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1. Introduction

This review covers the coordination chemistry and some cluster chemistry of

osmium published in the calendar year 1995. Coverage is restricted to the more well-
knowa journals. As with earlier reviews in this series, the emphasis is on coordination
chemistry and development of new cluster frameworks; organometallic compounds,
and clusters whose primary interest is in coordinated organic fragments, are not
included. The distinction between ‘coordination’ and ‘organometallic’ compounds
is sometimes difficult to draw but in general any compounds involving an Os-C
bond (apart from carbonyls and cyanides) are excluded.
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2. Osmium( Vi)

Osmium tetraoxide continues to find widespread use in organic synthesis; routine
examples are not given here but two papers are of particniar interest. Arenes may
be converted via osmylation to cyclitol derivatives, following photo-excitation into
the charge-transfer band of the initially-formed complex between the arene and
0sO, (Scheme 1) [1].
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Scheme 1.

Use of OsO, in conjunction with a specially designed cinchona-alkaloid co-catalyst
allows enantioselective dihydroxylation of secondary allylic 4-methoxybenzoate
esters. The co-catalyst has a pocket with recognises the 4-methoxy-benzoyl group,
and has an open space by the allyl group of the substrate to allow attack of OsO,
at only one face of the molecule {2,3]. The compound OsOy(napy) (napy=
1,8-naphthyridine) has been crystallographically characterised and is a trigonal bipyr-
amidal mononuclear species. The napy ligand is monodentate in an axial position;
aromatic m-stacking between overlapping, parallel sections of the napy groups
dominates the crystal packing. The vibrational and Raman spectra of the compound
weie recorded [4].

3. Osmium(V1)
3.1. Nitvido and imido complexes

The complex cation [Os¥'(1erpy)Cly(==N)]" (cis or trans chlorides) reacts with
MeyNO in MeCN to give [Os"(1erpy)ClL(NO)]* (cis or trans). Although this is
formally just addition of one atom of oxygen to the nitrido ligand (a 2-clectron
oxidation), a substantial reorganisation of internal clectron density occurs with the
Os"! formally undergoing a four-electron reduction to Os", and the nitride (N*")
formally undergoing a six-electron oxidation to N** in the nitrosyl ligand. This
cannot be reversed by O-atom transfer to PPh,. Such multiple electron-transfer
reactions to a single ligand are of importance in a wide variety of arcas, such as
nitrogen fixation 5], The kinetics and thermodynamic activation parameters for the
slow isomerisation of [OsY'(terpy)Cl,(=N)]* from the trans-Cl form to the cis-Cl
form have been evaluated. In MeOH, the rearrangement occurs vi¢ a 7-coordinate
solvent adduct [6]. A variety of nitrido-Os( V1) complexes with ancillary ligands
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such abpy, terpy and phen have been prepared, such as [Os(bpy)(=N)CL].
[Os(bpy)(=N)Cl(H,0)]" and [Os(terpy}« =N) CI(CF;SO;]*. All have long-lived
(several ps) luminescent triplet (d},)(d}+) excited states in fluid solution, with the
excited states being powerful photo-oxidants [7].

A theoretical study of methane activation by the trigonal planar species
[Os(=NH);] (and other tris-imido metal complexes) has been carried out. The
activation energy barriers, and the effects of the nature of the metal, ligand and
d-orbital occupancy on the reaction were evaluated [8].

3.2. Oxo complexes

A series of trans-dioxo-Os( V1) complexes, including [Os(N-N ),(CN),(=0),],
[Os(tmeda) (CN),(=0),] and [Os(N-N)(Mes),(=0),] (all with the eis,cis,trans
geometry; N-N=a diimine ligand such as phen, bpy or a substituted derivative;
Mes =mesityl) was prepared, and several were crystallographically characterised.
The Os(VI)/Os(V) redox potential may be varied over a wide range depending on
the ligand donor set, and the complexes with aromatic didentate diimine (N-N)
ligands have long-lived luminescent excited states in fluid solution. These excited
states are capable of catalysing the epoxidation of alkenes [9].

*Recognition’ of the {Os(=0),}* fragment occurs by multi-mode coordination
with tetraamidato ligands. This involves a mixture of conventional coordinative
bonding. and strong hydrogen-bonding between the axial oxo groups and amide
protons on the ligand (Scheme 2). The electronic and structural properties of the
stabilised osmy! cation can be fine-tuned by moditying the ligand [10].

Et. Et

NH  HN X N@'@;N
Y
NH HN # X 0, \f

o{ e Y

Scheme 2.

The unusual complexes [(N-N)Os(=0),{105(OH);}1 [(1): N-N=bpy. phen or
di(2-pyridyl Jamine] have been prepared and structurally characterised [11].

4, Osmium(1V)

4.1. Complexes containing hydride ligands

The compound [Os(H ),X;(P'Pr3),] ( X = halide), which has an irregular sixfcoor-
dinate geometry, rapidly interconverts in solution between two isomers with €, and
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C, symmetry. Three different rearrangement mechanisms were determined and the
thermodynamic activation parameters for each were quantified. The structures we
calculated and could be rationalised on the basis of competition between steric
interactions between the phosphine and halide groups, and the bonding preferences
of the halide ligands [12].
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Reaction of [Os(H),(Cl),(P'Pr;),] with CF;SO;H affords [{Os(H)y(P'Pr;),} -
(u=Cl)3]* (2); one chloride ion has been lost by protonation in preference to any
of the hydride ligands [13]. The unusually large and temperature-dependent Jy.y
NMR couplings in [Os(H );X(PH;),] (X =Cl, 1) have been rationalised on the basis
of the activation-energy barriers for pairwise exchange between the two H atoms in
each complex. A theoretical model for calculation of these couplings is presented [ 14].

The Os(VI)- huahydnde [Os(H )o( P'Pry),] reacts with oxidants (H* or ferroci-
nium ions) to give [(P'Pr,),0s"(H),(H,),] ", which contains two #*-H, ligands and
three hydrldcz, Some reactions of this compound are summarised in Scheme 3. In
the majority of cases 'H NMR spectroscopic measurements of T, relaxation times
and coupling constants allowed unambiguous assignment of the hydrogen ligands
as either #*-H, or hydride ligands [15].

The crystal structure of [Os(H ),(S-0)(P'Pr;),] (S-O =dianion of N-acetylcyste-
ine) is unusual for two reasons. Firstly, the N-acetylcysteine coordinates as a doubly
deprotonated S, O-didentate chelate; secondly, the geometry about the metal is not
octahedral but a square antiprism with two sites vacaat [16].

4.2. Other Os(1V) complexes

The complex cation [Os(==O)(terpy)(bpy)}** is a weaker photo-oxidant of DNA
than the Ru(IV) analogue, and cleaves DNA in supercoiled plasmids but not in
single-stranded or double-stranded oligomers [17]. The asymmetric OsY¥ (u~0) com-
plex (3) can be reduced by one electron to the Os(I11)/Os(1V) mono-anion (3)".
The crystal structures of both are similar except that on reduction all bond lengths
parallel to the Os-O-Os vector are elongated whereas the equatorial bond lengths
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are virtually unchanged. The mixed-valence complex is delocalised with a 3.5, 3.5
oxidation-state distribution [18].

(')I (|3l
Py Py
AcO:-;Osﬁ-O-—/-Osﬁ-C!
g
Cl Cl
&)

The crystal structures of [OsF,CLF ™ (both fac and mer isomers) [19] and
trans-|OsF,CL,}* ~ {20] have been determined, in every case with the dipyridiniometh-
ane dication. Complex anions like these usually suffer from F/Cl disorder which
renders accurate structural determinations difficult. However the irregular structure
of the dipyridiniomethane dication results in a low-symmetry lattice in which the
complex anions are fully ordered, allowing accurate measurements of Os-F and
Os-Cl distances.

Several iodo-complexes of Os(Il), Os(Iil) and Os(1V) have been prepared,
such as [Os™(L-L),1,] ", [Os'Y(L-L),1,]**, [Os'VL,1,], [Os"L,I,] and [Os™L,l,]* (all
trans) where L and L-L are monodentate and didentate P- or As-donor ancillary
ligands. The electronic spectra of the complexes are dominated by iodine-to-osmium
charge-transfer bands. The crystal structure of frans-[Os™I,(Me;As) ][ 1,] was also
determined [21].

5. Osmium(1II)
In the dinuclear complex [(NH;)sOs-CN-Os(NH;)s]>* the metal centres are

inequivalent due to the asymmetry of the bridging cyanide ligand. Because of this,
the electronic spectrum shows charge transfer bands due to transfer of an electron
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from the lower-energy Os(IIl) to the higher-energy site [22]. Reaction of
[Os(NH,;)sJ?* with [Fe(CN)]*~ affords [(NH;)sOs-NC-Fe(CN)s], with from loss
of one NHj ligand. This subsequently disproportionates slowly to give a mixture
of Os'V-Fe", OsV'-Fe" and Os™-Fe"" species [23].

Reaction of [Os'VBrg]>~ with dibenzylsulfoxide (R,SO, where R =PhCH,) affords
the Os(II1) species mer-[OsBr3( R,S);] containing three thioether ligands. This is a
potentially versatile starting material in osmium-thioether chemistry and a rare
example of such a complex [24]. The crystal structure of {Cp3OsH ],[Os,Brg] shows
that the [Os,Brg]*~ dianion has D, symmetry with a triple Os-Os bond and the
bromine atoms eclipsed. This is in contrast to other structurally characterised salts
containing the [Os,Brg]? ™ dianion. The Os-Os vector is threefold-disordered within
an ordered cube of bromine atoms [25].

The redox-related pair [(OEP)Os"(tch),] and [(OEP)Os"™(tch),]* (H,OEP=
octaethylporphyrin; tch =thiacyclohexane) has been structurally characterised. In
both cases the metal atom is in the porphyrin plane; in the Os(1Il1) complex the
Os-N bonds are slightly shorter, and the Os-S bonds significantly longer, than
in the Os(Il) complex [26]. Five-coordinate [Os(SR);(PMe,Ph),] (R=CF;,
4-HCF,) reacts with thiocarboxylic acids R'C(O)SH (R’'=Me, Ph) to give
[Os™(SR),(7*-SOC-R')(PMe,Ph),] (rrans thiolates, cis phosphines, chelating
thioacetate). The Os(11)/Os(111) redox potential varies as a function of the groups
R and R’ [27]).

The complexes [Os"Os"(chp)(pYI[BF,] (4a) and  [{Os"Os"(chp),}.(p-
pyrazine))[ BF,], (4b) (chp=anion of 6-chloro-2-hydroxypyridine, which acts as an
N.O-donor bridging ligand) have been prepared and characterised both structurally
and by magnetic susceptibility measurements. All {Os,(chp),! © units have the chp
ligand oriented the same way such that one Os hus four O-donors and the other
has four N-donors {28].

+ N/"““\O ?f"""\N +
N =T o1

z
Cl N on

6. Osmium(ll)
0.1. Comploxes with polypyridvl ligands

The electronic absorption spectra of [Os(bpy),]** doped into various crystalline
hosts have been compared [29]. Redox-active Os(11)-polypyridyl complexes can be
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adsorbed into montmorillonite clays [30]. The electrochemical and electronic spectral
properties of [Os(bpy)(CN),J*~ are strongly solvent-dependent, due to different
interactions of the various solvents with the polar peripheries of the cyanide groups.
The complex is weakly luminescent [31]. Coordination of phenanthroline-5,6-dione
(5) to Os(II) modifies the mechanism of its 2H * /2e ™ reduction, by inducing addition
of H,O to the quinone carbonyl groups [32]. Intercalation of the extended aromatic
phenazine derivative of complex (6) into DNA results in quenching of the Os-based
luminescence, so the complex acts as a ‘light-switch’ for which the on/off trigger is
the presence or absence of DNA [33].

Osmium(Il) complexes of 4- and 6-vinyl-terpyridine can be electropolymerised
onto glassy carbon electrodes. The resultant redox-active films show electrocatalytic
activity towards CO, reduction, which is suppressed in the presence of coordinating
anions [34]. A resonance-Raman study of complex (7) [and its Ru(1l) analogue],
which contain the N-methyl-4,4"-bipyridinium radical (MQ). has been carried out.
Various MQ-based transitions have been identified, and the complexes undergo a
M%(r)->MQ(7*) MLCT transition [35].

(5)
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The complex cation [Os(bpy)y(big)l** ((8); big=1.1 .biiso-quinoline) and ns
Ru(Il) analogue have two diastercomeric forms due to the chirality of the tris-
chelate metal core and the chirality of the biq ligand, which is non-planar due to
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the steric interaction between H® and H®. The two N-donor ligands of biq are
therefore ‘misdirected’ and these M—N (M =Ru, Os) bonds are weak. The two
diastereomers interconvert via atropisomerisation of the biq ligand via a planar,
C,-symmetric transition state in which the N-donor atoms are properly directed for
coordination and therefore these M-N bonds are transiently strengthened. This
leads to the unusual siiuation that the complex with the more thermodynamically
stable bonds (Os) has a higher driving force to attain the transition state, and is
therefore more Kineticaily labile than the Ru complex [36]. Electrospray mass
spectrometry has been found to offer significant advantages over fast ion bombard-
ment mass spectrometry for characterisation of polynuclear complexes such as
[(bpy);0s"-NC-Ru™(NH,):]** [37].

pio —
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— G K ::205
$ .
\
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» (bpy), -
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Many dinuclear complexes containing Os(11)-polypyridyl fragments have been
prepared, based on bridging ligands with two didentate or terdentate binding pockets.
The interest in these is related .o ¢lectrochemical and/or photophysical interactions
between the metal centres across the bridging ligand. Thus, [{Os"(bpy))(a-L)J**
(L=(9), (10), (11)) and the analogous Ru"/Ru" and mixed-metal Ru"/Os" and
Ru"/0s" complexes with the same ligands have been spectroscopically characterised.
The electronic spectra of the mixed-metal complexes are assignable in terms of the
sum of the spectroscopic properties of the component mononuclear fragments, albeit
with some perturbations [38]. In [{Os"(bpy),}.(u-12)]** the excited electron of the
MLCT excited state is substantially delocalised over the bridging ligand (12), which
results in very long excited state lifetimes [39]. [{Os"(bpy)a}s(s-13)]** shows a
strong electrochemical interaction across the bridging ligand, with a separation of
0.36 V between the Os(11)/Os(111) couples and inter-valence transitions apparent in
the electronic spectrum of the mixed-valence state. There are also multiple ligand-
based reductions, and the dinuclear complex and its mononuclear counterpart have
low-energy MLCT excited states [40].

Mono- and di-nuclear complexes of (14), with {Ru(bpy),}** and/or
{Os(bpy),}** fragments in cach binding site, have been prepared. With this ligand
the two binding sites are inequivalent and the electrochemical and spectroscopic
properties of a metal fragment are therefore site-dependent. The mixed-metal
Ru(1I)/0s(11) complexes show efficient intramolecular energy-transfer, such that
excitation of the Ru(1l) centre results in emission from the lower-energy Os-based
MLCT excited state [41]. Similarly, complex (15) shows Ru(11)-Os(11) energy-
transfer with a rate constant of 8 x 10°s~! [42].



M.D. Ward | Coordination Chemistry Reviews 164 ( 1997) 483-502 491

N7 NT
N\ N I N\ N '
[N/ N ©[N/ X
= N~
©) (10)

(12)

(13
=7 4+
'nN / /N‘
(le;: H “Os
PY)2 N *(bpy)a
NS %YN\N \';J
N=/ "N =N
H o)
Z NZ
X

(15)



492 M.D. Ward | Coordination Chemistry Reviews 164 ( 1997) 483-502

Dinucleating ligands with bpy or terpy binding sites and alkynyl spacers have
been prepared, such as (16) (which contains a metallic spacer group), and (17)-(19)
(which are directly linked). These have been used to synthesise a variety of high-
nuclearity, polychromophoric complexes. Attachment of {Os(bpy),}>* fragments
to the termini of (16), for example, affords a trinuclear Os—Pt-Os complex [43]. In
contrast attachment of an {Os(bpy),}>* fragment to one bipyridyl terminus of (16)
or (17) allows the resulting ‘complex ligands’, which have free binding sites,
to be used as the building blocks of even larger species by assembling several
of them around a single metal centre via their free binding sites [44]. In
[(terpy)Ru-L-Os(terpy))** (L=(18), (19)) the rate of intramolecular Ru(Il)—
Os(1IT) energy-transfer decreases by about one third when the second alkynyl spacer
is inserted between the chromophores; this allows an estimate of 0.17 A~! for the
attenuation factor for energy-transfer through carbon-carbon triple bonds [45].

u”n

Complex (20) has a 24 A separation between the Ru(ll) and Os(11) centres. At
77 K in a rigid glass it displays Ru(11)-Os(11) encrgy-transfer with a rate constant
of 4.4x10°s™ ', The oxidised Ru(11)/Os(111) complex does not undergoe electron-
transfer quenching [to Os(111)] on irradiation under these conditions since the
necessary solvent repolarisation is prevented by the rigid matrix [46]. Dinuclear
complexes (21)-(24) have lower quantum yields and shorter excited-state lifetimes
than a mononuclear Os(11) complex with the same ligand, due to electron-transfer
quenching. The electron-transfer rates correlate with the thermodynamic driving
force for the process [47).
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Very large high-nuclearity (up to 10 metals) complexes of Ru(ll) and Os(11)
based on bridging ligands such as (9) undergo aggregation in solution even at
concentrations as low as 10°° M, despite their high charge (up to +20) to give
particles as large as 100 nm across. This is thought to be due to attractive interactions
between the aromatic, hydrophobic exteriors [48].

6.2. Complexes containing hydrogen or hydride ligands

A theoretical study using quasi-relativistic density functionzl methods has been
carried out on the various isomers of [M(PH;);H,] (M = Fe, Ru, Os). Whereas the
Fe and Ru complexes are most stable in oxidation state 0 with two H, ligands,
the osmium complex is predicted to be more stable as the dihydride
[Os™(PH,);01%-H,)(H ),), due to a relativistic destabilisation of the Os 5d orbitals
which makes the metal more basic. This agrees with experimental data [49].

The compound [Os(H )(Cl)(CO)(PPh,);) reacts with CH,==CH(SnR;) (R = Me,
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"Bu) to give the five-coordinate product [Os(Cl)(CO)(PPhy),(SnRj)]. The vinyl
group of the tin reagent, and the hydride on the osmium starting complex, are
eliminated together § as ethene. This is a good route to coordinatively unsaturated
Os(II) complexes, which undergo facile addition of ligands such as isonitriles and
CO [50]. Five-coordinate [Os(H)(X)(CO)(P'Pry),} (X=Cl, I) inserts a variety of
reagents into the Os-H bond (Scheme 4). Reaction of [Os{H)(SPh)(CO)(P'Prs),]
with MeNCS results in insertion into the Ph—S bond to give (25), whereas reaction
with MeSCN simply results in coordination of the MeSCN at the vacaant
coordination site [51].

PjPrQ Pipfa
cin | _H, _L(COor'BuNC) H\OI Lo
fof\ o a” T
PPr ~\Hc' PPry
[Os(H)(CI)(CO)(P'Pry),)
NaOMe/CS
° / lMeONa/COa CSe
P’Pf i PiPT
E'Pr %
S ' ©0 | s_ | _co
4 “~ O cO S
H-.(JQ 0\ \J
s7 | w \ 07 T Y87 'B\CI
PPry PPr P'Pr
Scheme 4,

The hydrido complex [Os(H)}CH{CO)NPPry);] adds HCl to  give
[0s3(CO)(H3)(Cl),(P'Pry),), which loses HCl again on addition of other ligands L
(Scheme 4). Some reactions of [Os(CO)(H,)(Cl),(P'Pry),] with acetylenes were
also examined [52]. In [Os(H){CO)(PPh,)y(1,2-S-C¢H,SiPh,)] the deprotonated
2-(triphenylsilyl )benzenethiol ligand is a monodentate S-donor [53]. Complex (26)
contains an unusual example of a monodentate N-coordinated amide ligand; in
ruthenium complexes, the same ligand bridges two metal centres via the N and O
atoms [54]. A number of complexes such as (27) have been prepared by insertion
of the B-H bond of boranes (BRR'H, such as 9-borobicycloncnane or thexylborane)
into the Os-C bond of the metailated trimethylphosphine precursor. 'H and *'P
NMR spectroscopic studies allow determination of the activation energies for
exchange of Os-H and Os-H- B fragments [55].

Protonation of [Os{ H )(CO)(PPh;),(quS)] (quSH = quinoline-8-thiol ) gives a mix-
ture of tautomers in which the proton combines either with the anionic quS ligand
or with the hydride (Scheme 5). The position of the equilibrium is temperature-
dependent [56). Trans-[Os(N,)(H)(PR;),]* (where PR, is one of a variety of
phosphites) is a versatile starting material for a variety of other species, as the N,
ligand is easily replaced by a wide variety of other monodentate ligands including
H,, CO and isonitriles [57].
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6.3. Other Os(Il) complexes

The complex trans,mer{Os(Cl),(MeCN )(PMe,Ph,)] was crystallographically
characterised and has a linear Os-NCMe linkage [58]. The new carbonyl dication
[0s(CO)J** bas been prepared, as its [Sb,F,,]” salt, by reductive carbonylation
of Os(SO;Fy), in liquid SbFs [59]. [Os(MeCN)JP*, [Os(MeCN)Cl]" and
cis-[Os(MeCN )4(C1),] have been prepared in good yields by photolysis in MeCN
of various Os(I1) precursors containing n®-benzene ligands. These complexes show
veversible Os(11)/0s(11) couples at potentials about 0.5 V lower than those of their
Ru(1l) analogues [60]. The electronic spectral and photochemical properties of
[Os(SnCly)J* ", [0s(SnCly)sCl)* - and [Os(SnCly)s(MeCN)P*~ were examined. The
lowest-energy transition is a ligand-to-ligand charge-transfer process. Photolysis of
these complexes in MeCN generates [Os(SnCly)(MeCN),J*~ [61]).

The complex anion [Os(NO)(CN)sJ*~ has two metastable electronically excited
states which may be accessed by UV irradiation at low temperature, and are similar
to those found in nitroprusside salts. The IR spectra of the excited-state complexes
show that both excited states involve metal d(x) to nitrosyl charge transfer. The
excited states decay on warming, but at different rates [62]. [Os(CO)Me,] reacts
with HF to give ¢is-{0s(CO)4( F),] and [{ F(CO),0s}(¢-F)] ", and with HOTeF; to
give cis-[Os(CO),Me(OTeF;)). Elizonation of methane gas is a strong entropic
driving force for these reactions [63]. [Os(CO)4(PPh,),] is oxivised by XeF, to give
[Os(CO),(F),(PPh,),]. This reaction occurs via oxidation of the metal by [X@l*] N
followed by nucleophilic attack of fluoride ion on a carbonyl ligand to give a
fluoroacyl intermediate [i.e. containing an Os-C(O)F fragment], followed by loss
of CO. This represents the first evidence for formation of a fluoroacyl complex of
Os(11) [64].
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7. Osmium(0)

Two calculations of the first M—C bond dissociation encrgy of Os(CO)s have
predicted values of 34.7 kcal mol ~ ' [65] and 42.4 kcal mol ~1[66] (c.f. the experimen-
tally determined value of 31 kcal mol ™). The equilibrium geometry of Os(CO)s was
also calculated [66]. High-resolution, variable-energy photoelectron spectra of
Os(CO)s using synchrotron radiation have been used to study the valence, inner
and core electron shells [67].

The 16-¢clectron, square-planar Os(0) complexes [Os(Cl)(NO)(PR;),] react with
CO to give the five-coordinate adducts [Os(Cl)(NO)(CO)(PR;),] and with H, to
give rrans, trans-{Os"(H )5( PR;),(NO)(C1)] by oxidative addition [68].

8. Osmium clusters
8.1. Clusters with only carbonyl and hydride ligands

A historical review of osmium and ruthenium cluster chemistry, with the emphasis
on synthetic routes to higher nuclearity clusters, has been published [69)]. 'H Magic-
angle spinning NMR spectroscopy has been shown to be a valuable structural tool
for examining osmium carbonyl hydride clusters such as [H,0s3(:70),] [70].
Variable-temperature crystallography on [ Fe,Cs(CO),,) shows evidence for dynamic
disorder arising from reorientation of the metal triangle inside the ligand
polyhedron [71].

8.2, Clusters with N= or P=donor ligandys

Solid/gas reuctions between solid [0s,(CO),,(MeCN)] and gaseous substrates
such as NH;, CO or H, have been examined. At about 80°C reaction occurs with
displucement of MeCN by the new ligand, and the site selectivities for these reactions
were examined. The reaction with NH, occurs viu the intermediate [Osy(CO),,] in
which the vacant site exchanges rapidly between axial and equatorial positions [72].
3C NMR spectroscopy was used to examine the solution structures and dynamic
behaviour of [Os,(CO), 5. (MeCN ),] (x =1,2). In the ground state the MeCN ligands
are in axial positions and all carbonyl ligands are terminal: fluxional behaviour in
solution involves carbonyl exchange by a ‘merry-go-round’ mechanism [73].
[053(CO) L] (L =an aa-diimine such as 2,2-bipyridine, 2,2-bipyrimidine, (9) or
(10)) all undergo Os—L MLCT eclectronic transitions which were studied by
resonance Raman spectroscopy. In toluene the MLCT excited state collapses to the
ground state, but in coordinating solvents a zwitterionic species (28) is transiently
formed by cleavage of one Os-Os bond and solvent coordination to the positively
charged metal centre. In 2-methyl-tetrahydrofuran this zwitterionic species could be
isolated at 113 K [74]. [Os,(CO),o( MeCN ),] reacts with phenylazopyridine to give
(29), in which the ligand coordinates in a g%y® mode, and (30), in which the ligand
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has been oxidised [75]). (Note that in the structural diagrams of clusters, carbony!
and hydride ligands are omitted for the sake of clarity).

Os
Os PN
=~ S Os Os /
Os
S [+ | / =N
Os Qs N\\ _Ph N
/\ 7 NI e
N\./ N \ 0’
(28) (S = solvent) 29) (30)

A detailed study on the kinetics of addition of P-donor (and other) nucleophiles
to [H,0s3(CO),0] as a function of pressure and temperature has been carried out
[76,77]. [Os,H(CO),,{ P(OMe);}] (31) has been structurally characterised and is
based on a trigonal bipyramidal core; the hydrides could not be located [78].
[054(CO);5), [054(CO),3(PMe;) {P(OMe);}] and [Osy(CO)(CN'Bu)] all have a
planar diamond-shaped metal skeleton. All three complexes are fluxional in solution,
undergoing CO exchange by an equatorial ‘merry-go-round’ mechanism, but
{O54(CO),3(PMe;){ P(OMe);}] requires considerably higher temperatures than the
other two to observed the fluxional behaviour by *C NMR spectroscopy [79].
Reaction of [0s3(CO)(MeCN)] with ‘Bu,PF gives the expected adduct
[0s,(CO),,('Bu,PF));: however, reaction of [Os3(CO),o( MeCN ),] with ‘Bu,PF gives
not only the expected product |Os;(CO),o('Bu,PF),] (in which the phosphine
ligands are attached to different metals) but also [Osy(CO)yo('Bu,PF)('BuPF,)] in
which the substituents on one of the phosphine ligands have become scram-
bled [80). [Osy(CO) ol u-dppp’)] [dppp’ = 1.5-bis(diphenylphosphino)pentane,
Ph,P(CH,)sPPh,] reacts with another equivalent of dppp’ to give [Osy(CO)y-
(p=dppp’)(n'-dppp’)]). In contrast reaction of {Osy(CO)yo( u-dppm)] with a second
equivalent of dppm gives [Os,(CO)y( u-dppm),] in which the dppm ligands bridge
different edges of the triangular cluster. This illustrates the effect of chain length
on the chelating behaviour of polydentate ligands on osmium clusters [81].
[055(C0O),0(MeCN),) reacts with pentaphenylcyclopentaphosphine to give (32) as
a4 mixture of two isomers which differ in the orientations of the phenyl rings. In
[Os5(CO),,(PsPhs)] the pentaphenylcyclopentaphosphine is a monodentate P-donor,
and in [{Os3(CO),,}»(u-PsPhs)] it acts as a monodentate donor to each of the two
10s3(CO);,} fragments [82].

Os
Os ~
(MeO)3P_ | Os/ Os
Os \  ph
\OS""O'S\ \ /P\
S T0s PhR, "PPh
Os \ PP
Os Ph  Ph

3n 32)
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8.3. Clusters with O- or S-donor ligands

The crystal structure of [Os;(CO),o(u-H)(u-OH)] has been determined; the two
bridging groups are on the same edge of the triangular core [83]. Reaction
of [Os;(CO)y(u-H)]™ with [Cu(PPh;),(BH,;)] affords a mixture of
[Os3(CO)o(u-H)(u-OH)] and two isomers of [Os;(CO)s(u-H)(p-OH)(PPh;),] in
which the phosphine substituents are in different positions [84].

The ligand 4,6-dimethylpyrimidine-2-thione reacts with [Os3(CO);o(MeCN),] to
give a variety of products such as (33)-(35) in which the new ligand is only S-
bonded. Thermolysis leads to more products such as (36) and (37) in which the
ligand can coordinate through a nitrogen atom as well. Most of these products have
been crystallographically characterised [85,86].

N=
v ¥

S"'-OS

Os Os
:’4'4 Os/ >Os @’%/ \Os
N/ 'N N/ N
|
N
(33) (one non-bonded /U\ /\/‘\
05-0s edge) 34) (3%)
N' N
N /J\ P
s-;-(f \ S N
s..\\/, N= Se~/1
=N Os\/ N== \o ‘0s
(36) 37

Reaction of ,4-dithiacyclohexane with Os, clusters affords a variety of products
such as (38) and (39) in which the 14-dithiacyclohexane can chelate to one
metal (38) or bridge two metals (39). Many other products with Os-C bonds
were also characterised [87]. Thietane (thiacyclobutane, tcb) reacts with
[H4054(C0O),,(MeCN)) to give [HOs,(CO),,(tcb)] in which the teb acts as a mono-
dentate S-donor ligand. The coordinated ligand can then undergo catalytic cyclo-
oligomerisation to give 12-ane-S; and 24-ane-S, fragments which are coordinated
as monodentate S-donor ligands to the Os, core. A mechanism for this has been
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proposed [88]. On reacting with [Os3(CO),o(MeCN ),], ligand (40) undergoes desul-
furisation to give [Os3(CO);o( 113-S)], [O86(CO)ao( 14-S)(MeC T)| (41) {which decar-
bonylates to give square-pyramidal [Oss(CO),s(14-S)]} and {Usg(CO),o( 15-S)] (42)

[891].
Os
Qs N O O
—N

53\7 - H

Os
Os/ =

(38) (39) 40)
Os Y o
\ /\OS Ogme—— (@ ]-Ym— o Os
/A AN o
Os-\-|-7 Os os\s' ~~'0s ? | °
Os os~ (bpy)Pd~—— Pd(bpy)
1) (42) «3)

8.4. Clusters containing other metals

The cluster [H,0s,(C0O),0) reacts with PhySnCl or Au(PPh,)Cl to give the penta-
metallic chains Ph;Sn-{Os(CO),}:-SnPh; and (Ph;P)Au-{Os(CO),};-Au(PPh;),
respectively  [90].  [H,0s;(C0O),0] also reacts with Pd(bpy)(OAc), to give
[{(bpy)Pd } ,05,(CO),0] (43) [91], and with trans-[Pd(py),Cl,] to give a range of
mixed Os/Pd clusters including [OssPd(CO),(1-H)s] (44), [Os,Pd(CO)6-
(u=-H)aH(p=CD)], [O85PAd(CO),o pt-H )y 0-Cl)s), [O54PA(CO)y (p-H )5 p-Cl)o(py)]
(45) and [{ Os;,PA(CO)o p-H ) -C} 2 1-C1),1 (46), all of which have been erystallo-
graphically characterised [92].

Os—,0s 0
7 S
e ™ /| \Pd/Cl\OS
Os&—|—0s /N7
~Nof s\Os N
(44) (45)

(46)

Two series of iridaosmaborane clusters has been prepared and crystallographically
characterised (Scheme 6); the members of the series are notionally related by loss
of ‘BH’ fragments (note that in the structural formulae, as with the Os cluster
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- g :
/ \w o 2. o 705 m Z__’\ém
\\I \

Scheme 6.

diagrams, bridging hydrides are not shown for the sake of clarity). Both series
consist of a pileo, closo, nido sequence in which the same number of polyhedral
skeletal electron-pairs gives clusters with 7, 6 or 5 vertices [93,94).
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