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INTRODUcTION 

Material from volumes 94 and 95 of Chemical Abstracts foms the baais of 

this review. Thus the majority of the papers includedwere published in1981 

but a eignificant nmber appeared in 1990. As with the previous two osmium 

reviews in this series [1,2], the coverage in this review has been selectively 

directedtobfardthe coordination and cluster chemistry of osmim. 

4.1 osKluu(vr11) 

[OsO,] was the subject of a number of lamer-based qectroscopic 

investigations this yeax. Thus, the remits of studies involving the IR 

absorptions of amnoisotopic [OsO,] (by saturation spectroscopy using 

low-pre8Sure CO2 and IV20 Users) [3], the multiple-photon IR eneitation of 

electronic states of [OsO,] [4] and the effect8 of lacer intensity upon the 

visible fluoresence resulting from multiple-photon absorption of [Os04] (53 

wbre reporteu. In addition, a low lying Tl electronic state (origin 

27295 0 -l) of Coso,] was obeerved by trro_photon 

excitation speetromcopy C61 - loso, - pro- 

na.ecule fox laser locking in the 28 l!lw ranget 

investigation of the competition between 

vibration-induced electric nuclear quadrupole coupling 

use of spin-vibration-rotation interaction to assign 

gas phase fluoreeence 

as asuitable reference 

C71. A theoretical 

rotatio*induced and 

tic 1%041 and the 

hyperfine components of 

the saturation spectra of the u3 band were also presented [a]. 

Although mixture6 of [Os04]/[Ru04] form a continuous solid solution 

(with a nearly linear liquidus line) mixtures of COs04]/[RB207] form a 

degenerate eutectic (on the LOsO,] 6ide at 41.3 "c) [s]. Detmicke and 

Loeesberg IlO1 report the formation of a &xxx-acceptor wlex, 



x45 

[OeO,.2SbCl,J, which on the basis of IR evidence hae the structure (1). 

o// \O - SbCl 5 

(1) 

z4nalogous reactions with C\n=l*l. [T&Cl,] or Mm5 all resulted in the 

formation of OaClq and oxohalides of vanadium, titanium or molybdenm [lo]. 

Borohydride reduction of an aqueous solution of [OsO,] has proved an efficient 

route to OsO2 [ll]t the kinetics of the reduction of [Oeo,] by thiourea to 

yield [Of~(tu)~]~+ have also been investigated 1123. The reaction of [OsO,] 

with cytosine or 5-rmthylcytosine in the presence of bipy or tmen results in 

the formation of oxo-om% um(VI) esters (see Section 4.2.3) [13]. A ainrilar 

reaction occurs between modified dinucleoaide monophosphates and [osO,]r the 

kinetics of this reaction were determined and its application as a label for 

certain thymine-cytosine pairs in polynucleotidee descr5bed [Ml. Brief 

details of the synthesis of a series of omium(VII1) nitrfdo complexes, of 

general form EO”a#L21x,.sa20 (L - bg, dig, m, ebg. debg; X = [OX] or 

I50*1/21 = - O-2) and [~(a~)~]OK,2E~Ohave uppeamd,theccmplexe8being 

characterised by IR spectmmcopy [ls]. The uee of [080,J aa a means of 

achieving clean cCs-hydroxylatioas in substituted cyclopentehes has been 

utilised in the atereofspecific total synthesis of several epipentenanyoins 

WI. COSO,] has also been al-mm to be an effective hanogenetow liquid-we 

catalyst for the oxidatLon of wno-, &i-. tri- and tetra- substituted alkenes 

to glycols by organic selenox%der, R2Se0, in the preeence of dioxygen 1173. 

The reaction of [OsO,] with ally- has BeenutFlilwdasanew 

staining technique for electron microscopy of polyester6 and segmmted 

copolymers with eeter linkagee [la]. 
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4.2 OSMIcM(vI) 

4.2.1 Fbuo~tdes, ozmfCuortdes and nttttdohattdes 

The reduction of [OeF,] with brcmine or chlorine ha8 been imm!etigate&3 

[193# the former reaction led to the isolation of red CBr2][OsFs]. The 

reaction products of [Oep6J with a variety of other reagents (including PP3 (E 

- P. As, sb or Bi), cs2, dihydrogenandoemiummetal) have aleobeendescribed 

C2Ol. WAth PF2, a violent reaction resulted in the formation of PF5 and 

ommilon m&al; the vigour of the reaction was reduced by dilution of the PF2 

with anhydrow BP, allowing isolation of PF5 and [OS(PF~)~P~] (me Section 

4.4.3). lllthough an adduct of st0icheicnmtx.y AeF3.0aP5 formed with AeP5, no 

reaction (either at rocm temperature or 100 oC)wasobservedwithBiP The 3' 

volatile producte of the reaction of [06P5] with CS2 vere CF4 and SP4j with 

dihydrogen (at 100 *C) osmium metal and HP resulted. The reactions with 

dihydrogen or osmium metal, both in anhydroue HP, gave rise to OsP5j with 

OsmiUrl metal, RF and anhyaroue RF, K[osF6] was famed preferentially. The 

oxidation-reduction behaviour of [OsP6] has been empared with that of [rasp,] 

clnd CIrpsl, and a trend in oxidising strength of [MPG] c [0sP6] ( [IrP5] 

establiehed [Zo]. me He1 photoelectron spectrum of [OaP6] has been 

reported (the first vertical ionisation energy is 12.50 eV) and the spectrm 

colqwed with those of other transition metal hexafluoridecr [213. 

Bigh-purity [aeap,] has been 6ynthesi8ed (in quantitative yield) by the 

reduction of [oeap5] with eilicon in anhydrow EIP, end further investigatedby 

IR spectroscopy and electron diffraction 1221. Thephotoelectron8pectnmof 

[OaOP4]haa been recorded aa part of a study upon.the electronic otructure of 

mp4 w (H-W, MO, Re or 08). aa a reeult of this study, the accepted 

BMI bond formalism was called into doubt [23]. 

The mingle crystal X-ray structure of [&mFh4][08NBr4] showed the anion 

to have Cw oyrmaetry with r(Oe-tJ) - 0.1583 Ipp aRd yO8-Br) - 0.2457 113~ f24]. 

AU&D reported Ln thiepmlicationweretheaing ~alpolarimdelectrouic 



ab6orption spectra of [148Ph+][08NX41 

-1 5Kintherange1OOOOto4OOOOCm . 

(X - Cl, Et or I) at room temperature 
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and 

Thermal Naition of sr0s0~ has been shown to lead, at tamp?eratureB 

above 920 *C, to the formation of a ternary oxide, Sroa04, with a 8chetelite 

structwxtt at temperatures above 1030 OC, SrO804 hcompcmee to Sr0, [oso,] and 

osmium nmtal [25]. The perovakitesBa2h10s06(d1 - Co or Ni) crystalliae 

wit?3 the hexagonal BaTi03 structure (Fig. 1)i IR and FIR data were alao 

pre8ented 1261. 

0 Ni 

a OS 3 ” Ba (nl 

Fig. 1 The structure of Eta2@W806 [26]. 

4.2.3 CC~Q%SDZ’SS 

cO-2L2L’2 1 w-8 

thr 8ingle crymtal x-ray 

c281, [0~~0~t~lr),l 1271 and 

continueto attract conmiderable intere6t. Thue, 

8hucft~~ of Com2(oa)2(mn)l c271, C~S~,(NY)~] 

C~20+(Pg)4(CgB1201 13 C291 h*rrcb beon -~tid ( - 
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Fig. 2 ); eelected bond length8 are pretaented in Table 1, Although a man 08-O 

bond length is quoted for [Os,06(py)~] in the Table, the OS-O bridge in this 

A 

n 

C 

D 

Fig. 2 The rOl9~Uhr UtFUCtUB Of (A) [CmO2(OE)2(p?tO#t)] [27], 

(B) coro,(ew)21 c281, w C-,O~~PY),~ c271 and (~1 

toe,o,tm ),( c*~~20, ) 1 c 29 3 - 
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Structural Par-term for the [0e02L2L*2] compoude. 

Rref. 

Colro,tm),(lxren)l 0.1742 0.1983 0.2130 c273 

lDeD2(glY)21 0.1731 0.2038 0.2114 C-1 

[o~,opY),l 0.174 0.193 0.222 1271 

cOs204(PY)4(c8~12D4)l 0.172 0.195 0.219 c293 

pDolecule %#I slightly arryllstric (ad%. r(m) - 0.198, 0.188 rm) [27]. 

In addition to [rn,( gly)2], capplexee ofoaul\rm(VT)withthe anLn0 

ad68 DL-alanim, DL-valim, DL-leuCine, DL-ieoleucine and DL-phenyUlanine 

wre P=W C281. The v allea&ibit etrong ~abeor~tione atca. 

850 CI -luhichwere aeeignedtothe -asgare+ricRtrstch. Slightly 1-r 

frequendes (vtz. 81s-832 cm-') were reported for thim etretch in [m2L2Lv2] 

IL2 - bidentate oxygendonor ligand ; Lv2 - bipy, (py), or 4,7-Ph2-phen)) the 

carpoundewerealao chara&eriSec¶byw-VIS and- spe ctroscopic techniqueE 

c301. 

Aa indicated in Section 4.1, Several Bw(Vr) 

cm2L2L'2] (L2 = cytoeine or 5-methylcykosinetL'2- 

Prepqrad 1131. These o~lp&+xes, oncefo~,reactwith 

correepxkiing osdum(VI) uracilor thymIne derivatiwes 

(1)s 

0 

eaters of the form 

bigyoren)havebeen 

water to form the 

acoordingtoequation 

(1) 

U-U-bipyortmn; R,q - 81 ribosylorm 
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~rocyCliC analoguerr of the prcduct of equation (1) vtz. (2) have been 

zr - 2, 4 or 6 

(2) 

Preparea (by the m group of wakeret see &Ction 4-l) and the* $ CMt 

spectra pbtained [14]. Pinally, a report upon the Jcinetica of the 

tramester%fication reactions betnmen oxooBUum(VI) e&em, of the geneial 

form [oso2L2L'2] {L*H2 - lW glyCO1 or thymine SlvCol (3)1 L'2 - Zishq (+), 

2Pg. bipY, tmen of bpae (511, and a variety of glycole (e.g. lrmp (6), ethylene 

glycol or uridine) has appeared (311. 

0 

(3) 

I 

OH 

(4) 

HO,S 

OH OH 

(6) 
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The Wman and IR spectra of the cmplex, Wa6[060p(S03)4]. 2R20 have 

-' been records& bahds at642 Qll (IR) and 856 cm-' (Rsmsn) were assigned to 

the -8-O asymwtric and synmetric stretching frequencies, respectively, and 

the binding mode of the sulphito groups was Identified as monodentate 

S-bonding [ 323. The chloride, bmmide and iodide salts of [Os02(RH3)4]X2 have 

been prepsred by the reaction of aqueoua [14H4JX with K2[~2(OE)4~ at roam 

tenrperature; the ccmplexem uetre characterised by elemental analysis, IR 

spedxoscopy and X-ray diffraction 1333. The 1.24isminoethane complex 

wms-[os02(en)2]2+ has been shcwn to be an effective quenching agent for the 

emission of CCRu(bipy),J2+}* [34J. 

4.3 OsMIwgV) 

4.3.1 RaLtdss 

The osmium(v) anion, COsF,l-. has been identified as a reduction product 

of the reaction between liquid bromine and E-F61 c-1. Brief details of the 

characterisation (by mass sps ctromstrysndIRandRaimnspectsoscopy) of the 

misture-sensitive red-brown [BY,][O~F~], fozmed in the above reaction, were 

prese+ad together with its magnetic moment (peff = 3.82 clg). The reaction of 

[OsF6] with dichlorine did not result in the isolation of a stable product 

although the presence of highly coloured unstable specie8 wss detected. 

Ah improved synthetic routeto 08F5 involving the Auction of [oep6] by 

08mLum in snhydrous HP has bsen d-n&rated [ZO]. Also contained in this 

report was the synthesis of the adduct AsF5.OsF5 which may be alternatively 

fonnulated as [~,][osF,]. 

An alternative syntbeticrouteto 0sC15 utilising the action of SC12 

upon ps04] has been described [36]. The osC15 so formed edxibited a 

different IR spactrus - although it possessed identical X-ray powder 

chsracteristics - to samples of [Oe2ClloJ pmpared by Emrns and 0'00nrtell 

c341. The interaction of OsCl3 with [&Ph4]C1, to yield CAIIphqlC~161~ ~3 
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the facile reduction of this salt to [AsP~~]~[OSC~~], in dichloranethane, k+e 

also dsmxibed [35]. 

4.3.2 CWikles 

A new x.sm3-tYPe wmpam% W4°s601s~ ham been iemlated fromthe 

reaction of tJd20g with omium natal at 950 *C under arddieing wnditione [ 371. 

The single crystal x-ray structure of Nd4Oe6019 showed the oxide to be 

iswloqI?mus with Lqa6019 (U - Ru, Reorom)r asexpected, thecoznerehared 

0a201O dimeric units within the structure wntain oignificant direct 0e-Oe1 

bonding (r(os-oe) = 0.2491 nm) [373. 

4.4 osum(N) 

4.4.1 Battdss and cumhaLh%xi 

The zirwnium(lV) catalysed hydrolyeim of K2[OmF6] [38], the fozmation 

of green [AaPh4]2[OeC16J (by the interaction of [Os,Cl,J with [kE+h4]Cl in 

dichlommthane) 1353 and the fR and Raman spectra of [SCl,J2[08Cl6] [OSa] 

have beendescribed. The dimericoemium(IV) oxohalide wqplexes also continue 

to attract interest. Thue, the resonanceRammspectrum[39b]and the reeulte 

of a SCCC HO calculation [lo] upon [Os20Cl10]4- have been reported. An 

energy levelaequenceofzb 
2g 

,2bzu,6eg ee 72 <c4b <4b 
g 2u g '%g 

4 7a 
tu - 

predicted by the calculation [40]. The remonance Ramen epectrrrn of 

Coe,ocl,,P- (ramred at 60 K ueing 416.6 w e%cit%ng radiation) es&U?ite 

aeven uvetlapping prctgreemions. Excitation profile nwaeumnts wnfizm6d 

that the axially polarised eu*-g (I.A2,c~g ) tranmition at 24400 cm-' is the 

remonant electronic traneition and that the vl 
(alg) IYllPrtric *e- 

stretching male is the progression forning mode. Fhe VI band of ~os20Cl,0~~ 

-1 
occurs at 224.3 cm , wnmietent with l ignkficant cm-o-oe double-bond 
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character [ 39b]. 

4.4.2 Qrtdes and sutphtdes 

'l%e thermal decampoPit%on of SrOsOj, mder conditions of dynamic air 

flow, has been the subject of investigation by KWA, TGA and X-ray powder 

diffraction [25,41]. A preparation of 0802, by tetrahydroborate reduction of 

[OsO,], hafi been reported [ll]. Equation (2) outline83 a new synthetic route 

to oss2: 

ct=412c=161 + 
220 oc 

282s - Oes2 + P~sra,]Cl + 4EICl (2) 
Oh 

The OsS2, which poseecrses only limited short range order when prepared in thira 

manners was characterised 

fnmcept~ility reasuremmte 

dam, a material with the 

0SS2 is fonllally osmium(Iv) 

m =r X-ray powder diffraction and laagnetic 

c423. By annealing the 0eS2 at 800 *C for four 

cubic pyrite structuze waa cbtsined (n.b. although 

it is ccmpriemd of lcnr-spin d6 otamiwn(r1)). The 

thenmdynamics of the oxidation of 0sS2 in acid solution have been 

investigated [43]. 

4.4.3 ccmptexes 

Apre~~re~rtofa~claesof~~nr)c~~latecoeplaxles, 

of general fomula l0s,(1~--0)(~~~cR)~X~~pR~)~] (X - halfder R = a-1 or 

awl). prepared by the reaction of a suspension of trans-[Os02X2(PR3)2] with 

RmX!Iatreflux,has appeared [44]. l'heccmplexea are highly coloured and 

diamagnetic. me chloride, ~oe2(~~)(rc_02m)2C1~(PPh3)21.~20, was emmined 

by single crystal X-ray diffxaction, 8ee Fig. 3, which revealed it to posseas 

appnximte C2 iryrmptry (neglecting the orientation of the phenyl rings)) 

preliuinazy detafla of the electrochemi calproperkie~ofthedimrewere alma 
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Pig. 3 The molecular structure of [os2(cc_o)(~~2Cne)2C14(PPh3)2].Et20 [44]. 

presented. A mixed carbexylatse complex, dark blue crystalline six coordinate 

[osCl(02Qle)(02aQ3)2(py)2], has been isolated frcm the reaction of a solution 

of [Os(02CMe)2(py)2]C1 (whiti has chelating ethanoate groups) and Ag[OOCCF3] 

1453. [Os(edta)(H,o)l.a20 has been prepared, aaa ldack lustrous diamgnekic 

crYst~, bY aeration (for twenty hours) of an aqueous 0olution of 

a[osCl,(edtaEI*)3.2.5E*0 [46]. A seven rooriliMtenl-~(llethylph%nyl)- 

dithiocarbamato capplex of osmitm(nt) has been reported [47]. 

A nm~ sulphito ccmplex, IOs2N(S03)(NR3)R(R20) Ia,, Prepsred bu +.he 

action of SO2 upon [0s2N(NE3)gC12JC13, has been characterized by TR and Raman 

spectroscopy which ohm it to contain S-bonded sulphite [32]. The 

efficiency of cts-[Oe( en)2H2J2+ as a quenching agent for ([R11(bipy)3]~+}* has 

been tested [34]. A linear oxo-bridged structure, has been proposed for 

[(Os(OEF)(Oie~)1~03 (7), formed by the interaction of a dichloromethane/ 

OMe 
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ethanoic acid (containing etlwmolc anhy&ri&i and a spallquantity of cont. 

hydrodnloric acid) upon N82[08C16] [45]. Although in8oluble in commDnorg8nic 

8OlVent8, su8pensione of (08(02m)*Cl}n react according to Sch8m81(8eep8ge 

259) to give a variety of 08mium caoplexes in oxidation states +2 (and +2.5 in 

the c88e of C082(02CHe)4(py)cl]), +a 8nd +4. 

In contrast to the reaction8 of [0802X2(PR3)2] (X - Cl or Br) with 

carboxylic acids at reflux (the products of which are de8cribed in 801W detail 

in Section 4.4.3) [Oe02X2(PR3)2] react with the anion8 of 2-hyd rcxypyridine or 

2-kydroxy-6-aethylpyzidineto give rise to magnetically dilute monomeric 

[08X2(PR3)2(mhp)2] or [08X2(PR3)2(O-2-py)2] (mre 8pecific detail8 were not 

reported) 1443. 

A 8eriee of 08mikm(III) edta and pdta complexee have been prepared; 

included Were the H+ and [NH4]+ ealtr of [08X2(8dt8E2)]- (X = Cl or Br) 8nd 

[oeI(eataB)J- ['la]. The ccmnpound6werecharacteri%edby elemental analysis, 

IRandel8+ctronic8b8orption 8p8ctro8copy,magnetic su8ceptibilitymea8uremmt 

and analy8i8 of their acid-b88e behaviour [%I. 

4.5.3 SuLphur clolwr ttganu CcmtpLaea 

A series of unexceptional dithiocarbmate C~mpbxWS of the type 

C08(S2=2)3] (RR2 - piperidim mxpholine, +8mthylpiperaeine 8nd 

thiomorpholine) have been prepared and characteri8edbySR8ndelectronic 

absorption spectro8wpy. and magnetic susceptibility ad wnduct iQity 

mBtiS# ‘the experiPsntal data are wnmirtent with octahedral 

coordinationabout 8no8mi~pataofwnfigurationt 2g5 c50,511. The reaction 

of [083(cO)l,] with (Qi3S)2 in toluene (at reflur under N2) give8 ri8e to a 

hisb mleculat weight polymeric pmxluct (08(SCS3)2(CO)2)n (ii - 341 & Section 

4.6.2) which, a8 a bentene solution. Will react with b- togiuea 

binuclesr derivative, c082~2(=3)4(~)4] 1521. After wnuideration of 

molecular weight, IR, NMR and XPXS data, 8tZUCtUe (6) w propo8ed for the 
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*C, ,B’\ ,SCH, I I 
CH SN~'B.piqCO 3 

An 00Ulim dimer, of empirical fo7zImll.a 

[((Ue2HCO)2PS2)20sS2P(S)(OCEUe2)2], with the odium atams in an octahedral 

envimnt andbridgedby aperthiophosphate fragppsnt,hasbeen isolated frcm 

the reaction of C~,12CoeCl,l and CWa,lC<~2~)2PS21 C531. 

4.5.4 AmMe, tamtne cud Uttmntne coIIIpLexes 

lm2[3205] and So2 act upon hot (75 "C) aqueous [Os(NE3)5C1]C12 to give 

thepink- sulphito complex, [oa(m, ),cl(so,)] (peer - 1.45 5 at 294 X) 

c321. comparison of the IP end Paman absorptions of [Os(IWE, )4C1(903)] with 

those of UW~,),(~,)l and 0 ---c~(~3)4~~)(903)1 .2H20 w=- sinsle 

crystal X-ray structures havebeen reported)indicated atruns- atnmturewith 

aaulphur 

In 

irou(II1) 

synthetic 

bonded sulphito group and with overall Cs symmtry [32]. 

en extension to their earlier vork upon multidentate amines of 

and ruthenium(II1) Poon and aorrorkers have reported a general 

route to canplexes of the type [osL2x2]+ (L = enI L 2 =dadn.dadd, 

tactdortacpdiX=Cl, Br or I) and their IR and electronic spectral 

characterisation C541. The caapplexes are all monameric, l~spin and have 

tramhalides; their electronic absorption qectraare dominated by intense 

l~o-umtal charge transfer~bamds. The ability of cts-[06(en)2C12]+ to 

guench ~C~(bipY)312+l* ~3 bean carp?ared vsth that of tm7m-[Os02(en)2]*+ and 

~Llr-[Os(en)~H~]~+~ overall cW-[Oe(ea)2C12]+ is the least efficient quenf?her 

of the three cations. An electron traneferquenchingmechanisawas favoured 
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(though the operation of an energy transfer mechanism could hot be totally 

eliminated) and the obsemed trend in queuching efficiency was related to 

the respective redox properties of the complex%8 C341. 

The detailed redox behaviour of (OS(L-LI)~]~+ (tL - bipy, 4,s'~Me2bipy, 

5,Sm-Me2bipy, phen or 5-Clphen) in aqueous sodim dodecyl aulphate (sds) 

micellar solution has been investigated by cyclic voltansmtry [55]. 

4.5.5 Jmospntne omprexes 

Although the syhthesis and spectral characterisation of 

r(oeCl,(solvent))2(tetraphoar)l, [0Bc13Ll (L - triphoe or tp) and [Os2X6(tddx)] 

(X-Cl or Br) have been described by Tagui Xhan et at. [56], their paper 

suffera from gross errors and incomplete experimmtal detail. 

4.6 oarnn<II) 

4.6.1 CarbasyZQte comp&exes 

The oemium analogue 

treatment of a diethyl ether 

of CR.U,(O,QM 14( Pm3 j2 3 h- been P-P--J bJr 

suspension of (Os(02a4e)2Cl)n with PPh3 and 

8cJdiuIn amalgam (me scheme 1) C451. 

4.6.2 SuCphur domr Ltgand compLms 

The omium(II) dithiocarbama te derivatives, [oe(s2~2)2(H20)21.~20 (s 

= 0 or 1; R 2 -piperidyl, morphyl. N-methylpiperasyl or thiomrphyl), have 

been synthesised by mixing omim(rIr) chlotide and the appropriate sodium 

dithiocaxbamat e salt in a 133 mole ratio in V -harm1 [50.51]. The 

caplexes wsre ahawn to be dizmqnetic non-electrolyte8; the* IR a@ 

electronic absorption spectra were interpreted in tezms of a distorted 
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PY 

EtoE I co=,< 02- ‘a( PI x11 

PY 
wMo2-)2(PY),Icl 

co 

No 

A9[oz=3 J 
) c~~~*~~~~*~3~2~pY~~~~l 

scheme 1 The reactions of Eoa(02m)2C1~n ard c~~yIe~,(m)*l c451. 

octahebal coordination. 

[os,(ai),,l reacts with (ar,s), to give polymeric (0e(sCa3 )2(c0)aln (ii - 

34). The *B: #SR (in CDC13, a Bin@6 broad peak at 6 - 2.68 Ppn), IR (u(C0) - 

2099, 2015, 1950 and 1915 ml in Nujol} and X-rry photoelectron (Om 4d 
5/2 

260.1 ev) emictra of the polymer are conedetent tith structure (9). 
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(9) 

WM -I2 I,( co I2 In is cleaved by brcmine to yield [Os2Br2(SCE3),(cO)4J [52]. 

Light brcwn K,[Os(S03)3(H20)3] has been prepared by the action of K2[S20sJ on 

aqueous ‘Cp=$J c321. It i8 diamagnetic and analy'eis of its IR and Raman 

epecera indicated the premence of S-bonded eulphite groups and a facial 

configuration of ligande. 

4.6.3 DbmthyLsutphostde 

Both css- and trms-~Os(dmmo)qC12] hawe been isolated from the reaction 

of H2[08C16] with dppreo in the ptemmce of snc12'2H20 [58]. Mot only do the 

products differ in their overall geanetry but also in the mode of dmso bonding 

(- detexmined by IR and maR spec+=o==EY). ll%US, whilst the 

dimethyleulphoxide ligande in tram-[Om(dms0)~C12] are all S-bonded, three of 

those in c~s-[Os(dmao)QC12] are S- bonded and the remaining one i8 O-bonded 

C561. The syntheeis of tru~-[Oe(dPgo),(~2S(0~9)2].2chpeo has been achieved 

by the interaction of 0sCl 3 .%I20 or [HH4],[Oscl6] with dm8o in the presence of 

a continucus stream of dihydrogen. The dmm ligands ares-bonded and are 

labile in the presenceofdppe, PPh3 orAsPh3 (the latter two reaction8 under 

acidic conditions) to give [Oa(dmo)2(dppe)(CR2S(0)CE3}2], [Os(FPh3)6]C12 or 

[Oe(dmso)3(AaPhj)2Cl]Cl respectively (591. 

4.6.4 mtnmtrw compl.ms 

The Iroe(5-cl-phen~J12+~*--CF9(~~61C my&em ham been oham to esh+bit 
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activation controlled static guenching, with values of 1.7 x 10 
10 and 3.2 x 

IO9 n-l a -1 for the second order quenching rate constants (at 1.0 x 10 -3 and 

0.10 n ionic strength respectively, both measured at 25 "c) [SO]. At high 

C~(Cw614- 
-9 concentration, a limiting lifetirae of 3-4 x 10 ewas establitahed 

for the system. Values of 8.7 x lo7 and 1.6 x lo8 -' 8 (at the rrame ionic 

strength0 as above) wexe calculated for the intramolecular electron tranfer 

rate cm&ant, kel. Intense room temperature charge-transfer emiwion from 

solutiona of [Oe(terpy) L L']"+ (L = dppee or d-8 L' = Cl, py, MeCN, CO or 

apant n= 1 or 2) has been observed 1611. The emimsion wa8 asrrignea to 

fr*(terpy) + dv(Cs) by analogy with that for [Os(terpy)2]2'. Additional 

auppo* for this assignment is provided by the abservation that the emission 

enargZr of the lumineaence is directly proportional tc [E ,/*(&r11/11, - 

E1,2(terpy/tere)], tlta difference betweenthe ground state redoxpotentiale 

of the metal-dcnor Md the ligand-acceptor eite8. All the complexas, except 

the chlorides were shown [61] to he photolab~le, e.g.: 

CWterwMdppea)(C0)12+ + CWterW)(dm?-)L12+ + co (3) 

and the relevsnce of this to the excited-state lifetime was discussed 

briefly. 

The half-wave potentials of [OsL3]3+/2+ (L - WPY. 5,5*-dnbipy, 

4,4*-dnbipy, phen or 5-Clphen) and the rate con&ant, kt, for electron 

transfer between [OsL3]3+ am2 [Pe(H20)6]2+ in aqueous sodiumdodecyl sulphate 

micellar solution have been detemined [55]. 

4.6.5 Porphyrtn cmpLese8 

The oxidation of [06(OEP)(CO)] with 2,3-dixethylindole/02 in CE12C12/CIi30H 

affoxds the osmium(IV) eaglex [Os2(Op)2(C6Ia),0], (7) [+E]. A series of 
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disubstituted osmium porphyrin ccmplexe6, [Os(OlzP)LLL'] (bothL and L' are 

taken from l-Meimid, py, 0, iU2, tht, thf, P(olle)3 or CO) have been synthesised 

C62]. Of particular interest - as cytochraae c models - were 

[Os(OS)(l+4eimid)(tht)] and [Os(OEp)(py)(tbt)]. Electron excitation spectra 

and cyclic voltaemogramawerepbtained for thee tam complexes; a linear 

correlation hetueen E 
l/2 

and;_ of the longestwa~lengthebsorptionmxima 

(a bands) for these and tseveral other [Os(OEP)LL'] compound8 wa@ reported 

1621. Upon irradiation at 365 or 405 nm solutions of [Os(OEP)(P(One)3)2] in 

Ca2C12, CECl3 or CC14 undergo oxidative substitution to give the osmium(IV) 

complex [Os(OEP)C12]; experim3ntal data were indicative of a radical mechanism 

I-1. 

4.6.6 A8obenzentdo cwnptcucss 

The azobenzenido complex, mww,w6~*~6~5)21 to=- f= the 

reaction of [Os,(CO),,] and aaobememe), has been structurally &aracterifm& 

its molecular structure and mmm of the interatcaaic distances are presented in 

Fig. 4 [64a]. The central osmim atom hibits adistorkedoctahedral 

coordination geowtry comprieed of two cts carbonyl groups and two 

azobemenido lignds (for which bothofthetwoOs-NandthetwoOs_Cbonde 

f(oacl) = 0.1891 m 

I(OlBC2) - 0.1921 lm 

rmsC3) - 0.2051 m 

IwbSC15) B 0.2106 Ino 

r(W,) - 0.2l20 Ip 

=(-3) - 0.2173 tm 

Fig. 4 m =lecubr structure Of [OO<CO),(C6H4&C6E5),] [64a]. 
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have a cts configuration). Involvepent of the benzenido C atom% in ir-bouding 

to the omi\rm atcm wa8 used to ratioualiae the magnitude of the Os+T2 bond 

length relative to that of the Oa-Cl bond. 

4.6.7 Phosphtns aT14 arstne conrptsjces 

The synthesis and 

C(JsCl2(CC)(tfiphOa)l, 

[Osgc16(tddx)] haa been 

characterization of the oamium(11) carbonyl halides, 

wsC12(~)2)2L21 (L - tetrw or tP) and 

described - humwer, giventhe nwbet of errors and 

inconsistencies in this manuscript very little reliance CM be placed in the 

reported data IS61. Convenient syntheses of a range of ommium(r1) 

mirrsa-ligand triphenylarsine complexes are outlined in Schem 2~ this work 

[49a] repreSents a natural extension to aatlier studies, by the sm authors, 

upon syuthetic routes to oamium(11) tripheuylphosphine complexes [49a; refa. 

2-4]. The atereochea&st ries of the complexeswerededuced f-their XR and 

33 RHR qectra (where obtainable) andby consideration of their reactivity 

patterns. [NE14],[OsX6] (X = Cl or Br) has pawed a ueeful startiug material 

in the synthetsie of the chloride aM b-de capleWES 

[OsE(fR?)X(As(CR2Ph)3}3]; the camplem6 were characterised by elemental 

analysis, IRspectroscopy and conductivity maa8uremnt~ [64b]. 

fn an extenmion of their earlier work upon the reaction of 

C=WWW(-X=h&l+ (R - Mhylpheuyl) with [SEi]-, Roper and 

coworkers have inveetigated nucleophilic attack of the cation by [Sea]- (651. 

attack occura at the cs group 

bonded to the osmium 

r-7 
CWq ~se)(~)(c@w(~3)21 

and give0 ri0e to an n2-Bcse moiety that is 

vtu the carbon and sulpbur atomm, v&s. 

(10). The conversion of this product to its 
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carbon-selenium bound i8mer, [OLLS)(CO)(CNR)(PPh3)2], is illustrated in 

scheme 3. Synthetic route8 to the ruthenium analoguea and IX data for both 

the ommium and ruthenium complesm YBm alSo presented [65]. 

4.6.8 Trtchl.orostannyL ccnnpZesss 

Detailed multinuclear NHR atudie8 upon [Oe(SnCla)5Cl]+ have reveald a 

largs J( 
2 119S*_l13 Sn) apin-8pin coupling of the two pair* of trunS equ&OrW 

tin atcam. Themagnitudeofthet coupling Constant, 186OOEz,was rather lb8S 

thanthatobmrped forthe rutheniumaanalogue (21218 Etz)wh%ch was the largest 

reported *5pgsn- ll'sn) coupling constant at the tim of publication [se]. 

K,pefo~(CN)~], in admixture with K2PemWm6L K21WWm6L 

ru,C~ww613 and KAl[Pe(cSr)6] ha8 been exmtined for cataJ*%c activity 

&yards amnonia synthesis C671. 

4.6.10 Hetat-metaL bonded cdbRpl.SZSS 

An intereeting series, of Ipst&l-mOtal bonaed V of general form 

cdN~6~41-b(a,Wh3)2c~I (* - CuL ml or mcl) haveBeen,preparedbythe 

action of CuI,AgCl or (PPh,)krclupon [W~6E4~X~)(~3)2C11. * carbgne 

viex [o~(cc,a,we)(co)(~~~, ),cl] also stewha with AgCC1041 (hro equivalmta) 

to give (11) and with aqueb~ HClO+ to give [Os(~~~,~)(~g)2(~)Cl(C~q)l; 

PPh, 

H&C H C I * *I-O/ co 
(CtO,lAg,’ .NCCH 

I 
3 

PPh, 

c I CIO. 
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u(csfb) = 1015 
pink isomr 

/i 

,soHR + 

L4--N, 1 

si 
c-SeMe 

[_ 1 ( -uaS9E ) 
c8 

L4°'\, -.i I L 0s 'I 
* h&l 

not isolated v(a) -1066 cm-= 
orange isawr 

Scheme 3 The fozmmtion, and -oftha rW&ioru, ofthothrc-S tic-& 

bound mm of ~~<r12-arsll~~~~~crrc6a,ar3~~~3~l WI. 
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the latter adduct is also foxped by the action of arIuoa;ls El04 upon 

~~~~9H4MeAgc~)~~)(~~~*Cll _cs71- The aingle cry&al crystal X-ray 

structure of [~~(~9~,~~1)(Q))(peh3)~Cl] (Fig. 4) warn dleo'reported ae part 

of thia study [57]. 

k!J 

cl-OS-Ag 97.29(3r 
cl- OS- CO 107.6121° 
CO-OS-C lObA(2P 

Fig. 5 The n~~leculaCOlxuctUre Of 

4.7 OmImqO) 

TmD report6 concerned with oemilm(0) chemimtryhaveappsarrd. 

[Oe(PPh3)g(CO)(E)C1] undergoee reductive elimination with diazabicycloumlecene 

under CO at 20-80 psi to give [Or(PPha)2(CO),] 1691, and t0ep IL21 react@ 

with glrPJealaie(aUN1=-) (alkpl ” Me*cii or Ma3C) to give [OS,(co),( dab)] 

C693. ~Oa,~oO),(aab)]wMc~~er~by~~s rrpectromtry, IR amd% 

HWISpectZV6coPy. and 8howntobeiaomtn.scturalwith its ruthmiumanalogue. 

mm notation which ha8 heen umed to reprement the at.ructurea of - of 
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the clumtere in this section ia described kn detail eloewhers [Z~pp. 124-1251. 

4.8.1 Tr%mertc ctuatets 

The 13C Cm8 epectra of apprmtely uixty percent 
13 

W etuiched 

C 
167 

0~3(W)~23 in C6D6 and C6H5W3 eolutione at 25 and l50 OC have been 

reported 170,711. The apectrm obtained at the lower temperature(twc 

doublets6 - 182.3 and 170.4 m; 1J(1870813C) - 90 r2 and 115 T2 Hz 

respectively) ema consistent with stereochemical rigidity of the W group 

whereas that obtained at 150 *C (a 1:3:3:1 quadruplet; 6 = 176.4 mr 

1J(=870a-13C) - 33 ~1 Etz} was conrr~entorithrapidinternuclearexchangeof 

all the Cu groups Over the (OS,] skeleton. A variable temperature (15, 100, 

200 and 295 K) laser Raman study of solId [Oe3(W),,] haa been preeentedj the 

work masised. the impartance of site synnetry and correlation effects upon 

the spectral data and confirmd theabsence ofanyphaae changemover the 

te8peratU-e range covered 1721. 

The decompoeition of [083(W),,] has been investigated by thermal 

gravimetric analysis and mspectroecopy ; the ormetof decarpposition of the 

cluster, as a lU3r disc, wasi raiemd frcm 160 to 250 QC [73]. Under a stream of 

dilryarogen. [Oe3(W)121. dry mixed and diapereed with yA1203, yield0 

detectable quantities of CK4 at 150 OC: the total yield of CIi4 wae 8.49 

moleculem per clmter molecule 1743. sQallmmuntaofCH 
2 4' 

C2E16 and W2 mre 

also detected but no evidence was found for C3 hyWocarbon8. 

Several other groups have been actively reporting Me reactionr of 

coa3(W)123. mua, [OS,(W),,] interacte with CS, (under 10 atm of a l/l 

mixture of carbon mono&de and argon) tc yield the thiocarbonyl cluster 

~~,(W),(~)5,1~ whom mAecula.r etzucture ia depicted inPig. 6, anda 

leraer -t of me3(co)9s*l c751. 

The interaction of fOs3(W)12] with m30 in the presence of mtZJ yielda 

~~,(~~,,m-)1. The reaction@ of thio clueter with a variety of ligendm L 
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?qOeO8) = 0.2780, 0.2830 nm 

r(08 . ..OS) - 0.3642 tm 

r(S . ..S) - 0.3030 nm 

Fig. 6 The molecular 8truCture of COe,(W),(CS)s,] 1753. 

CL - carbonyl, triphenylphoephine, CH34-C6H4S02CE12NC, C2H4 or C51i5N) to give 

~OS,(CCI),~L] and with hydrogen halide5 to yield prud~%e of etoicheiametry 

Y~3(~)11m)xl# COe3(~)lo(~W (X - Cl, Br or I) and [Oe,(~),(El)I] were 

described. In addition to the detailed epect roecopic cheracterieation of 

theee cluster products structures were proposed for many of them [76]. 

The reaction of [Oa,(cO),,] with Me2m2, in octane at reflux 

yields Cm3(a)9(~3*2 B,)] whichwasieolated and epectroecopically 

(IR and % NMR) characterieed [77]. Treatmnt of [OE,(CO)~~] with pa,Ph in 

methylbensene at reflux has been shown to give rise to the teminally bound 

phoaphine clue- COe3(~)ll(pEf2~)l d C~3(~)10~~2~)21~ and the 

edge-bridged cluster [Hos3(cO)10(PElPh)] (X2) [78]. That m-,(co ),,mml is 

an intermediate in the fornation of the facm-ca Pmd cluster IH20e3(~)g(P~) I 

(U) ie indicated by ite pyrolytic conversion to the latter (along with a 

emall aEmunt of ~~2-3(=‘)g(~6~4)ll (14) C7B]. Pyxolyeie of 

c~3WO)10(~2m23 gim c~3ww,mw(p~2~)l (15). end cH20e,(co)g(pph)l 

reacts with added PE2Ph to yield [H20e3(ob)6(FPh)(PH2Ph)] (16) [783. The 

reaction products, carom of which were abtained in microecopic yield, were 

characterieedbyelesoental analysis, IRS p%ctrascopg and we sg%ctrometrg. 

and where rrufficient materiel wea avail&e % and "Ip NUR epectroecopy . 
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4 

A 
H 

3 3 
P 

/\ 
Ph H 

3 

/\ 
Ph H 

(15) (16) 

WLth an ezweai of Cl*WUI (X - m ot Cl), COqco),,l generatee 

IH30e3(cD)9(s5Xc1Z)3] and trun8-_Co~(Co)4(sULc12)21 [79al. A 0Sngle crymtal 

x-ray structure of the former aoappound (x -lde)ahowed the pre8enceof two 

confozmatfonal isomer8 which differred in the orientation of the S3NeC1, group 

about the oasi bond (see Fig. 7). 

located)warepreaumd to bridge 

solution, rapfd rotation about the 

!rhe hydrogen atom (which were not directly 

each edge of the f0m3) triangle. Xn 

Si-oabOthd~ObSerVd even at -130 Oc. 

The =c lam Upect~ of cEo8,(a3)l,l+ (fO?zmd by treating [Oss,(co),,] 

(containing 1*70s in natural abundance ) with concentrated 82S04) indicate8 

that the hydride moiety lie8 in the (OS,) plam and brtigem two of the camaim 

ataw [70]. 

1 B NUR 8tudierr dtrected at the bridgLng hydrogen atom in a 
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(A) 

MDlacule 

A 

r( o- I/= 0.3155 

H-i)/= 0.2420 

r(OaCq0 0.293 

r(osai,p 0.189 

Holecule 

B 

0.3125 

0.2400 

0.197 

0.192 

Fig. 7 The molecular stsmctures of the hro confoxmtmn of 

C~3~~3(~)g(SindC12)33 C79al. 

polycry8talline saqde of [E,oE3(a.a),,) 8harod tbm to m&hibit imatropic 

chemical shift8 similar tothoae found in eolution 9tudie~ [SO]. m-m E-ton 

-w =c wm *pa&rum of mixty percent 1300 l nechmd [H20113(cx))10] 

eWita four rcmonanceo (ratio 2:2~2:4), m Fig. 9. The multiplet structure 

ofbandBwam interprdsd a8 the supexposition of asinglet, adoublet and a 

triplet, the rsml1t of the war&u8 a8gms of13 co m?mtitution poaaible at 

the upique ommim atom. A ~$8 'J(a) coupling ConrtMt of 3.2 HZ W 
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Fig. 8 The proton decoupled room tempmature 

enriched [E20t30( co j10 J [Sl J . 

detezmined from the spectrum. The abmence of identical structure on band A 

Ii- 

l”c Nm 8pectrum of 13co 

wa6 tentatively attributed to fueher coupling of (a), vitn (oD)C 1811. The 

Raman spectrum of [H208,(00)10) (exited wing 488.0 nm radiation) exhibits two 

amorptions at 188 and 145 cm-l, arreigned to 'the two A* umdee expected from 

its Cs symwtry’ (82al. However the single crystal structure of [H20SJ(CO)101 

indicates that the molecule possemem Czv cry [8Zb]. 

Several reactions of [H20s3(cO)10) ham been reported. ThW, it reacts 

with F4-C6H4KS at 25 Oc to give yellow [EBDs~[~~~)~-SC( Ei)N-U6H4F)(cD)Lo] 

(Fig. 9 (A)}, rrhich as a hexane solution slowly d ecaxbnylates at rocm 

twrature to yield red [Boe,(~o_r12-sC(H)N-~5E4F)(00)gJ (Pkg. 9 (B)}. 

This, in turn, rapidly converts to yellow Cawl,(r,-8)(rtEclN-~6a4F)(cx, ),I 

Piis. 9 (C)l upon heating to reflux in octane (831. Overall the 

desulphuriagtion of P-4-C6E4ES has occuzred, a reaction thst lray have 

relewance to the purification of fossil fuels. 

The reactions of [820s3(c0)10] or [a20s,(m),(me2m)] with cs2 [er], 

MeM6Ei4NoD [85] or UeCRXJ [86] leave been studied in a detail, ScheDE 4. 

mechanfslp for the fonmtw ofmmeof the ccqmceswere al.mopxesented. In 

addition to detailed phyeical and 6peFt roscopic dharacterirratkon of the 
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cluefere, the single crymtal X-ray structures of [(rs,ca,)(R)aa(~)10)2], 

C(plr2-~2)(r,-sPs,(co)p(~2Ph)l afd t(r,llZ-sCs,)(lrg-sPsj(Q))*(ena2Ph)l 

(pig. 10) d th0f5e of t(~~-H)(t~~-~,a,sreao)Os~(a0)~~1, 

c cIr* )( Lr+@-qH,@== )oq m I,( m2*) I,[ ( p-n )( c(*-qq== )oIE13( m I,( m2m 1 

and ctrc-H)Cw- (o)~~H)ne~~j(CO)lO1 (Fig. ll), hape been determined. 

Although the hydriae ligand w only directly located in 

C~~-~~~~~~~~~~~B~~)os~~a,~lol, a W6(k~-EI)(~-y)os} structure appears to 

be generally adopted. Asimilar etructuralarrangementappears tobe adopted 

w C(lr-w~-=J-f=2Pq~)L03 1871 m c~IL--tT~~~~~H*-~MB)os~~co~lol 

CSSI, WhoEe mOlecUlar sfructurea are depicted in Fig. l2. 

m+)(P-@=@=h, )083(CO)10] wae~ Eiynthee&md by the action of Ph2C-@J4? upon 

fE20s3(CO)lo] or by dehydrogenation of P'h2CHNElNE2 WMzh coe3(~)lo~2] (where L 

is HMxa or c*E14). C(~-~)(~-~9~4-4-ne)oe3(~)101 = premed ==-dhg to 

equation (4)~ 

C-,( co I,( -2W< fi3-S I( w3-n2-m2 )I undergoes -tive clrspage with 

HCl to give [aW3(oo),(Rle2ph)(p3-S)(p3~2~2)C1J which upon structural 

characterisation olive shown (see Fig. 13) to posseas triply bridging S and K2CS 

moieties and only one metal-netal bond 1893. The hydride ligancl, which was 

not directly located, uaa propomd to brwgm the os~-oa3 bond. 

mnally, in an inaretigation aimed primnrily at the preparation of 

trioamium clustera errhibiting the bonding mode (17) DeemingreportMIthe 

Lionel of [C~B~(~)~~(C~E,,)~J with PIIcB?~WCHIUBX~P~ or C~EI~NUECE 2* - 
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tiOeofJ) - 0.285rto.2876 rm 

"""o")1$3: = 0.2863,0.2673 ma 

(Cl 

Pig. 10 ‘he ~bcd.er ~ructurarr of (A) [(~-S2Cg2)(~3(w),o},], 

(B) C(P-12-set12 )(~L3-woqaipt¶ep)] 

and (Cl ctr,lr2-sc9, )(r,-sloe3(w ),mm2E+l¶h)l [a*]. 
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(A) 

(B) 

Ho- 1 - 0.2888,0.2903 m 

eO-)br = 0.2909 nm 

r(o-) - 0.2697,0.2911 nm 

r(OfJmbr - 0.2940 rm 

N-t-1 - 0.2859,0.2893 tnn 

J-co- I)_)= - 0.2945 rm 

N-1 - 0.2882,0.2B61 nm 

m-wbs - 0.2923 run 

N-1 - 0.194,0.177 ml 
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(17) 

5 [773. all the products WBre rpectro8co pically (IR and %f NMR) 

characterised. 

n 

- 5 Sar of the reactionm of [~UB,(CO)~,,(C~H~& ] rith phca 
2====2* 

or CsE,tMBCE2~ [77]. 
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4.8.2 Tetramertc ctusters 

An x-ray structural analysis of [H40t34(cm)121 ham established that the 

osmium atcam define a distorted tetrahedron with four long (hydrogen bridged) 

and two short metalmtal dfstancee, see Fig. 14 [SO]. Also contained in this 

Figure are the results of a combined single crystal X-ray and neutron 

diffraction study upon [H40s4(cO),,(P(OMs)3}] [Sl]. The four edge-bridging 

hydrosen atoms contained within the approximatly D2d structure of 

[H40s4(CO)11(P(We)J)J were all directly located. 

a 080s 1 long 
- 0.2964 nm 

~(OsOs)short = 0.2817 rim 

F:(080s) long 
= 0.2966 nm 

F(osos)short = 0.2614 m 

Fig. 14 ,'phe molecular structure8 of(A) [H40s4(cD)12] [So] and (El) 
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The solid state %I f(edR spectrum of [H40s4(aJ))12] has also been reportedr 

the bridging hydrugens were found to exhibit isotropic chemical shifts similar 

to those found in solution studies [BO]. 

4.8.3 Pentmertc clusters 

Heptane solutions of COs,(cO),,] maat wkth CO (160 VI 90 atw co.1 hr) 

to give [oa5(oo)lg] in ca. 80% yield 1921. Ihe conditiona required for the 

formation of this pent aombum cluster are critical and longer react%on times 

or higher temperature6 or pressuree reoult in a variety of oemium containing 

products ranging froaanmumuc leartoheptanuclear. melDlecularstructureof 

[085(cO),,] is depicted in Pig. 15. The five omm3.m atw define two 

iaosceles triangles which share a camon vertex (r(oao6) 0.2848-0.2950 t-m), 

this structure being collcquially refferred to aa a 'bartie' arrangemmt. 

The two triangles are skewed with respect to each other (dihedral angle 21.20) 

andthe carbonylligands are allterminal. 

Fig. I.5 The Pob'ZulaZ StrUCtur, Of [085(CO),,] [92]. 

[~5(~)l,(~5H4H~l uncle-8 a revermible reaction with co to give _ 

c-,( = 114( phRcsa*~ 1 I 193 I. sirilarproduces are fOrmu, but i rrever#ialy, 
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with Other donOr lipande such ae PEt3 or cz81cNe3 1931. The molecul.ar etructure 

(r(oe06) a 0.2767-0.2926 mu) ia depicted in 

Fig. 16. unlika the et?mcture of the cloeely related cluster 

C-,W’)13P’=6~q@W C2t PP 193-1841, the Oe-Qe bond lerqthe in 
_ 

[LEos9(co)~3(pILt3)(Rurc,a4N)] all fall in the range expected for llomal single 

Oe-0e bondel there are also differences in the arrangements of the 

carbonyl/PEt, ligandfjandthe PWC9E14NmcMy. 

Pig. 16 !l%e nrOleCular: etruCtUre Of fsOrr,(cO)13(~3)(~9H4N)] COO]. 

Four pentanuclear oemium clwtere, c~9cww1+(~~m)2~ 1 t-1, 

c~~~~~~18f~~Q1,~~~~P<owh~,~l (199), r~e,c~oo~~,~~~ane~(m~,)l (20) and 

C089(aO),,CP(0Me)Il (21). have been identified, Lnter oL.tO, as product8 of the 
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3 

~OlyeieJ (210 oc; 16h) of [O~~(oO)~~[P(onh)~}~ [941. All the product8 *re 

8pectroscopically characterieedr (19) W&S, in addition, the subject of a 

single crystal x-ray diffraction study (eee Fig. 17) [94]. The carbonyl and 

P(aLde)3 ligands are all terminally bound Electron domre; the 0P(ocla)2 

unit bridges two osmium atome and acts ata a three-electron donor. 

r(OeOe) - 0.2667-0.2903 nm 

Fig. 17 The wAecszlar etructure of CEM*C(aO),,(~(ap),)(P(ae),}) [94]. 





285 

(A) (B) 

Fig. 18 The molecular structures of (A) 

4.8.6 Catabvsts bU ctuster compUYlU8 

The hydrogenation of W using [Os,(W)12] as a catalyst or catalyst 

precursor has received further attention this year. Thus, the activity of 

UU?thylIbenZeIMi solutions of tOs,(W )=* 1 t- W/E2 is mhanced by the 

presence of F(CmM)3. Ebwevex, isotopic labelling etxperinmnts have clearly 

dmnstrated that the enhancemnt is 

side-reaction between Xi2 and P(OUs)3 (which 

reaction conditions), and that the enhanced 

from the phosphite methyl groupe [97]. 

due to M [O~~(W)~2]-catalylred 

rearrangesto(HeO)2MePO under the 

methane yield is derived mainly 

Bomogcneous COs$W)., I/cwL./aX, 

system9 (X-cl or Br), fnwh+chBX3 acts as asolvent, catalyst 

reactant and [0s,(W)12] act8 as a catalyst precursor, have 

attention [99,99]. 

AL L a 

prmer and 

alsoreceived 

Continuing their studies upon cluster models for intetrediatee 3x1 the 

wtal-catalyaed formation of cm4 frar W, Steinmetz and Geoffroy have 
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descried the action of acid upon ~Os,(CO),,(arO)]- (formed by the action of 

1EWB2131- upon CO~,(~),,ll. This reeul.te in the fowtion of the 

methylene-bridged clutrtez COe3(Cq1(CB2 )I which, when heated under 

dihydrcgen, evolves methane. Overall, the stepwise reduction of co to czi4 on 

a cluster face was demonstrated [79b]. 

The selectivity of the h wbogenation of the carbonyl group within 

a,@-unsaturated aldehydes using an omium catalyst ie improved if it is 

modified with zno, a1203 or B203 [loll. 

The l3 C MMR spectra of [Ru20U(CO)12] and [RuO182(W)~2] are indicative of 

internuclear scrambling at 30 *C for [Ru20m(c0)12] (6 - 191.5 ppm) and 145 -c 

for [RuOa2(CO)12] (8 - 193.9 pa). Open cooling to 30 W, a new epectrum ie 

obtained for [RuO62(CD),,] Which consists of two signals at 6 186.4 and 170.3 

ppla (relative intensity lOr2) [71]. 

BurJchandtand Geoffroy have explored 

photochemical methods for the syntheeis of 

pUticular, they repo2-t the synthesis 

lmchanisnl of their 

2,2,4-trimthy1pentme 

triphenylpho8phine (+= 

c~20~3w~~131 ad 

formatlion. The 

the general applicability 

mixeKl~tal clusters [102]. 

and charactatisat*on 

of 

In 

of 

CE2003Ru(CO)13J and Uiscwe the 

photolysia (366 M) of 

solutions of [H2PeOa3(CO)33] in the presence of 

0.057) or dihydrogm leads to the formation of 

(s = 1 or 2) and [s4Paoe3(CO)12] re#pectively [1033. 

[X4PeOm3(CO)12] ic itself photomeneitiwe in the pre8ence of X2 giving rice, 

onphotolysi6, toa ~lexmixture ofproducts that were not identified. 

The single-cxystal X-ray structurea of a variety of mixedetal cluet4m3 

have been reported, see Pigs 19-22. I(lr~)as3wmL5(~)l (Pig. 19 (i)) 

was prepared in guantitative yield by heating [(~-E)20e3Re2(aO)20] in XeCN 

(n.b. the fonmr cluoter hae previoumly been incorrectly formulatedas 
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r( 08M ) - 0.2959 tm 

1-(06~08~) - 0.2661 m 

~(06~063) - 0.2665 tm 

r(O~~bs,) - 0.3032 m 

r< o”p2 1 - ~(0~~~06~) - 0.2836 m 

=(oyy ) - 0.2364 m 

r(06pa4) - ~06pe4) - 0.3017 rm 

'm2-+) - 0.2989 111 

Fig. 19 The molecular structures of (A) [Bos3~(Qo)#Cble)] and 

(B) VJ5-3WW121 ClO4~1051. 

Ethanenitrile sOlUtioru of 

to refl\n with trmhym Itodde 

under Hz, yield t(~-=)~-~-(~)~~l WM. 19 (B)l b ~tmczh~~ ham prow-d 

that the five hydride ligMdsin C(~-8)50s3Rw(cO)12] bridge five of the mix 

-6 of the tetrahtiran (n.b. the die tinctionbetvmentheo6mlraandrfianirpl 

atamt8uaa achievedbycon~lderationofthe xelativewtalastalbond lengtha) 

c1041. 

[(Ir-H)2062pf2(a,),(pph3)21, i'3.g. 20 (A), is one of a merUm ofthroe 
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(8) 

Pig. 

r( OsPt ) = 0.2662,0.2708 rm 

r(-g) - 0.2761 ma 

r(* . ..Pt) = 0.3206 IIID 

r(DsPt) - 0.2717, 0.2846 run 

r(a . ..Pt) - 0.3530 run 

a"(080la) - 0.2914, 0.3043 lml 

r(W2m3) - 0.2773 rm 

r(OLIpt) - 0.2791-0.2863 

1"(0aOs) - 0.2741-0.2789 

B-B )2-2*2( - I,( pph3 j2 3 

run 

mn 

t1=I 
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(B) 

x 

r(O808) = 0.2961-0.2994 rrm 

r(OeNi) - 0.2606-0.2733 xuu 

e-8) = 0.2809, 0.2969 w 

r(Os10s2) - 0.2931 m 

r(mm) = 0.2743, 0.2690 m 

r(0Ei . ..Rh) = 0.3292 Im 

Fig. 21 The mob~~l.ar 8tructures of (A) [(~-E)2~3Ni(CO)lo(pph3)2J and 

pho8phine 8ubetituted~-amtalosmi~platinumclu6terS of general formula, 

~(~-R)2~2~2(~)g(~3)2~ (R L Ph, C& or BW), which have beenpropareaby 



290 

the interaction of [Ei,oe~(cO),] and [Pt(C2Hq)2(PR3)]) it mibite a butterfly 

arrangement of osmium and platinum atcma 11063. CW-W2~3PWO)IO(=h3)2] 

(prepared by the reaction of C(cr-H~20~3~(~~~o(~h3~l with PPh3) aleo 

exhibits a butterfly arrangeumnt of metal atome, Bee Fig 20 (9). Reaction of 

c(lr-H)20~3~2(~)10(~B)2 1 with but-2-yne yields a mixture of clueter 

products frum &ic!h c~2(W6(~3)2(~3-=21Wl = isolated 

characteriaed [107]. I(~-~)2~3~(~)10c~(csE11),~l wig. 20 (C)I m 

Pr%parad W me interaction of C~(c2HQ)2~P~c6~~1 ),I 1 ad ca,oa,<~ )1ol (a 

route that appeaxa to have general synthetic applicablity to 

[X2003Pt(~)Io(PR3)] clumtere) [108]. In addition to structural data, this 

=@=t contains a detailed discussion of the variable temperature hand 'lP 

m spectra of ~(I~--~)~OS~P~(CD)~~[P(C~H~~)~) l- 

The nKa.elcular structures of C(Cc-H)20e3~i(~~10(PPh3)21 and 

[(~3)2os~Rh(00)~~(acac)l are depicted in Fig. 21. meclwterswereprepared 

by the runv well establiehed route of interacting a lcm oxidation etate -al 

complex with [H,Oe,(aO),,] [ 1091. 

Dark green [#(PPh3)2][B20s6Au(CO)20] ham been prepmred by the reaction 

of C~S~JW=Q)~,(~~)I (R - Fh or Et) with a two fold excetes of [N(PPh3)2]C1 

in cxS2c12 at reflux [ llo]. Structural characterisation revealedtheanion to 

poeeeee two centmsynmet rically related (08,) triangle8 linked uto a gold(I) 

atom, see Pig. 22. The short 08-0~1 bohda are each bridged by the gold atom 

- 0.2696 rmo 

- 0.2630 m 

w 0.2826 rm 

Fig. 22 The moleoular btruoture of [g20s6~(CO)20]- [IIO]_ 
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and a hydride (not directly located). The gold atan is in a square Plana+ 

envi-ntandthe dihedral angle between the '0"10"*0"3) and (oslos*Au) 

planes is 113.80. Infrared andlli~datawere also reported. 

4.10 0SMIt.m NITROSYLS 

Sinitsyn has reviewed (in Russian) the tram effect in nitrosyl 

complexes of osmim3 the usefulness of this 15 page article will undoubtedly 

be l-ted by the language barrier [ill]. The sameauthorhas also reported 

the syntheses of trom-[Oa(~)(FlE13)4(OtI))X2 (X = Cl, Br or I), 

C~(No)(NB3)4XlX2 (X - Cl, Brr I or N03) and C0s(m>)(Snr,),(B20)1C1,.R20 

together prith their characterisation by IR and electmmic aborption 

spact-copy, conductivity -umme nts and thermal stability studies [112]. 

The action of MCX (X - Cl, Br or I) or N203 upon osmium(II1) chloride in the 

presence of BPh3 (E - P or As)has been utilised inthe preparations of 

cOmwX3~~3)21~ C-VJ’W(~2)(--~3)31 and cw m )CU -m3 I3 I [113]. 

Finally, the ale ctzwchemical reduction of [Oa(Ao)(dppe)21+, va-&ztl proceeds uta 

tvm one-electron steps,hasbeen caqared with thebehaviour of its ruthenium 

analogue' Cllr]. 

4.11 mm4 PBOmlirlm - 

Black air stable ThOsP 4 12, and its iron and ruthenium analogues, have 

been synthesisedbydirect reaction of the emnts at 1150 X(inanevacu&ted 

silica a3lpoule)r the cmpomds all crystallise with the filled skutterudite 

(we4PL2) strlxture 11153. 

4.l2 SURPmE uoDfPICATIcm 

The surfaaes of y-ru,O,, Ti02, Si02 or Zrro have been aDdified by 
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reaction with [Os,(CO),,] in octane at rwfluxt spectroscopic evidence 

indicates the presence of surface bound hydtidoosmium clusters after this 

process 11161. The surfaces were subjected to temperatures between 100 and 

400 OC under He, R2 or CD at akspheric pressure, this caused degradation of 

the cluster metal-metal bonds aud the formation of atomically dispersed osmium. 

These conclusions were supported by a study of the [Os3(CG)l2]/A1203 system by 

Ramml spectroscopy [82]. Surface modification of Al203 by [E20s3(CO)lo], 

~Os3(cO),o(C6H8)], [083(CO)9(PPhg)(C61i8)] or H2[OsC16] [82,116,117] and of 2~02 

or Ti02 by [Oe3(oO),,(C6H8)] 11171 together with brief details of the catalytic 

activity of the modified surface6 have also been reported . 

surfaces,havealsobeenreporbad. 
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