, we found that the three highest occupied
molecular orbitals (HOMOs) correspond to the two
unbridged Os—Os o-bonds and the lone pair on the
uncoordinated nitrogen of the 4,4’-dipyridyl ligand for
1. Likewise, the four HOMOs for 2 correspond to the
four unbridged Os—Os o-bonds, two from each Os;
cluster unit. For 3, the five HOMOs belong to the three
‘tog set d orbitals of the W(CO)s unit and the two
unbridged Os—Os o-bonds. The lowest unoccupied
molecular orbitals (LUMOs) delocalize extensively on
the dipyridyl ligands for all the three clusters. Fig. 4
shows the contour plots [18] of these frontier molecular
orbitals for 1 and 3. The orbital interaction diagram,
shown in Fig. 5 for 1, illustrates how the [HOs;(CO);0] *
fragment interacts with the dipyridyl unit. The left

(a) (b)

Fig. 4. The contour plots of the frontier molecular orbitals for (a) 1
and (b) 3.

column gives the frontier fragment orbitals of
[HOs3(CO),0]". These frontier orbitals include two
occupied Os—Os o-bonding orbitals and two unoccu-
pied fragment orbitals which are responsible for inter-
actions with symmetry-adapted donor orbitals from the
dipyridyl ligand. The right column shows the © and ©*
orbital energy levels of the dipyridyl ligand together
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(CO); |+ (C0)3
(00),0s, ;! (OC)4OS,//
Os
(CO)3 (C0)3
1

H »

Fig. 5. The orbital interaction diagram between the [HOs3(CO);o] " fragment (left) and the dipyridyl ligand (right) in 1.

with those corresponding to the lone pair orbitals on the
two nitrogen atoms and the unsubstituted carbon. The
central column illustrates clearly how the HOMO-
LUMO orbitals are derived. Fig. 6 provides an orbital
interaction diagram for 3. The diagram depicts how the
molecular orbitals of 3 are derived from the orbital

co
0s-COGx_ 0s—CO o+ o, co
T — } """""" — . |\CO
:,_ CO
Os-Oso,, /  S=7TTTTTT #
- § T i tye" set of W
0s-Os &
(CO)3 ‘ TO
Os oG,
$ \\N o O N 3 W CO
(00403, ;I |
“Os
(CO);

Fig. 6. The orbital interaction diagram between compound 1 (left) and
the W(CO)s fragment (right) in 3.

interactions between 1 and the W(CO)s fragment. In
addition to the three ‘t;,” set orbitals, the W(CO)s
fragment has an empty c-accepting orbital for interac-
tion with the lone pair orbital from the uncoordinated
nitrogen in 1. The orbital interaction between the two
structural moieties features a simple two-orbital model
in which the uncoordinated nitrogen of 1 provides a o-
donor while W(CO)s acts as a G-acceptor.

The orbital characteristics found in the HOMO-
LUMO regions for 1-3 allow us to conclude that the
lowest electronic transitions for these clusters are related
to metal-to-ligand charge transfer transitions. The high
intensity in the absorption peaks observed from UV —vis
data is consistent with these calculation results. For 1
and 2, the charge transfer arises probably from the Os—
Os bonding d electrons to the n* empty orbitals of the
dipyridyl ligand. For the heteronuclear complex 3, the
charge transfer is, however, expected to occur from the
tungsten metal centre. The molecular orbital calcula-
tions show that the HOMO-LUMO gap is the smallest
for 3, due to the inclusion of the ‘t;,’ set orbital of the
W(CO)s; unit in the HOMO-LUMO region. The
calculated HOMO-LUMO gaps for the three clusters
are in the order of 3 (2.74 eV)<2 (3.31 eV)<1
(3.62 eV). Compound 2 has a smaller energy gap than
that of 1, suggesting that linking two Os; cluster units
gives a greater degree of delocalization.
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3. Conclusion

Starting with the metalloligand [Os3(p-H)(CO);o(pt-
NCsH3;CsHy4N)] (1), some new heterometallic osmium
carbonyl clusters containing a dipyridyl bridge were
prepared and spectroscopically characterized. Structu-
rally, these complexes contain a trinuclear cluster unit
covalently appended to another transition metal car-
bonyl moiety by a 4,4’-dipyridyl bridge. Theoretical
investigations based on density functional theory re-
vealed that introduction of the W(CO)s fragment to 1
imposes a significant electronic effect on the energies of
the frontier orbitals and cluster 3 essentially has the ‘t,,’
set orbitals of the W(CO)s unit as the HOMO orbitals,
in contrast to that found in 1. The origin of the HOMO
and the LUMO is comparable for 1 and 2. This work
not only constitutes a new generation of transition metal
carbonyl cluster research but also opens up an impor-
tant branch in the construction of metallosupramolecu-
lar assemblies.

4. Experimental
4.1. General procedures

All reactions were carried out under N, with the use
of standard inert atmosphere and Schlenk techniques,
but no special precautions were taken to exclude oxygen
during work-up. Solvents were predried and distilled
from appropriate drying agents [19]. All chemicals,
unless otherwise stated, were obtained from commercial
sources and used as received. Preparative TLC was
performed on 0.7 mm silica plates (Merck Kieselgel 60
GF,s4) prepared in our laboratory. The starting materi-
als [Os3(CO);o(NCMe),] [20] and [ReCI(CO)3(4,4'-
bipy),] [9b] were prepared by reported procedures.
Infrared spectra were recorded as CH,Cl, solutions in
a CaF, cell (0.5 mm path length) on a Perkin—Elmer
Paragon 1000 PC or Nicolet Magna 550 Series II FTIR
spectrometer. Proton NMR spectra were measured in
CDCl; on a Varian INOVA 400 MHz FT NMR
spectrometer. Chemical shifts were quoted relative to
SiMe, (6 =0). Fast atom bombardment mass spectra
were recorded on a Finnigan MAT SSQ710 mass
spectrometer. Electronic absorption spectra were ob-
tained with a Hewlett Packard 8453 UV-vis spectro-
meter. Cyclic voltammetry experiments were done with
a Princeton Applied Research (PAR) model 273A
potentiostat. A conventional three-electrode configura-
tion consisting of a glassy-carbon working electrode, a
Pt-wire counter electrode and a Ag/AgNOj; reference
electrode (0.1 M in MeCN) was used. The solvent in all
measurements was deoxygenated CH,Cl, and the sup-
porting electrolyte was 0.1 M [BuyN]JPF¢. Ferrocene was
added as a calibrant after each set of measurements and

all potentials reported were quoted with reference to the
ferrocene—ferrocenium couple. For DFT calculations at
the B3LYP level, the basis set used for C, N, O and H
atoms was 6—31G [21] while an effective core potential
with a LanL2DZ basis set [22] was employed for Os
atoms.

4.2. Complex preparations

4.2.1. Synthesis of [Os3(u-H)(CO) 1o( -
NCsH;CsHyN) | (1) and [Oss(u-H)(CO) o( -
NCsH;CsH3N)Oss(u-H)(CO) 0] (2)

4.2.1.1. Method 1:  Stoichiometric  reaction of
[Os3(CO);9y(NCMe),] with 4,4’-bipy. Equal molar
amounts of [Os;(CO)((NCMe),] (40.0 mg, 0.043
mmol) and 4,4’-bipy (6.7 mg, 0.043 mmol) were mixed
and dissolved in CH,Cl, (25 ml). The yellow solution
was stirred at room temperature (r.t.). After stirring for
1 h, the resulting mixture was concentrated to about 3
ml. Subsequent TLC separation eluting with CgH4—
CH,Cl, (1:1, v/v) gave a major deep yellow band
(Rr=0.70) which was isolated and identified as the
dimeric product 2 after recrystallization from CH,Cl,
(50%, 20.0 mg). The minor yellow band (R;=0.10)
afforded compound 1 in 10% yield (4.3 mg). For 1:
Anal. Found: C, 23.50; H, 0.69; N, 2.52.
C,0HgN,0,(0s;3 requires: C, 23.86; H, 0.80; N, 2.78%.
For 2: Anal. Found: C, 19.12; H, 0.34; N, 1.45.
C30HgN»0,00s¢ requires: C, 19.40; H, 0.43; N, 1.51%.

4.2.1.2. Method 2: Reaction of [Os3(CO);o(NCMe),]
with excess 4,4’-bipy. The overall yield of 1 can be
greatly enhanced by adopting the following procedures.
A fivefold excess of 4,4’-bipy (33.5 mg, 0.21 mmol) was
dissolved in CH,Cl, (25 ml) and the solution was kept at
0 °C. To this solution was added dropwise a CH,Cl,
solution (10 ml) of [Os;(CO);o(NCMe),] (40.0 mg, 0.043
mmol) via a dropping funnel at 0 °C over a period of 15
min. Work-up as described above gave 1 in 65% yield
(28.1 mg) while that of 2 in 15% yield (6.0 mg).

4.2.2. Synthesis of [Os3(u-H)(CO) 1o( u-
NCsH;CsHN)W(CO)s] (3)

W(CO)¢ (14.1 mg, 0.04 mmol) was suspended in dry
THF (15 ml) in a flask fitted with a condenser jacket.
The mixture was then irradiated with a 125 W, medium-
pressure mercury lamp whilst being stirred for about 0.5
h, until a golden yellow solution corresponding to
[W(CO)s(THF)] was obtained. The solution mixture
was filtered through a pad of celite with a sintered glass
funnel and one molar equivalent of 1 (37.3 mg, 0.04
mmol) was subsequently added. The yellow solution was
stirred for 2 h and then evaporated to dryness. The
residue was subjected to preparative TLC over silica
using C¢H4—CH,Cl, (1:1, v/v) as eluent to afford 3 as a
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yellow solid (Ry=0.65) in 45% yield (24.0 mg). Anal.
Found: C, 2238, H, 053, N, 2.12. C25H8N2015OS3W
requires: C, 22.56; H, 0.61; N, 2.11%.

4.2.3. Synthesis of [ReCl(CO);{Os3;(u-H)(CO) 1o -
NCsH3;CsHy4N) }2] (4)

4.2.3.1. Method 1: Reaction of [Os3(CO);o(NCMe),]
with [ReCl(CO);(4,4-bipy),]. Two equivalents of 1
(40.0 mg, 0.043 mmol) was reacted with [Re-
CI(CO)5(4,4’-bipy),] (13.3 mg, 0.021 mmol) in CH,Cl,
(25 ml) for 2 h at r.t. The resulting yellow solution was
purified by TLC eluting with C¢gH 14— CH,Cl, (4:6, v/v)
to afford a yellow band (Ry = 0.30) identified as 4 in 58%
yield (28.8 mg). Anal. Found: C, 22.04; H, 0.59; N, 2.12.
C43HsN4053Cl0sgRe: requires C, 22.27; H, 0.70; N,
2.42%.

4.2.3.2. Method 2: Reaction of 1 with [ReCI(CO)s]. A
mixture of 1 (30.2 mg, 0.030 mmol) and [ReCIl(CO)s]
(5.4 mg, 0.015 mmol) was dissolved in CcHg (25 ml) and
the solution was brought to reflux for 3 h. Purification of
the resulting yellow suspension was achieved by TLC
using C¢H14—CH,Cl, (4:6, v/v) as eluent to give 4 in 54%
yield (18.7 mg).

5. Crystallography

Single crystals of 1 and 2 suitable for X-ray crystal-
lographic analyses were grown by evaporation of their
respective solutions in C¢gH4,—CH,Cl, and those of 3-
CHCI; in cyclohexane—CHCI; at r.t. Crystal data and
other experimental details are summarized in Table 4.
The diffraction experiments were carried out at room
temperature either on a Rigaku AFC7R (1) or a Bruker
Axs sSMART 1000 CCD area-detector (2 and 3) diffract-
ometer using graphite-monochromated Mo—K,, radia-
tion (1=0.71073 A). Unit-cell parameters for 1 were
determined from 25 accurately centred reflections. The
intensity data were corrected for Lorentz and polariza-
tion effects. Absorption corrections by the i-scan
method were applied [23]. Cell parameters and orienta-
tion matrix for 2 and 3 were obtained from the least-
squares refinement of reflections measured in three
different sets of 15 frames each. The collected frames
were processed with the software saINT [24a] and an
absorption correction was applied (SADABs [24b]) to the
collected reflections.

The space groups for all crystals were determined
from a combination of Laue symmetry check and their
systematic absences, which were then confirmed by
successful refinement of the structures. The structures
were solved by direct methods (s1r-92 [25] for 1 and 3,
SHELXTL [26] for 2) in conjunction with standard

Table 4
Summary of crystal structure data for complexes 1-3
1 2 3-CHCl,
Empirical formula C20H8N2010083 C30H8N2020086 C26H9N2C13015OS3W
Molecular weight 1006.89 1857.58 1450.17
Crystal size (mm) 0.34 x 0.32 x 0.17 0.35 x 0.32 x 0.29 0.36 x 0.35 x 0.26
Crystal system Monoclinic Monoclinic Monoclinic
Space group P2/c C2/c P2\/c
a (A) 9.320(4) 35.636(7) 9.576(1)
b (A) 12.904(4) 7.788(2) 20.845(1)
¢ (A) 21.175(5) 16.984(3) 20.978(1)
o (%)
s (©) 92.86(3) 104.55(3) 95.50(2)
7 ()
U (A% 2543(1) 4562(2) 4167.9(5)
V4 4 4 4
u (Mo—K,)/em ™! 149.94 167.15 121.15
F(000) 1800 3272 2608
20max (%) 50.0 55.1 55.1
Reflections collected 4998 13016 24777
Unique reflections 4691 5116 9669
Rin 0.073 0.0546 0.044
Observed reflections [/ > no(l)] 3027 (n=1.5) 5116 (n=12.0) 6250 (n=1.5)
No. of parameters 156 266 447
Residuals R; =0.057 R; =0.0382 R, =0.063
R, =0.062 wR, =0.1002 R,, =0.069
Goodness-of-fit 2.90 1.002 1.96
Residual extrema in final diff. map (e A*3) 3.39to —143 1.974 to —1.732 1.62 to —0.58
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Fourier difference techniques and subsequently refined
by full-matrix least-squares analyses. Except for the
CHCI; molecules in the structure of 3, all the non-
hydrogen atoms were refined with anisotropic displace-
ment parameters. The positions of the hydride ligands
were located from Fourier difference maps and all other
hydrogen atoms were placed in their ideal positions but
not refined. For 3, the two CHCI; solvates were modeled
with occupancy factors of 0.5 each. The highest residual
electron density peaks are all in the vicinity of the heavy
atoms (Os and W).

6. Supplementary material

Crystallographic data (comprising hydrogen atom
coordinates, thermal parameters and full tables of
bond lengths and angles) for the structural analysis
has been deposited with the Cambridge Crystallographic
Centre (Deposition No. 177829 to 177831). Copies of
this information may be obtained free of charge from
The Director, CCDC, 12 Union Road, Cambridge, CB2
1EZ, UK (Fax: +44-1223-336-033; e-mail: depos-
it@ccdc.cam.ac.uk or www: http://www.ccdc.cam.a-
c.uk).
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