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. Dyissertations

The reaction between Os{CO),L (where L is CNBu', PR;) and W{CO,{THEF)
gives the linear clusters (OC)(L)Y0sOs{COJ(LIW{CO): and {OC){L}),0s0s-
({CO),W{CO)s. The X-ray structure of the former clusier confirms the presence of
the two dative metal-metal bonds in tandem (ie. Os—0Os—>W). ¥C NMR data
reveal that the solution structure is the same as that observed in the solid state. The
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chemistry of the triangular clusters Cp'Ir{COIOs(CO), 1, (where Cp' 1s Cp, Cp*¥l is
also included in this dissertation [ 1], NOE studies on several osmium clusters have
been conducted in order to delermine the relative positions of chemically different
hydride groups. T, spine Jattice relaxation data have also been recorded. and the
clationship between the T, values and the nature of the hydride correlated. The
fluxional properties of Os,(CO){ L) {where L are Group 135 ligands in an equatorial
site), 0s3(C0O),, [O(CO); . (CNBu'), ] (where x=1.2), the kite-like cluster
05,{CO),5. and the three isomers of Os;{p-HL{ICO) U NBu') have been investigated
by variable-temperature *C NMR spectroscopy [2]. Several polynuclear cluster
compounds containing a Group 13 element have been synthesized and structurally
characterized by X-ray crystallography. The unusual cluster
[Mn{COML{THF) L JLAHCH) (THF Y, which was prepared from Mn (CO)yp
and ANCH;),. contains 1weo planar Mn, arrays {31 [Nig(CO),1*  reacts with
Ph3PAuU to yield the nickel--gold cluster [Au N#(CO),3 17 . The Au,Ni,; polyhe-
dron is based on five face-fused octahedra. The bonding in this cluster was explored
by Fenske-Hall molecular orbital calculations, and the data were discussed relative
to conventional electron-countine schemes. The same hexanickel starting cluster was
examined for its reactivity towards AsBu'Cl,. Several new nickel-arsinidene--carbonyl
clusters have been isoluted and characterized by X-ray crystallography. The variable-
temperature 'H NMR data for t-butvlarsinidene exchange in Ni (AsBu'){CO),,
are reported [4]. The oxo-bridged clusters [(Ph;P),Pi,Rh{,-OCODY]™,
[(Ph;P)PLAW-OYL] ™ (where L is phosphiue), [{{Ph;P),Pt, (,u3-0 1M (where
M is Cu, Ag) have been prepared. CO 1 cactb with the gold-platinum cluster to afford
the new clusier [(PhyPYPAu(u-CO); 1" [5]. The silylformytation of 1-iexyne by
several cobali-rhodium clusters has | Ol.c*l explored, with alkene and nitsile moieties
remaining untouched [67].

The synthesis and characterization of the chromium cluster (7%
CsMe, EQCr{us-H)Y], have appeared. Hydrogen reacts with ihis cluster to give
[(7*-CsMe EUCrips-H)1(H) [7]. LiBH, reacts with [Cp*CoCl], to yield
[Cp*Co)B,H, 1. This  tricobalt cluster is  transformed in moist air to
[(Cp*Co):(H,BRYBOH )], while reaction in hot toluene with added [Cp*CoCl],
affords [(Cp*Co);{ H,BH Y BCH] [8]. Kinetic studies on the CO substitution in the
carbide clusters Ru,C{CO);» and M;C(CO), s (where M is Fe. Ru) by SbPh;. AsPh;,
and various phosphine/vhaospnite ligands are reported, and the concept of the “trans-
ition state isomer” imntroduced. The two pentanuclear clusters reveal the presence of
a ligand adduct, which undergoes a subsequent loss of CO to give the observed
product cluster MsC{TO),,L. The adoption of the square pyramid bridged butterfly
square pyramid transformation is favored with ligands with cone angles less than
133, Larger cone angle ligands display a different reaction sequence [9]. Reductive
tetlaplatinum condensation using cis-Pt{ PPh;),Cl and PHCOD)CL/PR; {where R
is Me, Et) with Hg[ Fe(CO),(NO}], leads to several new platinum-mercury carbonyl
phosphine clusters. The geometry of these clusters is based on a tetraplatinum
butterfly core [ 107, The X-ray crystal structure of Co (CO)yiippm), has been solved
[11]. The chemistry of [(MeCpMoj,{(1-S,){1-Sy.CoCpl[1], has been explored
in sulfur extraction reactions. The isoelectrom iron analog, [{MeCpMo), (u-
SaHu=8),FeCpl[T], has alse been prepared [127.
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Triosmium and trirnthesivm clusters containing unusual ferrocenyl moicties have
been prepared in pyrolytic reactions stariing from eitieer M), :v"here M is Ru.
Os) and the approprate ligand or ML(CO), L, (where r=12,3). Reaction
sequences involving Fe-M bonding, orthometalation, hetero-annular metalation. and
P--C bond cleavages aie presented for M3 (COy,, [ Foi P'Pry), . OstCO),, (PFC,Ph),
Os.(CONPFEPr). and Os:{COY (PELF G ars discussed. Tt is concluded that
phosphine ligands on Ru; and Os, clusters are not totally inert [13]. Ruthenium
and osmiiuir clusters containing a benzynechromium iricarbony! moiely are reported.
Pyrolytic reactions leading to C-H and C-P bond activation in < clected clusters are
included { i4].

The cluster [ Nij{u-CO}{p-dmpm), ' has been isolated as a product from the
reaction of Ni(Ill)idmpm in the presence of CO and NaBH,CN [15]
Conproportionation of Ni(COD), and Nil in the presence of dppm affords the
cluster Nij(p;-1),(to-dppm); in high yield. The phetochemical properties of this
cluster have been examined. with photooxidation being observed a! wavelengihs
shorter than 400 nm [16].

Warming a solutiie containing Fe{CO);{cis-cyclooctene), and (Pr);SiPH, from
—40°C  to roor: temperature affords the silylphosphinidene  cluster
Fe,(COY{1-H )}, [15-PSit'Pr); 1. Sequential deprotonation using [ Bu,N1[ F] gives the
dianionic cluster [Fe;(CO), {u.-PSiP1),11° " in THF solution. Use of CH,(Cl; as
solven: leads to reaction at the silyl group and the cluster [ Fe; {CO)o{p-H ) ps-PHIT .
through the cluster [Fe{CO)(u-H)(us-Pil™. Desilylation also occurs with
CpFe(CORCT und R3PAuC! (where R is Ph, E) 1o give Fei(TO{p-H), iy
PFeCp(CO),t and Fey(COl{u-H ) (13-PAuPR ), respectively. The results of other
functionalization studies, including several X-ray structures, are also presented
[17]. Electrochemical data on the localized Fe-Fe bond cleavage in the bicapped
closo cluster Fe{lCOJo{us- DFeCp(CO}z,l are reported. The resulting cluster
[Fes(CO) {us- PFeCp(COY 1, 177, the product of two-glectron reduction, has been
Phar rcterized by IR spectroscopy and X-ray crystaliography. It is shown that the
intermediate radical [Fey{CO)o{ps-PFeCp(CO), 1, - —: is unstable and dispropei-
tionates to starting material and dianion. The involvement of this cluster radicni i
electron-transfer-chain (ETC) catalysis is demonstrated. ETC reactivity studi, using
bidentate phosphine ligands are also presented [18]. The use of the cluster
Fe,(CO(us-PRy, (where R is SiR,, H) as bifunctional building blocks for the
construction of cluster ohigomers is described [19].

2. Homemetallic clusters

2.1 Group 4 clusters

Reaction of organolithivm and Grignard reagents with the oxo-bridged trimer
[Co*THClHu-O), furnishes the pew alkyl oxo trimers T{p”ﬁ{ﬁ) m”?} and
fCp*Ti{ -0V, CIR, in good yield. Thermal decomposition of | T Ft)ép (i at
clevated temperature gives [Cp*Ti(u-Of];{1~CMed, which s iiﬁ first paradigm of a
d? (ji;-alkylidyae) compound. The molecular structure of the new atkylidyne mmn}ex
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has been established by X-ray crystallography [207. Treatment of [Cp*Ti(CI)HO)];5
with Me;SnF affords the corresponding fluorinated derivative [Cp*TiU(F)O)],,
which contains an eight-membered Ti/O ring [21].

2.2. Group 6 clusters

The trinuclear mixed-valence cluster [(OC),MoS,MoS,Mo(CO},]*~ has been
synthesized in high vield from the teirathiomolybdate ion and the dithiocarbamate
complex [Mo((O (S,CNEL,)] . This cluster was characterized by X-ray diffraction
analysis, Mo NMR spect-oscopy, and cyclic voltammetry. The electrochemical
data support the presence of two different metal redox centers [22]. Exhaustive
thermolysis of CpCr(CO),(TePh) leads to Cp,Cr, Te,, Cp,Cr,Te;0, CpyCr,Te,0,,
and CpyCr,;TeG;. Three of these products have been structurally characterized [ 23],
Hydrogenolysis of [(7°-C:Me,EN)Cr¥(u-Me)], affords the paramagnetic tetramer
[(7°-CsMe, Et)Crii{(us-H V4. the X- -ray structure of which has been redetermined in
order to clarify a compositional disorder associated with the original determination.
The results of H/D exchange with this tetramer are discussed, and the data used in
connection with ihe siructure proof of the tetrahydride [24]. The pentanuclear

compound Cp*;Mo;0,;, formed from the reaction of [Cp*Mo{(O}u-OYl;,

[Cp*Mo(CO), 1., and O,. is shown to contain a Cp*Mo{Q), motety attached t a
[Cp*Mo(u-O)]5(1t5-0O);Mo(O), unit by a bridging oxygen atom by X-ray analysis.
The magnetic moment has been studied as a function of temperature, and whzn
coupled with the NMR and EPR data, reveals the existence of a redox equiiibrium
involving a diamagnetic cluster and two paramagnetic forms of this cluster [25].
Treatment of the dimer HW,(CO), (THF) (NO) with PBu'; gives the hyvdrogen-
bridged cluster [ W5{CO)(NO}(u-H)LTHPBu', ] as one of three products. The
cluster anion may alsc be isolated as its PPN salt from the reaction of
HW,(CO)(NO) with [HW(CO)I[PPN]. The additicn of nucleophiles to
[W3{(CO)(NO)p-H)-]1" leads to the corresponding CO substitution product,
which in the case of the PMe;-substituted derivative has been structurally charac-
terized (Fig. 1) [261.

2.3. Group 7 clusters

Alkzaline titration of | 1ei H,0),(C0O) 1" gives the rhenium(I) hydroxo compounds
[Rea(1s-OH Y u-OH);(CO) ]~ and [Re,(1-OHB{CO)] ™ . The molecular structures
of these products were confirmed by X-ray crystallography [27]. The temperature-
programmed decomposition of [Re(CO);0OH],4/ALO; in a hydrogen atmosphere
has been explored for methanation activity. Additional studies reveal that adanrbed
methanol on the actitated FQ,/AILO sample is the source of the methane | 287.
Pelythiaether macrocycles have hecn prepared by thietane cyclo-oligomor-
ization using the trirhenium cluster Re;(CO),o[p#-SCH,CH,CH, Hu-H);. Ring open-
mg addmon by added thietane furnishes the new clusters Re;(CO)ofu-

S(CH,),S(CH,),S(CH, ):SCH,CH, CH,J(+-Hoy,  ResiCO[6-8(CH,),SCH,CH,
CH,(SCH,CH,CH,),SCH,CH,CH, l(z-H});. and  Re3(CO),o[1-S{CH,)SCH,;-
CH,CH,{S8CH,CH,CH,),SCH,CH,CH, J(u-H),. in yields dependent on the amount
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Fig 1. Structure of the Phe,-substituted derivative of [ W tCOY;
sion from Inorganic Chemistry. Copyright 199

{MOMp-H 4T . Reprinted with permis-
American C hu.,xm} Sodety.

of thietane employed. All three of these trivhenium clusters were {ully characterized
in solution by IR and NMR spectroscopy. in addition to X-ray crystallography in
the case of the starting cluster and the first cyclo-oligomerization product (as the
PMe,Ph derivative). One of the many mechanistic schemes presented for thietane
cyclooligomerization is shown below (Scheme 1) [291.

The hexanuclear cluster [Re (CO),sH,]™ has been isolaed from the reaction
between Re (CO),H, and [EGNJIBF,]. X-ray crystallography shows that the
product is a non-carbide stabilized octahedral cluster. with face-bridging us-hydride
ligands [30]. Ferrocenium oxidaticn of [Re,C(COL J[PPN],, followed by the
addition of diazomethane. furnishes the carbene cluster [Re-C{CO),, (u-CH,11
providing the first example of a methylene ligand in a higher nuclsarity cluster. This
particular clister is readily decapped to give [ Re C(C . The molecular

[

structure of e heptarhenium clusier was establ 2y, and the Huxional
properties of both carbide clusters inve tigated by variable-temperature PC NMR

spectroscopy [ 317

2.4. Group 8 clusters

T

The surface-meainted synthesis of several neutral and anionic metai clusters has
appeared. For example. Os;{CONHNOH). Os{CG){H),, [Gs0CON, T,
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Scheme | Reprimed with permission from Journal of the American Chemical Society. Copyright 1994
American Chemical Society.

[O05,,C(C0OY,, 17, [Rh5{CTyy5] , and [P1,5{COV]* " have been prepared and the
synthesis variableq discussed [32]. The conversion of aqueous methyl formate 1o
ethanol using rutheniom catalysts and PBu,, which serves to activate the methyl
formate, is reported. Selectivity aspects of this reaction are discussed and a catalytic
mechanism involving the triruthenium cluster [Ru;(CO),(H)1™ is presented {3371
The data from a time-resolved IR study on the phote-induced fragmentation of
Ru;3{CO),, have been published. Photodissociation of CO from Ru3(CO},, furnishes
the unsaturated cluster Rus(CO)y. which is then shown to fragment further to
Ru(CO)s and Ru,{CO), under the appropriate conditions. i addition to re-formation
of the parent cluster. The observation of the transicni species Ru{CO),isolvent),
Ru,(CQO)g, and Ruz(CO),,{3-CO) is also discussed [ 34]. Ruz{CO),s-catalyzed reduc-
tive carbonylation of ortho-nitrobiarenes and dinitrobiarenes gives the corresponding
amines and five-membered heterocyclic indoles and imidazoles. Pertinent organoru-
thenium intermediates are presented on the basis of force-field calculations [35].
The reaction of Os;(CO);, and Ru,(CO);, with the silanol groups of silica gives the
supported clusters M;(CO)yo(p-H}pu-O8i=). These surface-supported clusters have
been explored for their caalytic activity in aikane hydrogenolysis reaciions, olefin
isomerizations and hydrogenations, Fischer-Tropsch synthesis, and the water—gas
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Fig. 2. Structure of the heptarhenium complex [Re,C(CO),1-CH )} - Reprinted with permission from
Organometallics. Copyright 1994 American Chemical Society.

shift reaction [36]. 1-Hexene hydroformylation has been investigated by using
Ru;{CO};, and bpy on several inorganic supporis. Of the severai conclusions reached
by this work, one was that the nature of the catalyst is best regarded as being
neterogeneous [37]. Low-temperature X-ray structures of Fe{CO),{u-CO), have
revealed that the bridging carbonyls become more symmetric. coupled with the
shortening of the carbonyl-bridged Fe--Fe bond. as the temperature is lowered. The
cluster possesses nearly exact C,, symmetry at 100 K, which was the lowest temper-
ature employed in the data collection [38.397. Os;{C0O);, and excess diphenylacety-
lene react under photolysis (4 < 376 nm} to afford (i7*-C ,Ph,CO)0s{COY,. The X-ray
structure of this (i7-2.3,4.5-tetraphenyleyclopenta-2.4-dien-1 -onejosminm species was
established and compared with the iron and ruthenium congeners [40] Treatment
of {(Z)-1.1-dimesityl-2-neopentylidenesilirane with Ru,{CO},, leads 1o the triruihen-
ium hydride cluster Ruz{CO},Las-Mes,SHC=CHBu"C O ¥ u-H 1, as the major pro-
duct. X-ray crystallography confirms the presence of the capping 1-oxa-2-
silacyclopentene moiety {Fig. 3} The insertion of CO into the silirane is discussed
[411.

The results of ab initio molecular orbital calenlations on CpsRus(ps-Hi{u-His,
[CpsRus(p-Hy, 17, and CpaRu,s{ie-Hi,. along with the rearrangement of the alkyne
tigand in CpyRus(p-H )3 - HOCR), have been published. The triruthenium frame-
work in these clusters is stabilized predominantly by three-center two-eleciron
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Fig. 3. Structure of I-oxa-2-sifucyclopentene substituted clusier. Reprinted with permission from
Oxgimunﬂemii cs. Copyright 1894 Amencan Chemical Society.

Ru-H-Ru bonds, and the perpendicular conformat..u in the alkyne clusters has
been found to be more stable than the parallel conformatinn [427. The mechanism
of hydride exchange in the clusters M;(CO)(u-H )3 (15-CH) (where M is Ru, Os) has
been investigated by using ab initio molecular orbital calculations. It is nroposed
that hydride exchange takes place in multiple steps by two energetically competitive
pathways. the nature of which is fully discussed [43]. A report describing the
selective carbon-carbon bond clzavage of cyclopentadiene by the unsaturated cluster
Cp sRu(p3-H - H) has appeared The msni{ma triruthenium 7~‘ﬂ(“i|‘«’§‘rl“h€ni-
cyclopentadiene cluster. Cm“‘:Ruz(u’ ~His[ps-C{Mej==CHCH=CH]. arises from
the scission of the C(sp?}-Cisp®} bond of cyclopentadiene. The molecuiar structure
of this polynuclear metailocycle was determined by X-ray crystallography (Fig. 4).
The report represents the first example of selective ictivation of an upactivated C-C
bond promoted by thres metal centers [447.

The reaction of Ru3(CO},, with oxadienes is reporied to give tri- and hexa-nuclear
ruthenium clusters containing a five-membered oxaruthenacycle moiety [457].
Ru;{COjy; reacts with 4-methoxyphenol and 2-naphthol 10 give new tetra- and hexa-
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Fig. 4. Structure of Cp*Ruylpy-Hy [y -CiMey—CHCH - -CHY. Reprinted with permission from
Journat of the American Chemical Society. Copyright 1994 American Chemical Society,

nuclear ruthenium clusters. Alf clusters have been characterized in solution by IR
and NMR spectroscopy, and the X-ray structure of the mixed-valence cluster Ruyf{ys-
OCH, OMe-4}{p-ClHp-OCH, OMe-4HCOY, s presented {467 Ru {COy,, has
been allowed to react with catechol and 3.5-di-tert-buivl-1,2-benzoquinone 1o yield
the clusters RuCO){-0,CHLR, ), (where R is H, Bu'). which differ in the
arrangement of the ruthenium atoms. CO substitution in these clusters by added
MeCN, PPh,. THF, and diphenylacetylene occurs readily using the oxidative-
decarbonylation reagent Me;NO. The redox properties of these clusters were siudied
by cyclic voltammetry {471]. The oxidative addition of caiec’nm to Ru,(COy,, vields
either [Rua {755 15-0,C H O T or [Rusin” -0, C H HC O 1o, depending
upon the reaction conditions. These clusters ,fsa.gmem m the mononuciear
complexes Ru(n?—O,CH,MCOLL, Gwhere L is phosphine or arsine} and
Ru(Q,CoH L HCON(py)s -, twhere n=12), or the y*n complexes Ru{i?m-p,-
O,CHMCO)L, in the presence of added ligand. All new compleses have been
characterized in solution by IR and NMR spectroscopy, and by X-ray crystaliog-
raphy in selected cases. The redox properties of these complexes have besn examined
by cyclic voltammetry [487. ortho-Halophenols react with Rua(COj, 10 the prssem:e
of Me;NG to produce the trivuthenium clusters Ruy{COl{p-7-0C H, X} where X
is F. CL Br). X-ray daia on the chloro derivative reveal that the o-OCH 1 ligands
bridge one edge of the cluster framework and serve as five-electron doﬂm groups.
The reversible CO addition reactivity, which occurs at the exponse of the Ru-X
bend, and the Hgand substitution chemistry exhibited by these clusters are discussed.
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Reaction of pyridinecarbinol with Ru {CO},, procesds similarly. giving Ruz{CO),-
(-~ OCH, T H N, the Xeray structure of which is shown below (Fig. 5) [49].

Variable-temperature 'H and O NMR studies have been conducted on
Os3{CO) o (u-H M p-CH3 ) The preton wod carbon NOE and T spin-lattice refaxation
data on the methyl and methylene tautomers of this cluster have allowed for the inter-
proton distances to be caleulaied. Parallel NMR studics on Os;(COW{(p-H )5 (i-CH)
are also reported {507, A C-2D3 EXSY study on Os,0CO) (p-HYH | has reveaied
the existence of a low-cnergy process involving the miramolecular exchange between
two enantiomeric structures of this cluster. The newly discovered exchange process
occurs prior fo the known axialequatorat hydride exchange exhibited by this
cluster [ 51

‘the cyctic voitammcine behavior and IR spectioelectrochemical characterization
of the radical anion of Os(COYibpm) and Os{CO), bpm)Re(CG1Br are
reported. Whereas an Os- Os bond is broken upon reduction in the former cluster,
the Os/Re cluster is shown to remain intact upon electron accession [ 827, Ethylene
reacts with Os;{CON(PPhyHp-H), to produce the ethylidene cluster Os;iCON-
(PPhy){p-H)alpi-CHCH, ) as opposed to the previously claimed ethylene complex
Os;(CON PP -HIEHC,H,). 'H NMR data have established the presence of
the ethylidene moiety. and 1-D and 2-D “C NMR experiments have revealed the
relative positions of the ancillary CO, ethylidene, hydride, and phosphine ligands
about the cluster polyhedron [53]. The dimerization of trimethylsilylpropyne on a

Fig. 5. Structure of Ruy(COY - -OCH,C5H N),. Reprinted with permission from Inorganic Chemistry.
Copyright 1994 American Chemical Society.
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triosmium cluster has been reported. The details of the dimeriation lcduum e
discussed. along  with  the synthesis and  X-ray structure of OsyH[p -
C{SiMe I IMe)CT{SiMe; )JCHL, HC O, 1547, Several new  silvi-substiinied  tri-
osmium clusters have been prepared and crystallographically characterized. The
new clusters are derived from 2-pyridyidimethylsilane T35, Pentafluoronitroso-
benzene reacts with Osy{u-HIH{CO)(EPhy) (where £ 15 P, As, Sb) to afford
Os3-HHCO) EP JONC FO). as a rosult of oxidanon st the para position of
the arene ring. The molecoian structure of the phosphorus analeg is presented [ 567,
Treatment of (j-H YO8, {C O, ,(:-COMe) with dppl affords the corresponding substi-
tuted cluster {(j-HYO0s;{CO), l;z Cu\h; dppfy, which apon thermolysis leads 1o
{1-H 105, {CON (1-COMe) -0 -C s HL PP, Fe (- Cs HL P Ph, ). the X-ray struc-
ture of which accompanies this veport [57]. The dluster Ruy(CO){us-
PPRCH, PPh p-CyNCHCYNCL(Ph) has been obtained from the thermolysis of
RuﬂCO}m(dppm; and CyNC. The molecular structure of this cluster was determined
by X-ray urysmdm.mp 1y [58]. Thermolysis of Os;{COLICHNR)(dppm) {(where R
s Pr. benzyl) in toluene leads to Os,(CORCNRYp-H), [P, PCHP(PWIC H, T,
via the proposed intermediate Osy{(CONONR)(p-H [ Phy PCHLP(PRICH, T, which
has been isolated in the cuse of the propyl derivative. Thermolysis of the same
starting ¢luster in the presence of added PPh; furnishes Os;{COY(PPh;}
[ Ph,PCH,P(PR)C HONR]. as a result of C- C bond coupling between the isonitrile
and ortho-metalated phenyl group. The role played by the isonitrile ligand in this
transformation is discussed, and the X-ray structures of several clusters are included
[591. The protonation chemistry of Ruy{CO),(-P P} (where P- P is dppm, dppe,
dppp. dppb) by CF,COLH was examined for the site of [H]" addition. The case of
protonation is discussed with respect o the nature of the bridging diphosphine
ligand [60]. Four products have been isolated from the thermolysis of Ru{COy,
and [,2-bis(phenylphosphinoibenzene, of which Ru,iCOl [ L2-(p-FPR)LCH,
Rus(COY [1.2-(p-PPhLCH L. and Rug{CO L (- PR2-05-PPh,)C H, ] have
been structurally characterized by X-ray crystallography. The triruthenium cluster
represents the frst known tetraphosphide-stabilized 48-electron cluster. While this
same cluster has been found to be stable in boiling mesitylene. CO substitution by
PEt; occurs in THE to give two isomeric products {617, Pyrolysis of the ferrocenyl-
pm)qphinc substituied cluster Ru(CO) ((PFe,Phi swves Ru{CO(n-COMpe-H -
1 nt-CsH; PP‘LP" Fe(n®-CsHs1l in 20% yield, The X-ray structure of this clusier is
shown in F . 6. The reaction between Ruy(C0); and PFe,Ph affords the clusters
Ru (CONtt-COVptx-PFCH - o-CsHy) and RudCON ol -COMp-PFO-C Hy )
L1 low yields. Also included in this report are the reactions of PEiF¢, and PELFe
with Ruy{COy,, and the characterization of the resulting products [627].

The  compounds  Os(pyShiCO)n.  Osi{pySLICOK.  Os.(pyS) (C(})m
Os, (COWH M pyS), and OsipySh(CO), have been isolated from the reaction betwuer
O5,(COY, i MceCN), and 2.2-dipyridy! disulfide. The Xeray structures of the first
four osmivin compounds are presented, and the bonding modes exhibited by the
pyridiny! sulfide ligand discussed [637]. The activation of {alkylthio)alkyne ligands
by Ru;{CO),; has been shown to give up to six tvpes of products. The various
ruthenium clusters formed have been churacterized in solution by the sual methods
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Fig. 6. Structure of Ru(COW-COWp-HLp ™ -C L PFePhi-CsH ). Reprinted with permission
from Organometallics, Copyright 1984 American Chemical Society.

asd in the solid state by X-ray crysiallography for sclected exammwles. The results of
extended Hilckel molecular orbital calculations are presented and discussed celative
to the polyhedral geometry adopted by the produets [64 ], The reaction of unsymimet-
rical thicalkynes with iron carbonyls leads 1o new tri-, tetra~ and penta-nuclear
clusters [65]. The chaleogenide-bridged clusters | Fey{CO),Te]*™  and
[Fey(CO)»Sel’™ have been prepared. Roth of these clusters transform into he
corresponding Fe-Fe nido clusters {Fe,qCO),Tel? ~ and | Fe,tCOLSe}” . respec-
tively, which bave been structurally characterized by Xeray crystallography [661
Treatment  of Os(CO){MeUNy;  with  phenybthiourea (HL') and NN
diphenylthionrea (HL") gives the sullur-bridged clusters Os(COY,of H) (- (where
Lis L', L") Irradiation of these clusters with visible light feads 1o CO displacement
by the nitrogen atom of the coordinated thioures, giving the fuce-bridged clusters
Os3(CO){H)(p5-L). The appareat activation energies and the quanium yields are
reported. along with the X-ray structures of both N, N'-diphenylthiourea derivatives
[67]. Treatment of the sulfido-capped ciuster Fey{CO)oli;-Sh, with Min-dppl),
{where M is Pd, Pt} gives the nido clusters Fe (COY, (,-ShMop-dppf), along with
the substitution products Fet CO{1,-5)(u-dppt} and TFey(COWRpy-S), L{ie-dppl}
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[6‘3] The sulfido-bridged clusters Cp¥,Fe i CO{a-8); and Cp*,Fe,Ru(CO (1S

have been prepared from Cp*, ke, 8, and various iron carbonyls [ Fe(C O, Fe, {’O)(,,
zmd Fe iCOY,, . and Ru iCOY,,, respectively, Both product clusters possess a close
polyhedral structure, as established by X-ray crystallography in the case of the triiron
cluster [69]. Treatment of the tetramethylulvene-bridged dinuclear complex
g1t -CH,CsMeg iFe, (COj, with €S, affords  the  trinuclear  cluster [
CsMe JCH,CS, T FeiCOY, and [0p7-Cohie, JOHLCS, THe(CO), as a result of C-C
bond formation. X- ray crystallography of the triiron cluster shows thai the dithiocar-
boxylato ligand S,CCH,CMe, bridges all three iron centers {707, The kinetics of
the interconversion of the parallel and perpendicular alkyne isomers in
Cp,Fe(CO)(CF,.C=CCF,) have been explored. The effect of (mu:].m/ phosphine
and phosphite ligands on the alkyre bonding has also been studied. Cyclic voltamme-
try data indicate that one-¢lectron reduction leads io ligand loss (CO or P lm'md
followed by alkyne reorieniation about the cluster framework, consistent with an
EC process [711. Alkylation of [Fe;{COR(SO,HHY] ™ by methyl taiflate yields
Fe,(COWL(SO,CH,)(H), as a result of oxygen alkylation. This product has been {ully
characterized in solution by IR and ”" NMR spectroscapy, in addition to X- m}
crystallography (Fig. 7). The X-ray structure reveals that the methyl group is bound
to the exo oxygen atom of the coordinated SO, ligand. The nature of the SG.-CH,
interactions with the tritcon framewesk has Lmn investigated by extended Huckel
molecular orbital calculations [ 72].

The solid- siate reactivity of Osy{COYp-H ), toward OO0 Ny, and H.S has been
explored  ang  found to  give the corresponding ELLLF(/IP'{BFCUif‘!C clusters

031

o012

Fig. 7. Structure of Fo,COJSOCHiH), Reprinted with permission from Inorpane Chemitstry,
Copyright 1994 Amertean Chemical Society,
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Os3(CChp{L){u-H),. In the case where L is CO. the addition of CO was confirr ad
by 'H magic angle spinning NMR spectroscopy. Two isomers for the NH;-substituted
product, which differ only in their orientation of the NH; and the terminal hydride
ligands relative to the Os; plane, have been observed. The intermediate clusier
Os,{CO) o H,S) H ), transforms rapidly into the known cluster Os;(CO)o( H)y(p15-S)
[73]. The synthesis and X-ray diffraction structures of Os;{p-H)iCOW {5
CNCsH CH=CH,) and Os;{;-H}CO), [u-C{HINCH -J] -CH=CH,] have been
published [ 74]. The linear clusters ©3Br(CO)o{ ONR)*-C3H<) are prepared from
the reaction of Os;(C O} (CNRY Mer N} with aliyl bmm!d The X-ray structure of
the propy! isonitrile derivaiive is included in this report [757. The disorder of the
carbonyl, CNPr, and MeCN groups in Os;(CO),(CNPr){MeCN has been investi-
gated by X-ray crystallography [767]. Intramolecular [ 4+ 27 Dicls—-Alder cycloaddi-
tion products have been isolated from the reaction between Qs;(CO),(H), and
2-(trimethylsilyl)-1-phosphabenzene and -1-arsabenzene. Besides the observed cyclo-
addition products Os{CO)WHIMe;S1),C  HoE,] (where E is P. As). the clusters
Os3(COH,{Me;SICH L E) have also been isolated. The X-ray structures of the latter
phosphine derivative and the former arsine complex are presented, along with a
working mechanism for the formation of these clusters [ 777]. A report on the synthesis
and X-ray structure of (1.2.4.5-tetramethylenebenzene)Fe;{CO)y has appeared. A
brief discussion of the bonding of this disjoint, non-Kekulé biradical to the Fe,(CO),
moiety is presented [78]. The new ruthenium clusters Ru,(u-H)(u-NCH,)-
(COJ(PPh;3). Ru(u-Ch,{NCsH ;5 )(CO)(PPhy), Ruy(p-ClL(NCsHL{CO),  were
obtained from the reaction beiween Rua{p-AuPPhy}(u-CIHCO) 0 and pyridine. The
latter two clusters have been structurally characterized by X-ray crystallography
[791.

The trinuclear clusters Ru(CON{(1-CONpt3-C OV p5~C, R, Cp, and
Ru,Fe(COY,(1-COYpt-COMup-CoR, 1 Cp, (where R s Ph, CF;) are synthesized in
good vield from the reaction ni‘ th@ unsaturated ruthenium dimers Ru,(p-COMp-
C,R.)Cp: (Ru=Ru double boxd) with Ru(COY,fethylene) and Fey(CO)y. respec-
tively. These clusters exist as two geometric {orms that are dependent on the
n-coordination mode adopted by the alkyne ligand. The fluxional behavior of these
clusters and selected X-ray structures are presented. The diphenylacetylene dimer
Ru, (1-CO)(p-C, Phiy YCp, reacts with Co,(CO)g to yield the 60-electron closo cluster
Ru,Co,(CON(pt3-CO)p(p-Cy P, )Cp,. which has been shown by Xeray crys-
tallography to contsin a Co,Ru,C, octahedral core, with face-bridging -CO
groups [80]. The reactivity of the triosmivm cluster Osy{CO)g{p-H)(us1%-
C‘NCH,CH CH;) with H,, H,S, and EtSH is described. The irithydride cluster
QOs3(CO)gH (- HL(y}-;;'—’-CﬂNCHzCHZCHZ) is formed as the major product with
H,. and shows no sign of fluxional hydride behavior on the NMR time scalu.
however, the > corresponding PPh;-substituted cluster Osy(COWPPh; YH (p-H ), (-
C= NCH,CH,CH.) exhibits dynamic hydride behavior that has been explored
by variable-temperature 'M  and *'P NMR spectroscopy. The cluster
Os3iCONH {1-H Mpey=S ) pe-ip*-C == NCH,CHLCH, ), which derives fiam H,S, contains
two cleaved Os--Os bonds [81]. Deprotonation of (-H)Fe3{COl(u-CO)j-HBH)
yields the spectroscopically characterized dianion [Fey(CO)o{uy-HBCOYP ™. which
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upon protonation decomposes. Reaction of the dianion with FeCly leads to
[ FelCOK{(u-COMpy-HBCH] 7, the structure of which has been determined by X-ray
crystaliography. A structural and reactivity coniparison of these clusters with osmiam
derivatives and other isoelectronic clusters accompanies this report {827. The reac-
tivity of [Rus(CO)ofu-NOVJ[PPN] with teriiary silanes and stannes has been
described [83]. The synthesis of the close “methylcyclopropenyl™ cluster
RusCp*; [CH{CH O Hp5-CO) from the reaction between {[Cp*RuCl], and rens-3-
methyl-2- butenal is presented. The molecular structure of the resulting cluster was
ascertained by X-ray crystallography [84]. The preparation and characterization of
a variety of arene-substiiuted clusters have been described [85]. The synthesis and
spectroscopic characterization of the [2.2]paracyclophane-substituted clusters
Rus(COV (157 112733-(‘2 H,.). ‘{u(‘(‘f(‘())“(u} it up-C H o 101%-CreHyed,  and
RuC{CO 17077 05-C o H o it 07T Ha ) are reported. The X-ray structures
of the latter two clusters are included, almw \ut a comparison of these clusters
to the known cluster '16 {COY slpia-n? P p>-C H o) [961. Treatment of
08;(CO)s(MeCN), with I-hydroxybenzotriazole gives the hydride cluster
Os3{CO) (- 165(2.3-#* - NNN(O)C H, 1. Similar reactions were conducted with
the isonitriie clusters Os;(CO),of MeCN HCNR) (where R is Pr”, benzyl), producing
the bridging aminocarbyne clusters Os;{CO), 001 2.3-77)-NNN{OYC H, Wyt~
C=NHR). Restricted rotaticn about the C=N double bond in the bridging amino
carbyne ligand gives rise to regioisomers that have been characterized in solution
by NMR spectroscopy. The X-ray structure of one of the three crystallographically
characterized clusters is showwn in Fig. 8 [87].

Carbon-phosphorus bond activation in both of the PPh; ligands in Ru; f,u H gz
ampy)( PPhy),(COY, oceurs in boiling toluene under H; to dﬁord the #'-phenyl-
bridged cluster Rus{g-Ph)ps-ampy)(i-PPh,),{CO). The results of X-ray data and
extended Hiickel calculations on this cluster are presented. Several other phosphine
ligands were also exaimined. and were found to react in an analogous fushion. The
related clister Ruy{pe-H ) py-mbimj{COY, reacts with PPhy in the absence of H; to
give Ru{p-Ph){py-mbim¥p-PPh, ) (CO), [88]. Treatment of the 48-electron cluster
Rus(p-H }up-nt-ampyCO)  with H, at elevated temperature produces the
92.eleciron hexaruthenium hexahydrido cluster Ruy{p-H)olps-177-ampy;,(CO}y 4. the
solid-state structure of which. as the P{p-tolyl}; derivative, has been determined by
X-ray crystaliography. The homogeneous hydrogenation of diphenylacetylene to cis-
stilbene using the parent hexaruthenium clusier occurs under mil¢ conditions
[89]. PCy, reacts with the face-bridged clusters Ruz(COL(-Hj{ps-ampy) and
[Ru(COY{p-H)a(prz-ampy)] " to afford the corresponding monosubstituted PCy,
derivatives. The neutral PCy;-substituted clust.c s a catalyst precursor for the
homogeneous hydrogenation of diphenylacetylene. The synthesis and characteriza-
tion (IR and NMR) of the alkenyl-bridged clusters Ruy(CON{PCy ) pus-ampyi{p-
PhC= CHPh) and Ru;{CO( PCy {u-H ), (gz-ampy) p-PhC== CHPh) are described.
The X-ray structure of the former alkenyl-bridged cluster has been solved. The results
of this paper are compared with those obtained for the related PPhy-substituted
clusters {‘G’H The synthesis, structure. and hydrogenation activity of Rug{us, ™
ampy)pen' 972-PhC = CHPR){ COJ( PPh;), have been pubiished. The deactivation of
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Fig 8. Structure of one of the three clusiers Os,CO,, [ 2392 NMNNCHL Jpp-y'-C =+ NHR).
Reprinted with permission from Qrpanometallics, Copyright 1994 American Chemical Society.

the catalyst precursor was fully explored {91]. Clusters as homogeneous catalysts
in the h}'dwgumnon of diphenylacetylene have been investigated. The cluster
Ruy{CON{pz-ampy){p-n* > PhC=CHPh) promotes the hydrogenation reaction
uader mild conditions and without the spectroscopic observation of other ruthenium
species. This san» cluster reacis with HBF,OQEt, to give [Ruy{COW{(p-H) -
ampy{p-n' i -PhC=CHPh)]", the X-ray structure of which is shown in Fig 9.
Reaction of this cationic c]ustea with [PPNIBH,] gives cis- ana rrans-stilbene,
along with a coordinatively unsat=rated cluster. which reacts with added diphenylace-
tylene to regenerate the neutral parent cluster. The kinetics and mechanism for the
hydrogenation reaction are fully discusseu [92].

Ruz{(CO)y; reacts with  d-tert-butyl-d-methyl-1+ I-(phenylthiojcyclobutene  to
furnish thq new clusters  RuCO),[ue-SCCH,C(Me)BU'],  Ruy{CON-
[ CHLC (M) Bt (-S) e, RugtCo),, [ -CoCHLC{Mey But J(1,-8), and
RU(,(CO)”,{;LP( CH = C{Me)Bu' J(11,-8), all of which were structurally characterized
by X-ray crystallegraphy. The coordination mode of the cyclobutene ligand and its
conversion inte a guadruply bridging cyclobutyne ligand are discussed [93].
1-Bromocyclobntene activation by Os3(CO)yo{ MeCN), at room temperature yields
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Fig. 9. Structure of { Ruy(COG-H(pg-ampy) ey’ o -Ph= CHPRY] ' Reprinted with perinission from
Grganometatiic.. Copyright 1994 american Chemieal Socrety,

OQ8(COY el -Br)(p-CCHCH,CH,) and Os3(CON{(p-Bri{is- -CCHCH, f‘% 2) as the
major and minor products, respectively. The former cluster contains biidging o.n-
coordinated cyclobutenyl and bromide ligands across the open Os--Os nond. This
same cluster transforms into the hmv. ‘,Iusiel upon thermoi)sm or opm:al ;,xcﬁaﬁ.l(m‘
product along with the new hMcx Us3lCO of fi- Br)(zu pr»CMV&f{ CIL ;vH). All
three of these clusters have been characterized by Xerav crystallography {941 The
moiecuiar and electroiic structures of the tetraruthenium clusters RudCO) (-

FR,); (where R=Ph, Prt, OEt. NPv,, Cy, Et), which were synthesized from
LRUA(,(C()),;]"" and R,PCL are discussed. These phosphido-bridged clusters possess
slanar butterfly pol)hcdm with two normal and three elongated Ru-Ru bonds. Al
products have been characterized in solution by IR and NMR (*H, *'P, ¥*C) spectro-
scopy and by X-ray crystailography in the case of the first four clusters. The electronic
effecis exerted on the cluster polyhedron by the two phosphido groups were examined
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by extended Hickel calenlations [95]. Decarbonylation of RudCO)3(p3-PNPr,)
produces Ru,{CO),ip-PNP,). which upon treatment with silica gel gives
TR (COY0-POTTHLNPYY as o result  of aminophesphinidene  ligand
hvdrolysis. The X-ray structures of the Iatter two clusters accompany this re-
port [967. Treatment of the 62-clectron nido Lh!s‘f er RudCO), (- Hyg-PPRYY with
diphenyibutadiyne  vields Rzm( ())p{u,w;; b PPICICH) PRI CC PR
Ruy{ C(),m{;l - ()}(;14 PP -ttt PRCUHDCCCHH PR, and Ruy{COY., (kg
PPRY jug-p' et o - PRCODCIHICCPR]. which contain rrans-diphenyibutatriene
and rrans-diphenylbut-3-en--yne ligands. Reaction of the last cluster with additional
diyne leads to an ene-yne coupling on the Ruy square face and formation of
Bu Tl PPRY g it oD PROCCENCEDPROPIICCOPR . All fowe pro-
ducts have been fulty characterized, with Fig, 10 showing the orystal structure of the
last cluster [977].

The tetraruthenium  chain claster Rug{ge-Brh[p-Co o PiPH{C HL)PPhCH,;-
PPh, L{p-COHT O, has been isolated as 4 minor product from the reaction between
Ru,{p-dppm N CO)y, and the benzyl halides C X CH,Br {where X is H, Me. F)[98].
The ruthenium cluster Ru 0O, ACQL (PR, Y, was the subject of a paper dealing
olefin hydroformylation. The sesults of hydroformylation reactions using other
ruthenium carboxylate complexes are presented [99]. The redox chemisuy of the
nitrido  cluster  [Fe,N{CO);] " has been invesiigated. BPR data on the
dianion [Fe,N(CO),, T in frozen solution indicate that two different clusters in
caunilibrium are present. Phosphine substitution by an ETC route is observed when
the dianion is electrochemice!l, or chemically gencrated. The X-ray struc-
tare of [Fe,N{CO),,(PPhy)] has heen solved TI007 A report on the use
of [Cp.Fe (CONLTONICHLLNCT (where w23} a5 o chelating hzand has
appeared [ 101 ”\'dnhcwd Pa-diene reacts wilh Osge-HLLO)N, w0 give
Os,(1-H 3O (75 -C  Ho b Osy(i-Hin{COL3-CuHg ), Os, (-H OO, (- Hg )

Fig. 10. Structure of Ru,(COY ot PER it oy - PRCCCHENC O PACIPHICCC PR, Reprinted
with permission from Organometallics. Copyright 1994 American Chemical Souiety.
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and Os, (10 H),HCO0(5°-C He) as the major products. The last cluster also undergoes
fulmf*x reaction with cyclohexa-1.3-diene to afford Os,(C O C H Hy*-C Hy ) and

AH R ICO) (0 -CoH M -C Hy SLhﬁnK\ llustrating the reactivity relationship
beiwvul these ciusters have been presented [ 102]. Low-pressure hydrogenation of
Ru, (- H,, )L,Cly in water containing NaClQ, gives the oxo-capped trinuclear clus-
ter {Ru3 1O-CoH L{e-Chigns-O)geHYT . Starting with iie durene derivative and
using high hydrogen pressure (60 atm) leads to the chloro-capped claster [Ru,(n°-
CH,Meg ), (5-CHHL 1P which undergoes hydrolysis to give the corresponding oxo-
Ldpped cluster. The tetranuclear cluster P Ru,("-C H L, H, 1P has been isolated from
the hydrolysis of Ru,(n®-CH),Cly in the presence of H, [103]. Photolysis of
Ku;(CO)BH 1n MeUN and M{CU}, (where M is Cr, Mo, W) furnishes the ruthena-
borane cluster RuH(CO},BH{p-NCHMec), the X-ray structure of which exhibits a
butterfly polvhedron with & semi-intersiitial boron atom. The bonding in this cluster
has been examuned by Fenske--Hall caleulations. with the data suppoerting a model
of localized honding in the region of the B-N- Ru bridge. as required for a 62-electron
cluster [ 1047, Refluxing a mixture of Cp¥*.Fe,t OO}y, sulfur, and diphenylacetylene
affords the tewrairon clusters Cp*,( Ph,C.8, L Fe S, and Cp*3(Ph,T,S8,1Fe,S,. The
use of othur alkynes leads to analogous clusters. The X-ray structures of the two
diphenylacetylene clusters are included in this veport (Fig. 11} [105].

Reductive carbonylation of 2-JOs(COLCL T, or OsCl, supported on 510, m the
presence of K,CO4 leads to high yields of [Os(COWH3 K The use of surface-
mediated syatheses versus traditional solution methods s snmsud [1067]. Variable-

of Oty P)}w{

Fig, t], Structare Foeprinted with permission from Inorganic Chemistry,
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temperature solution and solid-state NMR measurements on Ru ;H,(CO),; have
PN vt nd the data are discussed in terms of dynamic hydyidg behavior.

been carried out, ang the gata are giscusseg terr nam
The carbonyl poiyhedzon is rigid based on the **C chemical shift tensor components
[107]. Thermolysis of Cp*Os,(;-H){COY,, at 50°C results in the loss of CO and
production of ('_‘p"*‘()s4 u-HYCO), . Thermotlysis of thi< latter cluster at 90°C gives
the clusters [; ot -CsMe,CH, 1085 p-H ) (COMo. [0 17 -CsMe ,CH, 10s,(COY,
and [p®, #8CsMey(CH;), JOs{u-H )3 (CO)o. Each of these tetrahedral clusters has
been structurally characterized by X-ray crystallography (Fig. 12), and schemes that
show the stepwise C-H bond activation and the relationship between these clusters
are discassed [ 10871

The kinetics for €O substitution in the carbide cluster RuyC{CO),5 have been
examined with twenty-one differeni phosphine/phosphite ligands. For ligands with
cone angles less than 1337, a two-slep reaction is observed, where the intermediate
cluster RusC(CO)sL is shown to lose CO in the subsequent step to give the
corresponding monosubstituted cluster. Larger cone angle ligands react with
Ru;C(CO);5 in a bimolecular reaction with no spectroscopic evidence for adduct
formation. Keaction mechanisms, transition-state flexibility, and quantitative data
on the dependence of the observed rate constunts on the electronic and steric
properties of the P-ligands are presented [ 109]. The electron-rich vinylidene clusters
Rus{p3-CCHRY{gi5-SMe), (u-PPh, 1, (CO)y, have been isolated from the reaciion of
Rus(1e5-C,){(-SMe), (- PPh, ), (CO),; with hydrogen and alkenes. X-ray structures of
two of the products reveal that the Rus core consists of three edge-sharing triangles.
These 80-electron clusters have elongated Ru-Ru bonds owing to the occupation of
Ru-Ru antibonding orbitals [ 1107. The kinetics for benzene migration from a -
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Fig. 12, Siructure  of  [ey®i'-CsMe,CH, JOs4(u-H ), (CO)y. Reprinted  with  permission  from
Orgunometallics. Copyright 1994 American Chemical Society.
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ittt position to an y® site in RugC(CO),(CeH,) have been measured by 'H
NMR spectroscopy. A working mechanism {or this isomerization is presented, and
the data are discussed relative to benzene surface phenomena on closed-packed metal
surfaces [1113. The synthesis and X-rav structure of [(Me,SiCp,),Fes{is-S, )50,
S,M[FeCl,] have been published [112]. The cyclic voliammetric behavior of
Cp*;(Ph,C585,),Fe, S, reveals the presence of four reversible one-clectron redox
waves. The structural changes associated with each redox process are discussed, and
the X-ray structures of several clusters are presented [ 113 ], Treatment of RusC{CO) 5
with cyclohexa-1,3-diene in the presence of Mce,NO affords the clusters
RusC{COY, 1 (17'-CeHyg)a, RusC(COY 3 (uan™ o a7-CoHy), and RusC{CO),,in°-CoH,).
The ~-ray structure of the first product cluster has been solved, revealing the existence
of terminally bound cyclohexadiene ligands on opposite basal ruthenium atoms of
the square-pyramidal ruthenium polyhedron [114]. The bonding in the arene-
substituted ciusters RusC(CO),{CeH) and Rugl(CO),({CH, ), has been studied
by extended Hiickel calculations, with attention paid to the bonding mode exhibited
by the arene ligand [1157. Addition of Os{(CO)(CNBu'} to Os,(CO)y, leads to
Oss(CO),s(CNBu'), which possesses a bow-tie arrangement of osmium atoms, as
determined by X-ray crystallography. The ivcnitrile ligand occupies an axial site on
an outer osmium atom. Thermolysis of this cluster at ambient temyp: rature gives
Os5{CC)-(CNBu'), which is suggested to have a raft configuration of osmium atoms,
Loss of two CO groups from Oss{CO),,(CNBu') furnishes Oss(COY, (CNBu'), the
molecular polvhedron of which is based on a distorted trigonal bipyramidal geome-
try. The site preference of the isonitrile ligand in these clusters is controlled by
electronic rather than steric effects [116]. Treatment of RusC(CO)s with
1,5.9-trithiacyclododecane (1283) in refluxing hexane give . RusC(CO),,(p-1'-1283)
in high vield. When the same reaction is conducted in boiling oclane, the new cluster
RusC{CO), (u-1"-1283) was formed as th L major product. Independent experimendts
show that the cluster RugC{CO) {u-'-1283) transforms inte RugC(CO), {1
#*-12S3). Both sulfur-bridged clusters were characterized in sofution and by X-ray
crvstallography (Fig. 13) [117].

The deprotonation and subsequent auration of the hexanuclear rafi cluster
ot (- H e HD (-0 p-Con®-OC H,0Me-4 ) COYy . are reported. The molecular
structure of the product formed in each of these reactions has been established
ky X-ray analysis [118]. The dianion [Os5(CO)s]?~ reacts with [Os(y®
CH M MeCNRPPY and Os(CHMe)(OTl), to give Osy(COY:(7%-CiH,) and
Os,{CO);5(1°-CoHsMe), respectively. Chemical reduction of Osq(CO}yy using
K~Ph,CO aflords the dianion [Oss(CO%,, J*~ in quantitative yield. which was subse-
quently examined as a reagent in the synthesis of Os(COJ-t#"-C,H, ). This report
discusses the X-ray data of several high-nuclearity osmium clusters [ 119]. Treatment
of [Fe,tCOCCOY ™ with triflic anhydride leads to the transient cluster
[Fes(COC.] ., foillowed by carbon—carbon coupling of the carbide ligands and
formation of {Feé(CO)ng 1?7 . The presence of the £, moiety in this cluster was
ascerlained by X-ray crystallography [120] The catalytic activity of the carbide
cluster [Ru,C(COYNMellPPNY in alkene hydrogenation reactions has been
explored. The clusters [RusC{CO)HI[PPNT and [Ru,L{CO)HI PPN} have
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Fig. 13. Structure of RusCiCOyy,{g-4"-1253). Reprinted with permission from Organometallics. Copyright
1994 American Chemical Saciety.

been isolated from these reacticus. and the X-ray structure of each cluster discussed
[121]. The synthesis and structural characterization of RugC{CO);Cp, and
RusCiC0),Cp> have been published [122]. The molecular structure of
RuC(CO),, (1°-CoHuMe,), has been solved by X-ray crystaliography (Fig 14).
Chemical aspects of heteromolecular crystals of this cluster and Ru,C(CO) L0
C H,Me, ) are discussed will: respect o packing efficiency and crystal cohesion [ 123].

The use of [Te,Feg(COL41  as a starting material for the diiron complexes
Fe {(CO),[u-Te{CH,), Te] {where n=1, 2,3} is reported [ 1247, Vacuum pyrolysis of
035(COYo{MeCN), at temperatures above 200°C produces the dianions
[Cs,,(COY ™~ and [0s,0{COYe T, which have beer characterized by X-ray crys-
tallography and 3 NMR spectroscopy. These two clusters are the largest osmium
carbonyl clusters isolaied to date [ 125]. The build-up of osmium clusters by rafting
from the triangle to the octahedron has been discussed by using metal cluster
topology [126]. The high-nuclearity ruthenium clusters Rug(CO) (PBu'),.
Ru,{(CO),(Piut),, and HiRuu{(CO)yglp,-FP) PBu'); have been isolated from the
thermolysis reaction of Ruy(CO)y; and P,Bu'y. All three of these clusters have been
structurally characterized by X-ray crystaliography, witk the latter cluster being the
first example of a cluster possessing a semi-encapsulated y;-P moiety [127]. The
relationship between the geometric and electronic structure of Fe B, clusters has
been investigated by using renske Hall molecular orbital calcufutions. Related
dodecahedral cobalt and nickel clusters ware also studied [128], The reaction
of [Fe CO),HB}™ with either Fey{TO)y or Fe(CO)lcis-cyclooctene), leads
to tne sequential formation of [HFes(CQO)BT*", [HFe (COY,,B1? . and
[HFe,(CO),oB12 . 1t is suggesied that the cluster building sequence is initiated by
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Fig. 14. Structure of Ru {CO),i7™C HyMe, .. Reprinted with p
Copyiight 1994 American Chemical Society.

ission from Organometallics.

electron transfer from [Fey(CONL.HBT ™ to Fe,{CO),. which gives Fe(CO); as a
byproduct. The solid-state structure of the hepiairon cluster has been estaklished
(Fig. 15)[1291.

2.5, Group 9 clusters

A report describing the Xeray structure of CoCpafpa-S)(uy-CNC H Meg) has
been published [1301. The electronic structures of the iricobalt clusters
Co3(py-X Hp-CO)(PMe;), ¢ shere X is H, Cl, Br, 1) have been explored by INDO,2
and/or QR-INDO/ I calculations {1317, Treatment of cobaltous salts with o-mercap-
tophenolate ligands (mp® ™} and trialkyiphosphines yieids trinuclear and tetranuclear
complexes. the magnetic susceptibility properties of wiich indicate the existence of
antiferromagnetic behavior [ 132].

{-Pentene hydroformylation using PhTCo;(CO), has been studied by cylindrical
internal reffectance {CIR} spectroscopy. Aldehyde formation is shown to coincide
with cluster fragmentation. suggesting mononuclear catalysis. These data are dis-
cussed with respect to other reactions employing PhCCo,(CO), as a catalyst precur-
sor [133]. CIR spectroscopy of the hyeroformylation of I-pentenc using
PhCCo,(CO[(Z)-Ph,PCH=CHPPh,} reve s the presence of extensive cluster
fragmeniation to [Co(CO, ]~ s the early stag 2 of the reaction [ 134]. The reaction
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Fig. 15, Structure of [HFe,(CO),,B)° . Reprinted with permission from Inorganic Chemistry. Copyright
1994 American Chemical Society.

of HCCo;(CO), with Ph,SiH,., and HR,SiXSiR,H has been investigated. The
clusters HMe,SiX51Me,CCo3(CQO)s and (OC)yCo,CMe,SiXSiMe,CCo3{CO), (where
X is O, 1,4-CH,) have been isolated and characterized in solution. Cluster coupling
reactivity with RSiH,CCo;(CO), (where R is Ph, Me) or sterically demanding silanes
is not observed. Use of Ph,SiH, _, (where n=1, 2) leads to electrophilic attack on
the cluster core, giving the p-silylene clusters HCCo3(CO)g(¢-SiR ), which have been
characterized in solution. No electronic interactions were observed between 5i¢ o,
cores of these dicluster compounds. as judged by electrochemical measorements
[ 1357. The gas-phase chemistry of the radical anions of the capped-cobalt clusters
XCCo4(CO), (where X is H, Mg, Ph. CO,Me, F, Cl) has been examined by tandem
mass spectrometry (MS/MS) and Fourier transform mass spectrometry (FTMS).
The molecular anions are not stable, giving XCCo3(CO), fragments by CO loss
via dissociative electron capture [136]. The use of water-soluble ligands
TPPhy - {CHSO; —m), 1" — (where n=1,3) in the preparation of the water-soluble
clusters [ RCCo{COKP} — (where R is Ph, Me, CL, Br) is described. The electro-
chemical behavior of these clusters was examined by cyclic voltammetry in water.
The ability of the sulfonated ligand to influence the kinetic parameters of the CV
experiment is discussed [137]. Photolysis of CpCo(CO), in toluens gives
Cp;Co3{1~CON{p3-CO) and the new all-bridging isomer Cp;Coz{p,-COY;, the
molecular structure of which was established by X-ray crystallography (Fig. 16). The
redox properties of this new isomer were explored and found to be different from
the known Cp;Co5(p-COY,{p3-CO) and Cp;3Coy(p,-CO)(CO) isomers [ {38]

The synthesis and thermal decomposition of Cp,Co,{CO)s.(PPh,H){alkyne)
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Fig. 16. Structure of Cp,Co,(1,-CO)y. Reprinted with permission from Inorganic Chen
1994 American Chemical Society.

y. Copyright

have been reported [139]. Thermolysis of a 1:1 mixtuie of (5°-indeny}Ir{CQ), and
(r’-indenyl)Ir(ethylene), gives the triiridium cluster {y°-indenyl)lIr,in-COl,. The
rolecular structure shows idealized C,, symmetry and consists of a triangular array
of iridium atoms and edge-bridging CO groups. The reaction between {7°-
indenyl)ir{CO), and (7" -indenyl)Rhiethylene}), affords all of the possible trinuciear
products [ 1407]. Site-sclective oxidation addition of a variety of elecirophiles in the
clusters Iry{p-PPh, ) (CO)(dppm) and Iry{p-PPh, ) (COLICNBuYY, occurs at the
formally 16-electron iridium center in each cluster. Ali of the products have been
fully characterized in solution and by X-ray crystallography in the case of two
clusters [141]. The X-ray structures of Cp*;Cos{ps-CCH;, and Op*3Cos-
(p15-CCH ;) {pe5-H). which were obtained from the reaction between acetyiene and
Cp*Colethylene),. have been solved [142] Ligand addition in the cluster
Cp*3Cos{ps-CCHMy-HY by CO  and  ONBu' gives  Cp*iCoaij-CCH; -
{3-CONp-H) and Cp*3Co5{ps-CNBu'j{g-H ), respectively. Uss of NO leads 10 the
face-bridged nitrosyl cluster Cp®,Co,(p-CCH  Mu-NOL All three of these addition
products have been characterized in solution and by X-ray crystallography. Variable-
temperature NMR data on the CO- and isonitrile-bridged cluster: |

: bave allowed the
harrier for hydride migration about those clusters "o be calculated [143]. The
paramagnetic cluster Cp*yCoy{u,-H i (p-H 1 reacts with CG (2 equiv) o form the
48-clectron cluster Cp*C03{i-CONHus-COMu-H )y, the Xeray structure of which
sHows an ilateral triangle of cobalt s with bridging CO and hydride ligand

shows an equilateral triangle of cubalt atoms with bridging and hydride ligands.
The fluxional behavior of the two CO ligands has been studied by *C NMR Hne-
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shape analysis, which gives the activation parameters for CO interconversion between
the st~ and ji3-CO coordination modes. This same cluster loses H; at clevated temper-
ature to give Cp*Co,(-CO),. Treatment of the starting teirahydride cluster with
CNBu' af few temperature gives Cp™,Coy{p-CNBu' L (-H . followed by isonitrile
insertion into a Co-H bond to yicld the formimidoyl cluster Cp*,Co,(p-11-
CH=:NBu'}(u-H} upon warming. The X-ray structure of th= formimidoyl cluster is
shown in Fiz 17. Schemes showing the coordination and transformation chemisiy
of ligands in these tricobalt clusters are presented [1447].

The solic-state structures and the pathways available for metal and carbonyl
scrambling in M{(CO},,; and M CO),,. L, twhere M is Co, Rh. Iri n=1-5} have
been examined [ 1457, Ir,{COy, . undergoes a base-indveed condensation reuciion 1o
yield [15{C0)2 ™ and [Ir,H(CO), 14 . Oxidation of the trianionic cluster gives
the decairidium cluster [ir,,{C 0, J7 7. The X-ray structures of the iridium hydride
and the decairidium clusters are presented. and the build-up process of closed-shelt
trigonal-pyramidal polyhedra discussed [146]. The reaction of [Cp*CoCl],
with LiBH. leads 1o the polynuclear compounds closo-234<(Cp*Co)B,H .
closo-1.23«(Cp*Coy: B, He, and doso-1.23.6-(Cp Co)ByHy via the intermeddi;
[Cp*CofBH )], and (Cp*Co},B,H, [ 147]. The dinuclear compounds [Cp*MCL 1,
(where M is Rh, Ir) react with E(SiMe,), (where E s Se. Te) to give the cubanc
clusters [Co*ME],. The X-ray structures of the four possible M/E cubane clusters
are presented [1487]. Polynuclear rhodium(il) compounds possessing phosphine-
phenoxide ligands have been synthesized [ 1491 Use of Rh,(970),, as a catalyst
precursor in the homogeneous water-gas shift reaction is reporied. The cluster
[Rho(CO)5(py), ]~ was found to accumulate during the catalysis using pyridine as
the base. The reactivity of this anionic cluster and its role in the water-gas shift
reaction are discussed [ 1307, The cubane cluster [Cp*IrS], has been isolated from
Cp*Irt PMe; )8, 11Cp* and structurally characierized. The results of kinetic studies
ure presented. and a working mechanism for the formation of [Cp*1rS], outlined

Fig. 17. Structure o8 Cp*yCoztpu,°-CH = NBu' jtu-H). Reprinted with permission from Organometatiics,
Copyright 1994 American Chemical Society.
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[151]. The Xeray structure of [ICp* Rh,{10-CH, ) 10251 . which derives from
the stepwise ahstraction of the [SH] lgand from 2 dirhodium dihydrosuifide
compound by [Ag]® lons. is reported [152], Surface-medinted synthesis of
[RhACOYs1 and [Rh,{COL,12 from chemisorbed BRCO),iaeac) and CO is
described. The supports used in this study were MgO and -ALO; [153]. Reaction
of PPh; with [RhC(CO),: 17 yields the first reported carbide-substituted rhodium
cluster with a trigonal-prismatic structure. This cluster ‘oses CO to give the octahe-
dral cluster [Rh,C{CO},, 17 . as shown by Xeray crystallography {1547, The nitrido
cluster [RhyN{CO),51 " reacts with metal hydroxides in water or alcohol solutions
o give the hydride cluster [Rho(p-5)N(CCH, 1 7. which has been characterized in
solution and by X-ray crysiallography. The solid-state structure contains a trigonal-
prismatic core with a central niirido ligand [155]. The gand substitution chemistry
of Rhy(CO),, using MesNO zctivation has been published. The solution and solid-
state structures of the isolated Rhg{COy, 1, (‘Iusic.rs {where L is MeCM, py. ri()im;;
have ouen established by NMR speciroscopy and X-ray crystallography [156]. A
paper on the mathematical modeling of higand arrangements in various cm:ﬁhcdmi
clusters has appeared [ 157].

2.6, Group 10 clusters

Treatment of the hydroxo complex [Niz(C{,F {p-OHL TP wifh
the formation of the trnuclear cluster [Nij{CF, Lip-SEt) 1, the Xor
which accomipanies this report [ 15873, Xyiyl xsommie reacts with |
dppmi; 1** to give the binuclear complex [Pd,(CNCH Me,- Lé}
along with an unidentified palladium{1I} species. These same produc
dme to  give the new (rinuclear cluster [Pd,{CNC.H :
PA{CNC HyMe,-2.6); Hu-dppm)3*© . which has been fully chawwiﬂnwd in miniign
and by X-ray cryst~liography [159]. The controlled-potential electroiysis of mono-
nuclear platinum{1t} complexes { Pty P-PHCNR), P~ {where P-P is diphosphine} is
reported to give the trinuclear platinum clusters [IPUP-PHCNRY, 1.1 7. These
clusters, which contain a coordinatively unsaturaied platinum cenfer. have been
examined for their redus properties at a mercury-pool electrode. Isolated from these
electrochentical studies is a variety of platinum clusters, the composition of which is
dependent on the size of the ancillary P-P ligand [160]. A report dealing with the
hosi-guest chemistry of [ Pd;(dppmiatp-COVF ~ and many mmfmm. and organic
substrates has appeared. The binding constants have been measored *ap"t‘!;(‘m"()‘jnq.h'
by using Benesi-Hilderband. Scatchard. and Scoit methicds. Tne Lmi

diswss d reiatave to %mua! paramelers {15” l~udemc fcs“ e
chemistry with the tripaladium cluster [ Pdiidppm);

excited-state electronic and siructural properlies of th vity are discussed.
addition 10 the photophysics for Emsa-g: st dmcu» tion [ te’v.’l}_ The X-ray struciun

of the triplatinum complex PL{CF L (-C=CPh)4THF has been publshed.
The svnthesis and solution chare u.e*umiw of related GM‘I iide complexes accom-
pany this report [ 163]. Treatment of M?" (where M is Ni. Pd. P13 with dppe and
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NaSeH or NaTeH gives the clusters [Pd,Se,(dppes}**, [PtsSe,(dppels]*”,
[NisTe,(dppe); 12+, [Pd Te,(dppels 127, and [ Pi3Te,(dppe); 1* . The X-ray structare
of the last cluster is presented. and the cyclic voltammetric properties of all prod-
ucts are reported [164]. Thermolysis of the palladium-carboxylate clusters
Pd,(CO)(OCOR), (where R is Me, Bu', Ph, CF;, CCl3) releases CO,, CO, and
biacyls. Ir aromatic solvents, the insertion of CO, into an aromatic C--H bond is
observed. The decomposition chemistry of other palladium systems is discussed
[165]. SO, and L {(where L is 2,6-dimethyiphenylisonitrile} have been allowed to
react with Pts(u-SO,) (p-LY;_ L, {(where x=0.2,3), and the resulting products
isolated and characterized by traditionzl methods [ 166]. The bending in a series of
cubic Mg(p,-E)L, clusters has been analyzed by extended Hiickel and self-consistent
field multiple-scattering X« calculations [167].

2.7. Group i1 clusters

A relativistic molecular orbital study on the tetragold complex [Au,(PBu';),]*"
has been published [168]. Displacement of the THT ligand from [Auy(p-
CH,PPh,CH, ), (RHTHT)I" {where R is C,F5. 2.4,6-CH,F;) by the dithiocarbamate
ion gives the tetranuclear compounds [{Au,{u-CH,PPh,CH, 1R, };(u-S;CNR',)]*
{where R’ represents various groups) [ 169]. Gold -gold interactions in main group
X, A(AuPR;),, molecules have been anaiyzed by extended Hiickel calculations [ 170].
Extended Hiickel calculations have been carried out on Au; chain compounds, with
the results of metal-metal bonding discussed [1717]. [Au(PPh,),]" reacts with the
dinuclear compound Au,(u-CH,PPh,CH,), to afford the trinuclear compound
[Aus(p-CH,PPh,CH,),(PPh;), 17, the molecular structure of which has been con-
firmed by X-ray crystallography [172]. Cl, or Br, oxidative addition to
AU CeF5 1 {{Ph,P)L,CH}, leads to Aus(CoFs), 1 PhyP,CH} X, The halide displace-
ment reactivity in the chioro derivative by THT and phosphines has been studied
[173]. The synthesis and X-ray structure of the luminescent., one-dimensional gold(I)
polymer [Au,{2,6-bis(diphenylphosphino)pyridine}{C=CPh),],. are reported. The
crystal structure contains repeating units of the Au,L(C=CPh), moiety [174].
Au,[(Z)-Ph,PCH=CHPPh,]C!, reacts with Na,mnt to produce Au,(mnt)[(Z)-
Ph,PCH=CHPPh,],Cl,. This new compiex was characterized in solution by IR
and NMR spectroscopy, and the solid-state structure was determined by X-ray
diffraction analysis [175]. Mixed-valent linear gold clusters have been prepared
from the asymmetric gold(Il} complexes RAu(CH,PPh,CH,),AuX (where R is
CeFs, 2,4.6-C4H,F;; X is halogen). The treatment of these starting materials with
AgClO,, followed by the addition of [AuR,]™, leads to the pentanuclear
[{RAu(CH,PPh,CH,)Au},AuR,]"  or the hexanuclear [{RAu(CH,PPh,-
CH,),Aul,Au(CH,PPh,CH,},Au]l” compounds. The X-ray structure of the hexa-
nuclear compound (R is C,H,F;) is shown in Fig 18 [176].

A report on the synthesis and characterization of copper stannyl and silyl com-
plexes prepared from [Ph;PCul], has appeared [1771.
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Fig. 18. Structure of [} RAu(CH,PPh,CH,},Au},Au(CH,PPh,CH,),Au]” (R is C,H,F,}). Reprinted with
permission from Qrganometallics. Copyright 1994 American Chemical Society.

3. Heteronuclear clusters
3.1. Trinuclear clusters

The synthesis and NMR properties of [{#°-CsMe; TMS, ), Nb,{u-H ) H,Au] are
reported. The hydride ligands exhibit large quantum mechanical exchange couplings
that have been examined as a function of temperature. The X-ray structure of this
trinuclear compound accompanies this report [1781.

The use of the u-isophosphaalkyne complex Cp,(COL{u-CO}Fe,(g-CPMes)
as a building block for the construction of the polynuclear compounds
Cp,(COWR(u-CO)Fe, [u-CP(M}Mes] (where M is Cr(CO);, Fe(CO),, Pt{PPh;) is
described. Whereas the former two metals are attached to the phosphorus atom in
an n'-fashion, the Pt(PPh;) moiety is shown to bind to the u-CP linkage and
an iron atom by X-ray crysiallography [179]. The antiferromagnetic clusiers
Cp,Cra{ps-S)(-SCMe; ),Re{CO)(NO), CpCr{p-O5CMe;),{p3-SIRe, (u-Cliu-
SCMes )(CO),(NO),, and [CpCrips-S){p-SCMe; L, Re{CO}NO)], have been pre-
pared. The X-ray structures of several products are preseanted [ 180]. The synthesis
and speciroscopic characterization of [ Ni{CgFs)(#-MS 1™ (where M is Mo, W)
have appeared. X-ray diffraction analysis of the tungsten derivative reveals that a
central tetrahedral S,WS, unit bridges two terminal square-planar Ni{C.Fs)
units [181]. Treziment of [MSe,]*~ (where M is Mo, W) with CuCN in MeCN
affords [(NC)Cuiu-Se),M(p-Se),Cu{CN}}* . Both compounds are shown to be
isostructural. Addition of excess PMe,Ph to these compounds leads to [{NCiCufu-
Se},MSe, 1. The X-ray structures of both molybdenum compounds are Teported
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[1827. The complexes (CO)sM =C(OEtWC=CPh) {(where M is Cr, W) react with
Co,{CO)g to give the alkyne-ligated complexes [(CO)M =C(OE1)C=CPh]-
C0,(CO)s. which rearrange to  the clusters  MCoy(COL(u-CO), {pis-n-
CC(OE)=CPhC(O)} upon thermolysis in boiling hexane [ 183]. The reaction of
HFe,;Co(COJo(u5-8) with MeCpMo(CO);,Cl in THF leads te the clusters
MeCpMoFeCo(COjs(us-S) and (MeCp),Meo,Fe(CO),(1:-S). Both products were
fully characterized in solution and by X-ray crystallography. The mechanism of these
electrophilic addition—-elimination reactions is discussed { 184,1857]. Condensation of
the tungsten acetylide compounds Cp*W{CO);(C=CR) with Re,{CO)s(MeCN),
yields the heterometallic vinylacetylide clusters Cp*WRe,(CO)o(C=CR). The ace-
tylide ligand is shown to be coordinated perpendicular to the unique Re-Re bond
that is substituted by a bridging CO ligand. The reactivity of these clusters with
alcohols and H, shows the easc by which the acetylide ligand is converted into ps-
i-allylidene and metallacyclopentadienyl detivatives. A structural discussion on
each of the diffraction structures solved is presented [ 186]. The reversible scission
of a coordinated acetylide ligand has been documented. Treatment of
CpWRu,(CO)(C=CPh) with Rus(CO),, at elevated temperature gives the penta-
nuclear cluster CpWRuy(ps-CHCO),{(u-CPh) and the hexanuclear compound
CpWRus{pts-CHCO) ((u-CPh), as the major and minor products, respectively. The
X-ray structures of both carbide clusters have been established (Fig. 19). The reaction
of CO with either the WRu, or WRus cluster regenerates the initial WRu, cluster

/,/} Cir

14 /}” "
\/\(\ Cia

Fig. 19. Structure of CpWRu,{j1-CHCO),,(p-CPh). Reprinted with permission from Journal of the
Anerican Cherrical Society. Copyright 1994 American Chemical Society.
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in near quantitative yield. The acetylide scission scheme and the solution spectro-
scopic data are discussed [ 187].

The heterometallic chain compound MeCpMn{CO),{u-
dppm)AuFe{Si{OMe); {CO),{PPh;) has been isolated from the reaction between
MeCpMn(CO),(u-dppm)AuBr and [Fe{Si(OMe}, HCO);(PPh;)]1 ™. Treatment of
MeCpMn(CO),(n'-dppm) with trans-[ Pt{MeCpW(CO), 1, NCPh),] gives the cius-
ter Pty W, {MeCp)s (13-COMp-CO) [{pt-dppm)Mn(MeCp)(CO}, ], Cyclic voltamme-
try data on selected complexes reveal the possibility of eiectronic communication
between different metal centers [1887. Capping-ligand transformations in
Cp'sMnFe,{1i;-CO), { >~ NO)(13-NX) (where Cp' is Cp, MeCp; X is O, OH, OMe,
H) have been studied. The bonding interactions in the conversion of the 48-clectron
cluster [Cp;MaFe,(u,-COY(u,-NOYu-NHY] T to the corresponding 49-eleciron
cluster have been investigated and comparisons made with related trinuclear clusters
['189]. The triangular clusters Re,(¢-PR,{CO)IM(CO},PPh; ] (where M is Rb, Ir;
R is Ph, Cy) have been synthesized from the phosphido complex [Re,{u-
PR,{CO) 1™ and MCHCO} PPh;), in the presence of TIPF, and CO. Use of
[RE(COD)(PPh;),]1% and the anionic phosphido complexes affords the products
ReRh(-CO),(1-PR,)TO),(PPh;), [ Re(CO), §, the structure of which contains a
Re,Rb ring and a rhentum-rhodium double bond (Fig. 20) { 190].

1,1"-Dialkynyiferrocenes react with Coy{CO¥, o give [
CH,C=CR),Fe]Co0,{CO), and [{{n*-CsH,C=CR),Fe}Co,{CO)], [1911. The
reactivity of [u-n%:*-CpFe(COLC=CH]Co,(CO), under photolysis and thermoly-
sis conditions and in the presence of hydrosilanes has been investigated. The isolated
Fe,Coq and FeCo;, clusters have fully characterized in solution by the usual methods
[1927. The double butterfly complex [(OC) Fe,{u-Se), 1,C(PHICH reacts with

Fig 20. Structure of ReRh{p-COLu-PRHCO,( PP, [ Re(COYL ] Reprinted with permission from
Inorganic Chemistry. Copyright 1994 American Chemical Scciety.
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Pt{ethylene)(PPh: ). to yield the diiron complex (OC),Fe, {u-SeC{Ph)C(H)Se} and
the clusters {OC)gFe,Pt{PPh), {u-SeC(Ph)C(H)Se} and (OC) Fe,(us-Se), Pt{PPh; ),
[193]. The X-ray structure of Fe, {u~Ag( PPh;)H{p-CO)CO)e(u-PBu',) and the syr-
thesis of the copper analog have appeared [ 194]. The reaction between the bimetstiic
complex (OC); {(MeO);Si} Fe(u-dppm)Hg(CeCls) and Pt(PPh,),(ethylene) gives
a 1:1 mixture of the isomeric complexes trans- and cis-[(OC) Fefzp-
Si(OMe),(OMe)}(u-dppm)(u-Hg)Pt{C,Cl5){PPh;)|. The chain core isomerism
exhibited by these and other compounds is described [1957]. New clusters contain-
ing bridging allenyl and allenylcarbonyl ligands have been synthesized. Depending
upon the reaction conditions, it is possible to isolate (OC),Fe(u,-CO)Ru-
Cpluy-COYFe(CO)(us-n'-CCH=CHPh), (OC)FeRuCp(CO)Fe(CO);(us-1' it ap®-
CCHCHPh),  (OC)FeFe(CO;Ru(COICD (st ip2:n?-C{Ph)=C=CH,), and
(OC);FeFe(CO),Ru(COCp(us-n" i -CH=C=CHPh) from the reaction between
CpRu(CO),CH,C=CPh and Fe,{CO),. The spectroscopic characterization of these
clusters and their reactivity towards added phosphines are described. The X-ray
structure of one of the three products determined is shown in Fig. 21 [196].

The X-ray structure of [(Ph;P)slr{u-H)Ag(u-H),Ir(PPh;); 1" reveals the presence
of a linear Ir-Ag—Jr array, with the hydride ligands serving to bridge the iridium
and silver atoms [ 197]. The transformation of the carbene cluster Cp*Ir(CpCo),(u-
CO),(1-CH,) into the carbyne cluster Cp*Ir(CpCo),(1-CO) p;-CH M p-H) is observed
in refluxing toluene. The carbyne cluster regenerates the carbene cluster upon expo-
sure to CO. The fluxional behavior involving the exchange of the methylidyne proton
and the hydride ligand has been examined and a mechanism involving agostic

Fig. 21, Structure of {OC);Fe(u,-COIRuCp(1,-CO)Fe(CO)(p3-1'-CCH = CHPh). Reprinted with permis-
sion from Organometallics. Copyright 1994 American Chemical Society.
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C-H-M interactions proposed [198]. The synthesis and X-ray structure of the
trinuciear cluster (Ph;P),Ag(u-Cl),Col(u-Cl),Agl PPh;), have been published [ 1997

A renort dealing with the photoluminescent properties of Pt (AuX){u-dppm)X,
and Pt(HgX, W pu-dppm)X, (where X is Cl, Br) has been published. The bond-
ing in these clusters has been studied by carvying out SCF-Xa-SW calcula-
tions [200]. XPS data on the clusters [{Pty{PPhy) (¢3-S, Culstu-dppl )12+,
[ Pt,{PPhy)4{15-5), 1, PtCL. and [{Pt,(PPhy)(15-S), ) ,MLY + {where M and L=
various metals and ligands) have been collected, a1l the possibility of distinguishing
between chemically inequivalent nuclm is discussea [2017. Neutral PtAg, clusters
possessing unsymmetrical y;-¢ and u-n°, ¢ alkyny! ligands are reported. Treatment
of [PtAcqi(‘()Fg)v(C CR),], with PPh; leads to the mixed-metal clusters
PtAg,{CeFs )i, 6-C=CR)(u3-0-C=CR}{PPh,), (where R=Ph, Bu'), of which
the phenylacetylens derivative has been characterized by X-ray crystallography
[202].

3.2. Tetranuclear clusters

Excess Cp*Mo(CO);H reacts with Rusz(CO)o(1-H ) (p-PPh,) in refluxing toluene
to give the phosphido cluster Cp*MoRu;{CO) o(p-H),{1-PPh,) and the phosphini-
dene cluster Cp*MoRu3(CO)yo(1e3-H)ga-PPh). Both clusters were fully characterized
in solution and by X-ray crystallography in the case of the phosphido cluste: {2037,
The X-ray structure of the butterfly cluster Cp*MoRu;{CO),,H has been determined
at 110 K, in order to resolve the diserder associated with the ;2,-CO ligand. The
X-ray data provide evidence for isomerization of the quadruply bridging CO ligand
between the two butterfly isomers. 1*C EXSY NMR data and extended Hiickel
calculations on the barrier to cluster isomerization are discussed [ 204]. The ketenyl
cluster 05;{CO) (- HNCOICH, WCp(CO);1 has been synthesized from the
reaction  between Os3(COjo(MeCN), and the metallo-aidehyde complex
CpW{CO),CH,CHO. Pyrolysis of this cluster in the sohd state at 1857C leads to
Cp,W,05;(CO);,{13-CMe) and CpWOs (CO),,{1-O¥pu;-CMe). Both of these penta-
nuclear clusters arise from the C-O bond scission of the ligated ketene fragment.
The latter WOs, cluster isomerizes in solution to give the tetrahedral cluster
CpWOs,(COJ,»(1t-0)(;-CMe), in which the oxo moiety has migrated from an edge-
bridging to face-bridging position. The X-ray structures of all new clusters
are presented [2057]. Consecutive C-C bond cleavage of an allyl ligand on a
WOs, cluster is reported. The isomeric allyl clusters CpWOs;(CO);o{pt5-7°-C3 R, Tol)
(where R is Tol, Ph). which were prepared from the alkylidyne-alkyne
cluster CpWOs;(CO)yo(pa-1>-CoR Hus-CTol),  give the triatkylidyne clusters
CpWOs;{(CO)(113-CRY,{15-CTol) via an alkylidyne-alkyne intermediate. Reaction
schemes and two X-ray structures are piesemt,d [2067. The antiferromaguetic
clusters  Cp,Cra(u-SCMes )y (1 SIWH (-1 {COR(NO),  and  Cp,Ura{s-Shze-
SCMe, L, W{SCMe;)NO have been symhes:zed and characterized in solution [207].
The new clusters Cp,Mo,Fe,Se,(CO), and Cp,Mo,FeSe(CO),, along with the known
cluster Cp;Mo,Fe,Se;{CO), are obtained from the thermolysis of Fe;(CO)Se; and
Cp:Mo,{CG), in benzene. The two new clusters were fully characterized in solution
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and by X-ray crystaliography [2081. Refluxing CpWOs,(CO;, [its-n*-C(Q)YCH, Tol
in toluene produces the oxo-atkylidyne clusier CpWOs;{COjo{pt3-O) p3-CCH, Tol)
as a result of acyl C~O bond cleavage. The reaction of this wxo-capped cluster with
CO and H, has been examined. and in the case of IH,, the isomeric hydrido-oxo-
alkylidene clusters CpWOs;{CO)(p-H}p-ONu-CHCH,Tol) have been isolated.
Variable-temperature '*C NMR spectra pertaining to carbonyl scrambling and mech-
anistic features associated with the cleavage of the acyl C-O bond are discussed
{209]. Kinetic studies have been carried out on the sulfido-capped clustes
MeCp,Mo,Co0,S;(CO),. Phosphine and phosphite ligands are shown to react with
the parent cluster is a two-step process, where the first steps involves the formation
of the adduct cluster MeCp,M0,C0,S,(CO),P, which then loses CO in a subsequent
step to give the corres Jonding substituted cluster. The adduct formed by the addition
of PMe; has been churacterized by X-ray crystallography. The activation parameters
are reported and the substitution mechanism discussed [ 2107]. The sequential substi-
tution of CO in MeCp,Mo,Co,5;(CO), by CNR (where R is Me, Bu') gives
MeCp,Mo0,C0,8;(CO),_ {CNR), (where n=1,2,3). The bis-isonitrilc derivatives
exist as a mixture of cis and trans isomers, as deduced by NMR spectroscopy [211].
The reaction of organic sulfur compounds with MeCp,Mo,Co0,S;(CQ), is reported
to give the cubane cluster MeCp,Mo,C0,5,(CO), in high yield. The products of
hydrodesulfurization are discussed relative to the mechanism associated with these
reactions [ 2127, The preparation of the alkylidyne-alkyne cluster CpWOs;(CO), (13-
CMe)(CMeCTol) and the dimetalleallyl cluster CpWOs;(CO)[C(Me)C(Me)-
C(Tol}] from the thermolysis of Os;(CO),(C,Me,) and CpWICOY,(=CTol) is
reported, The selective scission of one C—C bond is observed in the dimetalloallyl
cluster upon continued thermolysis to give CpWOs;(CO)g(3-CTol)(C,Me,). This
last reaction is discussed in the contest of alkyne metathesis that proceeds through
a dimetalloallyl intermediate. The results of solution characterization (IR and *C
NMR) and two X-ray structures (Fig. 22) are presented [2137.

The synthesis of Re,Ru,(u-H)u-S)(-CHNYHCO),, from Ruy(CO),, and
Re,Ru,(py-Sy(p-CsH N (p-pyS)H(CO), ; is described [214]. The sulfido-capped cluster
[Ru3(CO)o(113-8)}7~ reacts with [M{CO);(MeCN); 1" (where M is Mn, Re) to give
HRu3(CO(14-S)M(CO);(MeCN},. Use of the cations [M(CO);1" {where M is
Mn, Rej gives the ciusters HRu3{CO){11,-S)M{CQ)s. These heterometallic clusters
ali contain a triangular array of ruthenium atoms with a capping SM(CO}),L, moiety
(where L is CO, MeCN) [215]. The dynamic NMR behavior of the isomers of
Re;Pt(i-F 5{CO),4 has been explored by NMR spectroscopy [216]. The rhenium
carbonyls in [Pty {Re(CO); H{(p-dppm); 1~ are ultimately oxidized by added Me;NO
or (3, 1o give the oxo cluster [Pt;{ReO;)ip-dppm); 17, the X-ray structure of which
has been established (Fig. 23). Tixe bonding in the oxo cluster is discussed in terms
of interactions between three filled Pt-Pt bonding orbitals (a, and e symmetry) of
the Piy(dppm}, fragment and three vacant acceptor orbitals in the ReQ; fragment
[217].

[H,Ru;Rh(CO), J{PPN] has been synthesized in high vield from the reaction
between [ HRu;{CO},, J[PPN] and Rh,(CO),Cl,. The X-ray structure reveals that
the cluster is composed o an apical ruthenium atom and a basal Ru,Rh plane
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Fig. 22. Structure of CpWOs;(COYyo{p5-CToliCyMe, ). Reprinted with permission from Organometallics.
Copyright 1994 American Chemical Society.

Fig. 23. Structure of { P1y{ReO)(p-dppmiy ]~ . Reprinted with permvis-ion from Journal of the American
C

i
hemical Society. Copyright 1994 American Chemical Society.
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[218]. Extended  Hiickel calculations have been performed on
Te,Ru(CO),o(1e-CONpy-Se), and Fey (COYo(p-COMpeg-Se),, and the results discussed
with respect to the replacement of one iron atom by a ruthenium atom [2197
Treatment of [Ru;(COKBH,]™ and [Ru{(CO(B,H:)]™ with [Cp*RhCl, ], yields
the 62-electron butterfly borido-clusier RuzRhCp*(H)(CO)o( BH,) and the tetra-
hedral cluster Ru;RhCp*(H),(CO)o. The iridium dimer [Cp*IrCl,], reacts
with the B,Hs-substituted ruthenium cluster to give 64-electron cluster
Ru;IrCp*(H)(CO),o(BH,) and the tetrahedral cluster Ru;RhCp*(H )(CO). Use of
the BH,-substituted cluster yields only the 64-electron Ru,fr cluster [220]. The
unsaturated cluster Os;H(CO)g {Ph,F CH,P(Ph)CH, } reacts with [Au(PPh;)]" to
yield [Os;AuH(CO)g {Ph,PCH,P{Ph)CH,4 17, while reaction with HBF, gives the
corresponding cationic dihydride cluster [Os;H.{CO) {Ph,PCH.P(Ph)CH, 1T
The X-ray structure of the gold derivative accompanies this report [221]. The
synthesis and characterization of MeCpFe;Co(u,-S){CO)y, have been published.
This new cluster, the molecular struciure of which has been crystallographically
established, was obtamed from the reaction between MeCpFe(CO),Cl and
HFe,Co{p3-8HCO), [222]. The results of site-selective substitutions and ligand
isomerization in tetrahedral MCo; clusters (where M is Fe, Ru) are reported. The
X-ray structures of HRuCo,(CO);o{ PMe,Ph), and HRuCo;{(CO)(PMe,Ph); are
presented [223]. The Fe;Au butterfly clusters [Fe;Au(CO);,(PPh;)j~ and
[{FesAu(CO),; },(1-LYJ? ™~ (where L is dppm, dppe) have been prepared and structur-
ally cheracterized in the case of the PPhj-substituted cluster (Fig. 24) [ 224].

Fig 24. Structure of [Fe,Au(CO);(PPh;)]”. Reprinted with sermission fiom Organomelaliics.
Copyright 1994 American Chemical Society.
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The reaction of diphenylacetylene witn Co;Rh(CO),, under dork and photochemi-
cal conditions has been examined, and the X-ray structure of CosRh(p-CO),{COW{1,,
1#*-PhC,Ph) presented [ 225]. The cluster Ir;Rh(CO}, 1] -COD) has heen synthesized
by a redox condensation sequence involving [1r{CO) 77 [Ir{CODYTHF),]7, and
[RH(CODYTHF),1*. The molecular structure of fh Ir;Rh cluster is based on 2
tetrahedral core, consisting of an Ir,Rh basal plane. The COD ligands are readily
replaced by added CO to yield Ir;RR{CO),, [226].

3.3. Pentanuclear clusters

The dangling phosphine moiety in CpRuCl{(Ph,P),CHCH,PPh,1 replaces up to
three CO groups in Ir,(CO);; to give Iry(COYy, -, [CpRuCI{(Ph,PL,CHCH,PPh, 1],
{where n=1, 2, 3). These heterometallic clusters were characterized i: solution by
IR and *'P NMR speciroscopy [ 227]. Hydride reductior. of Ru,RhCp*(CO),, using
[Et4N1[BH4] gives the monohydride cluster [ Ru 2hCp*CO) H] ™. Treatment of
th: anionic cluster with iodine leads to Ru,RhCp*CO),(H)l, which has been
structurally characterized by X-ray crystallography. The rhodien atom occupies one
of the hinge atoms in this wingtip-bridged butterfly cluster. Phosphine substitution
chemistry and chloride ion addition reactivity with the parent Ru,Rh cluster are
described [2287. The clusiei Os;{p-Au0s{CO),PPh; Y p-CIHC O, prepared from
[Os,(-CI{CO)Y,5]~ and [Au(PPh;)] 7, provides the first example where an Os{CO),
fragment has inserted into a Au~PPh; bond. The X-ray structure of the new cluster
is reported [2297. The clusters [{u-CH;OCH,CH=C){(u-RS)Fe,(CO)1,Hg (where
R is Et, Bu') have been isolated from the reaction between [{p-CO}u-R8)Fe,{CO) 1
and bis(1-alkynyl)mercury compounds. The X-ray structure of the Bu' derivative is
reported [230]. The synthesis and electrochemical examipation of Fe,HgM spiked
butterfly clusters have been published. The product anionic clusters are obtained
from the reaction between [Fe,{CO),, ¥~ and ClHgM [where M is CpMo(CO},,
CpW(CQ);. CpFe(CO},, Mn(CO);. CoiCO),]. Oxidation of these clusters gives the
neutral radical clusters. which have been studied by EPR spectroscopy. It is con-
cluded that the unpaired electron is localized in the Fe;Hg core [231]. The planar
triangulated rhomboidal cluster [ Mn;{CO),(us-H ) (p-Hg{CpMo(CO}; 1]~ has been
characterized by X-ray crystailography (Fig. 25). This and related clusters have been
synthesized from ClHgM fwhere M represents various metal compounds} and
[Mn;(CO),,(-HY? ™ in THF solvent. The use of extended Hicke! calculations in
determining the location of the hydride ligand in the Mn;Hg rhombus is discussed

[232].
3.4. Hexanuclear clusters

The reactivity of the unsaturated dihydride complex My {u-HilC O}mgb
(EtO},POP{OFEL), ] with the aceiylide compounds [ M{C=CPh}, (where M is Cy,
Agj has been investigated. The major products isolated have been Mn,{u-H)-
(u-it i — C=CPh)(COY [ p-{EtOLPOP(OEL),] and the hexanuclear clusters
M, Mn(p-H ) (COY, - [u{ EtO), POP(OFE1), 12. whicn in the case of the silver deriva-
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Fig. 25. Structure  of [ Mny{CO),,{pu4-H)(-Hg{ CpMo(COl, 1] . Reprinted  with permission from
Organometallics. Copyright 1994 American Chemical Socicty.

tive has been characterized by X-ray crystallography. Use of [Au(C=CPhy)}, aflords
the cluster AuMn(p-H)s(CO),[p-(EtO),POP(OEL), ], Thre fluxional properties of
these clusters and the adopted polyhedral geometries are fully discussed [233]. The
boride clusters [Ru,Rh,(CO),,B]™ and [Ru,Rh;(CO);3B,] have been prepared
and characterized in the solid state by X-ray crystailography. The former cluster
possesses two trans rhodium atoms. along with an interstitial boride atom [234].
The cluster RusRhCp*(CHCO),, vndergoes lragmentation under high CO pressure
to give Rus{CO);,, RusC(CO)5, and the new cluster RuRhCp*(CH{(O),,. the
molecular structure of which has been solved. The Ru,Rh polyhedron is based on a
square-based pyramid. The reactivity of the starting RusRh cluster with methoxide
has also been examined [235]. Ru,Pt,(CO),, reacts with H, to give the new cluster
RugPt;{CO),, (u-H )sips-H) in 83% yield. The molecular structure consists of three
triangular arrays of nine metal atoms, giving rise to the observed face-shared bioc-
tahedron. The outer layers are composed of ruthenium triangles, with the three
platinum atoms forming the central layer. Diphenylacetylene reacts with this RugPt,
cluster to afford the alkyne cluster RugPt;{CO),0(pt3-PhC, Flit}(pz-H M p-H). The X-ray
structure of this cluster {Fig. 26) confirms the coordinztion mode adopted by the
alkyne ligand. The transformation of the atkyne ligand in this cluster 10 an edge
bridging o-n coordinated diphenylvinyl ligand has been documented [236].

A report describing the surface-mediated synthesis of [RhsPt{¢2),517 on MgO
has appeared [237].

3.5. Higher nuclearity clusters

The prismatic structure of Pt,Hg(2,6-Me,C H3NC), , nas been confirmed by X-ray
crystallography. The <ix platinum atoms define the trigonal prism core. with the
mercury atom situated n a pseudocenter location of e prissaatic core. The bording
in this cluster was aiso explored by carrying ot XPS measurements and extended
Hickel calculations [238]. The synthesis of [Fe;(CO)5cT ™ and its reaction with
M{OAc), (where M is Hg, Cd) to give the clusters [{Fe;(CO},Se},MT*~ are reported.
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Fig. 26. Structure  of  RugP{CO)5{uy-PhC,Phyus-H ) p-H).  Reprinted  with  permission  from
Organometallics. Copyright 1994 American Chemical Society.

The potential for thase linked clusters to serve as building blocks for other righer-
nuclearity clusters is discussed {2397, Deprotonation of Fe(COlflp;-PMei{p-PH Y,
followed by phosphine functionalization. has been used as a route for the synthesis
of extended cluster chains. Trapping the intermediate anion [FedCOjg{ps-
PMe){ps-Py]~  with  CIAuw(THT) gives the new cluster [{FeidCO¥{ps-
PMe)(u3-P)i,Aul ", the molecular structure of which has been c:xsialfr;gfam;{;a?}
determined [2407. Spectroscopic data ate presented for the formation of
R N(CO) s [Au(PPhyil, which was prepared from [RhN(COYs]™ and
Au(PPh;ICL Au(PPh;ICl veacts with [Rh,C(CO}N. T~ at —80°C 1o give
[RheC(CO) 3 {AutPPh; 17 NMR studies reveal that the Au{PPh,) moiety rapidly
migrates about the octahedral core at —80 €. Warming to room temperature leads
to CO loss and formation of [RhC(CO),, [Au{PPh, } which has been charac-
terized in solution by multinuclear NMR measurements [ 2417, The carbide cluster
[RuC(CO}, 1~ reacts with excess {R})(CGD);‘ to furnish th:: monoanion
TRusBhC{CO), (CODYT . ch may be protonated by HBF,OEL o g
RL R BHICHCO), L CODI. The reactivity of the anionic RusRh cluster with h: 20
reagents Au{ PPh;)Ct and Au(PEL; 0] has also been studied. The X-ray struc i‘
R%RhC{CO}M(COD){;A;AeiPPh_}, accompanies this report [ 2427 The syn

and X-ray structure ~f Os Pd{C OV 4 boy) have been published. This new dusi
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obtained from the reaction between Os;(CO},(MeCN), and Pd{bpy)}{CO,Me),.
The X-ray structure of the Os Pd cluster is based on a monocapped octahedron
with the pailadium atom functioning as one of the octahedral vertices [2437].
[Os,{CO),, J[PPN], has besn allowed to react with Au.Cly{P-P) (where P-P is
dppm, dppe, dppb) in the presence of TiPF, to yield the mixed-metal clusters
Osg{CO)p[Auy(P-P)] in near quantitative yield. In the case of the dppb derivative,
X-ray diffraction analysis reveals that the cjuster is composed of a bicapped octane-
dron of osmium atoms, with one of the gold atoms capping the osmium octahedron,
and the other goid atom bridging an edge of the osmium core [2447. The prepar-
ation, molecular structure {(Fig. 27), and polyhedral skeletal isomerization in
[Re,IrC{CO),; 1* have been reported [2457.

D,/H,0 isotope exchange using the platinum-gold cluster [Pty{AuPPh;),1**
has been achieved. NMR data on the cluster species present in solution and a
working catalytic mechanism are discussed [246]. Metallic mercury adds to
[Pt(PPh; {AuPPh;),1°* to produce [ Pt{PIii;){AuFPh; s HgNO, )T, the molecu-
lar structure of which has been crystallographically determined. The displacement
of metallic mercury from this cluster and the reactivity toward [Co(CO),T~ are
described [247]. The clusters [Ag,{p-Fe(CO), 1, 1% and [Ags {1p-Fe(CO), ), {us
Fe(CO);},1~ have been prepared and the electron counts rationalized by extended
Hickel calculations. The X-ray structure of the former cluster is shown in Fig. 28
[2481.

The reaction of [CuCL({PPh;)]™ with [Fe,(COM{u-5);]*" in MeCN/MeOH
leads to the iror-copper-sulfur cluster [ Fe,Cugtity-S)s(CO)5(PPh;),] ™. The X-ray
structure of the new cluster has been solved [249]. Treatment of [Ru,H(CO),, 1~
with Pd(PhCN),Cl, affords the cluster [ RugPdg(CO),, 12, which is shown to possess
a trigonally distorted octahedron of palladium atoms that is capped by ruthenium

Fig. 27. Structure of [Re,IrC{CO),,1*". Reprinted with permission from Journal of the American
Chemical Society. Copyright 1994 American Chemical Society.
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Fig. 28. Structure of [Ag,{u,-Fe(CO)},1° . Reprinted with permission from Inorganic Chemistry.
Copyright 1994 American Chemical Socisty.

atoms by X-ray diffraction analysis. The *C NMR data ind electrochemical behavior
of this cluster are yresented [250]. The carbide cluster [Rh,C,(CO),3{AuPPh Y]
has been isolated from the reaction Letween Au(PPh;)Cl and [Rhy,Co{COL, ™.
The solution and solid-state structures of this cluster have been determined and
discussed relative to how the CO ligands are distributed about the cluster poly-
hedron [251].

4, Abbreviations

acac acetylacetonate

ampy Z-amino-6-methylpyridinate

bpm 2.2’ -bipyrimidine

bpy 2.2-bipyridine

COD 1.5-cyclooctadiene

Cp cyclopentadienyi

Cp* pentamethylcyclopentadienyl

Cy cyclohexyl

dmpm bis{di:r 2thylphosphinojmethane
dppb 1.4-bis{diphanylphosphinojbutane
dppe 2-bis(diphenvlprhosphmojethane
dppf 1.1'-bis(diphenylphosphino)ferrocene

dppm bis(diphenyiphosphino)methane
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dppp i,3-bis{diphenylphosphino)propane

Fe ferrocenyl

mbim J-mercaptobenzimidazolate
Mes mesityl

mnt 1,2-dicyanoethene-1.2-dithiolate
PPN bis(triphenylphosphineliminium
Py pyridine

pyS pyridine-2-thionato

THT totrahydrothiophene

TMS trimethylsilyl

Tol tolyl

XPS X-ray photoelectron spectroscony
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