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INTRODUCTION

Material from volumas 94 and 95 of Chewdcal Abstracte forms the basis of
this reoview. Thur the majority of the papers included were published in 1981
but a significant number appeared in 1980. A® with the previcus two osmium
roviews in this seriss [1,2], the coverage in this roview has been selectively

directed toward the coordination amd cluster chemistry of ompeium,
4.1 OSMIUM{VYIII)

[0004] was the subjoc_t of a mmber of laser-based spectroscopic
investigatione thie year., Thuw, the results of studias invelving the IR
absorptions of wonolsotopic [0!34] (by saturation spectroscopy using
low-pressure cr::z ard lizo lasers) [3], tha multipla—photon IR sxcitation of
electronic statas of [O’O‘] [4] and the sffecte of laser interwity upon the
vigible fluoressnce resulting from multipls-photon abeorption of [0.0‘] [5]
were roported, In addition, a low lying '1'1 elactronic egtate (or_:l.q:i.n
27295 o ©) of [080,] was observed by two-photon gas phase fluoresence
excitation spectrogscopy [6] and [0s0.] was proposed as a suitabls reference
mwlecule for laser locking 1in the 28 THz range [7]. A theoretical
investigation of the compertltlon between rotation—induced and
vibration-induced electric nuclear quadrupole coupling in [“90-041 and  the
use of apin-vibration-rotation interaction to aseign hyperfine componente of
the saturation spectra of the uy band ware aAlwo pressnted [8].

Athough mixtures of [m‘]/[mo*] form a rcontinuous polid solution
(with a pmearly linear liquidus lipe) mixtures of [m‘]/[hzo_’] form a
degenerate eutectic (an the [o-o‘] wide at 41.3 =C) [9]. Detinicke and

Losasberg [10] Teport the formation of a deonor-accsptor complax,
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[O=0 .ISbcls], which on the basis of IR evidence has the structure {(1).

4

/o—SbcL.,

N/
7 N

O—SbC_Is
(1)

Analogous reactions with [“:14], ['I'i.cl"] or llbc:Ls all resulted in the
formation of OsCl 4 and oxohalides of vanadiwn, titanium or molybderum [10].
Borohydride reduction of an agqueous solution of [O®O 4] has proved an efficient
route to om0, [11]; the kinetics of the reduction of [0.0‘] by thiourea to
yield [o-(tu)sj:” have also been investigated [12]. The reaction of (OO, ]
with cytosine or S—-methyleytcaine in the presance of bipy or tmen results in
the formation of oxo-comiun(VI) esters (see Soction 4.2.3) [13]. A similar
reaction occcurs between modified dinucleoceide monophocsphates and [0:0‘]; the
kinetice of +this reactian were Adatermined and its applicaticn as a labal for
certain thymine-cytesine pairs in peolynucleotides dJdescribed [14]. Brief
details of the synthesis of a serias of osmium(VIII) nitrido complaxes, of
ganaral form [omzjxa.:&lzo (L =Dbg, mhyg, dmbg, ebg, dabg; X = [CH] or
[304]/2; T = 0=-2) and [om(mjz]m.ztlzohm appeared, the complexes baing
characterised by 1R apactroscopy [15]. The use of [0!0‘} as a means of
achieving <lean cfs-hydroxylations in substituted cyclopentenes ham Dbeen
utilised in the sterecspecific total syntheais of several epipentencerycinas
[1e]. [0u04] has also heen shown to be an affactive hosogenscus liquid-phase
catalywt for the oxdidation of mono—, di-, tri— amd tetra— substituted alkonss
to glycols by organic sslenoxides, nzs-o, in the presence of diocwygen [17].

The reaction of [CIO‘] with allylsmine has been utilissd as a new
staining technique for welectron wicroscopy of polyesters and seguoented

copolymeze with ester linkages [18B].
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4.2 OSMIUMVI)
4.2.1 FlLuorides, arofluorides gnd nitridohalides

The reduction of [Ot.rs] with bromine or chlsrine has beon lnvestigated
[19], the formar reaction led l:b the isolation of red [Brzl[mrsjl. ™e
raaction products of [0!.1"6] with a variety of other reagente {incluwding EFS {E

= F, Ao, Sb or B1), CS_, dihpdrogen and oymlum setal} have also been described

2

[20]}. with Pl’a, a violent reaction Tesulted in the formation of PPS and
osmium petal; the vigour of the reaction was reduced by dilution of the Pl"a
with anhydrous HF, allowing isclation of PFS and [Ol(:!'!"3 )21?‘] (see Section

4.4.3}. Although an adduct of stoicheiometry AsF,.0sF, formed with ASF,, mo

5 3
reaction (either at room temparature or 100 9C) was ocbhserved with 311'3. ™he
volatile producta of the reaction of [OI!‘EJ with Csz wire CF 2 and 31"4; with

dihydrogen (at 100 *C) osmium metal and HF resultsd. The reactions with
dilydrogen or osmium metal, bcrl'.h in anhydrous HF, gave 7rise to OGFSJ with
oanium metal, EKF and anhydroug HF, F[C"rs] waAs formed prefarentially. The
oxidation—reductiont bahaviour of [Oars] has been compared with that of [ms]
and [I.rl’s], ard a trend 1n oxidielng strength of. [Rnrej < [WG] 3 [In"]
established [20]. The Ha I photoelectron spectrum of [0-1"6] has been
reported (the first vertical jonisation energy is 12.50 V) and the spectrum
ccapared with those of other transition metal hemafluorides [21].

Bigh—purity [o-ar‘] hae been synthesised (in quantitative yleld) by the
reduction of [Du(l's] with milicon in anhydrous HF, and further investigated by
IR aspectroscopy and elsctron diffraction [22]. The photoelectron spectrum of
[o-or‘] hasn bsen recorded as part of a study upon the electronic structure of
¥OF, cowpourds (M = W, Mo, Re or Os), as a result of this study, the accepted
¥=0 bond formaliem was callsd into doubt [23].

™he »ingle crywtal X-ray structure of [llPh‘][OIIBr‘] showed the anlon
tc have C"Iv symaartry with r{Os~) = 0.1583 rm and F(Os—Br) = 0.2457 nm [24].

Alse reported in this publication wers ilm single—crywtal polarised electronic
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absorption spactra of [Mi‘h‘][m‘] {X=Cl, Br or I} at room temperature and

5xinu-nranqa1mootoaoooocn_1.

4.2.2 Orides

Thermal dJdecomposition of s:o-os has been shown to lead, at tawmperatures
above 920 °C, to the formation of a ternary oﬂdn, s:oso‘. with a scheelite
atructure: at tesmperatures abowve 1030 °C, s:ono‘ decomposes to Sr0, [0004] xnd
otmium metal (25]. The parovakites nazxno-ns (M = co or Ni) crystallise
with the haxagonal mms structure {Fig, 1); IR and FIR data were also

Preseanted [26].

® Js

Fig. 1 The structure of Bazlﬂ.ms [2&6].
4.2,3 Compleres

[MZLZL 2

the singls crystal X-—rmy structures of [o-oz(on)zmi-n)] [27]. [Dﬂ)z(qu)zj

] complemes continue to attract considerable interest. Thus,

[20], [Oszos(py)‘] [27] amd EO'ZDQ(W)G(CBE.].ZDG)] {2931 have been reported (see
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Pig. 2); selected bond lengths are presented in Table 1. Although a sean O8O

bond length is quoted for [0m 0 (Py) ] in the Table, the Os—O bridge in this

Fig. 2 Tha molecular structures of (R) [mz(oﬂ)z(ptnn)] [271,
(B) [o®0(9ly),] {28], (C) [0'206(")4] [(Z7]) and (D)

(08,0 (PY) (CE,.0,)] [29].
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TABLE 1

Structural paramwters for thw [0'021.21.'2] conpounds

Campound r{ Op=0}/vrm r{Ond )/ r{ O8N )/rm Bef,
[owO_(Of),(Phan)] 0.1742 0.1983 0.2130 [27]
[0w0_(gly), ] 0.1731 0.2038 0.2114 [2e]
(09,0 (PY) ] 0.174 0.193 0.222 [27]
[05204(”)4(‘:331204” 0.172 0.195 0.219 (29}

molecule is slightly asyssetric {viz. H{Osd) = 0.198, 0.180 nm} [27].

In sddition to [Ol)z(qhv)z]. conpleoxes of omium{ Vi) with the amino
acids DL—alanine, DL—valine, DL-leucine, Dl—iscleucine and DL-phwnylalanine
were prepared [2B]. ™he compounds all axhibit strong IR abesorptions at ca.
850 cm © which were assigned to the O=Os=0 agymmetric stretch. Slightly lower
fraquencies (vie. 819432 I:-l) wira Teported for this stretch in [0-:)21.2‘.'..'2]
(I-2 = bidentate oxygen—donor ligand jy L' 2 " bipy. (PY)Z or 4,'?—ph2—ph-n] 3 the
compounds were Alsc characterised by UIV-VIS and NMR spectroscopic techniques
[30].

As indicated in Section 4.1, several oxoosmium{ Vi) esters of the form
[0-02:.21.'2] (L, = cytosine or S—methylcytosine; LT, = bipy or en) have baan
prnpq.rud f13}. These complexes, ance formed, react with watar to form the
corresponding ommiuvm(VI) wuracil or thymine derivatives according to eguation
(1)

NA,

o
N 3 o\ﬁ N H,0 N ‘ 0\?/" 1)
’ 2
,J‘\ "‘Io.\ ) )\ /0.\ )
0 N N-TD N

i Q : 1

o & o
]

o]

n-L
T

H M = bipy or twan; R,R, = E. Tibosyl or Me
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Macrocyclic analoques of the product of equation (1) vis. (2) have been

Qﬁucu,
HOCH, o M (CHa)x
r=2, 40r6
\ N
P¢O ’LO
-o/ \\oc" .
O

(2)
prepared (by the same group of workers; see Section 4.1) and thelr 1! R
spectra obtained {14]. Finally, a report upon the kinetics of the
trangesterification reactions bestwean osnosmiumVI) aeasters, of the general
form [0sO,L.L',]1 ({(L,B, = THP glycol or thymine glycol (3); L', = 2ishq {4),
2py. bipy, tmen or bpds (5)}, and a variety of glycols (s.g. ump (6), ethylene

glycol or uridine) has appearelt [31].

SO H
O
CH, ™~
HN OH ~N
I
N OH
OH
(3) (%)
HN
HO,S SO4H | |
0O
2 e
O—O I P\
N N
OH OH

(%) (&)
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T™he Raman and IR spectra of the complex, “6[0'02(303>4]'2H20 have
been recorded; bands at 642 cm . (IR) and 856 cm © (Raman) were aspigned to
the O=0a=0 agymmetric and symmetric stretching frequencies, respectively, and
the binding mode of the sulphito groups was identified as monodentate
s-ponding [32]. The chloride, hromide and iodide salts of {OSO,(MEH,), IX, have
bogn preparsed Ly the resaction of aguecus [II:B‘]K with xz[mz(oa)ﬂ at room
temperature; the cooplexes were charactarised by elemental analysis, IR
apectroscopy and X-ray diffraction ([331. ™e 1,2-diamincethane complex

trans-[0s0,{ an )232+ has been shown to be an effective quenching agent for the

emission of {[m(bipy)ajz+}* [34].
4.3 OD[AUM(V)

4.3.1 Hatidam

The oamium(V) anion, [0:?6]-, nas been idantified as a reduction product
of the reaction petween ligquid bromine and [081’6] f19). Brief detailyg of the
characterisation (hy mass spectrommtry and IR and Ranan spectrescopy) of the
moigture—sensitive red-browm [szj[msl. formed in the abowe reaction, were
presented together with its magnetic mowent (y..ff = 3.82 ps). The reacticn of
(osF_] with dichlorine 4id not remult in the isolation of a stable product
although the pressnce of highly coloured unstable spacies wvag dstected.

An improved pynthetic route to Osr_ imvolving the reduction of fosF.J by
cemium in anhydrous HF has been demcnstratad (20]. Also contained in this
report was the synthesis of the adduct ms.mrs vhich wmay be alternatively
formulated as [m‘][ﬁﬂ'sj.

An altsrnative synthetic route to OsCl utilising the action of 3012

-]
upon [C'D‘j has beem described [35]. ™e Oﬂt.‘.J.5 s formmd eoxhibited a
differant IR epectrum - a.'l.t)wugh it possassed identical X-ray powisr
charactaristics - to samples of [Oszcllo} preparsed by Burne and O‘'Donnell
[36}. The intasraction of °"c‘ls with [m‘]cl, to yiala [m‘][mcls], and
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the facile reduction of this salt to [l.l'.Ph‘]z[Oﬁls], in dichloroméethane, were

also described [35].

4.3.2 orides

A now lcsnos-tvpo compoured, N‘msolg, has been isolated from the

reaction of Nzoa with cemivm metal at 950 *C undsr oxidising conditions [37].

The single crystal X-ray structure of “ﬂ4°'5°19 showed the oxide +to Dba
imomorphous  with ut“sols (W =~ Ru, Re or OR}; am gxpected, the corner shared

082010 dimeric units within the structure contaln significant direct Os-O8

bonding {r{Os—O=) = 0.2481 m} [37].
4.4 OSMIINM(IV)
4.4.1 Balidss and crohalides

The =rirconiumiIV) catalysed hydrolyels of xz[o-rej [36], the formation
of green [Asvh ) [oscCl ] (by the interaction of [0s,C1 .1 with [AsPh C1 in
dichloramethans) [35) and the IR and Raman spectra of [SC1,],[OeCl ] (39a)
have bean degcribed., The dimeric osmium(IV) oxchalide complexmss alsc continue
to attract interest. Thus, the resanance Raman gpectrugn (3] and the results

of a SCCC MO calculation [40] upon [Ouzcr:l -

10] have been reported. An

epargy lavel ssquence of Ibzg' :I.u'ﬁ'g (13 'Ieu (31 Abg 3 ‘bzu < 'J'alq < '?azu L)
pPredicted by the calculation [40]. The resonance Raman spectrum of

§_—

101 (seacurad at 90 K uging 418.6 mm exyiting radiation) exhibita

[0320(:1

ssven overlapping progresaiona,. Excitation profiles mwasurementts confirasd
* -1

that the axially polarised ou—eg (uza-nlg) transition at 24400 cm ~ is the

resonant elsctronic transition and that the vl (nlq} symmtric Os-0-D8

atyetching mode ie the prograssion forming mode. The v, band of [mlelo]‘_

oocurs at 224.3 c:—l, conmistent with eigrificant O8—0-Os doubls—bond
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character {3%b}.

4.4.2 OQOrides and suiphides

The +thermal dJdecomposition of Bma‘ undar comnditions of dynamic air
flow, has been tha subject of investigation by DTA, TGA and XN-ray powder
diffraction [25.,41]. A preparation of 080, by tetrahyadroborate reduction of

[ow*], has been reported {11]. EBEguation (2) ocuktlines a new synthwtic route

to OISZ:
220 °C
[m‘]z[(H:ls] + 3523 T OISz + zﬂlﬂ‘]Cl + 4B {2)

The onsz, which possesses only limited short range order whan prepared in this
manner, was characterissd by TGR, X-ray powder Jdiffraction and magnetic
susceptibility meagsuresents [42]. By annealing the CsS, at 800 °C for four
days, a material with the cubic pyrite structure was obtained {n.b. although
oasz is formally osmium{ IV} it is comprised of low-spin a® osmiwef LI )). The
thermodynamics of the oxidation of 0:-82 in acid solution have Dbeen

investigated {43].
4.4.3 Complares

A preliminary report of a new class of osmium( IV) carboxylate complexes,
of general formula [Olz(u—O)(u—Och)zx‘(Pﬂg)z] {X = halide; R = alkxyl or
aryl), prepared Dby the reaction of a suspension of tram—[oaozxz(ma )z] with
RCOCH at reflux, has appeared {44]. The complexes are highly coloured and
diamagratic, The chleride, [Osz(p—-O)(n-oth lecl“r(rﬂ'l3 }z].utzo, was examined
by singla cryatal X-ray diffraction, see Fig. 3, which revealed it to posasess
approximate C ymetry (neglecting +the orliemtation of the phenyl rings);

2
Prelimdnary detalls of the slactrochsumical propertiss of tha dimsrs were aAlso
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Fig. 3 The molecular structure of |:'t::!sz(;1—0)(;1.—‘::!203&)zl::l4l(P‘!'h:'I )ZJ.Et:zO {44].

Presented. A mbxed carboxylate complex, dark blue crystalline six coordinate
[oscl(ozale)(ozccra )z(py)zj, has bwen isolated from the reaction of a solution
of [OM(0,CM8),(PY),1C1 (which has chelating ethancate groups) and Ag[OOCCF, ]
[95]. [Os(edta)(E,0)).H,0 has been prepared, as black lustrous alxmagnetic
crystals, by asration (for twenty hours) of an aguecus solution of
E[DaClz(.dtaﬂz )}.2.5520 [46]. A seven coordinate N—ethyl-N—-{2-wethylphenyl )—
dithiocarbamato complex of omalum( IV) has been reported [47].

A new sulphito complex, [O8,N(SO,)(NB,) (H,0)})Cl,, preparsd by the
action of 302 upon [OBZN(HH3 )Bclz_]Cla, has been characterised by IR and Raman
apectroscopy which showed it to contain S-bonded sulphite ({32]. The
efficiency of css—[o-(.n)252]2+ as a quenching agent for ([:Ru(bipy)3]2+}* has
bean tested [34]. A linear oxc-bridged structure, has bean proposed Ffor

[{m(m)(mnnzo] {7), formed by the interaction of & dichlsromsthans/

OMe
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warthanol polution of {[O9(OEPXCO)] with diocxygen in the presence of
2,3 dimethylindole [48].

An interesting report of the formation of (os(PF,),F.], by controlled
reduction of [mrs] with P:E'3 in anhydrous HP, has appearaed [(20]. The yellow
[Os(Pr_) P, ] was characterised by elwmental mnalysie, LR {w(OSF) = 606 P
and UV-VIS absorption sapectroscopy, conductance (it is a non-electrolyte in
anhydrous HP) amd magnetic susceptibility (u.!f = ¢a. 0.3 ub) measursmante; it
is scluble in thf, l1l,4dioxane, nitreesthaine and anhydrous HF but reacta with
water +to eliminate I-'Il"3 [20}. The severn coordinate hydrido arwine complex
[m4(m3)3] has been prepared by [Bﬂ‘]* reduction of Ha.zl'OﬂlG] in  the
presance of mha [49a]. Ite IR spectrm axhibite four peaks attributable to
v(Oa~H) (2080, 2060, 2000 and 1850 Cm ~; Bujol) but on the HMR timescals the
hydrides wvere sgquivalent axhibiting only & single naanance {-11.7 prm; c:nc:.a)

{45a].
4.5 OSMITM(IIT)

4.5.1 Orxtdsas

Opon heating, orthorhombic ca.zolzo_’ uie Tgoes a saries off
'uamfomtim- the first of -hida bagine to ocour at temperatures above 635
°C whan defect ort:l'l.oﬂm.‘lc Caom O, (T € ca. 0.16) forms. Purthar heating
results in continuous gradual dioxygen loss and eventually the formation of
pyrochlores Ca 0.0, = (0.42 < = € 0.62). At tm:aturci above 1018 *C
coaplete decomposition to CaD, ocsmium metcal, [0-0‘] and dioxygen occurs [49b].
The detalls of the decomposition proceas wars detarwined by the use of DT,

thermogravimetry and X-ray powder diffraction [(49Db).
4.5.2 Grygen domor iigand complezes

A carbomylate complent to-(ozcuu)zcnn has been prepared by the action of
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ethanoic acid (containing ethanocic anhydride and a small quantity of conc.
hydrochloric acid) ugon Ba,[OscCl ] [45]. Although inscluble in coemon organic
golvents, suspensions of ((:m(t‘.'zt:llin)zcl}‘“1 react according to Schems 1 (ses Dage
259) to give a variety of osmium complaxes in oxidation states +2 (and +2.5 in
the case of [08,(0,CMe) (FY)Cll), +3 and +3.

In comtrast to the reactions of [o-ozxz(ma)zj (X = Cl or Br) with
carboxylic acids at reflux (the products of which are described in soms detail
in Section 4.4.3) [anzxz(ma }2] eact with the anionw of 2-hydroxypyridine or
2-hydroxy-6—methylpyridine to give rise to wmagnetically dilute moncoeric
[anz(ﬂa )2(11119)2] or [o:xz(iina )2{0-2-97)21 {more specific details were not
reported} [44]).

A seriers of ospium({III) edtn and pdta cosplesms have been prepared;
included were the E'  and [HE‘]"' salte of [ont,z(odtaaz)]' (X = C1 or Brj and
[0eaIfedtaH)) [46). The compounds were characterised by elsmental analysis,
IR and electronic absorption spectroscopy, magnetic susceptibility msasurepent

and analysis of their acid-base behaviour [48].
4.5.3 Sulphur donor ligand complares

A maries of unexceptional dithiocarbamate complexwss of the type
[Os(S,CAR,).] (MR, ~ plperidine, morpholine, M-wathylpiperazine — and
thiomorpholine) have been prepared and charactezised by IR amd electronic
absorption spechroscopy, and magnetic susceptibility and conductivity
weagurewents; the experimental data are Cconsistent with octahedral
coordination about an ommium atom of configuration tzg"' [50,51]. The reaction
of [08,(C0),,) with (CH,5), in toluene (at reflux under N,) gives rtise to a
high molecular weight polymeric product (Os(SCH,),(<0),} (h = 34; ses Section
4.6.2) which, as A bensere solution, will react with bromine to give a
binuclear derivative, {O#Br,(SCH, ) (C0), ] [52]. After consideration of

molacular weight, IR, NMR and XPES data, structure {(8) was proposed for the
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dimeyr [52].
co SCH;,
ocC | Br CH
\0 P > <S 3
L]
CH._,S/ l g | co
SCH, cO
(8}
An osmium dimer, of empirical formula

[{(Ihzﬂxl )2952}2

snvirooment and bridged by a perthiophosphate fragment, has been isolated from

0'529(5)(m2)2], with the omnivm atoms In an octahedral
the rasaction of [HH4]2[0.C16] and [llﬂ‘][(lhzmx}zl’sz] [53].
4.5.4 Awrins, amine anad diirmmine complarss

!az[szos] and soz act upon hot {75 °C) aguasous [t)u.(ltﬂ3 )st.'.'l]t.'.'l2 to glve
the pink-brown sulphito complax, [o-(ma)‘cltsoa)] (j.l-ff = 1 .45 p.B at 294 K)
[32]. m.rism of tha IR and Raman abaorptionas of [os(ma )“(:l(ﬂf.:}3 }1 with

those of [N(Hﬂa)a(ms)] n:dtm—[mx(uaa:.‘(m)(ma)].zno {whose single

2
crystal X-ray structures hava been reported) indicated a trans- structure with
a sulphur bonded sulphito group and with overall cs Fymnetry {32].

In an axtension to their earlier work upon multidentate amines of
iron{III) and ruthenium{III} Poon and coworkers have reported a genaral
synthetic route to complexes of the type [0!1-21{2]+ (L = en; L, ~ dadn, daad,
tactd or tacpd; X = Cl, Br or I) amd their IR and asalectronic spectral
characterisation [54]. The complexes are all monowmeric, low—spin and have
trans halides; thelr electronic absorption spectra are dominated by intense
ligand—to—wetal charge transfer - bands. The ability of cf.s-(OI(on)zC12J+ to
quench ([m(bipy)a]z"}' has been compared with that of trm—[osoz(m)zjz"' and
cte-[Oa(en )2323”; overall ctr[o-(-}:)zc1z 17 is the least efficient quancher

of the three cations, An elactran transfer quanching sechaniss was favoured



258

(though the opsration of an energy transfer mechanism could not be totally
eliminated) and the cbssrved trend in quenching efficlency was related +o
the respective redox preoperties of the complexes [34].

The detailed redox behaviour of [os(h-n)aja"' (L-L = bipy, 4,4'—¥a_bipy,
5.5'-—nazbmy, phen or 5—Clphen) i1in agquecus aodium dodecyl sulphate (sds)

micellar sclution has been investigated by cyclic voltammetry [55].
4.5.5 Pnhnospnine complered

Although tha synthesls and spectral characterisation of
[(o-cls(solwm:)}z(tetraﬂm)], [08Cl, L} (L = trighos or tp) and [Os X (tadx)]
(X =Cl or Br) have bean described b Tagui FKhan at al. [56], their paper

guffers from grose errors and incowplete experimgntal detail.
4.6 OSMIUM{II)
4.6.1 Carborylate compleres

The ocmium apalogue of [mz(ozm)4(m3)2] has been prepared by
treatment of a diethyl ethsr suspension of {(:iB(Cizli:lh)2(:1}”“l wilth l"li"h3 and

sodiun amalgam (Bee Scheme 1) [45].
4.6.2 Sulphur donor tigand complazea

The ocamium(IT) dithiocarbamate derivatives, [Os(S,CHR, ) (H,0),).28,0 (=
=0 or 1; Rz = piperidyl, morphyl, BB msthylpiperagsyl or 'th:l.o-orphyl), have
been synthesised by mixing osmium{III) chloride and the appropriate sodium
dithiocarbamate salt in a 1:3 mole rakioc in agqueous wethanol ([50,51]. The
couplexas were shown +o be dlmsagnetic non-elsctrolytes; their IR and

elactronic absoxption epectia wers interpreted in terws of a distorted
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PPh,,Na/Hg
— - [08,(0,CHe) (PPh.),]
2
Pe
[0a(0, e ), (PMa ) ,C1]
(HaSC)ﬂ:
(08(0,Co0) C1) —-  [O8{0_CHe) (CNCMe_ ) C1]
pY 1
> [Om (0. CMe) (PY)XC
EtoH 2z i
PY
>  [OB(0,CHe ), (PY),ICL
oo
—  [OB(O_CMe ), (C0)(PY),Cl]
By
- [08(0,CMe) (P¥),Cl]
M,
[08(0, e ) (py), )IC1 —e  [OB(0 CHa) (MH, ) (Py)C1]
NO
=  [08(0,CMe)(MD),(py),IC1
agfo,ocP, 3

- [G8(0,CMe X0, CCF, ) (py),C1]

Scheme 1 The Teactions of {OO(Dsz)zcl}n and [Dltozah)z(pr)z] [45].

octahedral coordination.

[08,(0),,] Teacts with (CH,S), to give polymeTic {OB(SCH,),(C0),} (f =
34). The TH MR (in CDC1,, a single broad peak at & = 2.66 ppm), IR (WCO) =
2099, 2015, 1950 and 1915 cw~1 in Hujol} and X-ray photoslectron (O 44

5/2
280.1 aV) spectya of the polymer are consistent with structure {9).
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{os(ScH,),(C0),}  is cleaved by bromine to yield [Os,Br, (SCH,) (C0),] [52].
Light browm K‘[Da(sos )3(520 )3] has besen prepared by the action of Kz[szosj on
agqueous ltz[ox.'ls] [32]. It is dismagnetic and analysis of its IR and Raman
spectra indicated the presence of S-bonded eulphite groups and a facial

configuration of ligands.
4.6.3 Dimethylsulpharida complazes

Both cts- amd tm—[m(m-o)‘Clz] have been isolated from the reaction
of Hz[mcls] with dmeo in the presance of s::clz.zﬂzo {58]. HNot only do the
Products differ in thelr overall gaometry but also in the mnde of dmso bonting
{(as determined by IR and HMR GPaCtIOSCODY ). Thua, whilst tha
dimethylsulphoxide ligands in trana-[os{dnno)‘('.'lz] are all s-bomnwiad, three of
those in cts—[oa(dnao)‘clz] are - bonded and the remaining one 1s O-bonded
[58). The mynthesis of trans-[Os(dmso),{CH,S(O)CH,},].2drsc has been achieved
by the interaction of 0n:13.31120 or [ﬁ‘]z[on:ls] with dmec in the presence of
a continuous stream of dihydrogen. T™he dmesc ligands are S-borsied and are
labile in the presance of dppe, P‘P‘ha or hlPh3 {the latter two reactions under
acidic comditionsa) to give [Os(d-nojztdppn)[mzs(o)ma}z], [Os(ma)sjclz or

[Oﬂ(dﬂo)atlli'h: )zcl]CI respectively [59].
4.6.4 Diimmine complares

he ([o-(s—c:l.—plnn)a]z"}*—[n(m)sj" wystem has besn shown to exhibit
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activation controlled static gquenching, wlth valuss of 1.7 x 1010 amd 3.2 x

10° ¥ 87} for the secand order quenching rate constants (at 1.0 x 107 ana

0.10 M ionic strength respectively, both measured at 25 °C) [60]. At high

[!e(cu)G]‘_ concentration, a limiting lifetiew of 3-4 x 1(:l-'9 8 was established

for the syntem. values of 8.7 x 10’ and 1.6 = 100 8 © (at the same ionic

astrengths as above) were colculated for the intramclecular electron tranfer

rate constant, k Intense room temperature charge—trangfer emisgion from

al’
solutions of [Op(terpy) L L'1"" (L = appee or dppm; L' = Cl, py, MeCN, CO or

dppm; n = 1 or 2) has been observed ([51]. The eunission wasr aeriged to
7 (terpy) —» a4 (0s) by analogy with that for [Om(texpy), 12*.  Maitiomal
support for this assignment is provided by the chwmervation that the aemisslon

anargy of the luminesence ip directly proportioral ¢o [E_, (OSIII/II) -

1/2
Elfz(torpy/tatpy'—)], tha differsnce between the ground state redox poterntiale
of the metal-donor and the ligand-acceptor wites. KAll the cCcompleaxes, oXCept

+the chlorides were shownm [61] to be photolabile, e&.g.:

hv

[O8( terpy )( dppee ) C0) 1T —— = [OB(terpy)(dppee)Ll’’ + co (3)
L

and the relesvance of this to the excited—state lifstises was discussed
briefly.

34/24

T™he half-wave potentials of [OII-aj (L = bipy, 5,5'-dmbipvy,

4,4'-dmhipy, phen or 5-Clphen} and the rate oconstant, k for elactron

t'
trAnsfer betwesn {0-1.3]3" and [Pa{ﬂzo)G]z+ in aquecus sodium dodecyl sulphate

micellar aolution have been determinud [55].

4.6.5 Porphyrin complerass

The oxidation of [OS(OEP)X(CO)] with 2,3-dimethylindole/O, in CH Cl /CH_OH

affords the ommium{IV) coRplex [OBZ(C!P_)2(M}ZO], (7) [(48]. A wseries of
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disubstituted osmium porphyrin complexmss, [08(OEF)LL"] (both L and L" are
taken from 1-Meisdd, py, O, Hz,. tht, thf, pcou-)3 or C0) have been synthesised
[62]. of particular intermst - as cytochrome c modals — were
[OB({OFP }(1-Meimid)(tht)] and [Ce{QEP) pr)(tht)]. Electroh axcitation epectra
and cyclic voltammograms were cbtained for these two complexss; a linear
correlation between E, , and Gm of the longest wavelangth absorption maxima
(« bandg ) for these and several other [Os{OEP)LL'] rcompounds was reported
[s2]. DOpon irradiation at 365 or 405 mm Bolutions of [Ol(UEP)[P(Cﬂ)a}z] in
CH,C1,, CBCl, or CCl, undergo oxidative substitution to give the osmium(IV)
complex [08(QEP)C1,]; experimental data were indicative of a radical mechanism

[63].

4.6.6 Azobenzenidc complarss

Tha azocbenzenidc complex, [m(CD)act:GE‘msﬂs)z] {obtained £rom the
reaction of {Oastcojlz} and axcbenserns ), has been structurally characterisad;
its molecular structure amd sané of the imteratomic distancws ares pressnted in
Pig. 4 ([64a]. ™Te c<entral osmiun atom exhiblts a distorted octahedral
coordination geometry coomprised of two cias carbonryl groups and two

arcbenzenido 1lignds (for which both of the two Oa-N and the twe Os—C bonds

czay LS

T(OSC, ) = 0.1881 ™m
r(oec,) = 0.1921 m
r(oec,) = 0.2051 mm
{CaC, ) = 0.2106 vm
r(OsN,) = 0.2120 mm

r(OUN.) = 0.2173 mm

Fig. 4 The molecular structure of [o-(m)ztcsn‘lélc'ia!i)z] {6ea].
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have a cis configuration). Involvement of the benzenido C atoms in m-Dbonding
to the on:i.m‘ atom was used to rationalise the magnitude of the (;'m—(.‘.2 bond

length relative to that of the os—cl hond .
4.6.7 Phospnins and arsins compleres

The saynthesis and characteriasation of the cemium{II) carbonyl halides,
[0aC1, (0O} triphoa)], [{o=Cl,(c0),},L,] (L = ‘tetraphos or tp) and
[macls(tddx)] has been described — however, given tha mmber of errors and
incorwistensies in this manuscript very little reliance can be placed in the
reported data [56]. Convenient syntheaes of a 7Tange of  osmulum(II)
mized-ligand +triphenylareine complexes are outlinsd in Schewe 2; this work
[49a] represemte a natural extension to saxrlier studies, by the ssme authors,
upon synthetic routes to csmivm(II) triphenylphosphine complexes [49a; refs.
2—4]. The sterecchewmistries of the complaxes were deduced from their I[R and
v mm spectra (where obtainable) and by consideration of their reactivity
patterns. {m412[ux6] {X = Cl or Br) has proved a useful etarting material
in the symthapie of tha chloride and bromide complexep
[OIE(OD)X{M(CHZHI)S}BJ: the complexss were characterised by elemental
analyeis, IR spectroscopy and conductivity msasuremernts [64b].

In an extension of thelr sarlier work upon +the rTeacktion of
[08CL(CE)(CON QMR PFR,),])" (R = 4-methylphenyl) with [SH], Roper and
coworkers have investigated nuclecphilic attack of the cation by (SeH] ([65].
Attack occurs at the C53 group and gives rise to mnz—m moisty that is
onded to the osnium via the carbon and sulphur atoms, viz.

[o-(nz-css.)(oo)(am)(mayz] {10). The conversion of this product to its

c/}Se
Oails

(10}
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carbon—geleniun bound isower, [Ms){m){m)(ma)zl, is 1llustrated in
Schess 3, Synthetic rcutes to the ruthenium analogues and IR data for both

the ommium and ruthenium complexes ware also br.mnted [e5].
4.6.8 Trichlorostannyl complexes

Detailed multinuclear NMR studies upon [Os( 8nc13 )sc.l]‘- have revealed a

1 2 ¢ 1193,..._.11

tin atoms. The magnitude of ths coupling constamtc, 18600 Hz, was rather lesas

7sn} spin-spin coupling of the two paire of irans equatorial

than that cbserved for the ruthenivm analoque {21248 Bz) which was the largest

2,119, 1

reported 23 17cn) coupling constant at the time of publication [66].

4.6,9 Cyanide compieres

K Fe{O®(CN) ], in admixture with X Fe{Ru(CN)_], l:zl"c{h(cﬂ)s].
MQEMQ‘)6]3 and m[n{a!)s] has beenr exanined for catalytic activity

towards amsonia synthesis {67].
4.6.10 Matal-metal donded complares

An interesting series of mtal-metal bonded compounds of general form
[W)(&){ma)zcn (M = Cul, ACL or AuCl) have been prepared by the
action of Cul,AyCl or (Wha ¥ull upon [o-(msa‘un)(cos(ma )21::1]. T™ha carbyne
complex [OS(CC H Na)(CON#Ph,),Cl] also reacts with AF[CLO,] (two equivalents)

to give (11) and with aguecus BClO to give (OS(CHC.H Me)(PPh. ) (CO)CA(C1O,)):

%

PPh,

H3CCoH Ca, I _Cco [c:o ]
(CIOJAg—" | —NCCH, ¢

i PPh, |

(1)
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csle (Se8] c/;.
- -~
L.Onm - v osZ |
[: . \Cl] D
v(CSe) = 1015 cm
pink iscmer
BCl
MeT
Sere |+
L /T’
[OB(CS}CO ) CNR)FPh_) 1 -=- L O
372 ( ) & '-~--....‘s
g Sede ( -MaSeE <._="/s
Lo . L o~
4 \- o L 3 S
SeH _ Se
not isolated WCS) = 1066 cm ©

orangs isomer

e’ *
-
Los? |
& e,

Schaws 3 The formaticn, and soms of the reacticne, of the the -8 and C-Sa

bound iscnmers of ro-(nz—as-)(co)cmcsn‘cuaxman [(6%].
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the latter adduct 1is alsc {foomd Dby the action of mﬂ(:lo‘upon

[O‘(C:CGB‘IIMQCJ. ){C!))(Pﬂ'l; )2(:1] [57]. T™Te =2ingle crystal crystal X-ray
structurs of [oa(ccsn‘;lhcl)(co)(ma )2c1] {Flg. 4} was nllo'roportod as part

of this estudy [57].

Cl-0s-Ag  97-29(3)°
Cl-Ds-CO I107-6{2°

CO-0s-C  104-4i2°

Fig. 5 The molecular structure of [Oa(msﬂ'w:l.)(m)(ﬂha)zl:l] [57].

4.7 OSMIUM(O)

Two reports concarned with oswium{0) chemistry have appeared.
(OR(PPh_)_(COYE)C1] undergoes reductive elimination with diazabicycloundecens
under CO at 20-90 pai to give [OS(PPh,),(CD),) [68], and [08.(CD) ] reacts
with glycxalbis(alkylimine) (alkyl = Me CH oz Me.C) to give [Os (D) (dab)]
[69). ([Os,(CO) (&ab)] was characterised by FD mass spectromstry, IR and 1g

NMR apectroscopy, and shown to be ipostructural with ite ruthenium analogue.
4.8 OSMIOM CARBONYL CLOSTERS

™he notation which has been used to represant the structures of some of
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the clusters in this Saction is described in detail elsevhere [2;pp. 124-125].

4.8.1 Trisperic clustara

The 13c MMR spectra of approximately asixty percent 13(:0 anriched

187
[ 0m,(00),,]1 1n € D, and CH.CD, solutions at 25 and 150 °C have been

reported [70,71]. The spectrun obtained at the lower temperature (two
doublets § = 162.3 and 170.4 ppm; ¢ %T0a'%c) ~ 90 r2 and 115 32 He
respectively} was consistent with stereochemical rigidity of the CO groups
whereas that obtained at 150 °C {a 1:3:3:1 quadruplet; & = 175.& ppwm;
15(1%%08-19¢y = 33 1 Az} was consistent with rapid intermuclear exchange of
all the OO groups owar the {033} sksleton. A variable temperature (15, 100,
200 and 295 K) laser Raman study of soplid [Dna(cl:))lz] has been presemted; the
work esphagised the importance of site symmetry and correlation effecta upon
tha spectral data and confirmed the abssnce of any phasp changes over tha
temparature range coveared [72].

The decomposition of [053{ m)n] has been investigated by thermml
gravimwtric analyeis and [R spectroscopy; the onset of decomposition of the
cluster, as a KBr disc, wvao raised from 160 to 250 °C [73]. Under a strwam of
dihydrogen, [08,(C0),,], dry wimed and disperssd with »Al0,,

detectable quantities of CB'I at 150 *C: thw total yield of C:B‘.mﬂ.{s

yields

molecules per clustar molecule [74]. Small amounte of (:zllqllr czEs and CDZ e
alsoc detected but no svidsnce was found for c3 nydrocarbons .

Several other groups have bsen actively reporting the reactions of
[0-3(00)12]. Thus, [0!3(00)12] interacts with csa {undexr 10 atm of a 1/1
mirxtura of carpon monoxide and argon) te yield tha thiocarbonyl clustier
[003(0.!)9(68)32]. whose molecular structure is depicted in Fig, 6, and a
lesser amount of [08_(C0) 8,] [75].

™a intaeraction of [Ong(co)n] with Ihso in the pressnce of MaCH yislds

[oaj(cn}u(mn. The eactions of this cluster with a varisty of ligands ©L
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OopOa) = Q,2780, 00,2830 nm

HOe...08) = 0.3542 ym

rS...5) = 0.3030 nm
Pig. 6 The molecular gtructure of [09,(CO) (CS)8,] {75].

{L = carbonyl, triphenylphosphine, c:ﬂa—‘l-csﬂ ‘sozc:uzm, Czﬂi or CSBSH) +o glve
[o-a(m)n:.} and with hydrogen halider to Yiald producte of stoichelometry
[08,(CO}, (H)X), [OB,(CO), (H)X] (X = Cl, Br or I) and (Os,(CO) (H)L] were
described. In addition t©o the detailed spectroscoplc characterisation of
these cluster producte ptructures were proposed for many of them [76].

Tha reaction of [ma(m)lz] with mzmz, in octarm at reflux
yielas [ms(m:’s( pB—mzcmz)] which was isclated and spectroscopically
(IR and 1! MMR) characterised [77]. Treatment of [Ola(m)lzl with PﬁzPh in
mathylbensens at reflux has besn shown to give rise to the tarminally bound
phoaphine clusters [Oas(co)n(razmu and {Ots(m)lotﬂzﬂh)zl, and the
odé.—hr:l.dgod cluster [BJBB(CO)J_Q{PM)] (12) [(78]. That [maa(m)m(pm;] is
an intsrmsdiate in the formation of the face-capped cluster [BZDIB(CD)B(PH'I)]
(13) is indlcated by ite pyrolytic conversion to the latter {along with a
omall amount of [B, 0 (CO).(PRC.H )]} (14) ([78]. Pyrolyels of
{08 (C0), (FE,Fh),] gives [HOs (CO) (PHEFM)(FH,Fh)] (15), and [B,O®,(CO) (PPh))
rencts with added PE,Ph to yield [E,08,(C0) (PPh)(PE,Ph)] (16) [73]'. The
reaction products, soma of which were obtained 1n microscopic yield, were

characterised by elemantal analysis, IR spectroscopy and mAss opectrometyry,

and whers suffiolent material was available ‘B and P MR spectroscopy .
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P
/\ . :
Ph H H
(12) (13) (18)
PH,Ph
a a

Ph

H4\/
3 H 3 %P
/P PhH,P H
\
Ph H
{15) {16}

with an excess of clzxsia {X = M8 or Cl), [o-z(co)u] genarates
{nama(m)g(smlz):'] arxd tm—-[o-(m}‘(si.Elz)zJ {79a]. A single crystal
X-ray atructure of the former compound (X — Me) showved the presence of two
conformational iscmars which differred in the orientation of the SiMecCl 2 group
about the 0831 bond (see Pig. 7). The hydrogen atoms (which were not directly
located) were presumed to bridge sach aedge of the (0s.} triangle., In

solution, rapid rotation about the S1-08 bond was cobsarved even at -120 =C,

13

T™e “°C mR spectrm of [H08,(CD) {€ormed by treating (Os,(CD), ,]

+
12]

(containing 1“0- in neatural abundance) with concentrated Ez’%} imdicates

that the hydrids moiety lies in tha [0¢3} Plane and brildges two of the osmium

atome [70].

J'E MMR studiss divectad at the bridging hydrogen atoma in a
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(M)

¥olecule ¥olecule
A B
r(OsOE)/Tm  ©0.315% 0.3125
(OsSLi)/Tm  Q,2420 0.2400
r(oeco) /rm  ©0.193 0.197
r(oeco0) /rm  0.18% 0.192

Fig. 7 The molecular structures of the two conformerw of

{H,08,(CO) (SiMCL, ), ] [79a].

polycrystalline sample of [520-3((:0)10] showed them to sxhibit isotropic
chamicm] shifts similar to those found in soluticn studies [90]. The proton
decoupled 131: MMR spectrum of sixty psrcent ncn snriched [Ezouatmjlo]
exhiblita four rescnances (ratio 2:2:2:4), see Fig. 8, The nl.llti.pltL structure
of band B was interpreted as the supsrposition of a singlet, a doublat and a
triplat, the result of tha various degress of 17CD substitution possible at

tha unique ocamium atom. A cis zJ{cr:) coupling constant of 3.2 H: wvas
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2
NP

L -

\H/"‘vcno
A%

Y,

H—

Pig. B The proton decoupled room temperature 1 C MMR spectrum of 1 0O

enriched {ﬂzoaaccn )10] [Bl].

determined from the spectrum. The absence of identical structure on band A
was tentxtively attributed to further coupling of (m)h with (co)c [#1]. The
Raman spectrum of tﬂzo'a(cn)m] (exited using 489.0 nm radiation) exhibits two
abgorptions at 188 and 145 om o, aseigned to 'the two A' modes sxpected from
its C sfmrl:rr' {6za]. Bowsver the eingle crystal structure of [Ezmscco)lo]
indicates that the molscule poasassos czv yomotry [B2b].

Beveral reactions of [32053(03)101 have been reported. Thus, it reacta
with P-4-C.HNCS at 25 °C to give yellow [B'na{u—nl-sc(a)n-a-csn“r](m)w]
{Pig. % (A)}, which as a hexane golution slewly decarbonylates at room
temperaturs to yigld red [msa{pa—nz—scm)u—q-csn‘r](co)g] {Pig. 9 (B)}.
This, in tuxn, rapidly converts to yellow [mz(pa—S)(u—ﬂr:-ﬂ—Hsa 41’)(1:0)9]
{Fig. 9 (C)) wgon heating to reflux in octane [63]. Cvarall the
deaulphurisqgtion of F—i-cen ‘m has occurred, A reaction that way have
aeleavance to the purification of fossll fuels.

. The reactions of [szoua(co)m] or [Elela(m)g(mzi‘h)] with s, [04].
lﬂ——t—csa‘mc [065] or MeNCD [B6] have bean studled in some Aetail, Schewss 4.

Machaniowms for the formation of some of the comploxas were also pressnted., In

addition to detalled physical and spectroscopic characterisation cof the
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clusters, the gingle crystal X-ray sktructureg of [{u-S mz){na(m)

2 10121
[(u—n"=BCH, )(n ;~5)08_(CO) (PMa,_Fh)] and [(u N ~SCH, )(k,~S8)OB,(CO) (P¥a, Ph)]
(Pig. 10) and those of [(u—a)(u-m+cﬁa4m)o-,(co>m],
[(M—B){u-lll—'t-csﬂqm)o-a(m)g( thm)],[(u—n)(p*csa‘mma(m)9( MMe_Ph)
and  [(p-B){u-MaR=COC(O)N(H)Me]0B (C0), ] (Fig. 11), have been determined.
Although the hydride ligand was only directly located in
[(u—E)(u-lhﬂ-CDC(O)H(El)lh)Oog(CD)].o]. a {Ow(p—H){ pu-Y)Om} structure appears to
be generally adopted. A @imilar structural arrangesent appesrs to be adopted

6 4
(ee], whose  molecular structuzes are depicted in Fig.  1z.

by [(u-H)(u—NEN=CPh,)0B (CO), ] {87] and  [(u—)(u-H=RC A —4-Ne )08 (CO), ]

[(u—a)(p—m-cmz }Ds:_.(m)]_o] war synthesissed by the action of thc-ﬂ-ﬂ upon

[Hzma(m}loj or by dehydrogenatlion of thmz with [Cmatm )1°L2] (where L

i’ MeCN or csau)‘ [(p—a)(u—w-ucsﬂ‘—i-mma(m)loj was prepared according to

eqgquation (4):

(1) a/cH,CL,

[B,08_ (CO) 1 + [Ne—4-C.H N ](EF,] (4

(11) ory NE_(g)
[(n-B)( u-NeSC H_—4—H0 )08 (C0). ]
[N, 1(BP, ]

(09, (CO) (PMe,Ph ) 4,8 )( K, —SCE, )] undergoes oxidative clesvage with
BCl to give [BOW,(CO) (PMe,Ph)(u,-9)(s,~n'-SCH,)C1] which upon structural
characterisation wvas shown (see Plig. 13) to possess triply bridging S and azcs
molieties and only one metal-wtal bond [83). The hydride ligand, which was
not directly located, was proposed to bridge the Os -Os, bond.

Finally, in an investigation aimed primarily at the preparation of
tricsmium clusters exhibiting the bonding mode (17} Desming reportad the

reactions of [osa(m)m(csn )2] with mcazn-cmzm or C H NMECH Ph Sotwess

14 54 2
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(A} r{Ow0B) = 0.2854-0.2076 nm

r{m)bt « 0.2863,0.2672 niv

(B)

(C)

Fig. 10 The molecular structures of (A} [(u-szcuz)(mua(co)mizj,
(B} E(u—nz-acaz )(u3—s}0-3(cx5)9( mzmn

and (C) [(};—n"~5CH, )(k,~8)00,(CO), (Pwe,Ph)] [84).



(A)

(b}

(C)

(D}

Fig. 11 The wolecular structures of {A) [{u-E){u-
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r{(Om0On } = 0.2088,0.2903 mm

r(owu)br = ¢,2909

r{os0s } = (,2097,0.2911 me

,1"(l:)ﬂ:ls)br = 0.2940 mm

r(omos )} = 0,.2059,0.26093 nm

r(oa:h)h:_ = 0.2945 nm

r(osom) = 0.2002,0.20801 nm
r(mu)br = 0,292 m

r{osH) = 0.194,0.177 mn

m—q—csn‘ncmma(m )10] »

6 4

(B) [(u-B){ p-We-4—C H ucm)oua(co)g(_'m-zm)],

(<) [(u-n)(p-n.-q-csn‘m)uiacm )g P, PnY] anad

(D) [(p-H){p-MeN=COC(OIN(B XK, )08 (CO), ] [95,06].
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A
r{on0n ) = 0.20468,0.28421 rm

r(an-)hr = 0.27863

(B}
HOsO®) = 0.2834,0.2055 m
r(osos), = 0.2823 mm

r{OaH) - 0.197,0.201 mn

Fig. 12 The molecular structure of (A) [(u—ﬂ){u—mz)osacm)lo] {(87] anmd

(B) [(p-H)(p—aN C H ~4-¥e)0s (D), ] [88]

r(oso0s )

0.20834 mm
r{oa...08) = 0.4037, 0.4005 mm

r(Oar )

00,2350

r(Oo=Cl}) = 0,242 nm

Fig. 13 The molecular structure of [m-atm)g(mzm)(ua—s)(ua-nz-scaz wxi]

[e9],
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(17}
5 [?7]3.- All the products wers spectroscopically (IR and ‘La NMR
characterisaed.
H H
1 CHyPh GHy
PhGHy_ f,..‘?’ Bhcry, }::T’
N
—Oslco) 125 °C M=
[COL‘OI"'"'-—I [’m; PR —— lOC"OS\ l/ €Ol
ol-.
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(C0)3 ; H (Vo1
PACHNICHNHCH PR
209%¢
OnylCONSICaH 415
w - /CHZH'I (j\ e
N 2
@NHCH:Ph I T |
= N 96 ¢
N ——O3iCOMy
(co>4o.--"| /i —_— :cm,o: —7?:<co:3
OI\..H Ol H
0N, {coyy

]96‘C
(CO} Or"" /! @

16033

Schame 5 Some of the resctions of [6-3<co) 0{CoPy 422} With PhCH K-Crenca Ph

or C_H MMBCH Ph {77].
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4.8,.2 Tetrameric clusters

An X-ray etructural analysis of [340'4(00’12] has sstablished that the
camium atoms dafine a distorted tetrahedron with four long (hydrogen bridged)
and two short metal-metal distancaes, see Flg. 14 {90]. Also containad in this
Pigure are the regults of a combined pingle crystal X-ray and peutron
diffracticon study upon [qusth)ll{p(m):-]” [9e1]. The four edge-bridging
hydrogen atome contained within the approximatly D structure of

24
{H.Os‘(m)lliptah)a}] were all directly located.

(A)
F{o-os)long = (,2964 rm

Fto:o.)’

" g ™ 0.2817 vem

(B}
F(OwOB)) g T 0.2966 mm

F(OBOs). . ™ 0.2014 pm

Fig. 14 The wolecular structures of (A) [540'4(0”12] [90] ard (B}

(B Or (O}, (R(OMe) 3] [91].
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™e s0lid state 1! R epectum of [B‘Qt.(CO)IZ] has Also been Teported;

the bridging hydrogens were found to exhibit isotropic chemical shifts aimilar

to those found in solution studies [BO].
4.8, Pentameric clusters

Heptane solutions of [Ose(co}ls] react with O0 (160 °C; 90 atm; ca.l hr)
to give [Ons(m)lg] in ca. 0% yield [92]. The conditions required for the
formation of this pentacemium cluster are critical and longsr yeaction times
or higher temperatures or pressursa result in a variety of oswium containing
praducts ranging from mononmacledy to heptanuclesar. The molecular structure of
[oas(m}lg] io depilcted in Pig. 15. The five osmium atoms define two
isosceles +riangles which share a common vertex {r(OsOe) 0.2848-0.2950 rm},
this structure being collogquinally refferred to as a ‘'bow—tis' arrangemsnt.
The two triangles are skewsd with respect to sach octher {4dlhedral angle 21.2°)

and the carbonyl ligands are all terminal.

Fig. 15 The wolecular structure of [ms{m)lg} [92].

[m-s(m)u(nwcsﬂ‘m;l W' a reversible rsaction with €0 to giw

[n:nst:m).“(nmsn‘u)] [93]. Similar products are formed, Dut Iirreversibly,
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with othar donor ligands such aas ma or cll::lhg [93]. “The molecular structure
of [BOs (CD),,(PEt, )(PhMC,E N)] (r(OsOs) = 0.2767-0.2926 rm} is depicted in
Pig. 1é. Unlixe the structure of ¢the clossaly related cluster
[ED8 (CO), ,(PWNC B H)]) (27 pp 193-184), *he Os-Os Dbond langths in
[mss(co)u(ms )(H'III;SE‘N)] all fall in the range Ixpected for normal single
Os—08  bonde; thare ars also differences in the arrangemsnts of the

ca.:bortyl/!!ta ligands and the Msn‘.n woiety.

Flg. 16 The molecular structurs of [mns(co)n{ms )(msn‘m] [93].

Four pantanuclear camium clusters, [m-sc(m>“[or(ah)z}] (1e),
[nsc(m)l:‘{c"(ahlzl[l’{ﬂ.)g}] (19}, [mascwo)ulartmmuh)zn (20) and

[o-scoo)ls{r(mn] {21), have bean ildentifisd, inter alta, as products of the
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(20} {21}

pyrolysis (220 °C; 16h) of {093(00)11{!'((:!.}3}] {94]. All the proaducts were
spectroscopically characterised; (19) was, in addition, the gubject of a
gingle crystal X-ray diffraction study (see Fig. 17} [94]. The carbonyl and
P(oMe), ligands are all terminally bound two—electron domors; the OR(OWe),

unit bridges two osmium atcxs and acts as a three—electron donor.

r{osoe) = 0.2867-0.2903

Fig. 17 The molecular structure of (HI®,C(CO)  (OP(OMe),}(P(OMa),}] [94].
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4.8.4 HAaxameric clusters

MKMthough [o's(m):o] ia only a minor product of +he reaction of
[oss(m)la] with ¢ under the comditions described in Section 4.8.3, solid

[oss(m} reacts with ©0 to give [Oss{m)zo] in almost quantitative yield

18]
[92]. A detailed reaction pathway describing the carbanylation of [Ols(m)la]

was pregented [92].

4.8.5 8igh nuclearity clustersa
The carbido dianion, [oscho)“]z_, rescts with X, (X = C1, Br or I)
according to equation (5). The final high nucleArity cluster product of the

2..-

reaction, [o-loccm)“xz]. reformy {Oilnc'.(m}z‘] by the addition of
nualeophiles, viz. X , PR, or C,HN [95]. The molecular structures of
- + -
[osloc(m)2411 and [osloc(m)ZGIZ] {Fig. 18) indicate that attack by I, in

this case, occurs at tha capping {Os(m)3] units.

2- - - ' -
—— {08 C(CO), X] + [I]T7 —= (08, \C(20), 5] + (1,]

[o'l.oct o )24‘]
xe X

(0, (c0) X ] (5]

The vibrational frequencies of solid [Hzo'.l.oc(m’zll' ites dsuterium and

130, analogues ana [XMe, ), [0s  C(CO), ] have been recorded both at rocw- and

liquid nitrogan tomperatures [96]. Analysis of the spectra indicated that the
pseudo-cubic symmetry of {Otloc(m)z‘]z_ was removed on protonation. The
poasibility of protonation oocurring at the central (Oﬂsl core was discussed

[(96].
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Fig, 18 The molecular wtructures of (R) [oscho)“r]' ard (B)

[O8, [C(CO),T,] [95].

4.8.6 Catalysis by clusier compourds

The hydrogenation of CO using [Osa(m)lz] as a ca':_alyst or catalyst
Pprecursor han received further attention this year. Thue, the activity of
methylbanzene solutions of [003(03)12] towards m/uz is enhanced by the
pPresence of P(Clh)a. Bowewar, isotopic labwelling eaxperimemnts have clearly
deworwotrated that +he enhancewent i due to an [Oss(m)n]-catnlyud
gide-reaction between Hz and P(clh}a [which rearranges to (IIO)thFO urder the
reactian conditicnm}, and that the esnhanced mathans yleld is derlesd mainly
from the phoaphite msthyl groups ([97]. Bomogensous ['t:lsa((:l::‘)lz]/d::l:t,('ﬂz/!:[3
gystems (N = Cl or Br), in which m:a acts am a golvent, catalyst promoter and
reactant and [Ona(m):m] acts as a catalyst precurscr, have also received
attantion {998,99].

Continuing their studies uwpon cluster madels for intermediates in the

metal-catalysed formation of CH, from Cp, Steirmets and Geoffroy have
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degcribed the action of acid upon {0-3(-‘.::)11(@)]- {formed Iry the action of
[m(oumez);]" upon {08, (C0),,1}. This results in the formation of the
methylena—bridged cluster [Osg(m}llfmz ¥] which, whemn heated under
dihydrogen, svolves methane. Overall], the stapwise reduction of 00 to CH e ©OP
a clustar face was dsmonatrated [79b].

The sslectivity of +thea hydrogenation of the carbonyl group within
@, p~ungaturated aldehydss using an osmium catalyst 18 inmproved if it im;
modified with Zno, A1,0, or B,0, [101]. '
4.9 MNIXED METAL CLUSTERS

The J':It:: MME mpectra of [mzm(m)n] and [M'z(m)n] are indicative of
internuclear acrambling at 30 °C for [Ruzol(co)n] {6 = 191.5 ppm) and 145 °C

for [mzcm) 8 = 183.9 ppn}. UODpon cooling to 30 °C, & new spectrum is

2] ¢
cbtained for [Ruds,(C0) ,] which consists of two signale at & 106.4 and 170.3
FEm (relative intensity 10:2) [71].

Burkhardt arxl Geoffroy have explored the gesneral applicabllity of
phwtochemical methods for the synthesis of mixed-mstal clustera [102]. In
particular, they rxeport tha synthenis and characterisation of
[(Ph P) N][08,CHCO), ], [H 08 Fe(cO),,] and [H 08 Ru(CO) ] and discuss the
mechanism of thelr Fformation. The photolysis { 366 nm} of
2,2,4-trimethylpentane solutions of [H,Fe0s,(C0),.] in the presance of
triphanylphosphine (¢ = 0,057) or dihydrogen leads to the foumation of
[A Fe0e (C0),, (PPh, ) ] (xr =1 0r Z) and [H FeOs (C0) ] respectively [103].
[H,ma(m)lz] is iteelf photoseneitive in the presence of Hz giving rise,
on photolyris, to a complexr mixture of products that ware not identified.

The single—crysial X-ray structures of a varlety of mirsd-metal clustprs
have been reported, see Figs 19-22. [(u—H)0s Re(CO) (NCWe)] (Pig. 19 (A))
was prepared in quantitative yigld by heating ({(u—H) Os_Ra (co)m] in MeCQW

2 3 2
(n.d. tha former ciuster has previously been incorrectly forsulated as
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r(OsRe) = 0,2959 nm
T(Ow Ow,) = 0.2061 m
r(Os,O8 ) = 0.2085 rm

.r-(o-lo-a) = O.3032

(B)

r(0s. 0a,) = r(os Os,) - 0.2038 tm
r(Ccs. Gs .} ~ 0.2964 ™m

r(0s.Re ) = r(Os Be ) = 0.3017 v

r(Os Re ) = 0.2989 m

Fig. 15 The molecular structures of (A) [HOS,Re(CO), (NCHe)] and

(B) {H,Om Ra(CO),,] [10%,105).

(8Os _Re(00), 1) [104,1057. Ethanenitrile sclutions of
[(n-82)08 _Re(CO), ,(HCHS)] when heated ¢ reflux with trimsthylmmine N-oxide
under H,, yield [(p-H)Cs Re(CD) ] (Fig. 19 (B)}. Churchill has proposed
that the five hydride liganda 1n [(u-a)smanl(co)u] bridge five of thwm six
edges of tha tatrahedron {(n.b. tha distinction batween tha camium and rhanium
atoms was achisved by consideration of the ralative mstal-wetal bond lengths)

[104].

[(u_a’zmzrtz(m’a(ma)z]' Pig., 20 {(A), 1s one of a series of thres



288

r{Oo=s0a) = (3,271 ™M

r{fPt...Pt) = 0,.3206 nm

(B)

r{o=spt)

r(os,...Pt)

0.3530 rm

r{Owos) = 0.2914, 0.3043

.r'(OBzOla) 0.2773 rm

(C)
r{Oakt) = 0.2791-0.2863 nm

rMOSON) = 0.2741-0.2769 nm

Fig. 20 The molecular structures of (A) [(u—ﬂ)aonzrtafco}s(m3)2] [10s]

(B) [(pn—H),08_PL(CO) (FPh )] [107] and

(C) [(p-8),08 PL(CO), (MCH, ), }] [108].

r{osPt) = 0,2062,0.270¢ m

0.2717, 0.2848 mm
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r{0s08) = 0.2861-0.2984 nm

r(OBN1} = 0.2605-0.2733 nm

(B)
(0800 ) = (0,2809, 0.2968 m

r(OGJ.OBz) = 0,283]1 ™

A
8
5
'

0.2743, 0.2690 nm

A
8
3

'

00,3292 nm

Fig. 21 Thw molecular structures of (A) [(p-n}zmani(co)m(ma }2] ard

(B) [(k-H)0m RW(CD), (acac)] [109].

phoaphine substituted mixed-metal ommium/platinum clusters of gensral formula,

[(u-8),08 Pt (O} (FR;),] (R -~ Ph, CH , Or Me), which have been prapared by
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the interaction of [H,0#(C0),] and [Pt(C.H, ),(FR,)]; it exhibits a butterfly
arrangement of ommium and platinum atoms [106]. ((u—H),08,P£(C0), (PPh,),]
(prepares by the reaction of [(u~H),08 Pt(CO), (PPh))] with @Ph,) also
axhibita a butterfly arrangemsnt of metal Atoms, see Fig 20 (B). Reaction of
[(n—n)zosaptzfoo)m(ma)zj with but—2-yne vyields a mixture of cluster
Products from which  [O8Pt (C0) (FFh, ), (u,-MeC Me)] was isolated and
characterised [107]. [(#-8),08 PE(CO), (P(CH  ),}] [Pig. 20 (C)} was

pPrepared by the interaction of [M(C H ) _{P(C_H

2By 12 (P(CeH, . ),1] and  [H Om, (C0)},,]1 (&

route that appears to hawe gensral synthetic applicablity to
[Hzosapt(co)m(mj)] clusters} [108]. In addition te structural data, this
report contains a detailed discuseion of the variable temperature “H and P
NMR gpectra of [(,u.-BJZOBsPt(CD)IO[P(CEEll}B}].

Tha mlecular atructures of [(nH }205381( (o2} )10( !"I?'h3 )2] arn]
[(#-H) 08, Rn(CO), (acac)] are depicted in Pig. 21. The clusters were prepared
by the now well establishad route of interacting a low oxidation state metal
complex with [H,0@,(C0), ] [109].

Dark green [I‘l‘(l"’.l"l'l3 )z][HzOIGIH(C!))zo] has besn prepared by the reaction
af [nam(m)lo(!‘ag)] (R =%h or Et) with a two fold excase of [u(ma)zlcl
in C32C212 at reflux [110], Structural characterisaticon revealsad the anion to
possess two cantrosymaestrically related {093} triangles linked via a gold{I)

atom, see Pig. 22. The short 0s—0s bonds are each hrldged by tha gold atom

r{ AuOm } 0,.2006,0.280Z2 nm

r(os_os 0.2699 rm

2)
r(Oms 0m_ ) = 0.2830 rm

r(O!zChs) = 0.3026 ™

Fig. 22 The molecular structure of [Bzo-GIu(co)»m]' [110].
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and a hydrids (not directly located). The gold atowm ie in a square planar
ewiromeent amd the dihedral angle betwesn the {0-10520-3} and [Osloszlu}

Flanes 1s 112.8°, Infrared aml 1H SMR data ware also reported.
4.10 OSMIUM NITROSYLS

Siniteyn has reviewed (in Ruasian) the ¢trana effect in nitrosyl
complexes Oof osmivm; the ussfulnese of thie 15 page article will undoubtedly
be limited by the language barrier [111]. The eama author has alsc reported
the oyntheses of trans—[Os(RO)(NH,) (OE)]X, (X = €1, Br or I),
[OB(MO)(NH,) XX, (X = Cl, Bz, T or KNO,) and [Os(O)(WH,) (H,0)ICl,.H,0
together with their characterisation by IR and electronic zbaorption
gpectrascody, conductivity mseasurements and thermal stability studies [112].
The action of X (X = Cl, Br or 1) or uzoa upon osmium( [IT) chloride in the
presence of EPh, (E = P or AS) has been utilised in the preparations of
[Os(NO)X,(EPh,),], ([OS(ND)(NO,)}PPh,),] and [Os(MO)CA(ASPh,),]  [113].
Pinally, tha elactrochemical reduction of [Oa(m)(dppa)2]+, which procecds via
two one—electron steps. has bean compared with the behaviocur of its ruthenium

analogue [114].
4.11 GSMIUM PHOSPHIDO COMPOUNDS

Black air atable m‘pn, and ite iron amd ruthenium analogues, have
been synthesised by direct reaction of the slesernts at 1150 K (in an evacusted

silica =wpouls):; the coxpounds all crystallise with the fillsd gkuatterudite

(mharu) structure [115].
4.12 SURPFACE MODIFICATION

The surfaces of -r-llzoa. Tio 3102 or ZnD have been modified by

2-
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reaction with [093((:::))1 2] in octane at reflux; sepectroscopic evidence
indicates the presence of surface bound hydridoosmium clugters after this
procass  [116]. The purfaces were subjected to temperatures batwean 100 and
400 °C under He, !i‘z or (0 at atmogpheric pressure, this caused degradation of
the cluster metal-metal bonde and the formation of atamically dispersed osmium.
These cunclusions were supported by a study of the [053(00)12]/&.1203 gyatem by
Raman spectroscopy (82]. Surface modification of A_'I.203 by [nzoua(oo)m],
[053(00}10(0659)]: [053{03)9(“’?13 )(CGHB)] or 52£°“:15] [e2.116,117] and of ZroO2
or Tioz by [0’3(m)10(‘:6ﬂ8)] f117] together with brief detaile of the catalytic
activity of the modified surfaces have alec been repcorted .

surfacos, have algo baan reported.
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