
CoordinationChemistry Reuiews.41(1982)159-189 
ElsevierScientificPublishingCompany,Amst.erdam-PrintedinTheNetherlands 

159 

3. OSMIUBI 

K.R. SEDDON 

CONTENTS 

Introduction . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . .159 
3.1 
3.2 
3.3 
3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

osmium<VIII) .............................. 
Osmium(VII) .............................. 
Osmium(VI) ............................... 
Osmium(V) ............................... 
Osmium(IV) ............................... 
3.5.1 Halides and oxohalides ..................... 
3.5.2 Ammines ............................. 
3.5.3 Other complexes ......................... 
Osmium<III) ............................... 
3.6.1 Halides and pseudohalides .................... 
3.6.2 Dithiocarbamate complexes .................... 
3.6.3 Ammine and diimine complexes .................. 
3.6.4 Phosphine and arsine complexes ................. 
3.6.5 Osmium-osmium triple bonded complexes .............. 
Osmium(II) ............................... 
3.7.1 Complexes with sulphur donor ligsnds .............. 
3.7.2 Ammine and Pyridine complexes .................. 
3.7.3 Diimine complexes ......................... 
3.7.4 Porphyrin and phthalocysnine complexes ............. 
3.7.5 Phosphine and arsine complexes ................. 
3.7.6 Carbonyl complexes ....................... 
3.7.7 Carbene and carbyne complexes .................. 
3.7.8 Trichlorosilyl and trichlorostannyl complexes .......... 
Osmium<O) ............................... 
Osmium carbonyl clusters ........................ 
3.9.1 Trimeric clusters ........................ 
3.9.2 Tetrameric clusters ....................... 
3.9.3 Pentameric clusters ....................... 
3.9.4 Hexameric clusters ....................... 
3.9.5 High nuclearity clusters .................... 
3.9.6 Mixed-metal clusters ...................... 
3.9.7 Surface modification ...................... 
Osmium nitrosyls and thionitrosyls ................... 

.160 

.162 
-162 
.163 
.164 

.164 
-165 

-165 
-166 
-166 

-166 
-167 

.168 
-168 
-169 
.169 
. 169 

.169 

.170 

.171 
-171 
.171 
.173 
.173 
.173 

.173 

-179 
.182 
.183 

.184 
-185 
-186 
-186 

References . . . . . . . . . . . . _ . . _ . . . _ _ . . . . . . . . . . . . . .I86 

The scope and aims of this review are very similar to those of the cunpanion 

review (Section 2) on ruthenium. Not only does the chemistry of osmium differ, 

in mys that are becming increasingly mu-e apparent each year, fran that of 

ruthenium, but the emphasis in the wx-k re_mrted differs. Thus for osmium, this 
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year, nearly+half of the papers published have been concerned with carbonyl 

cluster chemistry, whereas for ruthenium only about 15% of the papere were 

concerned with that area. In contrast, the development of the coordination 

chemistry of omium, particularly of oxidation states 2111, has lagged signif- 

icantly behind that of ruthenium, although the greater stability of those 

oxidation states for osnium pranises a rich and exciting chemistry, which is 

hinted at in Sections 3.4-3.6. It is undoubtedly true that certain areas of 

omium chemistry, notably the chemistry of rC?s(bipyJs12+, are experiencing an 

upsurge in interest in response to interest in the ruthenim chmistry, but the 

chemistry of osmium deserves more than a reflected glory. 

3.1 amIuM(vI11) 

The w1 IR baud of [OaO,] has been studied using high-resolution saturation 

spectroscopy with COz lasers; fine and hyperfine structure was detected [1,2]. 

An excellent review of the uses of C&0, for the cis-hydroxylation of alkenes 

andalkyneshasbeenpublished [3]. The oxidations of a,8_unsaturated ethers 

141 and cyclopropylidenecycloalkenes 153 by [CSO,] have been investigated; the 

latter substrates yield the expected dials, apart fm cyclopropylidenecyclo 

propane, which gives a mixture of cyclohexmedione and formylcyclopropane 

derivatives [5]. 

The hydroxylation of sterically hindered alkenes by [OSO,] is catalysed by 

MeaN0 and pyridine 161. CosObl, in the presence of (1)) can cause asymetric 

MeC02 
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(1; R = Ii, R' = (2); (2) 

R = (2). R' = Ii) 

induction in the reaction [7]: 
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kxIproved oIqmLination procedures for a.lkenes with [O~OHGb!e,] have been reported. 

Originally, pyriciine was used as a solvent, but ncnv the tertiary a&y1 bridge- 

head amine adducts [O&s=NCMe~(L)] CL = (3)-(6)) or [{OsWNCATe312L] CL = (7) or 

0 Lb CN~’ &02cMe 
(3) (4) (6) (6) 

f -N c-s N 
(7) 

knta} are used in non-coordinating solvents [S]: 

/ 
NHCMe3 

H\ ,/” 
), c 

[030s=NCMe3<L)l 
% 

L ‘Hk 

t 

R/c= \R 

-.I~WII~ H 

R 

Good yields of amine, and very little dial, were obtained; the ccmplex with 

(3) was particularly efficient [8]. The mlecular structures of the canpounds 

COXO=NR] (6; R = N-l-adamantyl) and [ozOs(=NCMe3)2] (9) have been recently 

F(Os=O) = 0.1715 nm 

p(Os==N) = 0.1697 nm 

CI 

O&k = 171.4O 

(8) 

Me3 C 

\ 

CMe3 

/ 

“‘\ /* 
$0 
0 

(9) 

F(oso) = 0.1744 n!n 

F(CEFN) = 0.1715 nm 

O&c = 155.1° 

O&'C = 178.9O 

determined: the R-N-Os unit in.(S) is essentially linear but one Of the two 

units in (9) is significantly bent [9]. 

A series of indole derivatives related to tryptophan react with [0&4(py)2], 
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by addition to the 2,3-positions of the indole ring, to give osnium(V1) esters. 

With 1-methyl-u-ij-acetyl-Dltryptophan, the complex (10) was isolated [lo]. The 

0 

f- 
HN 

reactions of [Oso,] with derivatives of mxlel systems (L) for the side chains 

of tissue proteins have been studied, alone and in the presence of unsaturated 

lipids (R). as part of a general study of the fixation of biologicdl tissue 

with [OsO,]. This resulted in the isolation and characterisation of the 

follcnving ccfnplexes: [O$IO~LI+] (L = a-U-benzoyl-L-histidine isobutyl ester, 

imidR, l-K&mid, 5,6-dimethylbenzimidole, butylamine or a-N-beazoyl-DL- 

methionine), [&!'OSLSL'] (L = 1-Meimid; L' = L-proline methyl ester or a-N- 

benzoyl-larginine ethyl ester), [Os%J (I& = glutathione or Lcysteine), 

[os~?_JY] (r. = 2 or 3; L = l-Meimid; L' = a-U-benzoyl-I,-cysteine or-aAN-acetyl- 

L-cysteine), [OsV102(02R)L2] (R = cyclohexene, oleic acid, methyl oleate or 

cholesteryl ethanoate; L = I-Meimid, 5,6-dimethylbenzimidole, a-N-benzoyl-G 

histidine isobutyl ester or pyridine), [Os~lO~(O~R)L~] and ~#O&OE,R')LG] 

(R = methyl linoleate; R' = ethyl linolenate; L 

reduction of [OSO~] by Na[l%,] in acidic aqueous 

investigated 1121. 

3.2 OSMIDM(VI1) 

= 1-Meiarid) [ll]. The 

solution has also been 

Force constants have been calculated for [O&F,] [13]. 

3.3 OshlITJM(VI) 

Further details are anerging [14] of the fascinating chenistry of the osniu&VI) 

ester ccxnplexes with (31, and related amines, which were discussed last year 

115; p-663. The crystal structure of [O=Qs(02C2Me4)2] (11) reveals the 

~nstituentxnxleculestobe a five-coordinate cxxnplex, basedon asquarepyramidal 

geanetry about the metal [16]. 
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The ccmplexes [OSO~(OEP)] and [Os=N(X)(ORI?) 1 (X = Cakl , F or [ClOt+l 1 have 

been prepared, and characterised, by 'H NMR, UV-VIS and fluorescence spectro=oPY, 

and have been the subject of EIiED Calculations [l?']. 

3.4 C6b5ubl(V> 

[N0][0sF~] has been prepared by treating [OSF~] with NO, or a large excess 

of NOF, atroaatwrature and characterised by Raman spectroscopy [18]. 

Crte of the most wciting papers to be published this year describes the 

preparation and properties of a new halide of osnium, [Cs2C110]_ This interest- 

ing new species was prepared by halide exchange, according to [19]: 

[QsICIIo] is a black solid, extremely misture sensitive, which gives [CML] in 

moist air and [@CCL,] in mist solvents: in basic solution, QsC~.zH20 is 

slowly precipitated. [CEi$Zlm ] is insoluble in non-polar Solvents (e.g. Ccl+ 

or C6Hu ) but dissolves slightly in CRC13 or CR2C12 to give essentially non- 

conducting solutions. It is stable at rcun temperature in mcuo or under an 

inertatmospherebutdecanpos es above 160 OC to give osC11, and Clz. CQS2CliO 1 

is isamrphous with [RezClm 1 and its structure is sham in (12); its IR 

Cl Cl 
I \ 

a = 0.224 nm 

b = 0.242 am 

c = 0.363 nm 

9 = 95O 

Q = m” 
CI Cl 

(12) 

spectrum has been recorded and assigned analogously to [MzCllO] (hl= Nb, Ta or 

Re), and its diffuse reflectance electronic spectrum was also reported. The 

oompound gives a broad (several hundred Gauss) EPR signal at g -2.0 and has a 

roan temperature magnetic moment per 0s atan of ueff = 2.55 us. The magnetic 
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Trans- and c~s-[OS(NH&,X~]~+ (X = Cl, Rr or I), mer-[Cs(NH3)~X3]+ and 

[Ck(NR~)C15]- have been prepared by the oxidation of their oamium(III) analogues 

with [Fe(Hz0)6]3+_ Acidic solution aquation and disproportionation reactions 

(both of which readily occur) are sufficiently slow to allow ion-exchange 

separatioqisolation of the solids, and characterisation of the solution species. 

v(OsC!l> is cc. 40 on-l higher than for the osnium(II1) analogues and the IAK!I 

transitions occur at lmer energies for the osnium(IV) canplexes. At high 

acidity, the Cs(IV)/Os(III) couples are reversible on the CV time scale, at 

(for X = Cl) 0.73, 0.83, 0.61 and 0.37 V (vs. SHE), respectively, and the 

canplexes show pl(,'s of 4.0, ca. 1.0, 4.9 and 6.5. These osnium complexes all 

show weak, sharp NIR absorption bands [30]. At lower acidities, disproportion- 

ation, according to the following equation, occurs [30]: 

Treatment of [OsO4], [OEGC~~]~- or [Os(NR~)sC1]2+ with aqueous ammnia in air 

generates a new, violet coloured canplex, [~~N~(I~~)~(OH~)~]C~~, which has 

appropriately been named "omium violet" (by analogy with "ruthenim red", see 

Section 2.5). This canplex is believed to have the structure illustrated in (13) 

NH3 

I 

OH2 NH3 6+ 

NH3 
/ I 

742 
I 

H2O 
o;__--__N -_----OS -w-_-N ______ 0s 

/NH3 OH 

‘I 
/ 

I ‘I 
I 

2 

NH3 
NH3 

OH2 
OH2 

NH3 
NH3 

(13) 

and appears to be a better cell staining reagent than ruthenium red. Related 

canpl=es prepared include [Os~N~(NH~)8(OH~)617+, [os,N2(NH,)e(~)(C~)~15+ 
[os,Nt(MI,>6(~>,(C~)~12+, [~3N~(NH3>4(~>,(a~)~l, [C’SS~NZKWKI (OHz>,l*- 

and [~~N~(~>e(~),(Obl~~, and all were characterised by IR, resonance Raman, 

and XPFS spectroscopy 1311. 

3.5.3 Other complexes 

The cation of the salt [Qs(SKNEt~)3][PFs] (prepared by oxidation of 

[Cs(Szmtz)s] electrochemically, or by RF1 under aerobic conditions) undergoes 

a novel nxonaner- -dimer equilibrium in C&Cl2 sclution: 
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2CQdS2CNEt2)31 + w- CQs2cbCNEt2h12+ 

In the solid state, it exists solely as the dimer, (141, possessing a distorted 

pentagonal bipyramidal geanetry about each 0s atan {r(CsQs) = 0.3682 run} [32]. 

2+ 

With hleCN or Cl-, it forms [Os(SKNEt~)s(NCMe)]+ or [Os(S&NEt~)sC11, 

respectively, both of which are believed, also, to be seven-coordinate [321. 

A new Schiff base canplex of omium(IV) has also been reported 1331. 

3.6 CSLIITJM(III) 

3.6-I .ikWdes azd pseudohalides 

Treatment of OsCla in benzene with cyclopropane and CO gives a mixture of 

C6HQlMe2 (95%), methyl %chlorobutanoate (2%) and methyl 3-chlorobutanoate 

(3%) 1341. EX-IFS has been used to study the canplexes [CS(NCS)~(SCN),_~]~- 

(n = 1, 2, 3, 5 or 6): r(C)&) is invariant at 0.250 nm within the series, 

whereas r(OsN) decreases fran 0.226 nm (n = 1) to 0.213 nm (a = 6). For these 

measurements, [Os(py)bBrn] was used as a reference, to determine the nitrogen 

backscattering amplitude and phase shifts of the PE wave for the OS-N pair 1351. 

3.0". 2 Dithiocarbamate cmpi?exes 

The novel canplex [Os2(~-S3(7NEt2)2(S2~t*)~]+,iSolated as its [mhsl- sat, 

is the first characterised example of a complex of the elusive sulphur-rich 

trithiocarbamate ligand. The species was isolated as a by-product in the 

nomal preparation of [Os(S&NIX2)~] and [Os2(SDIEt2)51+, but the reason for 

its formation, and its properties, are not yet clear. Its structure (15) has 
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been determined crystallographically, however, and hns an OS-OS separation of 

0.2791 nm 1361. Similar cmplexes have been prepared, by treatment of 

[os(s~cNR~)~] (R = hk or Et) with elemental sulphur in dmf to yield 

+ 

(161 

(17). (16) can be converted into (171 by reaction with tetraalkylthiuram 

disulphide. The structure of (17; R = Me) is essentially similar to (x5), with 

r(osos> = 0.2792 nm. The structure of (16; R = Et) shows the unusual bonding 

rale of the (~45) ligand, and reveals an OS-OS separation of 0.2785 nm. (17) 

reacts with PBuj or P(c%fe>3 to give CO~~(~-S~~Z)~(S~CNR~)~I~PF~I 1371. 

3.6.3 Anmine and diimine oompZexes 

Goai new synthetic routes to [Os(NR~)~(O&)][ClO~]~, [Os(Nk)~X]& (X= Cl, 

Br or I), bs(NH3)61~C10~13, trans-[O~(NR~)~X~IX (X = Cl, Br or I) and 

Cs2[OsCl,(NR3)] have been develop&; their NIR spectra show weak, sharp 

absorptions 1301. Treabnent of mnninehaloomnium( III) complexes with lBTO2 yields 

such canplexes as cis-[Os(NRg)41(N~)]2+, cis- or trwzs-[Cls(NR~)jXp(N~)]+ (X = Cl, 
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E?r or I), mer-[Os(NHp)nXa(Np)] and [oswH~>s(N~>I~‘. Typically 1381: 

co=mHs)J21+ + HNo2 -b(Nb)d2(N2)1+ + W20 

The tnechanisn for this reaction is believed to involve an ostdwn(IV) intertnediate: 

lwNw3I2(N2)1+~ b(Nh)312W2)1+ + HG+ 

The coordinated N2 considerably enhances the acidity of the coordinated annxxia. 

Thus the pif, of [o~(RH~)C]~+ is ea. 16, whereas the pi(, of [OS(NH~)S(NZ)]~+ is 

CCL. 6.6. In basic conditions, the otium(II1) cunplexes disproportionate to 

give the corresponding osnium(II> complex and an unidentified osnium(VI> species 

1381. The ruthenium(I1) analogues of the above wxnplexes have been prepared 

and ~MNWSW~)~~+ can be converted into [OLS(NH~)~(N~)~]~~ with I-lNOz, but this 

time involving an osni~(II1) intermediate [38]. 

A correlation between the half-wave reduction potentials of [cs(LL)~]~' (IL = 

hipy, 4,4'-Mezbipy, 5,5'-b&bipy or phen) and the rate constant for their 

reduction by [Fe(H20)6]2+, in the presence or absence of sodim dodecyl sulphate, 

has been proposed [39]. 

.3.6. < Szosphine and amine complexes 

[O~XG]~- (X = Cl or Br) reacts with AsPhnR (R = Me, Et, Pr or E?u) in basic 

conditions to give [OsXs(AsPh2R)~] [40]. Treatment of Na2[OsC16] with PPh3 in 

ethanol yields a green precipitate of [C&C12(PPh3)a]. However, if this reaction 

mixture is filtered, 

k=ls(b=W(RRh:,)2] 

crystallographically 

configuration [41]. 

and the filtrate heated and treated with M&N, then 

can eventually be isolated. This complex was characterised 

{r(OsCl) = 0.236 nm) and shown to have a mer,trans 

3.6.5 Osmium-osmium tripZe bonded complexes 

The first cunplex ofthistype, the Purple canpound ~Ck2(p~4?-0)1,C121 <18), 

has been prepared by treating OsC13 with 2-hydroxypyridine in ethanol, and has 

the familiar "lantern" structure [42]. It has been isolated, both as mono(diethy1 

ether) and as bis(ethanenitrile) solvates, and the molecular structures of both 

ferns have been determined. For the former canplex,r(Os=Os)=0.2344nmand 
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Cl 

r(OsC1) = 0.2483 nm; for the latter, r(Os&s) = 0.2357 nm and r(OsC1) = 0.2503 

nm [431. 

3.7 CSbwM(I1) 

3.7.1 CO~@QXQS wizh suZpi?ur, donor Zigmds 

[&L,] and [Cs(HL)~][EPhs] (HL = thiodiglycol) have been prepared and 

characterised [44]. 

3.7.2 Anmine and pyridine compZexes 

A new synthetic route to [QS(NH~)~(NZ)]C~~ has been published 1301. Other 

osnium(I1) dinitrogen cunplexes have been discussed in Section 3.6.3. 

Dark red, trane-[&(py)s~z] has been prepared by the reaction of K~[o.sI~] 

with pyridine (in the presence of glycerin). It is volatile at 360 OC, and 

soluble in organic solvents but not in water. Solutions of the cunplex in non- 

polar solvents react with HX (X = Cl or Br) to give blue cunplexes, tentatively 

fomniLated as [Os(py),I,].2HX 1453. Similarly, Kt[f~c-&Xs13] (X = Cl or Br) 

reacts with pyridine and glycerin to give the dark red, trans-[~s(py)bX~] 

ccnrplexes, which are soluble in organic solvents and sublime in vacua at 300 

or 320 OC; they also react with HX, to give violet lltrwzs-[~(py)~~].~l [46]. 

3.7.3 Diimine conzptexes 

In the wake of the current interest in [Ru(bipy)s]2+ (cf. Sections 2.8.4, 
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[cB(Pc)(co)(~~)] has been prepared by the reaction of 0~04 with molten 1,2- 

dicyanobmzene under CO, or by treating [Os~(C0)12 ] with 1,2dicyanobenzene in 

air, follwed by reaction with nvridine: rOsfPc1fO1fthf~l was nrenared in a ____*_____ ..--.- r~--~-_-, _--,_ _,__2_,,_.._,_ ..- r--c---- 

siInilarfnanner. The molecular structure of [Os(Pc)(CO)(py)l reveals that the 

0s atan is 0.015 mu out of the plane of the phthalocyanine group tarvards the CO 

{#sNY) = 0.2202 nm; r(OsN& = 0.198, 0.203 nrn; r(OsC) = 0.1873 nm} [55-j. 

3.7.5 PT2osphine and arsine conipZexes 

[OSX~]~- (X = Cl, Br or I> reacts with diars in MeCH/Me~CO under CO to give 
rrr-,, IN_\ ,_=z_-__.I. 
LL§Az\LU J p<KK?XS J J ; Oiiiie CiS ZUinci -ho ‘E;PcP’ZS imE$ V.~i-EZ %Xiiid ~t%Xi%Tiil’i~ to tiiit 

reaction conditions. The isaners are interconvertible, the all cis isaner being 

the mast stable and the trcms carbonyl isaner being the least stable (561. 

[OsX,(AsPh2R)3] (X = Cl or Br; R = Me, Et, Pr or wl) reacts with CO to give 

[OsX~(CO)z(AsPh2R)z]. whereas treatment of [OsX,]2- with AsPhtR in the presence 

of methanal yields [OsXz(CO)(AsPhrR)~] [40]. 

Full details of the reactions of RIKO (R = C!&+-4Me) with [OsHX(CO)(PPh3)3] 

(X= Cl or Br), [O&iz(CO)(PPh3)a], or (OsR4(PPhJ)3] to give the formamido, 

ureylene and fo nnamidinato can@e\es reported last year [15; p.703 have now 

appeared [57]. [OsH(OK.CF3)(CO)(PPh3)2] and [~(02CCF3)2(CO)(PPhl)2] react with 

both terminal and internal alkynes to give oliguwrisation and hydrogenation 

products, respectively, along with sroe vinyl compleses. For phenylethyne, the 

process is catalytic, one mle of complex producing 100 moles of oliganer (cf. 

Section 2.8.6.2) [%I. 

3.7.6 CarbongZ compLemzs 

c~s-[O~(CO)~(CH~C~F~)~~ has been prepared by treating CsH&H2C1 with 

bw>s12- and its mlecular structure determined {F(OsCQ,) = 0.218 run; 

f;(Qscco) = 0.194 nm1 1591. The reaction between [HI,OS,(CO)~ I and N20c yields 

fHrrOsq(C0)12(GR)]+ [C&(CO>,(NO,),]- (see also Section 3.9.2): the anion is a 

faciaz csmium(II) canplex, containing three mzmodentate nitrato ligands, and 

has been crystallographically characteriseci 1601. 

The nK_ of rHdd!C3l.. 1 1s X2=8 r6Ii _ ---- p”B -- L__L __\_ _,~. c_.._ _ 

3.7.7 Cazrbene and carbgne compZexes 

[Os(CO)(PPh3)3HC1] reacts with [Hg(CC13)2] to give the fascinating dichloro- 

carbene c~~@ex [osCl~(CC12)(C0)(PPh3)2] (19) wMch has been characterised 

crystallographically [62]. (IQ) reacts with L&R (R = Ph, CkH,-&ale, CsHb-4-NMe2 

or C~H~,-4_0@e) to generate the five-coordinate carbine camp&x, 
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PPh, 

PPh3 

[os(=CR)C1(CO)(PPh3)2]: [as(~C,H,-4,,Ue)C1(CO)(PPh,)21 (20) was crystallographically 

characterised {r(Os=C) = 0.177 nm; r(OsC1) = 0.2506 run] 1631. The reactions of 

(xi) and (20) are sumarised in Schme I [62,63]. 

[~12(CNR)(CO)(PPh3)2]~RNH2 COsClz(CClr~(CO)(~hl)zl rEH1--CQsC12((IE)(CO)(PPh3)21 

(R = Me, Bu ox- CsH4-4-Me) (19) (E = S. Se OF Te) 

I 

Li[C6Ht,-4-bk] 

[OsCl(r12-ECR)(CO)(PPh:,)~l- E [Os(=CR)Cl(CO)(PPh,)z] "c1-[OsG(~)(CO~(Pph~)21 

(E = S, Se or Te) 

I 
[OsCl(R)(COI~(~hsI~l 

SCHEME I: .SQW reactions of (19) and (20) C62,63I. 
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3.7.8 TrichZorosiZyZ and tr-ichZorostannyZ comptexes 

cis-[Os(CO)4(SiC13)2] has been prepared from the photochemical reaction 

between [Os,,(CO)12] and Cl&H; upon heating at 120 OC, it is quantitatively 

converted to the tram isaner (cf_ Section 2.8.8). cis-[Os(CO),.(SiCl,),] reacts 

with PPhx at 130 OC, to give me2~[Qs(CO)~(PPh~)(SiCl~)~], and with 1.3,~CsH3Ne3 

(200 OC; sealed tube), to give 1o.v yields of [{CsH3Ne3}Os(CO)(SiCl~)~] [64,65]. 

The mlecular structure of a salt of [&C~(.%IC~~)~]~- (i;(OsCl) = 0.243 nm; 

r(QsSn> = 0.2530-0.2582 nm) has been determined [66,67], although the nature of 

the cation, nominally [RMe,]+, appears to be in sane doubt. 

3.8 c6hlIui?l(0) 

The reduction of [{os~l,(l,~cod))~] with potassium amalgam, in the presence 

of excess CxcMe~, yields [Os(OKMea)~ (1,5-cod)] 1681, whereas treatment of 

[0sH~(C0)~] with [Fe<CXCMe,>,] gives [F~H(CKN~S)S]+ [OsH<CO>,.]- 1691. 

3.9 OsNIuhf CARBQNYL (l!Lmmm 

The introduction to the section on ruthenium car-bony1 clusters (Section 2.13) 

is essential background to the follaving discussion, as it outlines the notation 

which has been used to represent the cluster structures and reviews the general 

background literature cannon to both ruthenium and osmium. 

An excellent review of the syntheses, structures and reactivities of osmium 

carbonyl cluster canplexes has been published, with particular emphasis being 

placed upon bonding and reaction pathtbays [70]; it is highly re catmended to any 

wxkers interested in this area. 

3.9.1 LTrirzeric cZus7;ers 

The high resolution IR and Raman spectra and a canplete vibrational analysis 

of lRu,os3 n (CO),,] (n = 0, 1, 2 or 3) have been reported [71,72], and a further 

study of the UVPES of [Os,(CO)u ] has been published [73]. Electrochemical or 

I~~l~i--+l~ rdrr,-+ir\n -4 rti_fm\._i -n-+PC rti_fm\._iz .*i r.h hcac hnnn G..LL-... &A-r- *~UUIc..."‘* "A. Lvu,\UV,,Z, 6~&'_CCC~'U L-,\r",~ZJ , ..IA....e.. *.- “CL.. 

characterised by EPR spectroscopy [74]. 

The reduction of CO by Hz using [M'13(CO)12 1 (M = Ru or OS) in Zmethoxyethanol 

(below 200 OC and 200 atm) gives NeCR and Ne&O (when M = Ru) or NeOH, HCO&fe, 

b&CO and IK02C2H&H (when N = 0s) 1751. It is not clear fran this cunnunication 

how the possibility of these products arising fran the solvent was eliminated, 

but this may becune clear when fuller details are published. [&(CO),z ] (hl = 

Ru or 0s) is also reported to be an active catalyst for the water gas shift 



174 

reaction (CO + H,O- -I-I, + Con), showing a high degree of sulphur tolerance 

[761, and to be a hamgeneous catalyst for the alkyl wchange reactions of 

tertiary amiues [77]. 

Sane photochemicel. reactions of [Cko<CO>,,] with ccmmn reagents have been 

investigated. Thus, UV irradiation of [Os3(CO)12] in Ccl,, CHCl:, or C&Cl2 

yields [Ck(CO),Cl,], via a proposed intermediate of [Os3(CO)12Clz]. No reaction 

was observed with CO, but UV irradiation of [Ckp(CO)12] in the presence of PPh3 

gave [Qs3(CO)12_n (PPhs)n] (n = 1, 2 or 3): prolonged irradiation of 

[~,(cO),(pPh,I,l with PPh, generated ~CWCO),Wh,I,l [78l. 

[Osf(CO)9(NO)2Cp(OMe),)] (21) has been structurally characterised and the 

phosphite ligand is equatorial [79]. Treatment of [Css(CO)10 (NO)21 with Me$O 

yields [Os,(CO),(NO)2(NMe,)] (22); the very long Os-NA& bond (0.222 um) reflects 

the utility of N&S+ as a good leaving group in cluster chemistry [go]. 

Appropriate treatment of [Osx(CO)ul with CNR yields [Ck3(CO)12_n(CTJR)n] 

(R = 
L^^_ -ll 

[Os3(CO> ,2 ] + MecN + b&NO -[oSa(CO)n (NC’@)] + Con + -3 

1 NH3 

[Qs~K0)10 bH)(usJR~ll- los,(co> 11 wH3 >I + rIfecN 

(24) '33) 

i 

1 

cyclohexanone 

[~x(CO)w (i.+H)(wIGH,o >I- * [QssKWn (~=GHlo 11 

(26) (25) 

3CRRMF, II: The synthesis of ammonia derivatives of [Osg(CO)~2] [82]. 
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isauxic with the CNKe caqlex, is the basis of the interesting chemistry 

illustrated in Scheme II. The cunplexes <23)-(26) were characterised by IR and 

'H NMR spectroscopy; the conversion of (25)+<26) is mre facile than that of 

<23)+<24) [82]. 

Turning, ncxv, to hydride derivatives, IR, Raman and 13C NNR spectral studies 

upon [H~0s~(C0),2] are all consistent with it possessing the structure <27), 

,co (27) 

with teminal hydrides and a linear skeleton 1831. The UVPES (He-1 and He-II) 

study of [HzOs3(CO)lo ] and ~HJ-k,(CO)~~ ] which ws reported this year 1841 has 

a very important conclusion. The results at-e totally inconsistent with the 
L__>I-_ umvenz;loniLL uonumg SCkiiE fOr ~2&~(COj10 3, '__* 

-~______~~____I 
<La), 

ii, \vp,i& a fOnlrjl dudb;e 

34$3 34y3 
(28) (29) 

bond is normally written between the tm bridged Cs atcms. Instead, they clearly 

point to a localised 4-centre, 4-electron bonding (or, alternatively, tun 3-centre, 

Zelectron bonding)situation, (291, ana.logous to that found in diborane (30): to 

H 

/\ 

H 

HIB BAH H\ /\ 

H’ '-Hi lH 
B’H ^_ 

H'B'\Hi lH 
<39) (31) 
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write [HaCk,(CO)lo] with structure <28) is as misleading as to write diborane 

with structure (31). Similarly, there is no direct metal-metal interaction 

between the singly hydride bridged metal centres in [H&~I+(CO)~Z I. Thus, in 
all of the structures in this review (and in the companion review on ruthenium), 

the &(u-H) situation is represented as M 
/H\ 0H\ 

M and not as M-M. 

The molecular structures of [OSB(CO)10Br2] (32) [85], [HOS~(CO)VJB~] (33) [86], 

343 3433 3&3 

(32) (33; x = Br) s 

(34; X = OMe) AL! 

(35; X = NHS02C6Hi+-4-b¶e) (36) 

[HOSS(CO)VI @Me)] (34) [87], [HOss(CO)lo(NHS02C6H4-~~)] (35) 1881 and 

[HO~~(CO)~(C~H,,)(SN~)] (36) [89] have been reported. (32) was prepared by 

treating [C&(CO)ul with 2-bramme thylnaphthalene [85], and (35) by treating 

[HK&(CO)10] with N$3O&H~-4_Ne [883. The hydride was directly located in 

(331, and its structure was cunpared with a number of related molecules, 

[HC~Z~(CO)~,,X] (X = H, Cl, C!HCH=NRt2, SEt, etc.); the Os-Os distance in the 

{Qs~s,(u-H)(u-X)1 moiety seems to be determined more by the Os-H-Us unit then by 

the O!+X-OS unit [86]. In.(36), the ethene rrPlecule is equatorial 1891. 

[HRu3(CO)10 (NO)] has been prepared by treating Na[HRua(CO)u ] with [NO][PFs] [90]. 

Treatment of [C%3(CO)12] with Li[EtSHH] in.thf at -30 OC yields a deep red 

solution, believed (on the basis of IR and 'H NMR spectral evidence) to contain 

the foxmyl cunplex, [Cks~(CO)n (CHO)]': the canplex decunposes at roan temperature 

. 1 
L 

_ 

H 

3Hk 

+ 
H 

S 

-- -3 

(37) <aa) 

4 
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[91] _ Foxmyl intenmdiates, [HAX~(CO)~(CHO)S]- and [~1(CO)9(02~~f(CHO)]-, 

are also generated in the reactions illustrated in Schme 111 [923. The novel 

bM&(CO)~(urS)1 KrBH;~:;2)31, [H~~~~(CO)O(~O)(U~S)~- 

1 H+ Iwar- 
biOsa(CO)~(ur-S)1- + bWs~(CO)e(ur-S)I- (37) 

SCHEXE III: Sane reactions involving foxmyl intexmzdiates [921. 

trihydricio species, <37), contains a teminal hydride ligand. In another 

reaction involving attack on a coordinated cmbonyl group, a novel carbyne 

cluster, [HORSES {C(c~k))l (381, has been prepared by methjjlation of [HOsa(C0)111- 

{cf. Section 2.13.1? with MeSQ3F. Treatment of (38) with dihydmgen generates 

~HD~~(CO~~E~~T-W=+I~~ <39) c933, x&ich reacts with EXB (X = Cl or Br) to yield 

(39; X s OMe) 

(40; x = Cl ox' Br) 

(41; E = S, Se or Te) 

the structurally related [Hdk~(COI~(~+X)l (40) cunplex E941. 

[Qsn(CO)12] reacts with En (E = S, Se or Te), in octane at reflex, to give 

[H~QS~(CO)&~ (41) and [H20s4(CO)I~E21 (see Section 3.9.21 1951. 

IH2<S~cO)awcw(~rs~I, a derivative of <41; E = S), reacts with CT& in 
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cyclohexane to give [H20ss(C0)7(CS)(u~-S)~~ (42), in which the CS soup is 

terminal and equatorial Cr(OsC)Cg = 0.190 nm), and two of the osnium atam 

contain no direct bonding interaction between them Cr(OsCk) = 0.370 I& [961. 

Treatment of [Osj(CO)l,, (C6H8)] with K[S,CH],or [HzOs,(CO)9(PMe2Ph)] with C!Sp, 

yields the related canplexes [HO~S(CO)IO (SSH>I (43) or rHOsp(CO)s(PhiezPh)(S1CH 

PMe2Ph 
I 

(44), respectively. The structures of (43) and (44) contain different hydride 

distributions (although it should be noted that the hydrides were not directly 

located), and it is clear fran the structural results that, for both the (u-S&H) 

bridged Ck-Os bond, and the unbrklged G+Qs bond, addition of a hydride ligand 

caused an increase in Os-Os separation [971. 

Although strictly organaretallic (and many other examples of organcxnetallic 

cluster chsnistry have been unit-ted frcan this review), the last two papers to 

be discussed in this section reveal interesting bonding features which reflect 

uponcluster chemistry ingeneral. Treatwnt of [I%&(CO)n (CF$=CHCF~ >I with 
Et-. vieldq rHOs.(CO),, fPFt IfrF C=CHCF~I~ f4s> which sh= the .a a---- ____ ~\__, I” ,_2_:,,-_ :- --- =,_I . --. ) ..__^ -__ -_-..- __-- x-csm.rkAle 

feature of the triangular cluster of the reactant having opened to an alrxst 

linear chain (Os&Cs = 162.3O), with the t emninalosniumatansshowingnobonding 

interaction, either directly or via bridging ligands (other, of course, than the 
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(45) 

central omium moiety!), between each other- 1981. A similar, albeit less 

dramatic, example of this kind was found in the formation of (42). This Cluster 

breakdown is promoted by the coordination of an additonal two-electron donor, 

in a reaction type which is not so uncoesko n in the reactions of higher nuclearity 

clusters (e.g. [Osg(COjl~]) [98]. Another example of Cs-0~ bond cleavage by 

the creation of an electron-rich complex is in the formation of the thiofoxm- 
._-. __~~ 

aidehyde derivative i~~(CO)s(P~~eShj(~s-Sj(~~2jj (461, by treatment of 

PMe,Ph 

I 

PMe,Ph 

I 

(46) (47) 

rU fk (f!fil HXfc= Phjl with (-T ,.--2---j .--_,9 .__-2_ __,~ ..___ --‘-_z _ <~fi) contah-!~ only cx,ne Q+& bond: qm” -----, 

heating, this qlex loses a mole of CO (i.e. a &o-electron donor) to form 

[OS3<CO)g(~*ph)(ll3-S)<u3-~~)1 <47), which contains mw OS-OS bonds [El]. 

3.9.2 Tetrmeric chsters 

The pK, of [HkOsb(CD)12] is 12.0 [61] and a UWES (He-1 and He-II) study of 

it indicates that its bonding should be visualised as indicated in (48) [84], 
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(48) 

with four two-electron three-centre bonds and only two direct metal-u&xl bonds 

(see the discussion for [HzOQ(CO)~~] in Section 3.9.1). This view of the 

su-ucw neqs draw an anaiogy'between 
,_ 1 ,- 

wnar; nave trixiitionaily been considered 

different classes of cluster, the tetrahedral cluster (as exqlified by 

[H2Ck4(C0)1~ 1) and the 'butterfly' structure (49). An excellent example of this 

latter class of -d&s been provided this year, in a canbined X-ray and 

neutron diffraction study of [H$&,(CO)~21], in which all of the hydrides were 

directly located [loo]. The structure of [H&&,(CO)I~I] can thus be represented 

as in (SO), the left-hand representation emphasising its relationship to (49) 

and the right-hand representation emphasising its relationship to a tetrahedral 

structure. Cunparison between (48) and (50) reveal that the cunplexes may be 

thought of, fran a bonding point-of-view. in an identical manner. Structure 

<SO) has tv.o additional electrons in the Os-1-0s bridge, which force the metal 

centres further apart than in the equivalent Os-H-C% bridge in (48). This 

effect ahoy be thought of as steps in a reaction profile of cluster breakdawn; 

pranoted by the addition of a tiwelectron donor, an excellent example of which 

was discussed in the final paragraph of Section 3.9.1. 

The molecular structure of [H&sV(CO)ll (CNMe)] (prepared by the hydrogenation 
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‘63;; QJ 
3 

3 

(50) 

of [HOsp(CO)IO (CNHMe)]) has been reported. The hydride ligands were directly 

located: the skeleton is as <48), with each osmium carrying three terminal 

ligands (the CNhfe and one CO were disordered) [loll. Treatment of 

[H40sS4(C0)12] with [No]x Cx = [No,], [PFs], [BF+] or Cl] in ZfeCN or CHZC~Z 

yields [HrOsk(CO)u ((XI>]+ <51), which was also isolated as a salt of [aS(CO),(XO,), I- 

+ 

(see Section 3.7.6), in the reaction between [H&~I,(CO)~~ 1 and Na01,: 
[HsOss(CO)la(CSI)] was formed as a by-prcduct and is readily converted to (51) 

by treatment with acid. The source of water in the synthetic steps is unclear 

[60]. The reaction of [HOJS~(CO)~~ ]- with [Fe,(CO>,] in boiling thf leads to 

the isolation of [HOsI,(CO)~~]- ~52) as its [N(PPhj)a]+ salt, which can also be 

prepared in km yield by the pyrolysis of [N(PPh3)a][HOsp(CO)u 1. The cunplex 

was crystallographically characterised but the hydride was not directly located 

11023. Finally, [HK&,(CO)~~S~Z] (53), isolated fran the reaction between 

[Os~(Co)~a] and selenium (see also Section 3.9-l), has also been structurally 

charactertied: [HZG,(CJO)~~E~] (E = s or Te) were prepared similarly 1951. 
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3 

-4 

12 
C 

.3Hm 3 

(52) 

l- 
I 
4 

3.9.3 Pensmeric cZz4ssers 

3 

L'.y 

wse 
3 

3 

(53) 

ne,;r &=&Q-y rnntmri nn the tic 
bL.lU&LU -.* “.._ _I.i ~eleton is being develo_ped. 

cOs&(CO)151 (54) has been detemined, and the molecule been 

(54) 

shmm to enter the reaction cycle Illustrated in Schwa Iv. (55) was also 

crystallographically characterised [103]. The reactions of [Hz% (CO1 15 1 (56) 

<54) (55) 

I 

rr” 

150 Oc AahKh 1 
Cl0 HZ2 

[H=&~ 15 11 

m IV: Sane reactions based on [Ck$.Z(CO>,,] [103]. 
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with various nucleophiles have been investigated. With [OH]- or LiMe, deproton- 

ation to give [HOs5(CO)15 I- or [O~S<CO>~~]~- occurs, whereas treatment with I-, 

P(OE-Ie)a or CO yields [HKE~(CO)EI]- (571, [H~OSS(CO)IS EP((Me),)] (58) or 

[HAXZ~(CO),~ 1 respectively. as indicated in Scheme V; the structures of (57) 

(56) 

OC 

SCHEAE V: Nucleophilic attack upon (56) [1041. (56) 

(as a [NEu,~' salt) and <58) have been detelmined 11047. Here, again, a bm- 

electron donor has caused metal-metal bond cleavage. 

weawnt of [HzOss(CO)lo] in boiling octane with azobenzene yields the 

ccrnple~ [HOZ~~(CO)~~EP~NC~H,N)] (w), which contains mo estrmely short Os-Os 

bonds, marked with * in (591, at 0.2606 and 0.2601 nm {cf. >(OsOs) in 

[Qsa(CO>,,] is 0.2877 nm1 11051. 

3.9.4 Hzxameric chztsrs 

The electronic structure of [Qsg(C0)1~] has been described in terms of a 
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molecular orbital mxiel, based on the assm@ion that the Oss core resembles a 

recognisable fragment of the bulk metal [106]. The full conclu&ons of this 

wrk, however, are not inmediately accessible. Of much greater iamdiate impact 

is a very helpful discussion of the bonding in [Ose(CO)ur ] in tems of the 

Postulated presence of heteropolar hamnuclear metal-metal bonds, as illustrated 

in (60) [107]. This makes a lot of sense, both in terms of the observed 

structure and, more importantly, the observed reactivity of these polynuclear 

clusters; these concepts are well worth further consideration and development. 

3.9.5 High nucZemity clusters 

Treatment of [Osa(CO)23] in thf with I2 leads to the isolation of 

[Os,(CO)~]2- (61) as a dark red salt of [N(PPh,),]+ [lOS]. Pyrolysis of 

[(xsg(CO)~] or [Qsg(CO)ll(py)] leads to the isolation of [Os10C(CO)2rr 12- <62), 

also as a [N(PPha)2]+ salt [109]. Both (61) and (62) have been structurally 

characterised; the structure of (62) represents a fragment of a cubic clos+ 

packed array. 
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3.5.6 Missed-zez;aZ chs~ers 

Mixed-metal clusters involving osnium and ruthenium were discussed in 

Section 2.13.4. [N(PPhe)2][HFecks~(CO)~~ ] was isolated as a by-product in the 

preparation of [N(PPhs)2][HQss(CO11j 1 (see Section 3.9.2) [1021. Treatment of 

[HDss(CO)-9 1 with [Fe(CO)b]2-, followed by acidification, yields [HzFeOs~(C0)13 1 
(63); the initial reaction step involves nucleophilic attack by [Fe(CO)s]2- on 

CP 

I 
co 

OC 
/ 

/I\ 

3 

e 

3 

H H 

3 

the cluster. The reaction between [HzCkss3(CO)1z] and [Fe2(CO),] also yields 

(631, but it was postulated to occur by a very strange mechanisn, involving 

foxnmlation (26) of [HpOs~(CO),,, ] donating its Qs=os double bond electrons to 

Fe(CO),, rather like an [Fe(CO),,(alkene)] cmplex [llO]. Finally, reaction 

between [H20sa(C0)10 1 and [(cp>co(CO>~] gives [(cp)CX&(C0)1a~a] <64) [llo]. 
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3.9.7 Swface modificasion 

[os,(co)~ 1, [H~o~~(co)~,, 1 and [OQ(CO)M 1 physisorb onto hydroxylateci silica 
at roan temperature. At 150 'C, oxidative addition of surface Si-OH groups to 

the Os-Os bond of [Os,(CO),, 1 occurs to form the surface-anchored cunplex (66). 

Similar results nere obtained with AlzO:. A nxxiel canplex, bick~(cO) 10 (OSiPhj >I. CIS 

prepared by reaction of [Os:(CO):z ] with PhjSiCM. (66) has beenpreparedalsoby 

rhe direct: reacrion of silica wizh [Os:(CO)xs (XM~>ZI at 25 OC. (65) was 

characterised by both IR and FZGZS measurments. Heating (65) at 200 'C results 

in cluster d ,yition. co yield oligcmeric osniun(I1) derivatives, such as 

rOs(CO),(Ggi5)21~t or <Os(CO),(+i$),t. [111,112]. 

3.10 CEMWlSITRC6YLS AW THIcL\;ITEUE5-LS 

The kinetics of r;he hydrolysis of [Os(ITO)X5]2- (X = Cl, Br or I> have been 

smdied [113]. [os(cx)~]~- reacts aiIh nitric acid to produce, as the final 

product of the process, [~S(~O)(~J),(HZO>Z]. Inremediamzs Kz[O~(KO>(CS)S] and 

Ag[Os(KC)(C?7),(HtO)] were also isolated [114]. &Cl3 reacts m*th NsS:C~J in 

thf, in the presence of AsPh3 or PPh,, to yield [Os(?iS)C13(ASPhe)z] or 

[&(NS)Cl.fPPh,1.1. r.. ~ .__.. ~,__, _espa.___. _-_L__ tivelv rm. 

1 C-J_ Borde, N. Ouhayoun, A. Van Lerberghe. C. Salomon, S. Avrillier. C-D- 
Cantrell and J. Borde, Report 1979, LA-UR-79-1913, CONF-790690-2 [Chem. 
AbSZYP., 92 (1980) 1717761. 

2 C.J. Borde, N. Ouhayoun. A. Van Lerberghe, C. Salomon, S. Avrillier, C.D. 
Cantrell and J. Borde, Springer Ser. Opts. Sci., 21 (1979) 142. 
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