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1. Introduction

This review covers the coordination chemistry of osmium published in 1996. I
have tried to make the review as comprehensive as possible, although coverage is
restricted to the more prominent journals. The main emphasis is on coordination
chemistry, though some osmium clusters are also discussed. Organometallic com-
pounds, including clusters where the primary interest is in the coordinated organic
fragments, are not reviewed as they are covered elsewhere.

2. Osmium( VIII)

Lau and Siu have reported electrospray MS studies of several osmium nitride
complexes including the Os(VIII) species [Os(O);N]~. Relative intrinsic metal-
ligand bond strengths were studied by examination of gas phase fragmentation
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following collision induced dissociation (CID) [1]. The first cationic osmium( VIII)
species, [F(cis-OsO,F;),]* and [OsO,F;]*, have been synthesised and characterised
by solution F NMR spectroscopy. The solid state structure of the dinuclear
complex has been determined by an X-ray diffraction study [2].

Kinetic studies on the asymmetric dihydroxylation of alkenes catalysed by OsO,
and asymmetric nitrogen base ligands have been carried out [3] as well as theoretical
studies on plausible reaction intermediates [4]. There has been some controversy
over the mechanism [5-7] although a recent theoretical study gives strong support
to the mechanism involving [3 + 2] cycloaddition of OsQ, to the alkene through the
concerted formation of two C-O bonds [8]. The asymmetric amine ligands (1), (2)
and (3) have been synthesised and the formally 20-electron complex that (1) forms
with OsO, has been characterised by a low temperature X-ray diffraction study [9].
A short review of asymmetric aminohydroxylation of alkenes using osmium with
asymmetric amine catalysis has appeared [10].
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3. Osmium(VI)

Pulse radiolysis has been used to measure rate and equilibrium constants for the
reaction of the [OsV(4)(0),]**/[OsY(4)(0),]* couple with semiquinone/quinone
couples and the solid state structure of [OsV'(4)(O),][PF], has been determined [11].

The compound OsNCl; has been prepared from the reaction of [NH,4],[OsNCl]
with chlorine at 300 °C and was characterised by IR spectroscopy and magnetic
susceptibility measurements [12]. Alkanethiolate complexes of osmium(VI),
[Os(N)(CH,SiMe,),(u-SR)], (5, R =Et, ‘Bu, Pr, CH,Pr, Bz), possessing bridging
thiolate ligands have been prepared from the reaction of [Os(N)(CH,SiMe,),Cl],
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with alkali metal thiolates while terminal thiolate or alkoxide complexes
[PPh,}{Os(N)(EBz),] (E=0, S) are produced from the reaction of
[PPh,J[Os(N)Cl,] with NaSBz or LiOBz [13].
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A theoretical study of [OsHs(n-CsH;)] has shown that it is probable that the
hydride ligands undergo exchange through a trigonal twisting of three hydride
ligands and that the formation of a non-classical dihydrogen species is unlikely [14].

Reaction of OsO,Mes, with pyrazine (pyz) gives the bridged species
[0OsO,Mes,|,(1-pyz). If 4,4-bipyridine is used instead, a tetraosmium species (6) is
formed [15].

4. Osmium(V)

Metallic osmium will dissolve in a solution of difluorine in anhydrous HF to form
anionic [OsFg] ™. The unit cell of Li[OsFg] has been derived [16,17].

5. Osmium(IV)

Site selectivity has been observed in the abstraction of hydride or halide from
[Os(H).X,P'Pr;] (X=Cl, Br, I): protonation or methylation of the chloride or
bromide complexes results in the abstraction of the halide whereas a hydrogen
complex is formed on protonation of the iodide complex. Methyl triflate reacts with
the iodide complex to form [Os(H),(P'Pr;),(OTf),] which has been shown to
cocrystallise with its hydrated form by an X-ray diffraction study [18]. The hexahy-
drido complex [OsHq(P'Pry),] reacts with one equivalent of 2,2-biimiazole
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(H,biim) or two equivalents of pyrazole to produce complexes (7) and (8). Complex
(7) reacts with [M(u-OMe)(COD),] to form [OsH;(P'Pr,),(u-biim)M(COD)] (M =
Rh or Ir) [19].

The first trihydrosilyl, trihydrogermyl and trihydrostannyl derivatives
of osmium(IV) have been reported. The molecular structure of
[OsH,4(SiHPh,)(CO)(P'Pr;),] (9) has been determined by a combination of an
X-ray diffraction study and ab initio calculations on the model compound
[OsHs(SiH,)(CO)(PH3),] [20].

A facile synthetic route to trans-dihalo(porphyrinato)osmium(IV) complexes
[Os(TPP)X,] and [0s(10)X,] (X=Cl, Br, 1) has been described. Synthesis
is achieved by reacting the corresponding (carbonyl)osmium(II) complexes
[Os(TPP)(CO)] or [Os(10)(CO)] with CCl,, CBr, or CI,. A relatively strong binding
of carbon monoxide is thought to be an important factor in avoiding dimerisation
of the osmium(III) intermediate shown to be involved in the reaction [21].
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Deprotonation of the imido ligand in [(Cp)Os(NCH,)(CH,SiMe,),][SO;CF;]
produces the first osmium(IV) methyleneamido complex, [(Cp)Os(N=
CH,)(CH,SiMes),]. The reaction is reversible, treatment of [(Cp)Os(N=
CH,)(CH,SiMe,),] with HBF, producing [(Cp)Os(NCH,)(CH,SiMe,),][BF ] [22].

The paramagnetic, octahedral complexes [Os(SCgF5),(0,CR ) (PMe,Ph),] (where
R is a fluorinated alkyl/aryl fragment) have been prepared by treatment of
[Os(SCgF5)3(PMe,Ph),] with the corresponding fluoro-carboxylic acid. Diamagnetic
pentacoordinate osmium(IV) complexes [Os(SR;);X(PR;)] (X=Cl, Br or SRy
PR;=PMe,Ph, PPh;, P(CgH,Y-4); (Y=F, OMe, CF;, Me, Cl)) have also been
prepared and their electrochemistry studied [23].

Osmium coordination compounds OsE,Cl;, (E=S, Se, Te) and OsS,0,Cl; and
OsS,Cl, have been synthesised in halogen-containing non-aqueous solvents. The
structures of the dodecachloro complexes were determined by X-ray diffraction.
Determination of magnetic properties, vibrational (IR and Raman) spectra, **Cl
NMR spectra and electronic diffusive reflectance spectra (DRS) was also carried
out. The structures consist of complicated arrangements of OsCl; and EX, polyhe-
dra [24].

A series of mixed-ligand complexes of osmium (111/IV) 8-quinolinolates containing
one ketoximate ligand have been studied. Mixed tris-chelates of the type [OsAQ,]
[A =isonitrosoacetophenoate and isonitrosopropiophenoate; Q==deprotonated
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8-quinolinol and 2-methyl-8-quinolinol ] have been prepared and undergo reversible
oxidation. The complexes have been characterised by physio-chemical, magnetic and
spectroscopic methods and exhibit several spin-allowed and spin-forbidden charge
transfer reactions in their electronic spectra [25].

6. Osmium(I1II)

Tetraazocyclononane complexes [LOs(n%-CgHg)[PFq], (L=tacn) and LOsCl,
[L=tacn and Mestacn (11)] have been prepared. Dinuclear species
[LOs(u-Cl);0sL)[PF¢s, formed on the reaction of LOsCl; with neat triflic acid,
are successively reduced to Os(I1)-Os(III) then Os(II)-Os(II) species. Addition
of tetraphenylborate to (Me;tacn)OsCl; results in the formation of
[(Mestacn)Os(n®-CgH;BPhy)][BPh,] (12) which has an unusual structure that has
been characterised by an X-ray diffraction study [26].

MeN NMe ds‘
J
: (A
Me
(1) (12)

The MCD spectrum of [Bu,N];[Os(CN )g] has been measured at 4.2 K and con-
firms the assignments of the LMCT transition and casts doubt on earlier d-d
assignments made for [Os(CN)¢J*~ [27].

The adsorption and desorption processes of a new series of redox-active transition
metal complexes of the type [Os(bpy).Cl(Py—(CH,),~SH)][PF¢], (n=4, 6 or 9),
capable of forming adsorbed monolayers on gold and platinum electrodes have been
studied by cyclic voltammetry [28]. The 4-electron reduction of O, is catalysed by
cobalt porphyrin derivatives containing [(NH,)sOs]?*”* coordinated to the porphy-
rin ring [29].

The X-ray structure determination of [Ph,P][OsBr,(CO)(H,0)] has been
reported [30].

7. Osmium(II)

7.1. Complexes with oligopyridine-based ligands

The photoinduced electron transfer chemistry between [Os(phen),dppz]** [dppz=
[3,2-a:2',3'-c]phenazine, (13)] bound to DNA has been characterised [31]. The Stark
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spectra of bipyridine and a number of metal tris(2,2"-bipyridine) complexes (includ-
ing [Os(bpy)s]**) have been measured in the ligand-centred region in the near UV.
Excitation into the ligand-centred absorption bands of the metal complexes leads to
excited states with dipole moments that are substantially larger than would be
expected were the transitions purely ligand centred. Mixing of ligand-centred excited
states with MLCT states is a possible explanation for this [32]. Electrochemical
studies on dense monolayers of [Os(bpy),py(p3p)]**, where p3p is 4,4"-trimethyl-
enebipyridine (14), show three well-defined waves corresponding to osmium- and
bipyridyl-based redox reactions [33]. The spectroscopic properties of a number of
osmium complexes of tpy have been compared to those using a similar ligand (15).
All of the complexes studied possess metal based oxidations and ligand based
reductions localised on each polyazine ligand [34]. Cyclic voltammetry studies of
osmium phthalocyanine complexes [(CN),Os(pc)]?~ and [(py),Os(pc)] have high-
lighted remarkably easy ring oxidations for the cyanide complex which shows half-
wave oxidation potentials of 0.25 and 0.67 V (vs SCE) {35].
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Complexes [Os(16),][PF¢l, and [Os(16)(17)][PF], are reported to be the first
mononuclear osmium complexes to show room temperature luminescence above
840 nm in the near-infrared region [36].

The redox-active polymers [Os(bpy),(PVPS),CIRu(edta)] (n=10, 15, 20; PVPS =
poly(vinylpyridine) co-styrene polymer) have been prepared and subjected to electro-
chemical investigation [37].

The monometallic complex [(bpy),0s(18)]?*, has been obtained from the reaction
of 5,6-diamino-1,10-phenanthroline with [(bpy),Os(phenidione)}**. Further reaction
with an osmium precursor yields dimetallic [(bpy),0s(18)Os(bpy),]**. The com-
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plexes show one reversible metal-centred oxidation and several reversible reductions
which add one electron to (18) and bpy ligands. The complexes are luminescent in
acetonitrile [38]. A building block approach has also been used to synthesise the
mixed metal complexes [(tpy)Os(15)RuCL][PF4] and [(tpy)Os(15)Ru(15)][PF¢l,.
For both complexes the bridging ligand is the site of localisation of the LUMO.
The HOMO is localised on the Ru atom for the chloride complex but this site shifts
to Os when the chlorides are replaced by tpp [39]. The luminescence spectroscopy
of a series of Ru(1l)/Os(I1) dinuclear complexes with bridging ligands containing
a varying number of phenylene spacer units (19) has been investigated [40].

(18)

Adamantane has been employed as a spacer ligand in similar complexes
[(bpy),O0s(20)M (bpy),]** and [(bpy),0s(21)Os(bpy),]** [41]. In these complexes,
each of the metal units displays its own absorption and electrochemical properties,
regardless of the second metal based unit. The luminescence properties of these
complexes have also been studied.
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(19)

(20)
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The photophysical and electrochemical properties of dinuclear complexes formed
from ethynyl-bridged ditopic ligands (22 and 23) have been studied [42].
Electroabsorption studies of [(NC);FeCNOs(NH,;)s]~ show that light induced
metal-metal charge transfer is accompanied by a dipole moment change of
—12.5£1.5D along the charge transfer axis which corresponds to an electron
transfer distance of only 2.5+0.3 A. This profoundly affects the estimates of solvent
reorganisation and electronic coupling energies {43].
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(22; R=H, Me) 23)

The spectroscopic and electrochemical properties of a series of mixed metal
complexes [(bpy),M(BL)PtCl,}** where BL is (24) or (25) have shown that these
systems have lowest lying excited states that are M—BL charge-transfer in nature
with optical excitation directing charge flow towards the coupled platinum site [44].
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7.2. Other coordination complexes

A number of osmium complexes containing hydrogen or hydride ligands have
been prepared including [Os(bpy)(PPh;),(CO)(H,)}** and [Os(bpy),(CO)(H,)I**
[45]. Complexes [Os(H---H)Br(dppe),]* have been synthesised from
[OsBry(dppe),] or [OsHBr(dppe);,] [46]. Microwave measurements for
[Os(CO),H;] show it to have a classical cis-dihydride structure in the gas phase
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[47]. A combination of ab initic and NMR studies on the complex
[OsHC1(12-H,)(CO)(P'Pr3),] have shown it to have a trans-dihydro-hydrogen
arrangement with a rapidly spinning H, ligand [48]. Density functional studies have
been performed on the model complexes [Os(NH,),L*(n?-H)]**?* containing
neutral (z=0) and anionic (z= —1) ligands giving estimates for the values of Jyp,
gas phase equilibrium geometries and binding energies of the ligands [49,50]. A
comparison with the results from ab initio methods has also been made [51].
Protonation of [OsH(P-P)(n-CsH;)] (P-P=dppm, dppe, dppp) gives mixtures of
cis- and trans-[Os(H),(P-P)(n-CsHs)]. The ratio of these isomers is dependent on
the bite angle of the chelating phosphine [52].

Ground state electron transfer between tcne and 16-electron species including
[Os(P'Pr3),(CO)(H)CI] has been studied and shows that for Os (and Ru) electron
transfer occurs only for the first metal coordination step in contrast to the other
metals studied which show two consecutive metal-to-tcne electron transfers [53].

Complexes [Cp*Os(NO)(E,)] (E=S, Se), formed from the reaction of Na,S, or
[NEt,],Ses with [Cp*Os(NO)Br;], are reported to be the first Cp* osmium half-
sandwich complexes containing chalcogenido ligands. X-ray crystal structure analy-
sis confirms the structure of the selenium compound. Dinuclear products,
[Cp*Os(NO)(p-E)], (E=S, Se, Te) are obtained from the reactions of
Cp*Os(NO)Br, with Li,E [54]. The tetrasulfido species [PPh,J[Os(NS)(S,).(H,0)]
has also been prepared and characterised crystallographically [55].

A high yield procedure has been reported for the preparation of the new water
soluble, air-stable species [Os(CO);Cl{OH)], and [Os(CO),(OH),),. The latter is
thought to go on to form polymeric [Os(CO);(OH),], [56].

8. Osmium(0)

The electronic structures of Os(CO),L (L=CO, PMe,;) have been studied by
variable energy photoelectron spectroscopy [57,58]. A relativistic Kohn—Sham
Density-Functional Procedure has been used to model the structures of a number
of mononuclear transition metal carbonyls including Os(CO); [59].

Addition of carbon disulfide and other heteroallenes to trans-
[OsCI(NO)(P'Pr;),] results in complexes trans-[OsCI(NO)(SC=E)] (E=S, O,
NPh). The product formed from the reaction with SCNPh (26) has been character-
ised by an X-ray diffraction study [60].
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9. Osmium carbonyl clusters
9.1. Clusters with only carbon-donor and hydride ligands

Metal-metal and metal-ligand bond lengths have been used to calculate bond
strengths, relative stabilities and enthalpies of formation for a range of binary
osmium carbonyl cluster compounds [61].

The ability of the carbide cluster [PPN],[Os,,C(CO),,] to act as an electron
reservoir is demonstrated by the characterisation of five oxidation states
[05,6C(CO),,]%* /277774 which do not result in significant structural change. The
structural rearrangement of bicapped tetrahedral [Oss(CO),3] to octahedral dianion
[Os¢(CO)5)*~ and the tetraanion [Osg(CO),g]*~ has also been investigated [62].

Cluster  compounds  [Os;(CO);.), [H,08,(CO)45], [H,0s,CO),)*,
[0s5sC(CO),,)*~ and [0s,,C(CO),,J*~ have been synthesised selectively and in high
yields by carbonylation or hydrogenation of OsCl; or a-[Os(CO),;Cl;}, supported
on silica in the presence of alkali carbonates [63].

9.2. Clusters with N- and P-donor ligands

Reactions of the linear triosmium clusters [Os;H(CO),,_,(NCMe),(n’-
CFsNNNCF;)] (n=1 or 2) with clusters [Os(CO),,_,(NCMe),] (n=1 or 2) leads
to the formation of “spiked” tetraosmium or hexaosmium clusters (27) and (28).
A pentaosmium ‘‘spiked” butterfly cluster has also been made (29) [64].
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The solid state structures of the diphenylvinylphosphine substituted osmium car-
bonyl cluster {Os3(CO),, {PPh,(CH=CH,)}] and its f-hydrogen eliminated partner
[Os;H(CO)o(u-PPh,CH=CH)] have been determined [65]. The phosphido-bridged
cluster [OsgH(CO),,(u-PH,)] (30) and the corresponding phosphinidene cluster
[0sgH,(CO),(u-PH)] (31) have been prepared from the reaction of
[0s3(CO),1(NCMe)] and [Os3(CO),,(PH;)] in toluene [66]. A number of similar
hexanuclear clusters incorporating phosphine, phosphite and isocyanide ligands have
also been prepared [67]. Reaction of dppm or (32) in hexane with an equimolar
amount of [Os;(H),(CO),] gave complexes [Osy(H),(CO)jo(dppm)] and
[Os3(H),(CO),0(32)], whereas when two equivalents of Os complex to dppm were
used the compound [(H),(CO),,Os(n-dppm)Os,;(CO),(H),] was formed. Adding
an equimolar amount of [Os;(H),(CO),4] to [(n%-CsHeg)RuCl,(dppm)] gives the
mixed metal cluster [(n%-CgHg)RuCl,(dppm)Os;(H),(CO),,] [68]. The dppm cluster
[0s3(CO),o(n-dppm)] reacts with ‘Bu,PH to produce the electron deficient cluster
[0s5(CO)s(u-H) (u-P'Bu,),(p-dppm)] for which the crystal structure has been deter-
mined [69].
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Pentaphenylcyclopentaphosphine  (PPh); has been  coordinated to
[Os(CO),0(NCMe),] to give mono and disubstituted species [Os(CO),,{(PPh)s},]
(n=1 or 2). Tri and hexanuclear species [{Os3(CO)},{(PPh)s}] (n=1 or 2)
were obtained from similar reactions of the phosphine with [Os(CO),,(NCMe)]
and a mixed metal cluster [Os;(CO),,{(PPh);}Rus(CO),;] has also been
produced [70]. Similar studies on the reactions of [Os(CO),o(NCMe),] and
pentaethylcyclopentaphosphine have been carried out [71]. Reactions have also been
performed on [Os3(CO),,(NCMe)] using (F;CP)s and (F,CP), to give clusters
containing phosphinidene (PCF,;), phosphido (HPCF;) ligands as well as
[(COYo(p-H);Os3(p4-F2CPPCF;)Os4(u-H),(CO)] (33) [72].

/ | _—0s(CO),
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9.3. Clusters with other ligands

Clusters containing triosmium units linked by thiolato—carboxylato bridges have
been prepared from the reaction of [Os;(CO),o(NCMe)] with thiolate—carboxylate
ligands, one example being complex (33). Photochemical activation of the triosmium
2-mercaptopyridine complex [Os;H(CO),(u-SCsH,N)] results in nitrogen coordina-
tion at the third metal atom yielding [Os;H(CO)y(ps-SCsH,N)]. A similar reaction
takes place for the hexanuclear species (34) to generate (35). The X-ray crystal
structures of (34) and (35) have been established [73,74].
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Ligand (36) reacts with [Os;(CO),,(NCMe)] to produce (37) and similar complexes
which involve additional coordination of the oxygen atom of (36). Heating (37)
results in elimination of oxygen to produce complex (38) [75].

7
~\ 7\
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(36) 3N (38)

The first closo-hydrido complexes of osmium with carborane ligands have been

reported. The structures of (39) have been established by X-ray diffraction studies
[76].
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(39; X=Cl, R=H; X=H, R=Me)

A number of osmium-germanium clusters have been prepared from
[Os(CO)s(n-GeMey);] including [Os(CO)s(p-GeMe,)s] and [Os3(CO)y (n-GeMe,),]
(40). The structures of the products have been determined by X-ray diffraction
studies [77]. Similar studies on the tin species [Os,(CO)g(p-SnMe,),] have produced
a series of clusters including [Os,(CO),4(13-O),(n-SnMe,),] (41) {78].
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9.4. Clusters containing other transition metals

Protonation of [Os3(CO),,] occurs readily in anhydrous HF to give a cation that
can be isolated by reaction with WF; to yield crystals of [Os;H(CO),,)[W,0,F],
thus allowing structure determination by X-ray diffraction {79].

The reaction of [Os3(CO),o(MeCN),] with ferrocenecarboxylic acid or ferrocene-
dicarboxylic acids yields complexes [Os;H(CO),q(p-n-0,CCsH/)Fe(n-CsHy)] and
[{Os3H(CO)y0}4,(M-0,CCsH,),Fe]. Both complexes exhibit a reversible electron
transfer process [80].

Reaction of [Os,(CO)g(u-nt,n*-C,H,)] with [(13-C,H,)Pt(PPh;),] gives predomi-
nantly the heterotrinuclear cluster [Os,Pt(CO)s(PPh,),] (42). The solid state struc-
ture of (42) has been established by X-ray diffraction and the interchange of the
three isomers it forms in solution has been studied [81]. The pentaosmium carbide
cluster [OssC(CO),s] reacted with [Pd(PPh,),] to give a new hexanuclear osmium—
palladium carbide cluster [OssPdC(CO),,(u-CO),,(PPh,),] (43), while heating the
same osmium cluster and [PdCl,(PPh,),] gave [OssPdC(CO),s(u-Cl),(PPh,)] (44)
[82].

PPhy

oC.
N\

(PhaP)(OC)aOSL—Os(COM C'\Os(CO),(PPh,)
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(CO)s (PPhs)

43)
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An osmium-palladium carbonyl bpy complex [Os¢Pd (CO),5(bpy)) is formed from
the reaction of [Os;(CO),((NCMe),] with [Pd(bpy) (CO,Me),]. its cyclic voitammo-
gram reveals an irreversible oxidation at around 0.75V and no reduction wave.
A similar reaction between [Pd(bpy)(CO,Me),] and [Os;H,(CO),,] produces
[{(bpy)Pd (p-CO),},0s5(CO)q] [83].

A tubular osmium-—gold cluster, [Os,,(CO),,{Au(PPh,R)},] (45) has been pre-
pared and characterised by single crystal X-ray diffraction [84].

45

The dendrimer-type complex (46) has been prepared whose redox chemistry can

“&

(46)
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be controlled through protonation/deprotonation of the basic sites on the nitrogen
ligands. Oxidation of the complex can thus be made to follow one of two pathways.
The first pathway involves simultaneous oxidation of all three Os(1I) sites followed
by oxidation of the central Ru(Il) site. The second pathway involves initial oxidation
of Ru(II) followed by oxidation of the peripheral Os(II) sites [85].
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