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Abstract

The synthetic, mechanistic, and structural chemistry of organometallic metal cluster compounds is reviewed for the year 2002.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Organometallic cluster compounds; Polynuclear compounds

1. Dissertations tion of methanol to afford methyl formate using the cat-
alyst precursors [BN]2[Fes(COXE] has been studied.
The reaction between CNbCl; and ammonia produces Detailed kinetic studies reveal that the reaction exhibits
the niobium nitrido complex [CiNb(N)CI]3. The inter- a first-order dependence on the initially charged cluster
mediate CPNb(NH2)CI3(NH3), which has been isolated and a quasi-second-order dependence on CO. The influ-
and characterized, is suggested to serve as a precursoence of methoxide ion on the reaction is discusggd
to the nitride clustef1]. The ability of [F&(CO}E]?~ The reaction of OgCO)g(MeCN), with 2,2-dimethyl-
and [HFe(COXE]~ (where E= S, Se, Te) to participate  4-phenyl-1,3-dioxolane furnishes thg?2-vinyl bridged
in the construction of thin films attached to gold sur- cluster Og(CO)o[pn-CHCHC(H)OC(Me>OCH,](w-H),
faces has been described. The solution-phase self-assemblwhose identity was established by IR and NMR spec-
of these chalcogenide-capped clusters on the gold sub-troscopies, and X-ray crystallograph$]. The synthesis
strate has been thoroughly investigated by traditional and reactivity of the triangular phosphido-bridged cluster
surface science methods. The homogeneous carbonylairs(u-PPh)3(CO) has been reported. X-ray analysis re-
veals the presence of one short Ir—Ir bond and two long Ir—Ir
bonds. VT NMR data confirm that the phosphido groups
* Fax: +1-940-565-3814. participate in a rapid flip-flop motion relative to the metal
E-mail address: cobalt@unt.edu (M.G. Richmond). triangle. Added dmad reacts with this cluster to produce
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the cluster compound 4¢u-PPh)3(CO)(n-dmad), which
is shown to possess a diiridacyclobutene moiety by X-ray
diffraction analysis. Parallel reactivity studies employing
IroRh(w-PPh)3(CO)s have been carried out, and the results
are contrasted with the homometallig; Icluster [4]. The

synthesis and structural characterization of the linear het-

erometallic compounds [M@t(u-L)2Ag2(MeCN)]%* and
[(OC)sFe(u-L)2Ag2(Et,0)]?t [where L = 2, 6-bis(diphe-
nylphosphingpyridine] have appeared. The luminescent
properties of related acetylide-bridgedfulusters have also
been examined and the results fully discu4&&dThe use of
Cp5Rhp(-C2S4) as a building block for the construction of
larger metal ensembles containing noveBgligand bond-
ing modes is described. The Rtiluster [CQRh4(C284)2]2Jr
has been obtained from GRh(u-C2S4) under elec-
trochemical conditions. Treatment of {Rp(n-CoSs)
with [Cp*Ru(MeCN}]* and [CPRh(MeCNX]?t gives
[CpsRRU(GSy)]T and  [CEERhe(C2S4)2]*",  respec-
tively. The ability of the G$4 ligand to function as an
electron donor is discussdgé]. The mixed-metal clusters
PtRuC(CO)s and PiRwy(CO)s have been employed
in the fabrication of carbon-supported Pt—Ru nanoparti-
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Fig. 1. X-ray structure of GfCr3(CO)(S)(PMe). Reprinted with permis-
sion from Organometallics. Copyright 2002 American Chemical Society.

ynthesis of the novel hybrid metal-carbonyl-oxide clus-

cles. The resulting nanoparticles have been characterize o
. ter [(OCEWSbWs(CO)(z-OMe)(nz-O)WO(OMe)]
by XAS, STEM, and EDX measurements. The reductive ¢ W(CO) and NaSb@ is described. The molec-

condensation of PtRC(CO)s and PtRw(CO)g into a
bimetallic nanoparticle has been studied by using in situ
EXAFS, temperature-programmed desorption, and STEM
methodologie$7].

2. Homometallic clusters
2.1. Group 6 clusters

Thermolysis of [CpM(CQO3]2 (where M = Mo, W)
in the presence of gray antimony in toluene at 180
gives (1,m°m>-C10Hg)(n°>-CsHs)M3(CO)s(pu3-Sh). Crys-
tallographic analysis of each product confirms the cou-
pling of the two Cp moieties that gives the observed
fulvalene ligand[8]. The reaction of CgCra(CO) with
RoP(S)P(S)R (where R = Me, Et) gives the corre-
sponding thiophosphinito complexes CpCr(GEPR).
CpCr(CO}(SPMe) undergoes desulfurization upon
heating to produce GEr(CO}(pn-H)(n-PMe), and
CpsCr3(COX(S)(PMe). The X-ray structure of the latter
product Fig. 1) consists of a Grtriangle that is capped by
a p3-S moiety. The Cr—Cr edges of this cluster are ligated
by the two CO groups and the phosphido moif&ty

Treatment of CrG(THF); with three equivalents of
RLi (where R = Me3zCCH,, Me3SiCHy) gives the fol-
lowing compounds ECr and [RCr]s. The molecular
structure of (MgSiCH,)sCrs exhibits a regular cube struc-

ular structure has been established by X-ray crystal-
lography [11]. Thermolysis of CpCr(CQ)n?-S,CNRy)
(where R= Me, Et, 'Pr) gives CpCr(CQ)n2-SCNRy),
CpsCra(m*m?-SCNRy)2,  CpsCrg(n':m*SCNRy)2, and
CpsCrsSy, in addition to minor amounts of other products.
The X-ray structures of selected £lJxgSg derivatives are
presented and the structural highlights are discufk2ld

2.2. Group 7 clusters

The reaction of the disulfide complex MICO);(p.-S)
with SMe, affords the new complexes M(CO)s(-S2) (-
SMey) and My (COx4(SM&)(n3-S2)(a-Sz). The same
starting material has been explored for its reactivity
with thietane and 1,4,9-trithiacyclododecane, with sim-
ilar reaction products being found as in the SMee-
actions. The solution spectroscopic data are described,
and the structural highlights of four compounds are dis-
cussed13]. Treatment of Mp(CO)(MeCN) with thiirane
yields Mnp(CO)r(n-S2), Mna(CO)is(pa-Sp)(ra-Sz), and
Mn4(CO)4(MeCN)(u3-S2)(sa-S), via sulfur transfer from
the thiirane substrate. The dimanganese disulfide complex
Mny(CO)(n-Sp) reacts with tertiary phosphines and ar-
sines to furnish a variety of Mjpand Mrg derivatives. The
structural features of the accompanying eight X-ray struc-
tures are thoroughly discussgidt]. The synthesis, spectral
properties, and X-ray diffraction structure of the tetraman-

ture containinguz-alkyl groups. The magnetic suscep- ganese complexua-CS3)2Mng(CO)6, Which has been pre-
tibility data and the results of density functional theory pared from Ma(CO) 0 and CS, have been published. This
calculations are discussed relative to the nature of the same product is also obtained from the reaction of selected
HOMO and LUMO levels in the latter clustdd0]. The (m?-dithiocarboxylato)Mn(CQ) complexes with CS[15].



M.G. Richmond/ Coordination Chemistry Reviews 248 (2004) 881-901 883

2.3. Group 8 clusters drogenation of benzene using the water-soluble clus-
ter [(n®-CgHg)(m®-CeMes)2Rus(p3-O)(u-H)a] * has ap-

The mechanism associated with the very low energy peared. Rapid reaction rates and high turnover num-
fluxional process in F£CO)2 has been reexamined. A bers are reported. Similar benzene hydrogenation activ-
process involving the movement of the ligand icosahedron ity is also observed when the hydroxy-bridged cluster
about the central Retriangle is discussed and rejected. [(n®-CgsHg)(m®-CsMes)2Rus(jn3-O)(i-H)2(n-OH)]H is em-
The failed criteria for previously proposed fluxional pro- ployed as the catalyst precursor. The hydrogenation activity
cesses are discussgd]. The use of surface organometallic was found to be unchanged when these reactions were
chemistry in the preparation of alkyne-substituted clusters carried out in the presence of added mercury, suggesting
has been described. Treatment oz O) 2 that has been  that intact Ry clusters serve as the active catalyias].
deposited on a wide variety of substrates wight-butyl The reactivity of [Rg(u-Cl)(CO)g] ~ with various substi-
acetylene, 2-methyl-1-butyn-3-ol, or 3-phenyl-1-butyn-3-ol tuted butyne derivatives has been examined. The resulting
gives the corresponding triruthenium acetylide- and butyne-substituted ruthenium clusters were explored for
acetylene-substituted clusters under mild conditions. The their proparagylic activation, which affords the allenyl
factors that affect the reaction rates and yields are dis- cluster Ru(p-Cl)(CO(,m3-CHsCCCH). The nucle-
cussed, and data from electron microscopy studies are useaphilic reactivity of this latter cluster has been studied with
in the formulation of a working reaction mechanigfy]. the aid of MO calculationd26]. The triosmium cluster
Picosecond time-resolved IR spectral data have allowed HOs3(CO)o(nt:int-OC4H,CCHg) has been allowed to re-
for the first direct observation of a CO-bridged interme- act with a series of aromatic aldehydes to yield coupling
diate from Ryg(CO);» during near-UV photolysis. The products via an aldol reaction sequence. The X-ray struc-
formation of a CO-bridged RiCO);» isomer as the pri- ture of the product from the benzaldehyde reaction confirms
mary photoproduct is in agreement with the structure of the condensation reactiof27]. A triple-decker triruthe-
the reactive isomer of RYCO);, that has been postulated nium metallabenzene cluster has been synthesized from
earlier in the literaturg18]. A report on the efficient and  [Cp*Ru(H,O)(nbd)]" in the presence of HCfNa, followed
novel chelation-assisted hydroesterification of alkenes us-by treatment with HBE. The initially formed complex is
ing Rw(CO)2 has appeared. The details associated with the diruthenium species GRux(C7Hg), which slowly de-
this reaction, which relies on the presence of a 2-pyridyl composes to furnish [GRUEtCpRUCpH]™, Cp*RUEtCp,
moiety to assist in the chelation of the ruthenium catalyst, and the triple-decker complex [@BU?,(C7H8)(}L-H)]2+,
and a crude working mechanism are preserjéd]. The whose X-ray structure accompanies this red@g]. The
Ruz(CO)o-catalyzed synthesis of pyranopyrandiones via activation of acetylene by CpRug(p-H)3(w3-H)2 has been
the reconstructive carbonylation of cyclopropenones hasexplored, with the ps-ethylidenen?(||)-ethyne complex
been described. A mechanism based on the results of an§Ru?,(M—H)g(M—CMeH)[Mg—nZ(||)-CH=CH] being formed
13CO labeling study is discussdd0]. Rus(CO)2, in the  from CpiRus(-H)3(p-n":m?-CH=CHy),. Thea-C—H bond
presence of dimethyl(2-pyridyl)(vinyl)silane, is reported to of the w-ethylidene ligand in the former cluster undergoes
function as a catalyst for the intermolecular Pauson—Khand oxidative addition and loss of hydrogen upon heating to
reaction. The efficiency of the reaction, regioselectivity, produce CgRus(j-H)2(p3-CMe)[s-n2(|))-CH=CH]. VT
and the effect of the removable 2-PypB moiety on the ~ NMR data on this latter cluster reveal that both iaeethyne
course of the reaction are discusged]. A report on the and hydride ligands are fluxional at ambient tempera-
synthesis of cyclic imides and anhydrides using(E©); 2, tures. CI@Rua(ph-H)2(M3-CMe)[M3-n2(||)-CH:CH] reacts
amines, and alkynes has appeaj22]. with added acetylene to give GRus[p3-n*n3m-C(H)-

The reactivity of 1-pentyne and acetylene with Gt C(H)CMe](n3-CMe)(u-H). The molecular structuré{g. 2)
(CONo in the presence ofara-Hz has been investigated.  confirms the existence of thes-n3-diruthenaallyl moiety
Data from mechanistic studies are discussed relative toijn this last product. Ligand exchange schemes and plausible
catalytic intermediates pertinent to catalytic hydrogena- reaction mechanisms that account for the formation of the
tion. Of the four different triosmium clusters that were observed products are presented and discugsid
spectroscopically observed in solution, only dher-vinyl Thermolysis of 2-methyl-1-buten-3-yne in the pres-
complex O§(CO)yo(km?-CH=CHR)(u-H) undergoes re-  ence of Fg(CO)» vields four main products, of which
action with added b to afford the corresponding alkene the open-cluster isomers of EO).o[H>CC(Me)CC(H)-
cluster product[23]. Photolysis of FgCO)(n3-CF) C(H)C(CO)C(Me)CH] and Fe(CO)o[HCC(Me)C(H)-
with  1,1-difluoroallene yields the cluster compounds C(H)C(H)C(CO)C(Me)CH] have been isolated and struc-
octacarbonyls-fluioromethylidyne),n*:n3n?*-1,3-diflu- turally characterized. The tail-to-tail dimerization of the
oro-2-fluoromethylpropane-1,2,3-triyl)triiron and nonacar- alkyne ligand and reaction pathways are discusi@a].
bonyl(w.n*:n?m*-1-fluoro-2-trifluoromethylbut-1-en-1-yl-  The reaction of Re(u-H)(1s-CCCPR)(1-OH)(COY
4-ylidyne)triiron. The solution’H NMR data and the  with alkynes and 1,3-diynes has been investigated.
molecular structures, as established by X-ray diffrac- yse of HGSiMe; led to the sequential formation
tion analyses, are discussg¢@4]. A report on the hy- of Rug[pa-CH(SiMe;)CHCC=CPh](-OH)(CO) and
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Fig. 3. X-ray structure of Riy(H)(SiMePh)(CO}(p2-n3m>-4,5-
dihydro-4,6,8-trimethylazulene). Reprinted with permission from
Organometallics. Copyright 2002 American Chemical Society.

Fig. 2. Xray structure of CRug[ps-nt:mm!-C(H)C(H)CMe]-
(r3-CMe)(-H). Reprinted with permission from Organometallics. Copy-
right 2002 American Chemical Society. cyclic voltammetry [34]. Og(CO)1(MeCN) has been
allowed to react with 1,4-bis(ferrocenyl)butadiyne to fur-
Rug(u3-CRCR'CR’'CRCG-CPh)(CO). Other acetylenic  nish the cluster compounds §€0)0(u3-n2-FcCsFc)
substrates explored include FcCCH, PhCCPh, and FcCC-and Og(CO)11(p3-n*-FcCsFc). The latter cluster has
CCFc. The characterization of the new clusterstbyand been obtained in essentially quantitative yield when
IR spectroscopies is described, and the molecular struc-Os3(CO)o(MeCN), is employed as the starting mate-
tures of eight products are presented and discuf3Ed rial. The molecular structure of the decacarbonyl prod-
The results from detailed NMR studie¥H;, °C, 2°Si) on uct displays a triangular osmium core that contains a
acetylide-substituted and the parallel alkyne ligand i Ru triply bridged alkyne moiety. The X-ray structure of
and Os clusters have been published. The NMR data are Os(CO)1(uz-n*-FcCsFc) exhibits an open triosmium
contrasted with the results of extended Hiickel MO calcula- core where the two alkyne groups are coordinated in a
tions. The X-ray structures ofitH)Ruz(CO)(CCR) (where parallel fashion to the three osmium centers. Treatment
R = SiMes, SiPhk) and (@-H)Os3(CO)(CCR) (where of Ox(CO)o(MeCN), with 1,4-bis(ferrocenyl)butadiyne
R = SiPhs, Buf) have been determined and the structural at elevated temperatures gives the dinuclear complex
highlights described32]. Oxidative addition of PhMgSiH 0%(CO)(-n*-FcGCCFc). Thermolysis of Q§CO)o
to Rus(COY,(p3-n°:m>-4,6,8-trimethylazulene) takes place (w3-n2-FcC4Fc) leads to alkyne cleavage and the new clus-
by CO loss and hydrogenation of one of the azulene ter Og(CO)y(uz-n?-CsFc)(n-n2-CCFc), whose molecular
carbon-carbon double bonds to furnish the 46-election clus- structure was established by X-ray diffraction analysis.
ter  Ruw(H)(SiMexPh)(CO}(m2-n%:m>-4,5-dihydro-4,6,8- The electrocommunication between the ferrocene centers
trimethylazulene), whose X-ray structure is showifrig. 3. in these products was explored by cyclic and differen-
Both the starting cluster and the product exhibit moderate tial pulse voltammetric techniques. The MO properties
catalytic activity in the hydrosilation of acetophenone. The of Os(CO)1(u3-n*-FcCsFc) were studied by extended
NMR data that support a catalytic cycle based on an intact Hiickel calculations using the model bis(dehydrobutatriene)
triruthenium cluster are thoroughly discusgaa). complex Os(CO)1(C4H2) [35]. The coordination of 1,12-
The reactivity of the triruthenium clusters ECO)io bis(ferrocenyl)-1,3,5,7,9,11-dodecahexayne, which was
(MeCN), and Ruy(CO)o(dppm) with the ferroceny-  synthesized from the oxidative coupling of FgGCoH,
lalkynes FcGH, HC,CoFc, and FcGCoFc has been inves-  to Og(CO)1(MeCN) has been achieved. The product of
tigated and found to afford R(CO)(-CO)(w3-RCR), this reaction, OfCO)o(ps-nB-FcCGCCCCGFc), con-
Ruz(CO)7(p-H)(p3-CoCCFc)u-dppm), Rg(CO)(wn-CO) tains two open Qs clusters that are coordinated parallel
(n3-FCcGCCFc)-dppm), and Rg(CO)s(u-CO)[3-CaFco to opposite sides of the hexayne chain. The same ligand
(CCFcY](p-dppm). The solution spectral data are pre- reacts with Ce(CO) to give Ca(COka (mg-mZnZnZ:
sented, and the molecular structures of four X-ray struc- sn2-FcGCCCGCCGFe). The X-ray structures of the
tures are discussed relative to other structurally char- O and C@ complexes are presented and the struc-
acterized ferrocenylalkyne complexes. The redox be- tural features are discussed. Differential pulse voltam-
havior of several of these clusters has been studied bymetric data on the starting ligand and the two clusters
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Fig. 4. X-ray structure of Q§CO)s(nz-n3-FCCCHGCOCCFC)(-H).
Reprinted with permission from Organometallics. Copyright 2002 Amer-
ican Chemical Society.

indicate that there is no detectable electronic commu-
nication between the two ferrocenyl centg®6]. The
new clusters QgCO)(ju3-n3-FCCCHGCOCCFC)(u-H),
0%(CO)0(puz-m?-E-FCCHCHGCCCCFc), and Q€CO)o
(w3:p3-n2m?-E,E-FCCHCHG-C,CHCHFc) have been
obtained from the reaction of @&O)o(w-H)2 with

885

corresponding substitution products F080);(CNR)(u.s-
CNR)L(Cgp). The Gyo coordination mode to the osmium
frame remains unchanged for the ligangdsH)>, CNR, and
PMes. When PPh is employed as the incoming ligand, an
orbital reorganization of the ¢ring of Cgp is observed,
leading to awz-n'mt:m2-Ceo ligand. Full solution charac-
terization by'H, 13C, and 2D'*H-'H COSY NMR spectro-
scopic methods are presented, and the molecular structures
of all four new products are included with this rep{89].

A report on the versatility of60] fullerene as a 4e donor
ligand to triosmium clusters has appeared. Substitution of
CO by PPh in Os3(CO)(CNR)(3-CNR)(w3-ntmZm!-

Ces0) (Where R = benzyl) leads to a 1,2-type Gy
ligand in the product cluster @&CO);(PPh)(CNR)(us-
CNR)(r3-ntmtm2-Cso). While these two Os clusters
are reversibly interconverted, treatment of the latter clus-
ter with additional PP§ gives the w-type Gso cluster
Os3(CO)(PPs)(CNR)(113-CNR)(1-PP) (131m2:m?-Ce0).

The X-ray structure of this phosphido-bridged cluster re-
veals that one of the three osmium—-osmium bonds has
been cleaved during the reacti¢#0]. High-temperature
thermolysis of O$(CO)y(uz-n°m?m?-Cgo) With added
PhCHN=PPHR produces the benzyl isocyanide-substituted
cluster Og(CO)(CNR)(3-1%:m%:n2-Cso) in good yield.
Photolysis of the same @& O)g cluster with CNR (where

R = benzyl) gives thews-capped cluster Q§CO)g(3-
CNR)(r3-ntmZm-Cs0). NMR and X-ray data on these
clusters are presented and discussed relative to the struc-
tural interconversions exhibited thegligand[41]. Ligand
substitution in FeRu(CO)» and FeRu(CO)» by CNBU

and CNCy has been studied. The molecular structures of

1,8-bis(ferrocenyl)octatetrayne. The three products were four clusters have been solved and discussed relative to the

characterized in solution by IR antH NMR spectro-
scopies, in addition to X-ray crystallography. The molecular
structure of OfCO)y(uz-m3-FCCCHC4COCCFC)fn-H)

parent carbonyl clustg¥2].
The reaction of Rg(CO)2 with excess 3,5-diert-
butylpyrazole at 170C gives the unsaturated pyrazolate-

(Fig. 4 reveals the presence of a tetrayne chain that is bridged dimer Rp(CO)s(dbpz) [43]. The reactivity of

coupled to a CO ligand and that has been cyclized to form

para-hydrogen with a series gfz-quinolyl triosmium clus-

an eight-membered heterobicyclic ring. CV and DPV data ters has been investigated. The mechanistic information
indicate that the two ferrocenyl moieties in thez@uster that was obtained is discussed with respect to the hydro-
undergo two separate one-electron oxidations consistentgenation of coordinated heterocyclic moieties at triosmium
with inequivalent ferrocenyl groups. A working reaction clusters[44]. The acid—base chemistry of electron-deficient
mechanism involving hydride transfer to a coordinated benzoheterocycle triosmium clusters has been examined.

alkyne group is presented and discusk.

A detailed structural and spectroscopic study of the
dihydrogen bond in the imine-substituted clusterpH(
H)Os3(COXo(HN=CPh) has been publishedtH NMR

The clusters have the general structurez(O®)o(ps-
M2-L-H)(p-H) (where L = various heterocycles). De-
tailed NMR assignments are presented, and the molecular
structure of O(CO(p3-n2-phenanthridine)(-H) is in-

measurements have given an interproton distance for thecluded in this report[45]. The coordination chemistry
ancillary hydrides that is ca. 0.11 A longer then the value of 2-amino-7,8-benzoquinoline at triruthenium and trios-
determined by X-ray analysis. This difference between the mium clusters has been explored. The heterocycle reacts
NMR and diffraction data distances is explained in terms of with Ruz(CO)1o(MeCNY), to initially give Ru(pu3-n3-abg-

an amplitude oscillatory motion of the imine relative to the C,N,N)(CO}). This product reacts with additional ligand to
N—Os coordination site and intramolecular hydrogen bond- give Rus(p-H)2(p3-n3-abg-C,N,N}(CO). The cyclomet-

ing between imine N—H group and the Os—H moif38§]. alated abq ligands bond to a Ru—Ru edge via the nitrogen
Treatment of O(CO)(CNR)(3-CNR)(3-n1:m%:m1-Ceo) atom of an amido fragment and chelate to the remaining
(where R= benzyl) with MgNO, followed by thermol- ruthenium center by the quinoline N atom and the C atom of
ysis reactions with different Zedonor ligands, gives the the cyclometalated rings, as established by X-ray crystallog-
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Fig. 5. X-ray structure of Ri(p-H)(CO)(w-m3-dpa-C,N,N). Reprinted
with permission from Organometallics. Copyright 2002 American Chem-
ical Society.

raphy. Og(CO)o(MeCNY), reacts with the same heterocycle
to produce Osg(j.-H)(CO)1o(m-mt-Habg-N), which is shown

M.G. Richmond/ Coordination Chemistry Reviews 248 (2004) 881-901

omeric clusters -H)Os3(CO)1o[ .-OCNH-(R)-CHMePh]
in a 1:2 ratio. Theé'H NMR and IR spectroscopic data and
the [¢]p values are reported for each diastereomer. The
absolute configuration of theH)-diastereomer was ascer-
tained by X-ray diffraction analysi®0]. The light-induced
formation of zwitterions and biradicals from the cluster
Os3(CO)o('Pr-Acpy) is reported. The effect of the solvent
on the excited state(s) of the cluster has been assessed
through the use of picosecond UV-Vis and nanosecond IR
spectroscopy51]. Os(CO)o(a-diimine) has been exam-
ined by ultrafast time-resolved absorption spectroscopy and
the primary photoprocesses have been established. Both
biradicals and zwitterionic species are observed upon decay
of the excited cluster, depending upon the nature of the re-
action solvent. These data reveal that a coordinating solvent
such as MeCN may induce both homolytic and heterolytic
cleavage of an Os—Os bond in this genre of clufgf.

The reaction of the diphosphene liganB)-pis(2,4,6-
tri-tert-butylphenyl)diphosphene with $ICO)> (where
M = Fe, Ru) has been studied. Cluster fragmentation
of Fe3(CO)» occurs, with Fe(CQ)n!-diphosphene) be-

to be stable towards further reaction in refluxing toluene. The ing formed as the major product. Thermolysis of the

Os cluster was characterized in solution by IR and NMR
spectroscopiepl6]. The first examples of trimetal clusters
containing ligands derived from di(2-pyridyl)Jamine have
been synthesized from B{CO);2 and Mz(CO)o(MeCN),
(where M = Ru, Os). The cluster R.-H)(CO)(u-1°-

diphosphene with RyfCO),» affords the bis(phosphido)-
bridged cluster Rg(n-H)2(CO)s(n-PGH2-2,4/Bu-6-
CMe>CHy)2, whose X-ray structure confirms the C—H bond
activation of one of the thregbutyl groups. Preliminary
studies indicate that the cluster product is able to hydro-

dpa-C,N,N) chelates a ruthenium center via both pyridine genate alkenes and alkynes without fragmentation of the
nitrogens and is attached to an adjacent ruthenium atomRusz core [53]. The clusters Rsjp-cyclo-(PhX)s](CO)10

through the C atom of a metalated pyridine rirfgg( 5).
The triosmium cluster Q$CO)10(MeCN), shows different
reactivity with the dpa ligand, with Q§u-H)(CO)o(-
m2-dpa-N,N) and Og-H)(CO(mz-n?-dpa-N,N) being

(where X = P, As) have been isolated from the reaction
of Rug(CO)0(MeCN), with cyclo-(PhX)s at ambient tem-
peratures. The ancillary ligand in each cluster contains an
intact six-membered ring that adopts a chair conforma-

formed in a stepwise sequence. The dpa ligand is attachedion and that bridges a Ru-Ru edge through two phos-
in an edge-bridging and face-capping fashion, respectively, phorus or arsine atoms in the 1,5-positions of the ring.

in these Os clusterg[47].

Alkene bond migration in N-allylic substrates has
been catalyzed by the chiral clustels-)Os3(CO)o(j-
OCNRR). The utility of these chiral clusters as stere-
odifferentiating catalysts for asymmetric isomeriza-
tions is discussed48]. The reaction of the unsaturated
cluster Og(p-H)2(CO)p with various amine ligands
has been investigated. The expected complexesHOs
(n-H)(CO)1o(amine) were evaluated Byl NMR spin-lattice

Thermolysis of Rg(CO) 2 with the same ligands leads
to ligand fragmentation and formation of KCO)3(ws-
AsPh} and Rg(CO)a(ma-PPhl(uz-PPh}. Similar re-
activity is observed in the thermolysis af/clo-(PhAs)k
with Fe3(CO)2. Here, Fg(CO)(n3-AsPh) was isolated
as the sole product. The analogous clustes(E®)y(j.3-
PPh) and the dinuclear species K€O)[w-n2-catena-
(P4Phy)] and [Fe(CO){ms-(P2Php}]2 were isolated from
the reaction of FgCO)» with cyclo-(PhP} at elevated

relaxation spectroscopy, and the observation of an uncon-temperature. Detailed solution IR and NMR data are re-

ventional M—H.--H-N hydrogen-bond in these clusters
has been verified. The effect of th&yp on the uncon-
ventional H---H bond has been quantified through the

use of T values from selectively deuterated isotopomers.

ported, and the molecular structures of four cluster prod-
ucts are presented, with their unique structural features
discussed54]. The hydrogenation and isomerization of 1-
hexene using the catalyst precursorg@®D)(PPh)3; and

DFT calculations have been carried out on complexes Ruz(COy[Ph,PCH,CH,Si(OMe)] have been explored.

OssH(p-H)(CO)0(NH2CH2Ph), and the various coordina-
tion geometries of the amine on the surface of thgsster

Both catalysts were heterogenized in silica matrices by
sol-gel methodology and their catalytic activity assessed

are described. No ligand basicity trends were found when by UV-Vis and FT-IR spectroscopies. Higher catalytic ac-

the amine-substituted clusters were studied${s NMR
spectroscopy49]. Ox(CO)1(MeCN) has been allowed to
react with R)-(+)-1-phenylethylamine to give the diastere-

tivity in the hydrogenation of 1-hexene was found with
the gel immobilized catalysts as compared to the homoge-
neous Ry systems. The formation of catalytically active
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[Ru(I)(CO)y],, species within the porous matrix is postu-

887

ligand and a am?-u1:ps-phosphinidene-phosphine moi-

lated to be responsible for the observed reactivity trends ety was confirmed. The reactivity of the dppe ligand in

[55]. Phosphine substitution in B{CO)o(p-dppm) at
room temperature gives B(CO)y(PRs)(w-dppm) (where
R = Et, Ph, Cy/Pr). X-ray structural data suggest that vari-

this triruthenium cluster is contrasted with the analogous
dppm-substituted cluster B{CO)o(dppm), which affords
different thermolysis productf60]. Both C-H and P-Ph

ations in the Ru—Ru bond adjacent to the phosphine ligandbond activations have been verified in the thermolysis of

are responsible for the enhanced reactivity o£@R0O); (-
dppm) relative to the parent cluster £G0O);>. The data
are consistent with the inability of B(CO)o(i-dppm) to

Ruz(CO)10(dppe). The major product found from the reac-
tion conducted in refluxing toluene is RCO)y(u-CO)[ws-
12-PCHCH,PPh](pa-n*-CsHa), whose structure was as-

relieve steric congestion within the cluster, as imposed by certained by X-ray analysis. VT NMR data have confirmed

the bulky dppm ligand56]. High-temperature thermolysis
of Os3(CO)o(-dppm) with HBS furnishes the known clus-
ter (u-H)20s3(CO)7(w3-S)(w-dppm) and the new cluster
Os3(CO)7(p3-CO)(3-S)(-dppm). Use of thiourea in place
of H,S gives the former product in high yield. The stereoiso-
meric 50e clusters O5(CO);(w3-Sk(w-dppm) have been
isolated from the reaction of @&O)io(n-dppm) with
tetramethylthiourea. Independent reactions af(O8);(.3-
CO)(3-S)(u-dppm) with added tetramethylthiourea con-
firm the formation of the two stereoisomeric 50elusters.
Treatment of this same heptacarbonyk@tuster with B

the presence of three independent dynamic processes involv-
ing benzyne ligand rotation, CO scrambling, and a twisting
movement of the CLICH, chain. Line-shape analysis of the
benzyne motion was achieved and the kinetic parameters
for benzyne rotation have been determined. Thermolysis of
the related cluster RYCO);o(dfppe) indicates that fluorina-
tion of the phenyl rings leads to enhanced ligand stability.
No thermal degradation of the ancillary diphosphine ligand
was observed in this latter cluster under conditions where
the dppe derivative readily undergoes ligand activafds.
Cluster condensation has been found wher(O®)y(-

yields the aforementioned dihydride cluster. The details SbPh)(u-H)(na-n?-CsHs) is treated with alkenes and

associated with the three X-ray structures that are presentdienes.

are discussefb7]. The cyclization of allenylidene ligands

The clusters G€O0)4(4-Sb)-SbPh)(u-
H)2(pa-n2-CHa)(n-m?-CeHa) and Og(CO)a(jra-Sb)(u-

to indenyl groups has been demonstrated in thermolysis SbPh)(p-H)(n3-m8-CsHa)(Ph) have been isolated and

reactions of Rg(CO)(pn-CO)(u-dppm)z-C=C=CRy)
(where R= Ph, tol). The X-ray structure of R(CO)s(j3-
PPhCHPPK)(u3-CoHsPhy) is reported and the course of
indenyl ring formation is discussed. Treatment of3Ru+
H)(CO)(-OH)(u3-C=C=CPh) with C(CO)s in re-
fluxing toluene gives CoRYCO)(n-CO)(m3-CoHgPh),

fully characterized in solution and their molecular struc-
tures determined. Treatment of the formersGduster
with various Group 15 ligands leads to the corresponding
mono-substituted derivatives, of which the BRlubstituted
cluster has been structurally characterié®]. C—C bond
coupling of the phenylene ligand with terminal alkynes

whose molecular structure consists of a tetrahedral GoRu has been observed when {080 (p-SbPB)(w-H)(ws-
core, where the three Co—Ru edges are bridged by CO lig-n2-CgHj) is treated with either PhCCH dBuUCCH. The

ands. The Rgiface is capped by a 1-phenylindenyl ligand
that is attached to two ruthenium centersifyinteractions
and by am?® interaction to the remaining ruthenium center
[58]. Thermolysis of R#(CO)o(PhPGBUY), gives the
48e” phosphido-bridged cluster R{CO)(n-PPh)2(j-
ntm2-CoBut),. Ligand addition to this cluster readily
furnishes the corresponding 50elusters Ry(CO)sL (.-
PPh),(n-ntim2-CoBut),. Thermolysis of the related clus-
ters Ry(CO)o(PPCPh)(PRPGR) (where R = Ph,
Buf) produces the 50e clusters Rg(CO);(ju-PPh)a(ju-
ntm2-CoPh)(-nt:m?-C2R), which readily transform into
the 48e diyne clusters Rg(CO)(u-n2-PrbPGCCR), as a

starting phenylene-substituted cluster has also been found
to serve as an effective catalyst for the cyclotrimerization
of diphenylacetylene. The X-ray structures ofs(0);(j-
SbPh)[p-12m*-PhG=C(H)CsHa][ .-mt:m2-CH=C(H)Ph],
Og3(COY(u-SbPh)(pg-n?-C2Bu’), Os5(CO)4(pa-Sh)(u-
SbPh)(p-H)[p-n'm?*-PhG=C(H)BU'](n-n*-CeHa),  and
Os3(COYy(p-SbPh)[p-n?-PhG=C(H)Ph](u-n3-CsHs) are
included in this reporf63]. PPhk addition to Og(CO)g(j-
SbPh)(-H)(ra-m?-CsHa) furnishes O5(CO)(PPh) (.-
SbPh)(-H)(m2-m?-CeHa), Which can lose CO, coupled
with phenylene recoordination to give §0€0)(PPh)(j.-
SbPh)(-H)(m3-n?-CeHa), or isomerize and deorthomet-

result of acetylide ligand coupling. Reaction sequences andalate to give OgCO)(PPh)(un-SbPh)(Ph). Alterna-
solution spectroscopic data are discussed, and the structuralively, use of excess PRHeads to the new cluster @s

details of seven clusters are descrilfg®]. The thermal de-
composition of RY(CO)o(dppe) in refluxing benzene has
been studied. The cluster complexes 0 (u-CO)m*-
na-CeHa)(n-p.1:na-PCHCH,PPh) and Ru(CO)(n*
LL]_Zuz-C5H5)(”q3-M1:Mz-PPhCl’iCHzPPQ) have been iso-
lated and characterized in solution by IR and NMR (1D

and 2D techniques) spectroscopies, and X-ray diffrac-

(CO)(PPR)2(n-SbPh)(PhpPCsH4). A crossover study
using the p-tolyl derivative Og(CO)[P(p-tol)z](j.-
H)(u-SbPh)(u2-m?-CsHs) with excess PPh reveals
that the orthometalation reaction involves the activa-
tion of the coordinated Bftol)s ligand and not the in-
coming PPBh ligand. The structural features of eight
clusters are discussed, with the X-ray structure of

tion analysis in the case of the former product, where a Os3(CO)y(PPh)(j-SbPB)(jw-H)(j2-m%-CeHsa) shown in

square-planar Ruskeleton containing am-u4-benzyne

Fig. 6 [64]
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two X-ray structures that accompany this report are fully
discussed67]. New mixed Sb/Se and Sb/Te triiron clus-
ters have been prepared and structurally characterized. The
dianions [Fg(CO)(u3-E)]% (where E = Se, Te) react
with MesSbBr to give FCO)(w3-E)(n3-SbMes). Both
clusters exhibit anido core containing a square pyrami-
dal FeSbFeE unit that is capped by an Fe(£agment,

as confirmed by X-ray crystallography. The related clus-
ter Fe(CO)o(p3-nZni-SeSbMes) was also isolated and
structurally characterizef8].

H4Rw(CO) 2 has been allowed to react with 1-penten-
3-yne to yield the cluster products RCO)o(p-CO)
(M4-nlin21nliy2-§5|1|e)z, RU4(CO)8(M4-1141111inii"ﬂiini-
Fig. 6. X-ray structure of QECO)(PPH)(1-SbPh)(u-H)(12-12-CsHa). C§9H112)(”3'“ m7n°-CsHe), and RU(COo(pa-n™n"m
Reprinted with permission from Organometallics. Copyright 2002 Amer- MM -Ci5H16), which are formed as a result of alkyne
ican Chemical Society. dimerization and trimerization. These products have been
characterized by IR and NMRK and13C) spectroscopies,
and the molecular structures of the first two products have

Phosphine selenides,R'PSe (where R= Ph, R = been determined by X-ray crystallograpf®@]. A rational
Ph, CHPh; RFR'=CgH4OMe-4) undergo reaction with  synthesis for the preparation of tetraruthenium polyhy-
Ruz(CO)12 to produce the monoselenide clusterg@O);- dride clusters has been published. Hydride reduction of

(n3-CO)(u3-Se)(PRR), and the bis-selenide-capped CpRuCh(n3-allyl) by LiAlH 4, followed by work-up in a
clusters Rg(CO);(n3-Sep(PR:R). The report describes protic solvent, furnishes the cluster ffuHg. This same

the X-ray structure of Ri(CO);(n3-CO)(n3-Se)(PPh)2, method may be used to produce the related cyclopentadienyl
which represents the first structurally characterizegy Ru derivatives (MeCyRwHg and (°-1,3-MeCsHz)4RusHs,
cluster that is capped by3-CO andu3-Se moietied65]. when the requisite allyl-substituted starting material is em-
The reactivity of 2-mercapto-1-methylimidazole with the ployed. The mixed Cp complexes £pCpiRwHs (Where
cluster complexes QECO)o(MeCN),, Rw(CO)2, (w- x = 1,2, 3) are easily synthesized through a minor modi-
H)Os3(CO)[PhPCH,P(Ph)GH4], Os3(CO)o(p-dppm), fication of the original synthesis.;Tspin-lattice relaxation
and Ry(CO)o(p-dppm) has been examined. The first two measurements on the hydride signal iyRmHg indicate

clusters undergo substitution to give.-H)Os3(CO)1o[ - that the hydrides exist as classical Ru—H units with no
SCG=NCH=CHN(Me)] and {.-H)Rug(CO)g[p3-12-SC=- bonding between the hydrogen atoms. Three X-ray struc-
NCH=CHN(Me)], respectively. The two phosphine- tures, which all exhibit a Rutetrahedral core, accompany
substituted triosmium clusters both giye-H)Os3(CO)g[ - this report. The important structural details inherent in each
SC=NCH=CHN(Me)](n-dppm) at elevated temperatures. cluster are discuss¢d0]. The role of in situ formed polynu-
The same heterocyclic ligand reacts with 3RTO);o(j- clear aggregates in the hydrosilation of alkynes is described.

dppm) to furnish the known cluster RCO);(jv3-CO)(3- Treatment of RUH(XY)(CO)(PR2 (where XY = Cl, acac,
S)(u-dppm). The molecular structures of the first three AcO) with ESiH and phenylacetylene yields a Rin-
products have been determined and their structural sim-termediate, which has been structurally characterized by
ilarities are discussed. The reactivity of the 2-mercapto- X-ray analysis in the case of RuH(CI)(C@P¢:P), and its
1-methylimidazole with these clusters is contrasted with reaction with E4SiH [71]. A paper describing carbon-chain
the known substitution reactions exhibited by other het- formation on metallic arrays has appeared. The open, planar
erocycles [66]. Treatment of the unsaturated cluster clusters Ry(u4-C2)Cpz(pn-CO)%(CO) (where Cp= Cp,
0(COY[p3-12-C7H3(2-Me)NS)](u-H) with excess di- MeCp) react with added dmad to furnish several prod-
azomethane gives the cluster 3080)[w-n2-C7H3(2- ucts, of which Ry[C2C(CO,Me)C(CO:Me)]Cpz(CO)g,
Me)NS)](-CH2)Me, which represents a rare example of Ruy[mus-CCC(COMe)C(CO:Me)]Cpz(p-CO)(CO), and

an Osg complex possessing an edge-bridged methylene [CpRu(CO}]2[n-CCC(CO:Me)=C(CO:Me)C(0)] have
moiety and ar-bound methyl group. Thermolysis of the lat- been isolated and fully characterized by FAB mass spec-
ter cluster gives Q§CO)o[u3-m2-CHC7H3(2-Me)NS)] (.- trometry, and IR and NMR{H and'3C) spectroscopies. The
H)> and Og(CO)[ps-n2-CCrH3(2-Me)NS)](@-H)3. The X-ray crystal structures of three complexes are presented,
related cluster Q§CO)(u3-n2-C7H4NS)(u-H) reacts and the sequence involving the dmad insertion reaction is
with diazomethane under similar conditions to produce discussed relative to other alkyne insertion pathwags.
0%(CO)(3-12-CHC7H4NS)(u-H)>, which upon ther- The addition of Os(CQYCNBuU!) to Og(CO)2X>
molysis affords Og(CO)(3-n2-CC7H4NS)(u-H)3. The (where X = ClI, Br) at 60°C leads to the formation of
substitution pattern associated with the bound heterocyclethe pentaosmium clustersBUNC)X(OCx0s0Og(CO)20s

is discussed relative to the GHactivation sequence. The (COR(CNBU!)X. X-ray analysis of the chloro derivative
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exhibits a linear chain of five osmium atoms. The UV-Vis
spectral properties of these £slusters are compared to
analogous Qg Os3, O, derivatives[73]. The aminophos-
phinidene cluster RI(CO)15(4-PNPL) reacts with added
[PPN]INQO,] to give the mixed nitrosyl-phosphinidene clus-
ter [PPN][Ru(CO)1a(-NO)(usa-PNPL)]. Treatment of

this product with triflic acid leads to the nitrene-capped
cluster  R@(CO)io(p-CO)(1n3-CO)(a-NH)(jua-PNPH).
The molecular structures of these products have been deter-
mined. [PPN][Rg(CO)3(n-NO)(s-PNPL)] contains 74
valence electrons and exhibitsnedo Rus core or acloso
RusP polyhedron when thﬁ4-PNPIi2 unit is included in

the cluster core. The nitrene-capped cluster also contains 74
valence electrons and a square-based pyramidal structure
that is consistent with electron-precise bonding rijles.

A detailed report on the reaction betweens®O)5(pw4-
PNP?Z) and [PPN][NQ] has been published. Treatment of
[PPN][Rus(CO)3(pr2-NO)(ia-PNPL)] with HBF4-Et,O
gives a mixture of Rg(COha(us-N)[p2-P(FNPL,] and
Rus(CO0(p-COX(n3-CO)(a-NH)(p3-PNPE).  When
the same anionic Rucluster is allowed to react with
CRSOsMe, Rus(CO)3(ps-N)[pn2-P(OMe)NPL,] is ob-
served as the sole product. The molecular structures o
four products have been solved and discussed. A working
reaction mechanism illustrating the different Rinterme-
diates and their reactivity towards the various acids and
electrophiles used are presenf@d]. The redox properties ~ and the migration of a phenyl group from a tin ligand to
of the face-coordinateddg-carbidopentaruthenium clusters the carbide moiety in Ry{u.5-C)(CO)1(CeHe)(SnPR)(j-
RusC(CO)1(PPh)(ra-1n%m2:m2-Ceo), RusC(CO)o(je- H) occurs at 68C to give the new cluster R(u3-
ntmt-dppf)(s-n?mZn?-Ceo), and PtRYC(COY1(n?3- CPh)(C0}1(CsHe)(4-SnPh). The presence of the quadru-
dppe)fzmZn2n2-Ceo) have been investigated by Cv, Ply bridged stannylyne ligand has been verified by X-ray
RDE voltammetry, and DPV methods. The appropriate diffraction analysig78].

non-Gso-substituted clusters were also examined, and these A report describing the use of the spherical harmonic
data are contrasted with theg@substituted derivatives. ~model in the analysis of bridging CO vibrations in over
The ability of the G ligand to function as a reduction 100 metal cluster compounds has been published. The
site is discussed76]. Multiple addition of PRSnH to  Sensitivity of the bridging CO groups to the molecu-
Rus(s-C)(COX2(CgHg) gives the new clusters B(js- lar geometry of the cluster within the SHM treatment,
C)(COk(n-SnPh)4(CeHg) and  Ru(js-C)(COY (- as compared to terminal CO groups, is discusfes].
SnPh)4(SnPh)(CsHe)(p-H) in low yields. Both products ~CH and PC bond activations in Pieh ligands coordi-
contain a square pyramida| Rm:|uster that possesses an nated to R@ clusters have been documented. Treatment
interstitial carbide ligand77]. UV irradiation of Ru(us- of Rug(CO)17(pe-C) with PMePh gives an isomeric mix-
C)(CO)s in the presence of RBnH promotes Sn—H bond  ture of R(CO)5(PMePhp(pue-C). NMR measurements
activation and cleavage of one Ru-Ru bond to produce 'éveal a slow interconversion between the 1;2#&hd
Rus(s-C)(CO5(SnPh)(w-H). Thermolysis of the same  the 1,3-B-substituted isomers. These isomers react with
reactants at 127C gives Ru@(ps-C)(CO)o(SnPh)(pu- added MgNO at room temperature to furnish the new
SnPh)4(p-H), where each ruthenium atom in the square- clusters  R¢(CO)a(p-PMep)(1a-n>-MezPCsHa)(pe-C)
pyramidal core is bridged by one of SnPhigands.  and Rw(COk4(PMePh)(-n’*-MePhPCH)(16-C)(p-H).
Heating Ru(j5-C)(COX2(CgHg) with added PpSnH X-ray diffraction analysis of the former product con-
at 68°C yields Ru(ps-C)(CO)N1(CsHeg)(SNPR)(-H) firms the presence of qup-PMe» ligand and an or-
(Fig. 7) and R(us-C)(COXo(CeHe)(SNPR)(1n-H)2 as thometalated phenyl moiety that is derived from the
the isolable products. The molecular structures of theseancillary phosphine ligand. The molecular structure of
two clusters exhibit square pyramidal Rpolyhedra. The  the latter product reveals that one of the methyl groups
benzene-substituted cluster /uis-C)(CO)2(CeHe) reacts ~ belonging to the phosphine ligand has undergone a
with PhsSnH at higher temperatures to furnish sRus- C-H bond activation to give the 3ebridging ligand
C)(COXB(1-SnPh)4(CsHs)  and  Ru(us-C)(CON (- CHy,PMePh. Thermolysis of the bisphosphine-substituted
SnPBh)4(SnPh)(CsHe)(SNPR)(p-H). The loss of benzene  Clusters affords the aforementioneg>-PMe; clus-

fFig. 7. X-ray structure of R3(ws-C)(CO)1(CsHe)(SNPR)(u-H).
Reprinted with permission from Inorganic Chemistry. Copyright 2002
American Chemical Society.
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ter, in addition to the three new ligand-activated gRu sulfido) compound Cfir(SH);(PMes) with RhpCly(cod)
clusters  Ry(CO)4(pn-PMe)(n-n?-MePhPCH)(pe-C), gives the sulfido-capped cluster Tfu3-SH)[Rh(cod)p.
Rug(CO)2(n-PMe)(na-n?-CsHa) (s-C), and Rg(CO)4 The X-ray structure of this latter cluster consists of a near
(n-PM&)(n-m?-Me2PCsHa)(ne-C). The molecular struc-  isosceles IrRh triangle where two weak Ir-Rh bonds are
tures of these three products all exhibit octahedral €wes present. The absence of any significant Rh—Rh bonding is
[80]. The cluster dication §{-CgHg)2(n8-CsMes)sRug attributed to the pseudo-square-planar Rh(l) centers, whose
(m2-H)2(u3-O)2(p2-Cl)2]%+ has been synthesized from high lying p, orbitals are unavailable for bondini®5].
[(m®-CeHs)(M®-CsMeg)2Rus(p2-H)3(u3-0)]" and RuC- Heating the iridium dimer Cfir(SH)(p2-SH)IrCp*(SH)

H,O in aqueous solution. X-ray diffraction analysis reveals in benzene leads to the triiridium sulfido-hydrosulfido
that the cluster is composed of two tetrahedral, Ruits cluster (CgiIr)3(ws-S)(2-S)(2-SH). Treatment of the

that are bound by two chlorine bridging moieti@4]. same dimer with (CHrCl)2(p2-H)2 (0.5 equiv.) or
[Cp*Ir(p2-SH)IrCp*]™ with added EfN produces the
2.4. Group 9 clusters related iridium cluster [(CHr)s(ws-S)(2-SH)]t. The

mixed-metal IpPc, cluster (CfIr)2(SH)(u3-Sk[Pd(PPR)]2

The inter- and intramolecular trimerization of alkynes (u2-SH)has been obtained from the reaction of Pd(dba)}YPPh
by several alkylidyne-capped tricobalt clusters is reported and Cglr(SH)(w2-SH)IrCp*(SH). The structures of four
to give good to excellent yields of benzene derivatives. complexes have been solved and are discuf&&id
The trimerization of oct-4-yne by HCG@ECO)y furnishes The reaction of RF(CO);, with synthesis gas has been
a near quantitative yield of hexapropylbenzene. The utility reinvestigated by in situ FT-IR spectroscopy. The formation
of this system is also demonstrated by the construction of HRh(CO) was confirmed by using a band-target entropy
of a wide variety of polycyclic and spiro-derived benzene minimization deconvolution technique, which has allowed
compoundg82]. The cluster §®-indenyl}lr3(CO) reacts for the unequivocal observation and band assignments for
with HBF4-Et,O to give the corresponding cationic hydride this elusive monorhodium compound. The equilibrium con-
[(m°-indenyliIr3(u-H)(COX]*. The cationic cluster is de-  stant for the conversion of HRh(C®jnto Rhy(CO);» has
protonated by added £ to afford the parent cluster hav- been determined, and a plausible reaction sequence starting
ing Cs symmetry. This isomer rapidly transforms into the with the aggregation of HRh(CQ)is discussed87]. A
more stableC3, isomer, which possesses three bridging CO report on the I§(CO)2-catalyzed coupling of imidazoles
groups. The equilibrium constant for the @nd C3y iso- with aldehydes in the presence of HSiBEe has appeared.
meric mixture and the activation parameters for the conver- The major product that is isolated from this reaction is
sion to the CO-bridged isomer have been measured by IR,a 2-substituted imidazole. A reaction mechanism that in-
NMR, and UV-Vis spectroscopies. The ease by which these volves the addition of a transient Ir-alkyl species across the
isomers interconvert is discussed relative to the “indenyl C=N bond of the imidazole substrate is propo$&8]. The
ligand effect” and rotation of an (indenyl)IrCO fragment application of a band-target entropy minimization (BTEM)
about an IFlr unit [83]. 2-Mercaptopyridine undergoes algorithm on the recovery of the pure component from a
reaction with Cge(CO)s to produce the sulfido-capped clus- Rhy(CO)2/Rhg(CO) mixture has been described. The
ter Ca(CO)(3-S)(-C,N-GsHy4N); the reaction of this utility of this analytical method for the study of in situ spec-
cluster with added RiPpy to furnishes the bridged cluster troscopic data from transition-metal-catalyzed reactions is
Co3(CO)(3-S)[n-C(0),N-GH4N(C=0)](p.-P,N-PhPpy). thoroughly discussef89]. The homogeneous hydroformy-
The carbonylation of the Co—C(pyridyl) bond in the start- lation of 3,3-dimethylbut-1-ene using the catalyst precursor
ing cluster and the ligation of the P and N atoms of the Rhy(CO)» has been examined by the BTEM technique,
ancillary phosphine ligand were confirmed by X-ray anal- which has enabled the IR observation of RC(O)Rh(£&ad
ysis. Treatment of GgCO)7(w3-S)(-C,N-CsHaN) with Rhg(CO) 6 under autogeneous catalysis. An all terminal CO
CO leads to Cg(CO)/(j3-S)[n-C(0O),N-GH4N(C=0)]. isomer of RR(CO)12 has also been observed in the reaction
The use of 2-quinolinethiol afforded the analogous sulfido- solution[90]. The use of RR(CO);» as a catalyst in the hy-
capped cluster CGgCO);(3-S)(-C,N-CoHgN), which droformylation of 4-vinylpyridine is described. The effect of
was resistant to carbonylation. fApy coordination to  added PMgPh on the aldehyde-to-hydrogenation product is
the quinoline-substituted cluster proceeds with forma- discussed, with the hydrogenation product, 4-ethylpyridine,
tion of Co3(CO)s(w3-S)(w-C,N-CoHgN)(u-P,N-PhPpy) being favored with increasing substrate concentration and
as the major product, along with a minor amount of the substrate conversion. Deuterioformylation studies con-
Co-C(quinoline) carbonylation product. Solution NMR firm the origin of the 4-ethylpyridine as arising from the
data tH-'H COSY) are presented, and the molecu- cleavage of the Rh—carbon bond of the branched Rh-alkyl
lar structures of seven additional clusters are discussedintermediate by the acidic proton from the enol derived
[84]. The reaction of R$Cly(cod), with the hydrido- from the product aldehydf1]. Propiolic acid has been
hydrogensulfido complex CfrH(SH)PMe; gives the com- allowed to react with Cf(CO);» to give the corresponding
pound Cglr(PMes)(w2-H)(p3-S)[Rh(cod)][RhCl(cod)] in alkyne-substitutedloso-Co4Co cluster. The X-ray struc-
the presence of EN. Treatment of the bis(hydrogen- ture of the product contains a C(1)-C(2)-C(3) fragment
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that is half way between acrylic and acetylene-carboxylic ular dynamics for CO and phosphido ligand scrambling in
acids. The thermal stability of GECO)1o(HC,CO,H) has Rhy(CO)s(1.-PPh)4 have been studied by usidgPRh, 3P,
been explored by thermogravimetric analysis, where heat-and3C NMR measurements. The activation parameters for
ing promotes decomposition to give phases containing a3P and3C exchange have been determined®p and
high cobalt content. The redox chemistry of this,@bus- 13C EXSY spectroscop§8].

ter has been examined by cyclic voltammetry, with the  Tripyrrolylphosphine reacts with RfCO)s(MeCN) to
redox data being discussed relative to Fenske—Hall MO initially give Rhg(CO)5[m1-P(NC4H4)3], followed by CO
calculationg92]. The synthesis and molecular structure of loss and nitrogen coordination to producegfO)4[ -
C04(C0O)10(-CO) [H2C=CC(MepN(Me) C (Me) (w4-C)], P(NC4H4)3]. X-ray structural data reveal that the phosphine
which is obtained from the reaction of g€O)2 with ligand bridges adjacent rhodium centers through the phos-
(HC>CMe2)2NMe, have been published. The structure ex- phine moiety and one of the pyrroyl nitrogen groups. So-
hibits a “spiked triangular” array of four cobalt atoms that is lution NMR measurements indicate that the phosphine lig-
bound by a 6g acetylide moiety{93]. 1-Alkynes are read- and is not statically bound to the Rltore and partici-

ily coordinated by the mixed-metal cluster £Ri(CO);2 pates in three distinct dynamic processes. The resultsl of
to give thecloso-Co,Rh,Cy octahedral clusters. Spectro- TOCSY and EXSY experiments are discussed relative to the
scopic and structural data indicate that the alkyne ligand mechanism proposed for the fluxional behavior. The clus-
undergoes insertion regioselectively into the Co—CO bond. ter Rhs(CO)4[ .-P(NC4H4)3] undergoes reaction with CO
The reactivity of alkynes with GfIRh(CO), is also re- to regenerate RYICO)s[n -P(NC4H4)3]. The carbonyla-
ported[94]. The redox properties of the tetracobalt clusters tion kinetics for the forward and reverse reaction have been
Co4(COXR(u3-CO)(u3-CgHg)Lo (Where L = m*-CgHg, measured, and the Van't Hoff data and the activation param-
M*-CgHsg, n*-6,6-PhCgH4) that contain a facially coordi-  eters are reported. The intrinsic entropy of the bidentate-
nated cot ligand have been explored by cyclic voltammetry, bridged cluster is exceptionally unfavorable, which facili-
dropping mercury electrode polarography, and controlled tates CO addition and the reversibility of this reactjé8].
potential coulometry. The electrochemical results are dis- Treatment of Ig(CO) with excess cycloheptatriene in re-
cussed with respect to DFT MO calculations. The stability of fluxing toluene furnishes g(CO)3(C7Hg). X-ray analysis
the electrochemically generated radical anions is shown to beconfirms that the b core consists of an octahedron, where
modulated by the ancillary cot ligariel5]. New monomeric one I is capped by theuz-n?:m?:m?-cycloheptatriene lig-
and linked cobalt clusters containingchoso-SipCos core and Fig. 8). This cluster is deprotonated by p2Os in
have been synthesized. Phgikeacts with Cg(CO);» to THF to give [Irs(CO)2(C7H7)]~, which contains a planar
afford the 64e cluster CqQ(CO)1(s-SiPh). The X-ray cycloheptatrienyl ligand. The neutral product undergoes a
structure confirms the pseudo-octahedrah&lp core and two-electron reduction that is accompanied by decarbony-
the presence of thps-SiPh moieties. The dimeric cluster lation to give [I5(CO)12(C7Hg)]?~. The dianion exhibits a
[C04(CON1(ua-SiPh)SibCeHa has been synthesized from two-electron oxidation, which after deprotonation gives the
PhSiH;, H3SiCsH4SiH3, and Cq(CO)». Related dimers aforementioned monoanidt00].

containing a —(Ch)g— spacer group have also been synthe-
sized and characterized in solution. Electrochemical studies
employing cyclic and square wave voltammetries reveal
that each CgSip core undergoes a one-electron reduction
and that there in no electronic communication between
the CqSiy cores in the dimeric compound96]. Ligand
substitution in HIE(CO)o(w-PPh) with the ligands PMg
PPk, dppm, dppe, dppb, andZ}-Phb,PCH=-CHPPh has
been studied. With PMg both Hlr(CO)(PMes)(p-PPh)

and Hiy(CO)(PMe3)2(n-PPh) have been isolated from
the reaction, with two isomers of the former cluster ob-
served in solution, whose interconversion involves an
intramolecular migration of the PMeligand about the
cluster polyhedron. No kinetic isomers were observed in
Hlr4(CO)(PPh)(p-PPh). The nature of the substitution
product(s) with the diphosphine ligands is shown to depend
on the size of the length of the carbon chain. Structures
are proposed for all compounds, on the basistéfand

31p NMR data, coupled with spectral correlations already
established for phosphine and diphosphine derivative_zs of,:ig_ 8. X-ray structure of K{CO)3(pa-n2n2m2-C7Hg). Reprinted with
Ira(CO)2. Three X-ray structures have been determined permission from Organometallics. Copyright 2002 American Chemical
and their structural features discus$@d]. The intramolec- Society.
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A report discussing the topologies available to polynu-
clear iridium clusters containing fused octahedra and
trigonal pyramids has appeared. The bonding patterns ex-
hibited by [Itg(CO)0]®, [Ir10(CO)a]?*~, [Ir12(COka]*,

[Ir 12(COX4]%~, and [In4(CO)7] ~ are fully discussefiL01].

2.5. Group 10 clusters

The activation of C—H bonds in internal alkenes and
dienes is achieved by treatment of nickelocene with
added sodium. The in situ generated “CpNi” dehydro-
genates the internal alkenes to alkynes, which then re-
act with the “CpNi” intermediate to produce the alkyne
complex (CpNi}(RCR). When a methyl group is ad- Fig. 9. X-ray structure of [R{u-PBU,)3(COR(n?-CoH4)]*. Reprinted
jacent to the alkene Iinkage, the tetrahedrane clusterswith permission from Organometallics. Copyright 2002 American Chem-
(CpNi)sCR may be isolated from the reaction. Use of 1,5- ical Society.
hexadiene with CgNi/Li affords the alkylidyne-capped
cluster (CpNiiCCHZCH29H20H=CH2 and the‘ intramolec-  valence electrons. Treatment of the BRterivative with
ular chelate compounCpNiCH(Me)CH,CH,CH=CH,_ Also, AgClO4 and Ag(OCIQ)(PPH) gives P$(AgOCIOs)(p-
found in these reactions in varying yields are (CpRpH PPR)2(1-CeFs)(CeFs)(PPh)2  and  [PsAg(p-PPR)2(p-
and (CpNi}Ha. The X-ray structure of (CpNi|3-hexyne)  CeFs)(CsFs)(PPR)3][CIO4], respectively. 3'P and *9F
is presented and discussgtD2]. The reaction of P{u- NMR data and two X-ray structures are presented and dis-
Seb(PPh)s with PtCh(cod) gives the expected trin- cussed[107]. The first example of a triangular 'Pt Pt
uclear cluster [P(u3-Sep(PPh)s{Pt(cod}]?+, along cluster contai_ning both et_hyle_ne and CO ligands has ap-
with the unexpected bis(cod)-substituted cluster [pt(  Peared. Hydride abstraction in 3Ri-PBU)3(H)(CO) by
Se)z(ppyg)z{pt(cod)}z]2+_ The latter cluster arises from a [Cnge][I_DFa], followed by coordination of CO, affords the
metal scrambling process, which has been unequivocally Symmetrical cluster [B{u-PBu,)3(CO)]*. Use of MeCN
demonstrated by electrospray mass spectronf#@g]. The or ethylene in place of CO furnishes the corresponding
triangular clusters Bu-CO)(PRs)s react with hexafluoro-  ligand-substituted clusters [Ri-PBu,)3(CORLL] ™, with
2-butyne via fragmentation to give the diplatinum complexes Fig. 9 showing the ethylene-substituted cluster 3[Rt
Pt(COY(PRe)a(p-12m2-CFCoCFs) [104]. The redox  PBU)3(COR(n>-CoHa)l ™. All new complexes have been
properties of [Pg{dppmh(co)”z"‘ have been explored by characterized in solution b91P and 195Pt NMR spec-
CV, RDE voltammetry, and coulometric methods. The over- troscopies, and the simulation of the spectral data have
all observed 2e reduction is shown to proceed by simulta- provided accurate chemical shifts and coupling constant
neous EEC and ECE steps. In the former sequence, there aréhformation. The molecular structure of the hydrido clus-
two sequential one-electron reductions, followed by iodide ter [P(u-PBu;)3(H)(CNBU),]* accompanies this report
loss to give Pg(dppmy(CO); the latter manifold reveals a  [108].
one-electron reduction, followed by iodide eliminationanda  The unstable ennanuclear nickel clustergiiO)]*~
second one-electron reduction step, to furnish the same neuhas been synthesized from the reaction ofg[R0)12]?~
tral P cluster. Control over these competitive mechanisms With Cu(PPR),Cl (wherex = 1, 2) and from the degrada-
is achieved by changing the temperature, solvent polarity, tion of [HaNi12(CO)2]2~ by PPh. The X-ray structure of
iodide concentration, and sweep rate. The overall electro-the product exhibits a close-packed two-layer metal core ge-
chemical results were successfully simulated by using a ometry, whose similarities are contrasted with other struc-
six-membered square schefi@5]. Capping of the Rtface turally characterized high nuclearity clust¢t©9].
in [Pts(p3-CO)(u-dppm}]*+ by Tl(acac) gives [RY{ps-

Tl(acac)(H0)} (us-CO)(-dppmkg]?t. The thallium(l) 2.6. Group 11 clusters

moiety is readily replaced by halides, acetate, and $n€i

give [P(3-CO)(u3-X)(p-dppmy] ™. The X-ray structures The synthesis and photophysical properties of the lu-
of two PgTI clusters are reported, with eachgPt frame minescent tetranuclear silver (I) arylacetylides shg
shown to exhibit a tetrahedral cofé06]. The dinuclear (CC)CeH4R-p](PCy3), (Wherex = 1,y = 2, R = H,
complexes (gFs)2Pt(w-PPh),Pt(PPRR), (where R= Ph, Me, OMe, CCPhyx = 2, y = 4 R = H) have been pub-
Me, Et) react with Pt(2-norbornenglp produce the triangu-  lished. Treatment of Agu-(CC),CsHsR-p] with PCys in

lar clusters Pf(n-PPh)2(u-CsFs)(CeFs)(PPBR)2, which the absence of light affords the phosphine-substitutegl Ag
contain two bridging phosphido ligands and one bridging clusters. The molecular structure of Ag-CCPh)(PCys),
pentafluorophenyl moiety. All three clusters possess 42 consists of a planar parallelogram-like Agore, where the
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Ag-Ag separations support a weak bonding interaction be-
tween the silver centers. The analysis of the spectroscopic
assignments in these Aglusters is facilitated by the use
of PCys as an ancillary ligand, since this ligand does not
exhibit low-lying ligand-localized excited states, unlike the
previous Ag complexes that have employed triarylphos-
phine ligandq4110].

3. Heterometallic clusters
3.1. Trinuclear clusters

A report on the synthesis and spectroscopic charac-
terization of tetrahedrane clusters possessing function-
ally bridged dicyclopentadienyl ligands has appeared. In- . _
cluded in this work are the X-ray structures of [M@ Fig. 10. :('rayos"ucwre ff”.CngM'(cp)ﬁt(“;(;%'ARepf'”tedC"r‘:'th .pe:'s
(}L3-S)(CO)7][115-C5H4C(O)C|-b]2, [W2Fe(u3-S)(COY]2 z?(last)sl-lon rom Organometallics. Copyrig merican Chemical So-
[{n®-CsH4C(O)CHp}2]2, and  [MaxFe(us-S)(CO)][n°-

CsH4CH(OH)CH ]2 [111].

The reaction of [Mn(CQy]~ with diorgany! disulfides in scribed. Carbonylation studies of the Mo 46-electron
the presence of GECO)s furnishes the trinuclear complexes cluster confirms the existence ofla -|| alkyne reorienta-
(OCUMn(p-SRRCo(CO)-SREMNn(CO). The X-ray tion and formation of the 48-electron cluster,M®(CO)
structure of theo-benzamidophenyl thiol derivative reveals Cp[us-n?-(||)-HCCPh]-CO)(w-PPh). This cluster read-
the presence of a linear Mn—Co—Mn linkgd4 2]. Insertion ily loses CO and reverts back to the starting alkyne cluster.
of the bis(phosphine) fragment Pt(Pfhinto the S-S bond  The reversibleL -|| alkyne reorientation adheres to expecta-
of Mny(CO)(n-Sp) affords the corresponding five-vertex tions in keeping with PSEP theory. The molecular structures
arachno cluster Mnp(CO);(n3-SkPt(PPR)2. Loss of CO of five clusters are presented and their structural highlight
gives the hexacarbonyl cluster MiI€O)s(j.3-S)Pt(PPRh)2, are discusseflL16]. Thermolysis of FeMo(CO)1o(3-Sep
which has been shown by X-ray crystallography to con- with added CpwW(CO)(CCPh) under oxygen leads to
sist of an open MgPt core with one Mn—Mn bond and Cp*MoWFe&(O)(u3-Se)(us-Se)(COp(CCPh), while heat-
one Mn—Pt bond. CO readily adds to thigo cluster to ing the sulfur-capped derivative fo(CO)10(p.3-S)y with
regenerate tharachno cluster[113]. S-S bond reactivity =~ Cp*W(CO)3(CCPh) under argon gives the oxygen-free
has been examined in the reaction of NDO)(j-Sp) cluster CpMoWFey(p.3-Sk(pa-S)(CO)4(CCPh). Carry-
with various cyclopentadienylmetal compounds. Use of ing out this latter reaction with added oxygen produ-
CpCo(CO} and CEFRh(CO)» in the reaction leads to ces CFWMo2(w-O)2(w-S)(w3-CCPh)[Fe(CO)(n3-Sk]2,
the triangular MaM clusters CpCoMp(CO)(3-S) and Cp*WMo02(O)2(p-O)(n-CCPh)[Fe(CO)(w3-S)], and
Cp*RhMmn(CO)s(u3-S), respectively.Fig. 10 shows the Cp*Mo3z(-O)2(-S)(3-CCPh)[Fe(CO)%(n3-Skl2. The
structure of the latter cluster, which exhibits a five-vertex redox chemistry of the oxo-containing Mo and W clusters

closo-CoMmS; polyhedron[114]. has been investigated, and the molecular structures of five
The telluride complex{°>-'BuCppNb(Tex)H has beenal-  products have been crystallographically determifieid].
lowed to react with F§CO)g to give [m°-'BuCpypNb(Te) The chiral clustersi{>-Cp)(n®-RCp)(COyMoNiFe(u3-S)

H]Fex(CO), which upon treatment with Cr(C@THF) (where R= Me, MeCO, MeQC) react with Rg(CO);2 in
produces [>-'BuCppNb(TepH{Fe(CO)}ICr(CO) in refluxing toluene to afford the single-tetrahederal clusters
essentially quantitative yield. The X-ray structure of the (n°-RCp)(CO3MoRu(n3-S) and the double-tetrahedral
NbFeCr cluster and the VT NMR data for both clusters Mo,RwS, co-edged clusters f-RCp)(COxMoRu(us-
are discussed115]. The unsaturated 46-electron clus- S)}. Solution IR and NMR data are reported, and the X-ray
ter FeW(CO)Cpluz-n3-(L)-HCCPh]@-CO)(u.-PPh), structures of three clusters are presentetB]. Thermol-
where an Fe-W edge is perpendicularly bridged by the ysis of the chalcogen-bridged clustersz@&O)(w3-E)2
alkyne molecule, has been isolated from the reaction (where E = Se, Te) with CpM(CO)CCPh) (where
of Fe(CO)(u-m?-CCPh) and CpW,(CO). Use of M = Mo, W) in the presence of M&O gives the
CpeMo2(CO)s gives the analogous unsaturated;fe mixed-metal clusters CpMBQuz-E)2(CO)(n-CCPh).
cluster, in addition to the saturated cluster Felp(CO)s The m!-coordination mode displayed by the acetylide
[w3-m2-(L)-HCCPh]@-PPh). The synthesis and char- ligand was confirmed by X-ray diffraction analysis for
acterization of the FeWCo acetylide-bridged cluster CpMoFe(ps-Sep(CO)(n!-CCPh), whose structure is
FeWCoCp(CO)[w3-n?-(L)-HCCPh]@-PPh) is de- shown inFig. 11 The two acetylide-substituted clusters
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Fig. 11. X-ray structure of CpMokéuz-Sep(CO)(n*-CCPh). Reprinted
with permission from Organometallics. Copyright 2002 American Chem-
ical Society.

(M = Mo, E = Se, Te) react with C4CQO)g to give
CpMoFeCoa(u3-E)2(CO)(n-CCPh). Schemes accounting
for the formation of the observed products are presented
and discussefll19].

Os(CO}(CNBU) reacts with Mn(COyX (where X =
Cl, Br) to give X[Os(CO}(CNBuU)],Mn(CO) (where
n = 1, 2,3) depending upon the reaction conditions. The
OsMn clusters were isolated as two isomers, where the
major isomer has an isocyanide ligand attached to each
osmium center and the minor isomer has both isocyanide
ligands bound to the terminal osmium atom. The molec- Fig. 12. X-ray structures of B€CO)s(ns-ShPt(cod) and FECO)s
ular structures for these linear-chain isomers have been(us-S):Pt(1,10-phen). Reprinted with permission from Organometallics.
crystallographically established. The solid-state structures €opyright 2002 American Chemical Society.
were found to be consistent with the low-temperature
13C NMR data in the carbonyl region of the NMR spec- frequency dependent first hyperpolarizability component of
tra. A single isomer was found for the €ddn cluster this cluster has been determined by using DFT methodology.
(OCx()("BUNC)OsOs(CO)'BUNC)Os(CO3(*BUNC)Mn The MO data indicate that this cluster might function as a
(CO)s, whose composition and linear arrangement of Os- second-harmonic generation material of use in optical com-
0OsOsOsMn atoms were determined by X-ray analysis munication devicegl122]. The synthesis and redox prop-
[120]. New metal clusters have been synthesized by usingerties of thearachno clusters F&(CO)s(p.3-SkPtLy (where
the carbyne species [Cp(C)=CPhJ" (where M= Mn, L, = cod, dppe, bpy, 1,10-phen, dppf) have been reported.
Re). The clusters MRifu-H)(pn-CO)(n3-CPh)(CO}Cp Reduction of F&(CO)(w2-S) with LiBEtsH, followed by
have been obtained from the reaction of the appropriate treatment with CIPtLy, gives high yields of the mixed-metal
carbyne reagent and [R(CO)11]2~. The osmium clus-  clusters. The solid-state structures of the cod and 1,10-phen
ter [0g(CO)1]%~ only reacts with [Cp(COMn=CPhl+ derivatives Fig. 12 have been determined, with each clus-
to produce MnOgp.-H)(u-CO):(n3-CPh)(CO3Cp and ter exhibiting a five-vertex &Pt core and an unsaturated
dimeric [Mn(COCp(u-CPh)b. The anionic cluster  16-electron platinum center. The results from extended
[Fes(CO)3]%~ reacts with both carbyne compounds to Hiickel MO calculations are presented. The spectroelectro-
yield MFe(w-H)(p.-CO)(w3-CPh)(COyCp. Five struc- chemical IR and EPR data on the radical anions indicate that
tures are presented and a discussion concerning their imthe LUMO occurs primarily on the* system of the coordi-
portant structural features is included in this regd21]. nated diimine ligands and on thedS residue in the case of
The reaction of Co(CNS)and Fe(CO)%S; in the presence  the diene- and phosphine-substituted derivatives. Excellent
of PPhly and LiBEgH furnishes the mononuclear complex agreement was observed between the solution spectroscopic
Co(CO}(PPhy)2BEt3 and [FeCo(COx(ws-S)(PPh)]~. data on the radical anions and the MO calculatifr3].
X-ray diffraction analysis of the R€o cluster confirms the Phosphine replacement in (CpGBE(COY(PPh)(ws-
presence of the expected tetrahedralG@S core and the  S)(u3-CS) by PR (where R = OMe, OPh, Bl) oc-
coordination of the PPhligand to the cobalt center. The curs upon heating to afford the corresponding phosphine-
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substituted clusters (CpCadje(CO»(PRs)(u3-S)(3-CS). tophilic interaction. The electronic absorption data and
Analogous reactions employing isonitriles proceed similarly. the emission behavior of these compounds are reported
The C-S stretching vibration for each capping ligand has [129]. The reaction of Pt[Fe(C@INO)]>(PhCN) with
been unequivocally identified in each product. NMR mea- diphenyl(2-pyridinyl)phosphine selenide furnishes the
surements indicate that these clusters do not undergo bridge46-electron cluster (CQFe(u3-Se)[Pt(CO)P(2-6HsN)
terminal ligand exchange on the NMR time scale and that Php],, whose X-ray structure consists of an open Pt—Fe—Pt
the formation of isomers as a result©f-CS andp3-CNR triangle that is capped by @3-Se ligand. The bonding in
scrambling is not observed, which reflects the strong prefer- this open cluster has been examined by using DFT and
ence of the thiocarbonyl ligand to coordinate to the cluster qualitative MO calculations. The bonding is discussed with
in a bridging fashiorf124]. P—H bond cleavage in Gbe respect to coordination of twol8ML, fragments to an
clusters leads to phosphido- and thiophosphido-bridged (COiFe=S unit [130]. The bonding ability of Co(CQL
tetrahedrane clusters. Treatment obEe(u.3-S)(CO) with fragments (where I= CO, PPR) as building blocks in the
PhbPH furnishes CgFe(us-S)(CO}p_,(PhPH), (where construction of PtCo clusters is documented. [Co(£0O)

n = 1, 2,3). Thermolysis of the mono- and diphosphine- has been allowed to react with,Ri(u-PPh)(PPh)3 (1:1
substituted clusters gives ge(u3-S)(CO%(w-PPh)2 and ratio) to give PiCo(u-PPh)(COu(PPh),. X-ray anal-
CopFe(us-S)(COk(w-PPh)2(PhpPH). The X-ray structure  ysis indicates that the two formally monoanionic frag-
of CopFe(us-S)(CO)(u-PPh)2(PhPH) indicates that the  ments [PPp]~ and [Co(CO)]~ bridge a d—d® Pt(1)-Pt(l)
PhPH is bound to the cobalt center via an equatorial site. bond. The results of extended Hiickel MO calculations
Carbonylation of CegFe(v3-S)(CO}(n-PPh)2 promotes are discussed with respect to the possible coordination
the coupling of one phosphido group with the capping geometries adopted by the cobalt fragment in this and
sulfur group to produce the thiophosphido-capped cluster related compound§l31]. The synthesis of the trinuclear
CopFe(3-SPPh)(CO),(-PPh). The X-ray structures of  compounds [RAg{CH,CsH4P(0-tolyl)2-C,P}o(pu-L) 2]+

two additional compounds accompany this repd5]. (where L = pyrazole, 3,5-Mgpyrazole, 4-Mepyrazole)
cyclo-(PhAs)k reacts with CgFe(u3-S)(CO) in toluene from Pu{CH2CgH4P(0-tolyl)2-C,P}2(n-L)2 and AgCIQ

at 70°C to give CoFe(us-S)[n-cyclo-(PhAsk](CO); as is reported. The BAg compounds are shown to contain
the sole isolated product. The related ligarydlo-(PhP} two Pt—Ag bonds. Reaction of the Pdomplex possessing
reacts with CeFe(u3-S)(CO)} under analogous conditions ancillary 3,5-Mepyrazole ligands with AgCI@ furnishes

to afford an isomeric mixture of G&e(us-S)[w-cyclo- [Pdr{CH2CsH4P(0-tolyl)2-C,P} 2(j03-3,5 - Mexpyrazole - N,
(PhP}](CO);. X-ray analyses reveal that these clusters are N’, C*»Ag(n?-p2-ClO4)], whose X-ray structure re-
isostructural, with the ancillary P and As ligands bridging veals two unprecedented 3,5-Mrazolate ligands
the cobalt—cobalt bond and exhibiting intact six-membered that are bound to the silver center through the C-4
rings that adopt a chair conformation. Thermolysis re- atom of each heterocyclic ring in an® fashion [132].
actions of these products leads to cleavage of the ancil-The reactivity of various phosphido-bridged diplat-

lary phosphine ligand and formation of gFe(uw3-S)(u- inum compounds towards electrophiles has been ex-
n2m%m1-PsPhs)(CO) and complete decomposition of plored. Pi(u-PPh)(n-0-CeHsPPh)(PPh), reacts with
the arsine-substituted cluster. The molecular structures ofH* and [M(PPh)]* (where M = Cu, Ag, Au) at

two thermolysis products are presenfé@6]. The clusters  the Pt-Pt bond. The X-ray structure of fPu-Cu

CoNi(CO)s(n3-1n8-CgHeR2) (Where R= H, SiMe3) have (PPh)}(u-PPh)(n-0-CsHaPPh)(PPh)2] T consists of a

been isolated from the reaction of CpNKE6O) with cot PtCu triangle that exhibits a bonding interaction between

or 1,4-(MgSi);CgHgs. Each product was characterized in the Cu center and theifs, of the orthometalated phenyl

solution and by X-ray crystallography. These clusters rep- group. The solution spectral data indicate that the neutral

resent the first examples of facially coordinated cot ligands compound P u-AgOC(O)CR](p-PPh)(w-0-CsHaPPh)

at a heterometallic GiNi triangle [127]. (PPhy)2 contains a silver atom that is coordinated by a
New MnRePt cluster compounds that may be viewed as terminally bound CECO,~ [133].

dithiadimetallic analogues of cymantrene have been synthe-

sized from the reaction of [MnRe(Cgl-S,CPRs)]%~ with 3.2. Tetranuclear clusters

Pt(cod)C}. The X-ray structure of Mn(CQJPt(cod)(u.3-S)

(n-SCPE%)Re(CO3}] reveals the existence of a planar, Thermolysis of CpMoz(n-dmad)(CO) with ex-

five-membered ring that is composed of the Pt, Re, S, andcess Cg(CO) gives the expected ME€o, cluster

SC atoms and that is capped by the Mn(g®piety [128]. CpzMo2Cop(p-dmad)ui-COu(CO), along with  the

The tridentate ligand 2,6-bis(diphenylphosphino)pyridine alkyne-cleaved clusters @lo2Cop(pg-CCOMe)o (-

has been employed in the synthesis of the linear heteronu-CO),(CO)s and CpMo2Cos(s4-CCO:Me)(us-C)(CO)2.

clear compounds [Mgt(u-P,N,P-13)2Ag>(MeCN)]%+ These last two clusters contain unusual edge-sharing bite-
and [(CO}Fe(-P,N,P-l3)2Ag>(Et,0)]>t. These two trahedral metal frameworks. When acetylene was used
clusters contain a PtAg and Fe>Ag dative bond, in place of dmad, the related carbyne-capped cluster

respectively, and are stabilized by a%ddl® argen-  CpMooCos(ps-CH)(us-C)(CO) 2 was isolated and struc-
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turally characterized. Carbonylation of &\o>Cos(ps-
CCOMe)(ns-C)(CO)2 leads to the trinuclear cluster

CpMoCo(u3-CCH,COMe)(COJ, presumably the result
of carbide-alkylidyne couplingl34]. The X-ray structures C—
of (MeCpMo)lra(CO)o and (MgCpMo)lra(CO)o have \\gsoz kY

been determined and publishE®5]. The molecular struc- 02 (3

tures of CpMolg(CO)1 (where Cp= Cp, MeCp, Cf)

have been determined and their structural features discusse

[136]. The 60-electron clusters W (u-P-P)(COy(MeCp)

(where P-P = dppe, dppf) have been synthesized from the

corresponding decacarbonyl 2, cluster. Both diphos- Y .

phine ligands are coordinated to adjacent iridium centers @\@'\2 :

via axial coordination. The redox behavior of these prod- %

ucts has been investigated by cyclic voltammetry and @"‘

constant potential coulometry. The dppe-substituted cluster 021

exhibits two reversible, one-electron oxidation waves and

an irreversible, two-electron reduction. The dppf derivative

shows analogous electrochemical behavior, with an addi-

tional irreversible, one-electron oxidation attributed to the

ferrocenyl center. The appearance of a low-energy tran-

sition in the 1'/2™ redox couple of each product cluster

is confirmed by UV-Vis-NIR spectroelectrochemical stud-

ies. The X-ray structures of both diphosphine-substituted

clusters are presented, with values for the semibridging Fig. 13. X-ray structure of MeCpW4(CO);(PMes)s. Reprinted with per-

carbonyl groups discussddi37]. A comprehensive report missiqn from qurnal of the American Society. Copyright 2002 American

on the redox properties and spectroelectrochemical data®"®mca Sociew:

on several tetrahedral Mbr,, clusters has appeared. The

clusters MeCpMol(CO)11, MeCpMoalro(CO)o, and mer. The relationship between the two CgHsomers

MeCpWIr3(COx1, MeCpW>lIra(CO)po, and Ig(CO)o is discussed with respect to Johnson’s Ligand Polyhe-

were examined by Raman spectroscopy, and these data repdral Model [140]. Ruz(CO);2 has been allowed to re-

resent the first Raman spectral studies involving mixed-metal act with cis-Pt(dppe)(CCPh) to give an isomeric mix-

clusters. The molecular structures of *®fplrz(CO)1, ture of PtRu(na-ntmlmZm*-PhCCCCPh)(CQ)(dppe).

Cp5Mo2lIra(CO)o, and MeCpWIg(n-CO)R(CO)7(PMes) Each isomer contains a 1,4-diphenyl-1,3-butadiyne lig-

(Fig. 13 have been solved and are discussed relative to otherand due to acetylide ligand coupling. The products have

structurally characterized clusters of this genre. Synthetic been characterized b3*P NMR spectroscopy and X-ray

schemes leading to these tetrahedral clusters and the resultsrystallography[141]. Excess vinylacetic acid reacts with

of DFT calculations are presented and discugi&8). OsgsRh(-H)3(CO)2 in toluene to produce the new clus-
The reaction of the anionic cluster [g.-H)4(CO) ters OgRhy(-CO)n8-CsHsMe)(CO)g and OsRhy(j.-

(PPhy)]~ with the metallic Lewis acids [M(PR] ™ (where CO)(n3-CH2CHCH,COO)(CO);.  Thermolysis of the

M = Cu, Ag, Au) gives the tetranuclear complexese OsRh cluster in toluene with added vinylacetate af-

M(PPh)](p3-H)(n-H)3(CO)(PPh). X-ray structural stud-  fords OgRh(uw3-CMe)m®-CgHsMe)(CO) and OsRhy(ju-

ies reveal a butterfly R&% metal skeleton, where one CO)®-CgHsMe)(CO)e, while thermolysis in toluene

hydride serves to bridge the Ré face and the remaining  alone yields OsRh(u-H)3(n®-CsHsMe)(CO). The isomer-

hydrides span the Re-Re edges. The dissociation of theization of 1-octene to all isomers of octene is catalyzed by

[M(PPhg)]™ cations from the ReM clusters is controlled  Os3Rh(w-H)3(CO)12, as verified by GC-MS experiments.

by the donor power of the solvent, with dissociation of the The X-ray structures of three products accompany this report

silver adduct being rapid on the NMR time scale in acetone [142]. The disulfido-bridged complex CRuU(u2-Sp)(j2-

solvent. The exchange of the anioniczReuster with the SPt),RuCp reacts with Pd(PP4 (2 equiv) in refluxing

silver and copper adducts has been investigated by NT  toluene to furnish the 60-electron cluster {Go)y(ua-

NMR and!H 2D-EXSY measuremen{439]. ShPdb(p2-SPH(SPH)(PPhR), whose molecular structure
A crystallographic study on a new structural isomer consists of a distorted-tetrahedrabRdy, core. Substitution

of [CoFe(COxs]~ has been published. The new struc- ofthe thiolate ligands is achieved upon treatment with benzyl

ture contains the expected CaF¢etrahedral core but bromide, giving (CpRu)(n3-ShPd(m2-SPH)(Br)(PPh)

with the ancillary CO ligands exhibiting a different ar- and (CFRu)(w3-ShPdh(n2-Br)(Br)(PPh), depending

rangement about the cluster polyhedron relative to the on the benzyl bromide stoichiometry. The crystallo-

other crystallographically characterized structural iso- graphic details of five X-ray structures are discussed
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Fig. 14. X-ray structure of FeG¢u3-Se)(CO)(w-dppy). Reprinted with
permission from Inorganic Chemistry. Copyright 2002 American Chemical
Society.
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mild heating to produce (CpMglFes(CO)g(w3-E)2[ps-
CC(Ph)CC(Ph)],  (CpMa)fe4(CO)p(n3-E)2(psa-CCPh},
and (CpMo}Fe3(CO)(u3-E)2[ns5-CC(Ph)C(Ph)C]. Use of
CpW(CO)X(CCPh) in place of the molybdenum reagent
furnishes the cluster products (Cp#WE3(CO)7(u3-E)2(p3-
12-CCPh){13-n1-CCH,Ph) and CpWFgCO)g(.-CCPh).

All compounds have been characterized in solution by IR
and NMR {&H, 13C, 7’Se) spectroscopies. Seven X-ray
structures have been determined and their structural high-
lights discussed. A plausible reaction scheme illustrating
the likely course of events is presentdd7]. Au(PPhk)CI

has been allowed to react with [g§g.-H)3(CO) 2]~ to give
OsAu(-H)3(CO)2(PPHR), whose X-ray structure consists
of a distorted Og tetrahedron where one Os-Os edge is
bridged by the Au(PP§) moiety. The electrochemical be-
havior of the OgAu cluster has been investigated by cyclic
voltammetric and coulometric methods. This same cluster

[143]. Fast and reversible intramolecular cleavage of a catalyzes the oxidative carbonylation of aniline to methyl

Au—C bond in the spiked-triangular Qlusteraa,ﬂe(p4-n2-
CCBU)(CO)(PRs) (Where R= Ph, P has been demon-

phenylcarbamate in methanol with good conversion. The
higher catalytic activity of the Q#&u cluster relative to

strated by NMR measurements and X-ray crystallography Osy(u.-H)4(CO)y2 is attributed to the synergetic effect of

[144]. CO exchange in HMC4CO);2 and [MCg(CO) 2]~
(whereM = Fe, Ru) by phosphine selenides such asie,
PhP(Se)CHPPh, Ph(2-CsH4N)PSe, Ph(2-CsH4S)PSe,
and Ph[(2-GH4N)(2-CsH4S)]PSe has been explored as a
route to selenido-carbonyl bimetallic clusters. The hydrido
clusters react with the selenide reagents to give ithe
Se capped clusters Mgus-Se)(COy_,L, (where L =
phosphine) and the tetrametal clusters HM@D) L,
(where L = deselenized phosphine). The X-ray structures
of FeCq(uz-Se)(COy(n-dppy) Fig. 14, RuCo(us-
Se)(CO)(p-dppm), and RuCgu.3-Se)(CO}(n-dppy) are

the bimetallic clustef148]. The Ag'-assisted condensa-
tion of [Mny(CO)g(n-PPh)]~ with PdCh(P-P) leads to
formation of MmrpPMAG(-Cl)(-PPh)2(w-dppm)(CO}
and MnPd(.-PPh)(COu(n2-P-P). The MaP®bAg cluster
shows a distorted bow-tie structure where the two het-
erometallic triangles share the common silver cefitdg].

The synthesis, X-ray structures, and electrochemical prop-
erties of [Cu(dppm)(p.a-n'-CCFcp]*, [Aga(dppm(us-
MI-CCFcy]?t, and Pi(dppmd(p-ntmi-HC=CFc)Ch
have been published. A weak intervalence charge-transfer
transition at ca. 1200 nm has been observed in thg=€u

reported. These three clusters represent the first structurallycluster in the presence of [gBe][PFs]. The two reversible
characterized mixed-metal clusters containing a cappingferrocene oxidations observed in [&dppmy(unz-ni-
selenido moiety and an ancillary phosphine ligand. The CCFc)]* are separated by 110 mV, giving rise to a mod-

anionic clusters react only by CO substitution with a desel-
enized phosphine ligand45].

Good yields of RBPt(CO)s(dppm) are reported from
the redox condensation of [Rh(C£) with [PtCl(dppm)}
and by the reaction of RKCO)12 with Pi(CO)(dppmp.
The RbPt cluster exists as an isomeric mixture in so-

erate comproportionation constantc(iK7). The stability of
the oxidized CygFe; cluster is discussed relative to reduced
electrostatic repulsions and statistical distributigtts0].

3.4. Hexanuclear clusters

lution. Both isomers have been structurally characterized Thermolysis of FeRU(CO)p(n3-E), (Where E= S, Se)

and found to exhibit a butterfly framework, where the plat-

with CpM(CO)(CCPh) (where M= Mo, W) gives the hex-

inum atoms are located at the wingtip positions in these anuclear clusters GM2FeRW(COY(ws-E)2(n-CCPh)

clusters. The isomers differ only by the mode of dppm co-
ordination on the cluster polyhedron. The synthesis og[Rh
(13-CO(CONo(pr2-COX][Pta(dppm)] from Rhe(CO)is
(MeCN) and P4(CO)s(dppm) is reported. The X-ray struc-
ture of this RBPYy cluster is discussed relative to other

and the acetylide-coupled clusters pFeRu(CO)(ws-
E)o[ma-CC(Ph)C(Ph)C]. The tail-to-tail coupling of the
original acetylide ligands has been crystallographically
verified in the case of the M&eRuUS cluster. The X-ray
structure of CpWrFeRW(COY(ws-E)2(n-CCPh) con-

structural patterns exhibited by hexa- and tetranuclear clus-sists of an FeRuWS distorted square pyramid, where a

ter frameworks that are linked by dative interacti¢h46].

3.3. Pentanuclear clusters

The compounds CpMo(Ce(CCPh) and F&CO)y(u3-
E), (where E= S, Se) have been allowed to react under

WRuU edge is bridged by an Fe(CG§3) moiety and the RuFe
edge is bridged by a Ru(C®unit. The acetylide ligands
cap the WRu and FeRuW faces in anlimln? fash-

ion [151]. The synthesis of PtR(C)(CO)s(PBW;) from
Rus(C)(COxs and Pt(PBY)2 at room temperature is de-
scribed. Depending upon the recrystallization solvent, one
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of two isomeric forms of the PtRucluster may be isolated.  (CCO)}]~. This unstable cluster undergoes reaction with
A structure consisting of a square-pyramidal arrangement EtOH, followed by functionalization with Au(PR)CI, to

of ruthenium atoms and a square base Pt@l?nlap has give the cluster (AuPPHsFe3(CO)(CCOEL). X-ray anal-
been obtained from hydrocarbon solvents, while a square-ysis reveals the existence of a 48-electron Equilateral
pyramidal Rg core that is edge-capped by the Pt(BBu triangle that is face capped by the carbyne ligand and one
moiety has been obtained from diethyl ether as the solvent. AuPPly moiety. The other two AuPRhfragments cap
VT 3P NMR data suggest that these two isomers are in Fe,Au faces[154]
equilibrium and are interconverted by a reversible breaking

and making of two Ru—Pt bonds. Here, the Pt(PBuoiety 3.5. Higher nuclearity clusters

is proposed to rock back and forth between the four-fold ) ] )

Ru, site (square-base face) and the twofold edge-bridging  The synthesis of the spirocyclic clusteug-Hg[Oss(p.-

Ru, site. The ability of the CO groups to stabilize the PRe)(n-CO)(CO)]2 (where R=Ph, BU) is reported from
open coordination geometry is described. The thermody- the reaction of [Og(p.-PRx)(CO)o] ~ and HgCh in THF at
namic and kinetic parameters associated with this model —90°C. Each product contains a:-Hg atom that bridges
adatom diffusion process are repor{d®2]. Treatment of ~ ©ne Os-Os vector in each ®subunit. These two clus-
Rug(CO)12 with pd(pBl%)z furnishes the RsPd cluster ters, which were characterized in solution, unQergo a re-
Ru(CO)12[Pd(PBU,)]3 in moderate yield. The solid-state arrangement of the metal skeleton upon heating to pro-
structure exhibits a central Rtriangle, where each Ru—Ru  duce (COlo(n-PR»)Oss(pa-Hg)Os(1-PRy)(11-CO)(CO).
vector is bridged by a Pd(PB)moiety. The Lewis acid These transformatlon§ haye been studied by UV-Vis spec-
behavior of each Pd(PB unit is described. An analo- troscopy, and the activation parameters hav_e_been deter-
gous edge-bridging reaction by Pd(Punoieties in the mined. The latter clusters are_hlghly photosensitive and rear-
reaction of Rg(pue-C)(CO)7 with Pd(PBG), is presented. range upon exposure to sunlight to afford the wheel-shaped
Here, an isomeric mixture of the product clustersRus- cluster compounds @Qu6-Hg)(p-PRe)2(CO)o. The X-ray
C)(COX7[Pd(PBW)]2 has been confirmed by spectroscopic structure of the P&hderlvatl\{e reveals the presence of a
and crystallographic method&53]. The formation of car- ~ Mercury atom that is located in the center of am @sg, as
bide and dicarbide clusters have been obtained from theShown inFig. 16 [155]

reaction of CICCg(CO)s with iron carbonyl anions. When Mixed rhodium-nickel carbonyl clusters have been an-
[Fes(COM1]?~ is employed as the iron carbonyl reagent alyzed for their relationship to the 11-vertex deltahedra
in the presence of thallous ions, the 94-electron dicar- SPecies In1"~ and group 13 polyhedral borane and metal-
bide cluster [CeFe(Gy)(COX7]~ is observed as the major loborane polyhedral geometries. The ability of the Rh/Ni
product. The X-ray structure reveals the presence of two clusters to flatten and compensate for hypoelectronicity is
distorted C@C and CeFeC tetrahedra that are linked by a discussed within the context of Wade-Mingos ruj&Sé].
C—C bond and a Co—Co bon&i¢. 15. Similar reactions The synthesis and structural characterization of the first
employing [FaC(CO)2]?~ and [FgC(CO)4]%~ afford high-nuclearity TI/Pd cluster, [BPdi2(CO)(PEk)o]%t,
[FesCoC(CO)5]%~ and [F&CoC(CO)4]%, respectively. have been reported. This product was isolated in good yield
Treatment of CICCg(CO)y with the ketenylidene-capped from the reaction of P@(CO)2(PEg)e with Au(PPHR)CI
cluster [Fg(CO)(CCO)E~ with added Tt ions gives in the presence of TII_%F An alternative synth_esis of

a species that analyzes agCLa3(CO)}C{Fe3(CO) the ThPd» cluster starting from PACO)(PEg)s in the

Fig. 16. X-ray structure of Q$ps-Hg)(n-PPh)2(CO)o. Reprinted with
Fig. 15. X-ray structure of [Cse(G)(CO)17]~. Reprinted with permis- permission from Organometallics. Copyright 2002 American Chemical
sion from Organometallics. Copyright 2002 American Chemical Society. Society.
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presence of the phosphine scavenger Au(KEk and
TIPFg gives an essentially quantitative yield of the prod-
uct. The results from gradient-corrected DFT calculations
on Pd(CO)(PH3)s are employed in a discussion on
the hypothetical Tt, Au*, and Au(PH)* adducts and
their relationship to the structure adopted by thePt»
cluster [157]. The cluster compounds [NiRE(CO)s]°~,
[Ni2Rhy2(CO)s]*~, and [N5Rhg(CO)5]~ have been syn-
thesized from [RhCl(cod)] and [Nig(CO)2]%~. Careful
extraction of the product mixture with acetone has led to
the isolation of pure [NjRhg(CO)s]3~, with the separa-
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[3] K.M. Brosius, Diss. Abstr. Sect. B 63 (2002) 2378 (DA3052016).

[4] D. Doénnecke, Diss. Abstr. Sect. B 62 (2002) 4535 (DANQ62510).

[5] H. Song, Diss. Abstr. Sect. B 63 (2002) 2384 (DA3052131).

[6] G.A. Holloway, Diss. Abstr. Sect. B 62 (2002) 3618 (DA3023076).

[7] C.W. Hills, Diss. Abstr. Sect. B 62 (2002) 3617 (DA3023073).

[8] J.R. Harper, A.J. Lupinetti, A.L. Rheingold, J. Cluster Sci. 13 (2002)
621.

[9] L.Y. Goh, Z. Weng, W.K. Leong,
Organometallics 21 (2002) 5287.

[10] C. Schulzke, D. Enright, H. Sugiyama, G. LeBlanc, S. Gam-
barotta, G.P.A. Yap, L.K. Thompson, D.R. Wilson, R. Duchateau,
Organometallics 21 (2002) 3810.

[11] L. Xu, K.H. Whitmire, Organometallics 21 (2002) 2581.

J.J. Vittal, I. Haiduc,

tion of the other two anions achieved by subsequent hexane [12] L.Y. Goh, Z. Weng, W.K. Leong, P.H. Leung, Organometallics 21

extractions. All three mixed-metal clusters exhibit isostruc-
tural cores, and are similar to the homometallic cluster
[Rh14(CO)s]*~, except for the observed shrinkage of the
central Rl cube in the mixed-metal derivatives. The effect

(2002) 4398.

[13] R.D. Adams, O.-S. Kwon, M.D. Smith, Inorg. Chem. 41 (2002)
5525.

[14] R.D. Adams, O.-S. Kwon, M.D. Smith, Inorg. Chem. 41 (2002)
6281.

of Ni substitution relative to Rh in these clusters has been [15] W.J. Mace, L. Main, B.K. Nicholson, M. Hagyard, J. Organomet.

assessed by extended Huckel MO calculations. The abil-

Chem. 664 (2002) 288.

ity to tailor the composition of these clusters is discussed [16] B.F.G. Johnson, S. Tay, Inorg. Chim. Acta 332 (2002) 201.

with respect to the MO and redox behavior of this series
of isostructural clusterg158]. The synthesis and X-ray
structure of the first-known high-nuclearity silver—nickel
nanosized cluster, [AgNi24(COuo]*~, have been pub-
lished. The structural highlights and details from a bonding
analysis of this product are discusgé&9].

Appendix A

abq 2-amino-7,8-benzoquinoline

bpy 2,2-bipyridine

cod 1,5-cyclooctadiene

cot cyclooctatraene

Cp cyclopentadienyl

Cp* pentamethylcyclopentadienyl

Cy cyclohexyl

dmad dimethyl acetylenedicarboxylate
dppa 1,2-bis(diphenylphosphino)acetylene
dppb 1,4-bis(diphenylphosphino)butane
dppe 1,2-bis(diphenylphosphino)ethane
dppf 1,2-bis(diphenylphosphino)ferrocene
dppm bis(diphenylphosphino)methane
dppp 1,3-bis(diphenylphosphino)propane
Fc ferrocenyl

MAS magic angle spinning

MeCp methylcyclopentadienyl

nbd norbornadiene

PPN bis(triphenylphosphine)iminium

py pyridine

tol tolyl
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