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Abstract

The synthetic, mechanistic, and structural chemistry of organometallic metal cluster compounds is reviewed for the year 2003.
© 2005 Elsevier B.V. All rights reserved.
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1. Dissertations and Og(CO)1(p3m*-FcCyFc). X-ray diffraction analyses
have confirmed the coordination of one and both alkyne
The reaction oN-phenyl-2,5-dimethyl-3,4-diphenylcycl-  groups in these products, respectively. Whereas the redox
openta-2,4-dienimine with R(CO).> leads to cluster  chemistry in the former cluster reveals essentially no elec-
fragmentation and formation otis and trans [{2,5- trocommunication between the ferrocenyl groups, the latter
Mez-3,4-Ph(n°>-C4CNHPh}RU(CO)(1-CO)  [1]. Oss cluster displays significant redox communication between
(COh1(MeCN) has been allowed to react with 1,4- thetwo ferrocenyl groups. Treatmentof 1,12-bis(ferrocenyl)-
bis(ferrocenyl)butadiyne to give @E&O)o(im?-FcCaFc) 1,3,5,7,9,11-dodecahexayne with 3g80)1(MeCN) pro-
duces the hexaosmium compoundg(@O)2(jemB-FcCs
m 940 565 3548: fax: +1 940 565 3814, CCCCGFc), whose strgcture exhibits two open .trios!“nium
E-mail address: cobalt@unt.edu. clusters that are coordinated parallel to opposite sides of

0010-8545/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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the hexayne chain. The reaction 0$®ks(CO)1o with 1,8-
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Cp Rh(CO)» to furnish the trimetal clusters Mn

bis(ferrocenyl)octatetrayne yields the following three cluster (CO}Pt(PPh),(3-S), CpCoMm(CO)(13-S), CpCo

compounds, Q§CO)[w.3,m3-(E)-FcCCHGCOCCFc], Os
(CO)o(3,m?*-FCCHCHGCCCCFc), and Q{CO)olpe,
n*-(E),(E)-FcCHCHGC,CHCHFc]. The hydrogen transfer

Mn2(CO)s(PPH)(13-Sk, and CPRhMm(CO)s(pa-Sh,
respectively. X-ray structural analyses confirm the formal
insertion of the unsaturated metal species into th® Bond

step that accompanies these reactions has been crystabf the starting dimer. The same Mistarting material has

lographically established, and mechanism for tihens

been examined for its reactivity towards thioethers and

hydrogenation at a bimetallic center is discus§gd The Me,S, leading to Ma and Mn; compounds as the major
synthesis of several electron-deficient benzoheterocyclic products[6]. The synthesis and reactivity of bimetallic
clusters having the formula @&O)(u3m?-LH)(p-H) clusters containing ruthenium are reported. Multiple ad-
(where L = heterocycle) has been reported. The spgsiaf ditions of PRSnH to R(CO)4(CsHe)(e-C) produce
bonding mode observed at the C(7) or C(8) position of the new RuSn complexes possessing up to five tin ligands.
carbocyclic ring is discussed. This special bonding mode, Cluster build-up reactions using Pt(PBy and Pd(PB4),
along with the protective coordination of the nitrogen center with Rug(CO)7(i6-C) and Rg(CO)is(is-C) have been
by the cluster, dramatically alters the normally observed explored. The new cluster PtRICO);5(PB)(pg-C) has
heterocycle reactivity towards hydride and hydronium ions. peen isolated and fully characterized in solution and by
Soft nucleophiles (phosphines) display addition to the metal X-ray crystallography. NMR and X-ray studies reveal that
frame, while the reaction of hard nucleophiles (hydrides and this PtRy cluster exhibits isomerization behavior involving
bulky carbanions) takes place by addition to the heterocyclic opened and closed forms that interconvert in solution
moiety [3]. New cluster derivatives using Pd(PBy and [7]. The reaction growth-patterns of CO and FRjated
Pt(PB4), have been prepared and structurally characterized. pimetallic Au-M clusters (where M =Ni, Pd, Pt) have been

Treatment of Rg(CO)1» with the former reagent affords
the tripalladium adduct R:J(lCO)lz[Pd(PBLg)]3. The new
FePt mixed-metal carbide clusters PiE&O)2(cod)(us-
C) and PtFg(CO)2(PMePh)(pns-C) have been ob-
tained from the reaction of [BECO)4(ns-C)]%~ with
Pt(cod)Ch and Pt(PMePh)Cly, respectively. The syn-

investigated. The synthesis and structural characterization
of [Au7Ni7(CO)o(PPhy)s]~ are discussed. The isolation
and X-ray structure of the first high-nuclearity thallium-
palladium cluster [TiPdo(CO)(PEb)e]%*, which was
originally thought to be a ApPd;» cluster, are reported. The
structure-to-synthesis approach affords a near quantitative

thesis, fluxional behavior, and solid-state structures of yield of the ThPd;» cluster from the reaction of Au(SM§CI

PtRu(CO)5(PMePh)(us-C) and PtRy(CO)a(PMePh),

with TIPFs and Pd(CO).5(PEg)4. 3P NMR spectroscopy

(ne-C) are presented and discussed. The preparation ofhas been successfully employed in the study of the re-

the bisphosphine cluster RICO)4(PMePh)(us-C) is
also described. M@NO-induced decarbonylation of this
Rus cluster furnishes the metallated productsgf@0)13
(n-PMey)(n3m3-Mez2PCsHa) (n6-C) and R@(CO)a(PMey
Ph)(x,m%-MePhPCH)(ns-C)(u-H). Thermolysis of same
bisphosphine cluster at 12C gives the latter metallated
product, along with Rg(CO)4(p-PMe)(MePhPCH)-
(16-C) and Rig(CO)2(n-PMez)2 (i3 m?-CsHa) (6-C) [4].

The transmetalation of lanthanide complexes with
Hg[Co(CO)]» has been studied. While transmetalation in
pyridine, THF, and DME affords discrete ion pairs of the
form [Ln(L),][Co(CO}]2, the use of weak donating solvents
such as BIO gives two-dimensional isocarbonyl arrays
of [(Et20)sLn{Cx(CO)1}]lec- The heretofore unknown
[Co4(CO)1]%~ anion in this complex originates from
an oxidation/condensation of [Co(C{). Two isomers
of [Co4(CO)1]%~ were observed (pseudoCand Gy
symmetries). It is shown that [(ED)3Yb{C0s(CO)1}]co

versible interconversion between B(CO)o(PEL)10 and
Pdh3(COXo(PE&)g. The solution3P NMR data correlate
well with the different metal-core structures adopted by each
cluster[8].

2. Homometallic clusters
2.1. Group 6 clusters

Thermolysis of CpWMo(CO)w-PPh) with CpW
(CO)(SPh) leads to €S bond cleavage and formation of the
trinuclear complex CpW(CQJju-Sk(n-PPh)Mo(CO)(ju-
PPh)W(CO)%Cp, whose X-ray structure is shownhig. 1,
along with CpW(CO)-SPh(n-PPh)Mo(CO). The
ability of the SPh moiety to adoptes-SPh ligation mode is
postulated as a means by which the bond dissociation energy
of the G-S bond may be decreased, promoting the facile

is unstable in the presence of Lewis bases, Ieadingc_S bond cleavagfo].

to the disproportionation of the clustdb]. Treatment
of Mny(CO);(n2-Sp) with tertiary phosphines and ar-

sines leads to several dimanganese complexes and the.2. Group 7 clusters

polynuclear compounds MECO)4(AsMexPhy(u3-S2)2,
Mng(COko(AsMezPh)(jua-S2)3, and Mmy(COna(AsMe;
Php(uws-Sp)2. The same Mp complex reacts with
Pt(PPR)2(PhGPh), CpCo(CQOj), CpCo(CO)(PP$), and

Sodium amalgam reduction of M(CO);(p-Sp) pro-
duces the new anionic cluster [MICO)o(r3-S2)2] in
low yield. The same cluster has also been obtained from the
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Fig. 1. X-ray structure of CpW(CQj.-Sk(-PPh)Mo(CO)(1.-PPh)W(CO)%Cp. Reprinted with permission from Organometallics. Copyright 2003 Amer-
ican Chemical Society.

reaction of Mn(CO)s(n3-S)(wa-Sp) with [PhgPMe][l] 2.3. Group 8 clusters
in good yield. Treatment of the anionic Mrcluster with

[CpFe(CO)(acetone)| gives the neutral MgFe cluster Broad-band UV irradiation of Ri{CO});» in the presence
CpFeMry(CO)2(n3-S)(ra-Sp), whose X-ray structure  of acryloyl polystyrene resins gives the corresponding
confirms the coordination of the CpFe(GOnoiety to a sin- polymer-bound Ru(CQ)species via attachment to the pen-

gle sulfur atom in one of the two disulfide ligands. The X-ray dant alkene linkage. The stability of the polymer-supported
structure [M(CO)o(p3-S2)2] ~ indicates thatthe molecular  complex was examined as an organometallic synfidh
structure is best regarded as an inorganic analogue of quadri-The results of a study on th€CO) vibrational spectra of
cyclane[10]. New polynuclear selenido-capped manganese several planar metal clusters containing M(GQ@roups
compounds have been synthesized from the phosphine-have been published. Good qualitative agreement of the band
selenide compounds bis(diphenylphosphino)ethane dise-
lenide, bis(diphenylphosphino)methane monoselenide, and
PhbMePSe. The reaction between the latter phosphine-
selenide reagent and MCO)s(MeCN), affords Mmy(j.3-
Sep(u-CO)(COx4(PpPMe), whose molecular structure
was crystallographically establishdd1]. The synthesis,
characterization, and catalytic reactivity of supported
metal clusters have been published. The chemistry of
H3Re3(CO)2, Ox(CO)o, and Iy(CO)o at the surface

of the support, as well as other cluster compounds, is
briefly discussed[12]. Hydrogenation and €S bond
hydrogenolysis of benzothiophene are observed in the
reaction with Rg(CO);p and HRey(CO)2. Treatment

of the heterocycle with R€CO)o under B gives the
trirhenium cluster RgCO)g(u-H)2(3-S-2-EtGH4)(p.-2,3-
dihydrobenzothiophene). The presence of the hydrogenated
benzothiophene ligand and a thiolate moiety derived from
the hydrogenation and cleavage of a¥Cbond in the ben-
zothiophene substrate has been confirmed by X-ray analysis
(Fig. 2. Mechanistic data show that the reaction actually
proceeds from BRe3(CO)i2, followed by transformation _

to H4Re4(CO)12 and then reaction with the heterocyclic ('jilﬁs/dr?).bznrza(?{hi(f[tJrr:J(:,:rt]l:er)(.9 S(ipr?rﬁgc? )QV\(/}thLhH)rz)Eel:rsnEsziolrftcﬁgﬁ(ulri’)?ganic
substratd13]. Chemistry. Copyright 2003 American Chemical Society.
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intensity changes as a function of the number of metals andFluorination of Og(CO);2 in HF/SbFk gives the mononu-
the adopted cluster geometry is found in both the infrared and clear complex Os(CQJFSbFs),, whose X-ray structure
Raman spectra. Spectral assignments are discussed with rereveals that both SlgFmoieties occupy:is positions in the
spect to the spherical harmonic model (SHM) and the tensoroctahedron. The reactivity ofJCO);2 towards fluorination
harmonic model (THM). The agreement exhibited by these under similar conditions has also been examined, vt [
two cluster bonding models is related to the size of the metal Ir(CO)3(FSbks)2HF]SbRs-HF and mer-1r(CO)3F(FSbks)2
cluster, with the former model successfully accounting for being isolated and structurally characteri28].
the spectroscopic properties of larger metal clugfésk The 9-Anthraldehyde oxime reacts with g§€0);1(MeCN)
cluster compounds BM{CO);» (where M=Fe, Ru, Os) have to give Og(CO)1(9-anthracenecarbonitrile) in moderate
been reanalyzed in terms of a model based-@romaticity yields as a result of the formal dehydration of the
using Hickel and Mobius topological treatments. The oxime moiety. The same product is furnished in high
cluster P§(CO)(u-CO)z has also been analyzed by using vyields from the reaction of Q§CO)1(MeCN) with 9-
the same methods, with no 3c—4e Mobius surface bondinganthracenecarbonitrile. Carbonylation and hydrogenation re-
observed due to the bridging CO groups. The relationship actions with this new nitrile-substituted cluster produce
of a-aromaticity to three-dimensional aromaticity found in  Os(CO)2 and HOs(CO)g, respectively. The UV-vis
deltahedral boranes and related octahedral metal clusterslata for Og(CO);1(9-anthracenecarbonitrile) exhibit intense
is discussed16]. A reproducible high-yield synthesis of MLCT absorptions that are discussed relative to the elec-
Rw(CO)2, H4Rwy(CO)2, and [Rig(jns-C)(CONg]?~ from tronic transitions from the Os—Os sigma bonding molec-
RuCk-nH»0 has been published. The end-product obtained ular orbitals to the anthracene system[26]. The reac-
is controlled by the alkali carbonate additive, the gas-phasetivity of acenaphthylene with QéCO);0o(MeCN), at room
composition (CO or CO/b), and the reaction temperature temperature has been studied. The sole observed product
[17]. was found to be Q§CO)1o(-H)(n.m?-C12H7), whose X-
The oxidative cyclization of 4-penten-1-ols to dihydro- ray structure reveals a—mw coordinated acenaphthyl lig-
furans in the presence of CO has been demonstrated wherand that bridges one edge of the ;0same. Thermoly-
Ruz(CO)2 was employed as a catalyst precurfi8]. The sis of this initial product affords Q§CO)(j.-H)2(3m?-
tandem isomerization/Claisen rearrangement of dienyl ethersCioHg). Continued heating of this latter @<luster in
to v,3-unsaturated aldehydes has been achieved by usinghe presence of added acenaphthylene at°C6@ields
the component catalyst systemszRLO);2/diimine/CsCQ the new osmium compounds §€0)12(a,m2:m%-C12Hs),
[19]. Treatment of Reg(CO)» with chiral diiminodiphos-  Os(CO)(.m*Ca4H12), Ox(COY(p-H)(n3.m3-CosH13),
phine tetradentate ligands yields chiral monoruthenium and Og(CO)s(.m*-C24H12)(m3-C1oHg). The solid-state
complexes that function as catalysts for the asymmetric structures of these last four products have been solved
transfer hydrogenation of ketones. The hydrogenation of by X-ray crystallography27]. The catalytic isomerization
propiophenonate to 1-phenyl-1-propanol occurs with a of hexamethyl Dewar benzene to hexamethylbenzene by
96% e.e. The analogous reactions employing(R®)2 Os3(CO)0(MeCN), has been investigated. The isomeriza-
with BINAP and DIOP were unsuccessful, as was the tion reaction is shown to be in competition with ring open-
cluster HfRwy(CO)1» in the presence of the chiral ligand ing of the substrate to @g.-H)2(CO[w,n3-CH(CsMes)]
N,N -bis[o-(diphenylphosphino)benzylidene]-1,2-diphenyl- and Og(p-H)(CO)[3,m?-C2(C4H4E)]. The unequivocal
ethylenediamind20]. The reaction of Rg(CO);2, phos- identity of these latter two Q<lusters has been determined
phine, and various dioxolene ligands affords the mononuclear (Fig. 3), with a plausible reaction sequence discussed interms
complexes RUCO)L and [{RuR(CO)}2(L)]* (where of a cyclobutenylacetylide intermedid8].
L =dioxolene). The spectroscopic data and mixed-valence The arene-substituted clusters sRUg(CgHg)(CsH2
properties of these new compounds are discug2édl Mes)2(O)]" and [HsRuz{ CsH5(CHz2)20H} (CsH2Mes)2(0)]*
Fragmentation of Ry(CO);2 and HiRw(CO); is observed have been prepared from the precursor compound
upon treatment with bis(2-pyridyl)amine and its conjugate [H3Rw(CgHaMey)]*t and its reaction with the dications
base. Here the major product is the diruthenium complex [Ru(CeHg)(H20)3]?* and [RY CgHs(CHz),0H}(H20)3]2*.
Ruw(dpa)(CO), [22]. Dibenzothiophene has been allowed The relationship between the two products and the known
to react with Rg(CO).2 in refluxing heptane to produce cluster [HsRuz(CsHg)(CsMeg)2(0)]* is discussed[29].
Rup(C12Hg)(u-CO)(CO). X-ray analysis of the product The synthesis and structure of the chiral clustéj- (
confirms the double €S bond activation/desulfurizaton  [H3Ruz{CgHs(CHMeCH,OH)}(CsMeg)2(O)]* have been
process attendant in this reaction. The reactivity of 3-methyl published [30]. The use of the triruthenium complex
and 2-methyldibenzothiophene with GO)» exhibits a Rug(p3-O)(u-OAc)s(bpyp(CO) as a molecular build-
similar reactivity pattern as the parent heterocy28. Treat- ing block in the construction of molecular multilayers
ment of Fg(CO);» with o,3-unsaturated ketones containing on a Au surface is described. The functionalized Au
B-substituted thiol groups leads to cluster fragmentation and surface has been characterized by cyclic voltammetry,
formation of Fe(CO)s[ w-S,C=CHC(O)GH4X]. The X-ray chronocoulometry, and FT-IR spectroscofl]. Treat-
structure of the fluoro derivative accompanies this rej2dit ment of the dinuclear complex BRux(CsMes),]%+ with
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Fig. 3. X-ray structure of Qgp-H)2(CO)[p,n3-CH(CsMeg)]. Reprinted
with permission from Organometallics. Copyright 2003 American Chemical
Society.

[Ru(Fc-arene)(H0)s]2* furnishes the ferrocenyl-containing
oxo-capped cluster [fRuz(Fc-arene)(@Meg)2(0)]*, whose
water solubility has been exploited in the hydrogenation
of benzene to cyclohexane under biphasic condit{@23.
Methylidyne—diyne coupling reactions at a triruthenium

2767

nucleophilic B-oxygen atom, leads to furan rings that are
coordinated to the cluster. These products exhibit the gener-
alized structures HQ§CO)o[ .t :m2-PhCH(C=CH-C=
CH-0)] and HOS(CO)o[w.mmt-Ph(CG=CH-C=C-0)
CPh]. Thermolysis of the latter cluster results in CO
dissociation and formation of H@&O)[w3mtm3m?!-
Ph(G=CH-C=CH-0)CPh], whose X-ray structuré-ig. 4)
reveals a closed f0s five-vertex pyramidal core.
H,0s(CO)o reacts with Me(HO)CCG,Co,CMex(OH)
without cyclization to furnish Q€CO)o(3,m2-RCH=CH-
CHG,R) and Og(CO)1o(n3m?-RCCoR). The results of
deuterium-labeling studies are used in the formulation of a
working reaction schem@&7].

The reactivity of CpsRug(u-H)3(w3-H)2 with a vari-
ety of reducing agents has been investigated. The reac-
tion with EtZn affords the new cluster CpRug(pu-H)3(jua-
ZnEt)(uw3-H), while EBAI reacts with the starting cluster to
give Cp sRus(p-H)3(3-AlEt). The X-ray structures of three
products accompany this repd8]. Thermolysis of the
triruthenium clusters (CfRu)Cp Ru(CRCRCHCH) pro-
motes isomerization to (CRu)Cp Ru(CHCRCRCH) (.-
H)s. These reactions were studied by NMR spectroscopy,
which allowed for the evaluation of the activation pa-

cluster have been demonstrated. Symmetric diynes reactameters associated with these reactions. The molecular

with Rug(p.-H)(n-COMe)(CO)p to give the regioisomers
Rug(p-H)(3,m3-MeOCCR=CCCR)(CO) and Ru(u-
H)[n3,m3-MeOCC(CCR¥FCR](CO) (where R=Me, Ph,
CH>OPh) as a result of insertion of one of the alkyne
moieties of the diyne into the R« bond of the methylidyne

structure of (CPRu)Cp RUCH[C(Me)CHCH]{+-H)3 has

been determined, confirming the presence of the ancillary
3-methylruthenacyclopentadiene moiety in the product as a
result of CMe group isomerization. Computational studies
have been carried out in order to probe the likely path associ-

ligand. The solid-state structures of the two regioisomers ated with pentadiene ligand isomerization. A process involv-
formed from the reaction using 2,4-hexadiyne are presenteding a cyclobutadiene intermediate is ruled out, on the basis of

[33]. The cluster compounduH)Rug(CO)g(jn.3,m3-C3H3)
has been isolated from the reaction of3RTO);» with the
alkynes diethylaminopropyne and trimethylsilylpropargyl

alcohol. X-ray crystallographic analysis confirms the pres-

ence of an allylic moiety that is-bonded to two ruthenium
centers andr-bound to the third ruthenium atof84]. Two
isomers of  Os(u-H)(CO)o[pamtn3:m-Ph(C)GHel,
which were obtained from the reaction 0§®s3(CO) 0 and

the MO data. A mechanism involving (1)=C double bond
insertion into a ReH bond, (2) G-C bond cleavage to pro-
duce an allyl-methylene complex, (3) reductive coupling to
generate the ruthenacylopentadiene ring, and {4) 6ond
cleavage to give the final product is supported by MO cal-
culations and is in agreement with the experimentally mea-
suredAH7 values found by NMR spectroscof§9]. A re-
port describing the oxidatively induced bimetallic reductive

1,4-diphenylbuta-1,3-diyne, have been spectroscopically C—C bond coupling of quz-allyl ligand has appeared. Treat-
and crystallographically characterized. Both isomers exhibit ment of (CPRu)s(pu-H)4[wzm3-C(H)C(H)CMe] with two
an open metal triangle and an unusual pseudo-allylic equivalents of [CpFe][PFs] produces the®-cyclopropenyl-

interaction involving a fused six- and five-membered ring

substituted cluster [(CRU)(w-H)3{wam3-CaH2Me}]* in

system resulting from the ring-closure reaction of the diyne. quantitative yield. Cyclic voltammetric data support a se-
Thermolysis leads to CO loss and formation of a closegl Os quence involving an oxidation of the starting cluster to the
triangular frame. A plausible reaction sequence accounting corresponding 47e species, followed by a rearrangement
for the formation of the observed products is presented and deprotonation. The structural identity of the cationic

and discussed35]. The reactivity of several different
pyrones with Og(CO)0o(MeCN), has been investigated.

product was ascertained By NMR measurements and X-
ray diffraction analysis. The results of a density functional

The different coordinative bonding modes adopted by study onthe model cluster [(CRu)s(j-H)3(p3,m3-CsHz)]*

the pyrone ligands were established by solution NMR
measurements and X-ray crystallograp8§]. The reaction
of H,Os3(CO)1 with conjugated diynes containing a nucle-
ophilic oxygen atom [PhgC,CH,OH and PhGC,C(O)Ph]

are presented, with the nature of the cluster-cyclopropenyl
ring bonding fully dissectef#0].

The room temperature reaction of {f80);0(MeCN),
with 2,4,5-trimethylthiazole in CHCl> produces the new

has been examined. Diyne coordination to the triosmium isomeric compounds H@EO) o[, n?-CH.C=NC(Me)

cluster, followed by intramolecular cyclization with the

=C(Me)S] and HOS(CO)[p,n2-CH2C=C(Me)SC(Me)
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Fig. 4. X-ray structure of HQCO)[ n3,m*:m3:m1-Ph(G=CH—C=CH—O)CPh]. Reprinted with permission from Organometallics. Copyright 2003 American
Chemical Society.

=N], along with the known clusters H@&O)1o(-Cl) centers through the pyridyl and oximate nitrogen groups.
and HOg(CO)1o(.-OH). The two new clusters, which are  Reaction of same ligand with }CO);0(MeCN), (where
formed by activation of the C-2 and C-4 substituents, re- M=Ru, Os) at room temperature givesz(l-H)(uw.n°3-
spectively, undergo decarbonylation and a secordHC  dpko-N,N,0)(COy. The reactivity of these oximate com-
bond activation of the coordinated methylidene moiety plexes as DNA cleavage reagents was found to be poor.
to give HOs(CO)[w3n2-CHC=NC(Me}=C(Me)S] and The solid-state structures of four compounds have been
H20s3(CO[ 3, m3-CHC=(Me)SC(Me}N] upon heating. determined[43]. The influence of the bridging carbonyl
All new products were fully characterized in solution by groups on the bonding, photochemical, and electrochemi-
IR and NMR spectroscopies and mass spectrometry. The X-cal properties of Rg(CO)g(u-CO)(a-diimine) (where di-

ray structures of two clusters are presented and discussedmine =2,2-bpy, 4,4-Me-bpy, 2,2-bpm) has been inves-
with respect to their spectroscopic properfi€s]. Nitrogen- tigated. Optical excitation at 471 nm leads to the popula-
nitrogen bond cleavage has been achieved in the reactiortion of ac(Rw)w (a-diimine) excited state that undergoes
between (CpRuk(-H)3(s-H)2 and monosubstituted hy-  a rapid decay to a(Ru/u-CO)r (c-diimine) lowest excited
drazines. Here the nonsymmetrically cappedhisido) state. These spectroscopic assignments are supported by res-
clusters (CPpRuk(n-NR)(na-NH)(u-H) are obtained as the  onance Raman and picosecond time-resolved infrared spec-
major products. The same starting cluster was also investi-tra and theoretical MO calculations at the DFT level. The
gated for its reactivity towards 1,2-diphenylhydrazine, giving effect of the reaction solvent in promoting cluster-opening
the monocapped imido cluster ((Ru)s(j-H)3(w3-NPh) as and electron-transfer reactions is outlingd]. The reac-

the sole observed product. Kinetic studies employing methyl- tion of the azavinylidene-bridged cluster HEGO);o(j-
hydrazine confirm that the cluster initially coordinates the N=CPh) with the diphosphine ligands dpme and bpcd has
ligand at the more nucleophilic MeNH terminus rather than been explored. Both ligands replace two CO groups to give
the more sterically accessible MHite. The kinetic data  HRug(CO)s(i.-N=CPh)(P—P). The former ligand bridges
and spectroscopic studies have allowed for the construc-the two ruthenium centers that are also bridged by the ancil-
tion of a working mechanism involving the cooperative ac- lary hydride ligand, while the latter ligand chelates to one of
tion of all three ruthenium centers. The molecular struc- the hydride-bridged ruthenium centers at an axial and equa-
tures of three X-ray compounds have been solved and theirtorial site. The molecular structures of both products were
structural highlights discuss@l]. Treatment of Rg(CO);2 established by X-ray crystallograpi$5]. The synthesis,
with bis(2-pyridyl)ketone oxime in refluxing THF pro- spectroscopic characterization, and DNA binding affinities
duces Ry(COX(p,m3-dpko-N,N,0) and Re(CO)(j.m°- of several water-soluble benzoheterocycle triosmium clus-
dpko-N,N,O}». Both complexes are doubly bridged by the ters have been published. The benzoheterocyclic ligands used
two dpko ligands, which are attached to one Ru center via in the coordination of the Qscore were 3-aminoquinoline,
the oximate oxygen atom and chelated to the other two Ru 3-(2-phenylacetimido)quinoline, and phenanthridine, with
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the ancillary phosphorus ligands HB(CsH4SOs3)3] and

[P(OCH,CH;NMez)3][l 3] being used to control the degree (‘“\
of aggregation in agueous solution and overall aqueous sta- O\ Y
bility. The data from plasmid super coiled DNA relaxation X ‘.”)
tests employing a 1% electrophoresis agarose gel are pre- %‘
sented and discussed. The preliminary results from these g% \\Y,

DNA binding affinity studies do indeed support a relation-
ship between the nature of the attached heterocycle and DNA O

binding affinity [46]. The reactivity of O$(CO)1o(MeCN),

with a series of aminothiazole compounds has been ex-

plored. Included in this report are the X-ray diffraction struc-
tures of the new cluster compounds 3QsH)(CO) (-
CgH7N2S), Og(j-H)(COg(pr3,m?-CaHsN2S), and Os(p.-
H)(CO(je3,m2-CsH7ON,S) [47]. The thermolysis reaction

between Rg(CO)2 and 2-mercaptobenzothiazole has been

reexamined, yielding the known cluster HRRGO)g(p3,m°-
C7H4NSp) and the new compound JRug(CO)7(am?-
C7H4NSy)(mm2-C7H4NS,). This latter cluster has been
isolated and fully characterized in solution and by X-
ray crystallography. One of the main structural high-
lights found for this cluster includes a triangular array
of ruthenium atoms that exhibits three statistically differ-
ent Ru-Ru bond distances. Treatment of former known
cluster with excess 2-mercaptobenzothiazole at®&f-
fords the same pRuz cluster [48]. A facile and effi-

Fig. 5. X-ray structure of BbRu(COY(pam2-binam)g,m2-dppm).
Reprinted with permission from Organometallics. Copyright 2003 American

cient one-pot synthesis of a hexaruthenium cluster from chemical Society.

Ruz(CO)12 and 2-aminopyridine has been reported. The ini-

tial product from these reactions is the pyridine-coordinated structure Fig. 5 reveals that dppm coordination induces a

triruthenium cluster HRg(CO)o(p3-ampy), which under-
goes further reaction with R(CO);2 to furnish Rg(ps-
H)2(CO)4(n-CO(ws,m2-ampy) in good yield. The role
of the ancillary 2-aminopyridine-derived ligand in help-
ing maintain the Rg core and facilitating CO sub-
stitution processes is discuss¢dP]. The formation of

a highly functionalized azulene ligand has been ob-
served in the reaction of HR(CO(mam2-ampy) with

C—H bond activation of the amido-bound naphthalene ring.
A proposed mechanism showing site-selective coordination
of the dppm ligand at the hydride-bridged-RRu bond, fol-
lowed by G-H bond oxidative addition, is presented and dis-
cussed51].

The reaction of 2,4,6-tris(trimethoxy)phenylphosphine
sulfide and 1,2-bis[(diphenylphosphino)methyl]lbenzene sul-
fide with Rwp(CO)2 yields new phosphine-substituted

diphenylbutadiyne (2eq.) and 2,4-hexadiyne (1eq.). Here sulfido-capped clusters possessingRIRBS,, and RuS,

the product Rp(p,m8-CagH26)(CO) has been character-
ized in solution and by X-ray diffraction analysis. The
ancillary 1-(phenylethynyl)-2,4-diphenyl-5-(propyn-1-yl)-6-
methyl-7,8-benzoazulene ligand is bound to the(R®D)s
moiety in a manner identical to that found in Ku,n®-
azulene)(CQ) [50]. Ox(CO)1o(MeCN), has been allowed
to react with 2,2diamino-1,1-binaphthalene to give the co-
ordinatively unsaturated cluster HE§€0O)(p3,m2-Hbinam-

polyhedral cores. The four X-ray structures that accompany
this report are discussed relative to known sulfido-capped
ruthenium clusterfs2]. The new carbene cluster p.3-Se)
(n3-H)(n2-PPR)(CO)(p2-CHCeH4CH,PPR) has been
synthesized from Ry CO)> and 1,2-bis[(diphenylphos-
phino)methyllbenzene diselenide. Treatment o§{®@D);2

with 1,2-bis[(diphenylphosphino)methyl]benzene leads only
to carbonyl substitution by the diphosphine ligand without

N,C), whose X-ray structure confirms the presence of a ligand fragmentation, confirming the importance of selenium
C-metalated Hbinam ligand that is bound to one osmium in promoting the formation of the carbene moiety. The flux-
center via an NH group and to the other two osmium ional properties of the ancillary ligands in several product
atoms through the metalated C atom. The reaction of clusters have been explored by COSY, NOESY, and TOCSY
Ruz(CO)0(MeCN), with Hobinam at room temperature did 2D NMR measurements. The solution NMR data are dis-
not lead to any observable product. The reaction of LiHbinam cussed with respect to the solid-state structure of the prod-
with Rug(CO); 2, followed by treatment with [HOR}[BF 4], ucts[53]. A report dealing with the quantitative analysis of
furnishes HRy(CO)o(,m*-Hbinam). Spectroscopic data ligand effects (QALE) related to the associative reactions of
indicate that the Hbinam ligand functions as an edge-bridging phosphines with Ri(CO);2 has been published. Besides the
amido ligand. The same cluster reacts with added dppm normal contributions of ligand electronic and steric effects on
to give HhbRU3(CO)7(jw3,m2-binam),m2-dppm). The X-ray the rate of the reaction, the addition of phosphitacidity
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and an aryl group effect allows for an accurate quantitation
of the rate data by regression analysis. The construction of
a logk, surface provides a clear visualization of the effects
related too donation, steric parameters;acidity, and aryl
group participation of each ligand on the transition state of
the substitution reactiofb4]. Thermolysis of Rg(CO)2
with the diphosphine ligand 2,3-bis(diphenylphosphino)-
N-phenylmaleimide in toluene at 10Q leads to cluster
fragmentation and formation of the donor—acceptor com-
plex Ryp(CO)(bppm) and the phosphido-bridged complex
R (CO)[-C=C(PPR)C(O)N(Ph)C(O)]{x2-PPh). Both
compounds have been isolated and fully characterized in
solution and by X-ray diffraction analysis in the case
of the former compound. The reactivity of the bppm
ligand is contrasted with the related diphosphine lig-
ands bma and bpcfb5]. Several new diruthenium com-
plexes have been prepared by heating(R®);o(-dppm)
with the dithiols 1,2-ethanedithiol, 1,3-propanedithiol,
and 3,4-toluenedithiol. The compounds isolated from
these reactions were RICO)(u-SCHCHS)(-dppm), Eig- g( g)';?jy;cti'g;;‘]? °f:Rﬁ??z[u3v?2;vﬂzmlﬂlrﬁl‘PhZfPC:Cg(O)'

2 ~ . eprinte wi permission rom rgano-
géﬁ?&g)g)s(i_?g)le F:’ZSS)[)(};(-:(th\Fjglr; )’;I’r(])ctioii(tictz)g)‘lé?-the metallics. Copyright 2003 American Chemical Society.
Ru-Ru bond using HBFaffords the corresponding cationic
hydride complex. Two X-ray structures accompany this re-
port[56]. The oxidative addition reactivity of diphosphazane Cytol-p) supports a reaction pathway that involves hydride
monosulfides PIPN(R)P(S)Ph [where R=(S)-CHMePh, transfer to a coordinated Phol-p ligand[59].
Pr] with Ruz(CO);» has been investigated. The major prod- The functionalized clusters Egus-SbR)3-E)(CO)
ucts isolated from these reactions are the sulfido-capped clus{where R=Cp, 7°-CsH4Bu’; E=Se, Te) have been
ters Ru(pn-CO)(COY(n3-S)[PPN(R)PPh-k2P,P], which synthesized from [Fgp3-E)(CO%]%~ and RSbX%. The
contain a chelating diphosphazane ligand. This rare coordina-related bismuth-capped cluster sFes-BiFe(CO(n°-
tion mode found for the diphosphazane ligand was confirmed CsH4BU')](3-Se)(COy was prepared by using similar
by spectroscopic data and X-ray crystallographic analysis of methodology. The spectral and diffraction data associated
the chiral diphosphazane derivat[g&]. The electrochemical  with these iron clusters are discus4é0]. A microreview
properties of Rg(CO)g(w-dppf), Rus(CO)o(n-dppf), and dealing the structures, fluxional properties, and reactivity
[Ruz(CO)1(-dppf)Rus(CO) 1] have been studied by cyclic  of several phosphine-substituted selenido-capped iron and
voltammetry. The X-ray structure of the open-bridged clus- ruthenium clusters has been publisHéd]. The kinetics
ter [Rui(CO)1]2(w-dppf) is included in this repof68]. The and mechanistic study on the carbonylation of methanol to
acetylide cluster HR§(CO) (3, m%m%mt-CoPh) undergoes  produce methyl formate have been investigated by using
CO substitution with bpcd in the presence of MO to give the anionic clusters [RéCOXE]?~ (where E=S, Se, Te) as
the chelated cluster HR(CO);(bpcd)(zmZmZnt-CoPh) catalysts. The kinetic data support a sequence that is first
and the zwitterionic cluster HR(COY,[pa,m2m2mtmtmt- order in cluster concentration and quasi-second order in
PhhPG=CC(O)CHC(O)PPRC=CPh]. The bpcd ligand is  CO pressure. This latter dependence suggests a mechanism
bound to the ruthenium center thasidoound by the acetylide  involving a polyhedral expansion of the initial cluster
ligand in the former product. In the zwitterionic product through metal-metal bond cleavage. Plausible reaction
one of the PPh groups is attached to the acetylidg, C pathways are presented and fully discug&].
carbon and the other PPImoiety is bound to one of the Treatment of FgCO)y with N-(2-thienylmethylidene)-
hydride-bridged ruthenium centers, as shown verified by X- 2-thienylamine produces the dinuclear cyclometallated
ray diffraction analysisKig. 6). Whereas the zwitterionic  complex Fe(CO)(R-C4HS-CHNCH,-C4H3S) and the
cluster decomposes during thermolysis, heating the formertwo linear tetrairon isomers EECO)(u-COp(R-C4HS-
product leads to oxidative cleavage of one of thePR CH=NCH,-C4H3S), which possesgn-thienyl B-C:w1-N
bonds of the bpcd ligand, followed by reductive coupling andy?2-thienyl,3-C=C:n2-C=N coordinated organic ligands.
with the acetylide ligand. The unequivocal identity of the re- The two 66€ clusters adhere to closed valence molecu-
sulting product, Rg(COY;(,m?m1-PhG=ChPh)f.2,m?n!- lar orbital rules and are isolobally related to [CpFe(GO)(
PhPG-CC(O)CHC(O)PPh], was ascertained by solution CO)],. Heating the two Fg clusters leads to decompo-
IR and NMR spectroscopies and X-ray crystallography. A sition, with no isomerization observed. The X-ray struc-
labeling study employing HRiCO);(bpcd)(ez,nm2mt- tures of these Reclusters are included in this repdf3].
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The tetrasubstituted clusters;Riu(CO)(PMePh), and heptaosmium cluster [Q§r-H)4(CO)11(p-NH2)][Os3z(p.-
H2Ruw(CO)(PMePh)y, have been synthesized and exam- H)(CO)4], along with the previous osmium clusters. The
ined by IH and3!P NMR spectroscopy. The former clus- X-ray structure of the Oscluster exhibits an uncommon
ter displays two isomers in solution that are attributed to polyhedral core, where the @tetrahedron and the @ri-
clusters with Bg and G symmetries. The NMR proper-  angle are connected by an-@3s bond. Treatment of Q§u-

ties of these isomers are discussed with respect to how theH)4(CO)1(m!-NH,OBUY) with HBr yields a pair of geo-
hydride and carbonyl bridges influence the coupling be- metric isomers having the formula gg.-H)4(CO)1(n?!-
tween the substituents. The X-ray structures of these 60e NH2)Brand structures based on an unsupported butterfly and
clusters have been solved and the adopted solid-state struca supported butterfly frame. These two clusters represent the
tures are contrasted with the solution NMR dpdd]. The first examples of.-NHy amido Og clusters that serve as

molecular structure and ligand fluxionality in Ruy (CO) 1L models for the adsorption of nitrogen atoms on a stepped
[where L=P(GFs)3, PMePh, P(OMej, P(OEty] have metal surface. The thermolysis chemistry of the unsupported
been the focus of a recent repdB5]. UV irradiation butterfly cluster is also reportd@0]. A second paper de-

of the doubly linked dicyclopentadienyl complexnp¢ scribing the high-yield synthesis of g{g.-H)4(CO)1(n?'-
CsH3)2(SiMe2)2]Ru2(CO)4 under H yields the diruthenium  NH,OBUY) from Osy(p-H)4(CO)12 and’BUONH,-HCI has
compound [(®-CsHs)2(SiMe»)>]Rux(CO}H, and the two been published. The cluster product has been allowed to react
tetraruthenium clustersﬁE—C5H3)2(SiMe2)2]2RU4(CO)3H2 with HBF4 in MeCN to furnish the cationic cluster [Qg-

and [(°-CsH3)2(SiMe2)2] 2Rus(CONH4. A linked Cp lig- H)4(CO)11(-NH2)(MeCN)J*. Carrying out the same reac-
and is required for the formation of these two jRelus- tion in the presence of diphenylacetylene gives the geomet-
ters, as the unlinked Cp derivatives BRuwp(CO), af- ric isomers Og(p-H)2(CO)1(n-NH2)[,m3-Ph(CHC)Ph]
ford only di- and trinuclear compounds under similar re- and Og(u-H)2(CO)11(jn-NH2)[m1-Ph(CH=CPh)]. Carbony-
action conditions. The X-ray structures of the two4Ru lation of the cationic acetonitrile-bound cluster in CHCI
products exhibit butterfly and square-planar polyhedral gives the neutral clusters g{g.-H)2(CO)g(-NH2)Cl and
cores, respectively. A detailed mechanism accounting for Osy(w-H)3(CO)2(w-NH2). Thermolysis of this latter cluster
the wavelength dependence on the product distribution produces the nitrene-capped cluster@sH)3(CO)2(w3-

is presented and discussgf6]. New cyclohexadiene- NH), which represents the first structurally characterized
linked tetraosmium clusters have been synthesized. Decartetraosmium nitrene-containing cluster. Seven X-ray struc-
bonylation of Og(CO)y(RCR)(°-CsHg) (Where R=Me, tures have been solved, and the correlation between the
Ph) using MeNO in the presence of 1,3- or 1,4- !H NMR chemical shifts and the structural geometry
cyclohexadiene furnishes the clustersJ@O)(RC:R) (- is discussed71]. The activation of tri(2-furyl)phosphine
CeHe)]2(n2,m2m2-CeHg-1,3) and [O(CO)k(RC:R)(n°- by Ru(u-H)4(CO)1» in refluxing THF proceeds read-
CeHe)]2(n2,m%m%-CeHs-1,4), respectively. The X-ray struc-  ily to produce an isomeric pair of clusters having the
ture of the 2-butyne derivative containing the 1,3- formula Ru(p-H)4(CO)o(PFW)2, the p-phosphido clus-
cyclohexadiene link has been solved, making it the first ex- ter Ruy(pu-H)2(CO)(PF)2(-PFw)(.mt m?-C4H30), and
ample of two osmium clusters that are joined bynm?,m? the w3- and pg-phosphinidene-capped clusters 4Ru
bridging ligand[67]. Skeletal isomerism in octahedral clus- H)2(CO)12_(PFW),(n3-PFu) (where =0, 2, 3) and Rig(j.-

ters possessing a &, core has been studied by DFT cal- H)2(CO)(PF)2(ma-PFu)@amtmtn?-C4H20). The X-
culations. The energy difference between the two skeletalray structure of Ruy(w-H)2(CO)2(pns-PFu) is shown in
isomers is dominated by the strength of theEEbonding. Fig. 7. The ability of the PFyl ligand to serve as a source
The MO data are discussed relative to the available struc-of furyne, furyl, phosphide, and phosphinidene fragments on
tural data and to the known properties offBip(CO)2 and tetrametallic frameworks is fully outlined. The redox behav-
OxBiz(CO)y2 [68]. The electronic and magnetic properties ior and molecular orbital calculations on these metallophos-
of [Rug(m®-CeHs)a(a-H)4]?* have been examined by DFT  phorus clusters have been explored as a function of the coor-
calculations. The small computed energy gap between thedination modes exhibited by the phosphorus-containing moi-
diamagnetic singlet state and the paramagnetic triplet stateeties[72].

is traced to the absence of a significant Jahn—Teller distor- New germanium-rich pentaruthenium carbide clusters
tion in the structure of the cluster. The experimentally ob- have been prepared from KCO)s(us-C) and PhGeH
served weak paramagnetism is dependent on the nature of thepon thermolysis at 150C. The major products isolated were
gegenaniof69]. The syntheses, X-ray diffraction structures, Rus(CO)11(n-CO)(-GePh)s(pns-C) and Ru(CO)p1(w-
and reactivity at tetraosmium clusters possesgigig@mido GePh)a(ps-C), whose solid-state structures reveal the pres-
ligands have been published. The amino-substituted clustersence of a square pyramidal Raore with GePh moieties
Os4(-H)4(CO)1(m1-NHL0BU) and Og(p-H)a(CO1[( .- bridging three and four edges of thedlaquare base, respec-
H)30s(CO»(n'-NH,0BU),CI] have been isolated from tively. The latter product loses CO at 180 and reacts with
the reaction ofO-tert-butylhydroxylamine hydrochloride added H to give Ru(CO)o(n-GePh)z(w3-GePhy(ws-
with Os4(u-H)4(CO)2. Repeating the same reaction in  H)(w4-CH) ultimately. The conversion of the carbide moiety
the presence of one equivalent of 3g80) 2 vyields the into a methylidyne ligand and the reactivity of the ancillary
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Fig. 7. X-ray structure of Ri(.-H)2(CO2(r3-PFu). Reprinted with per- Fig. 8. X-ray structure of GfRusH;. Reprinted with permission from
mission from Organometallics. Copyright 2003 American Chemical Society. Organometallics. Copyright 2003 American Chemical Society.

GePh ligands in benzene elimination schemes are discussed.

All new clusters have been fully characterized in solution by lated and structurally characterized to date. The sster

IR and NMR spectroscopies, and in the solid state by X-ray contains 94 valence electrons, treating fheoxo moiety
crystallography73]. A new gas sensor based on an ArgoGel as a 4e donor ligand. This electron count represents two

resin supported with a phosphinatedsRTO ) 5(j.5-C) clus- electrons in excess of the theoretically expected number of
ter has been described. The cluster-containing beads reveal 82 cluster valence electron and is acceptable given the boat
definitive color change upon treatment with$ SG, or CO. structure adopted by the @Fame. The two extra electrons

The observed FT-IR spectral changes are related to polyhe-0ccupy an antibonding orbital associated with the tetraos-
dral changes in the cluster core as a result of ligand additionmium metal plane, leading to a weakening of the-Os
[74]. The ruthenium diamine complex CpRu(tmeda)Cl reacts bonds within the square base. DFT calculations support this

with LiAIH 4 to give the pentaruthenium cluster §RusH-, contention as do the data obtained from cyclic voltammetry
whose X-ray structureFg. 8) exhibits a five-vertexloso and controlled potential coulometric experiments. Thg,Os
polyhedron. The related mixed-ligand clusteCp’ RusH- cluster possesses 156 valence electrons, consistent with the

has also been synthesized, and the fluxional behavior of EAN rule. The Os; polyhedron is irregular, insomuch as it
the exchanging CpRu groups have been probed by VT does not conform to the normal geometries found in other
1H NMR spectroscopy. Plausible mechanisms for the ax- dodecanuclear clusters of Pd, Ir, and Rh. There is a distorted
ial/lequatorial exchange of the CpRu groups are outlined central square pyramid containing five osmium atoms that
and discussed. The €Rus cluster reacts with PhPHat are fused with three tetrahedra via edge sharing and that are
room temperature to produce the six-veriguso cluster ~ capped by one osmium atom. The remaining osmium center
Hs(CpRu)PPh. This new phosphinidene-capped cluster was face caps one of {he triangular faces of the interng|igsa-
characterized in solution by IR and NMR measurements Mid [77]. The VT“H NMR data and X-ray diffraction struc-
[75]. ture of [HsOs10(CO)4] ~ have been reported. This high nu-

A report describing the analysis of organometallic cluster clearity cluster is obtained in high yield through hydrogena-
compounds using ion trap mass spectrometry has appearedion of the silica-supported compound [Os(G@H)], at
Some of the examples highlighted include spectral data for 200°C. The VT NMR data reveal that thg>- and p.3-
Rug(CO)17(e-C) in MeOH/MeO™, [CoRw(COY3]~, and hydrides exchange via a facile edge-shift process with ex-
[HOssW(CO)4]~ [76]. Refluxing Og(CO)1(MeCN) in oc- change among the.z-hydrides .being.more difficu.lt. The
tane and in the presence of oxygen furnishes the hexaosexchange pathways were also investigated by u&ih@D
mium cluster Og(CO)6(pa-O)(u-OH)2(n-CO), which EXSY measurements. Hydride exchange schemes and com-
when subjected to vacuum pyrolysis gives §§€0)s0. This parisons to related hydride-bridged clusters are discussed
is the highest nuclearity neutral binary osmium cluster iso- [78].
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2.4. Group 9 clusters

No dealkylation of the alkyl group associated
with the carbyne carbon in the clusters KOws(pws-
S)(3-CSR)]" (where R=Me, Et) was observed when
these clusters were treated with [PhiDH es][OH],
NaOH, NaOMe, or NaOEt. The mixed-metal cluster
[(CpCo){Fe(CO»PPh}(n3-S)(u3-CSMe)]" exhibits nu-

2773

[Coz(CO)7(p-dppm)p[p3:e3-C(C2),, C]. Insertion of TCNE
into the unsaturated carbon chain of the tris(alkyne)
occurs readily to furnish [CHCO);(w-dppm)b[ws:ps-
C(C2)2C{=C(CN)}C{=C(CN)}C], whose X-ray struc-
ture confirms the nature of the insertion prody8s].
The reaction between MBICgH4SiH3 and Co(CO)
proceeds unexpectedly to give the cluster compound
MeaNCgH4SI[Co(COR][OCCo3(CO)]2. X-ray diffrac-

cleophilic attack at a CO ligand when treated with the same tion analysis reveals that the silicon atom coordinates
oxygen-based anionic reagents. The reversible formationthe two —OCCa(CO) groups via the oxygen atom.

of [(CpCop{Fe(CO)(CONu)PP4}(.3-S)(u3-CSMe)] was

Parallels between this compound and other systems

demonstrated by spectroscopic measurements, coupled withhat bind the—OCCg(CO)y moiety are discusse{B4].
the regeneration of the starting cluster upon treatment with The reaction chemistry of the incomplete cubane-type

aqueous acids. The X-ray structure of KQws(p3-S)(w3-

sulfido-hydrosulfido  cluster [CplIra(pa-S)(u2-SH)]*

CSMe)l" has been solved, and the bonding parameterswith SbCk, SbCk, BiCl3, and Pd(PPf); has been

between the Cs5 and the CS fragments have provided
insight into the lack of reactivity of the thiomethyl group

investigated [85]. The benzylidyne-capped cluster
PhCCa@(CO)y reacts with the diphosphine ligand 2,3-

in the cluster. The cationic charge in these clusters is bis(diphenylphosphino)maleic acid-thioanhydride (bmata)

not localized on thews3-CSR moiety but rather on the
cluster corg79]. A paper describing the transformations of

to initially afford PhCCg(CO);(bmata). CO loss, fol-
lowed by P-C bond cleavage and reductive coupling with

organoarsine-oxides to organoarsine-sulfides at di- and tri-the benzylidyne moiety, produces £60)[w2.m%n-

cobalt compounds has appeared. The arsine-bridged cluster€(Ph)G=C(PPR)C(O)SC(O)]{r2-PPh).

RCCgx(CO)/[n-(AsMe2)20] (where R=Me, Cl) react with
added HS with elimination of BO to give RCCg(CO)/[ -

The molecular
structure of the phosphido cluster confirms the reaction
sequence. These results are discussed relative to the similar

(AsMey),S]. This process is reversible depending upon the bma- and bpcd-substituted clusters. The cyclic voltammetric

reaction conditions. The direct reaction of RGE2O)
with (AsPh),S affords the corresponding diarsine-bridged
cluster RCCg(CO)/[-(AsPh)2S] in moderate yield.
Thermolysis of CICC@(CO);[w-(AsPh)2S] produces the
sulfido-capped cluster GECO);(p.3-S)[-(AsPhp)20](j-
AsPhS) in low yield. Four X-ray structures have been

behavior of the new phosphido-bridged cluster was also stud-
ied[86]. The synthesis of the benzylidyne-capped trirhodium
and cobalt-rhodium clusters A€pz(pn3-CPh) (where
M3 =Rhz, CoRh, CoRh) from CpRh(CGOy, CpCo(CO),

and diphenylacetylene has been reported. The solid-state
structures of all three clusters have been determined and

solved and their important structural features are discussedare discussed with respect to 4Qpz(p.3-CPh). The redox

relative to the proposed reaction mechani§d®]. The
sulfido-capped cluster GECO);(u3-S)(u-S,P-SPMe) has
been allowed to react with BRpy in THF at 90C to
afford Ca(CO)(n3-S)(-S,P-SPMeg)(wn-P,N-PhPpy) and
Co3(COM(3-S)(1-S,P-SPMe)(11-P,N-PRPpy) (PR Ppy).

Both new clusters were characterized in solution and by X-

trends as a function of the number of rhodium atoms
present in the cluster and the results of DFT calculations are
discussed87]. Carbynyl-tricobalt cluster transformations
have been examined by synthetic and NMR methods.
Prolonged thermolysis of the terminal alkyne compound
(2-endo-ethynylborneol)Cg(CO)g in acetone solvent gives

ray crystallography. The diphosphine ligands dppm and dppethe tricobalt clusters (2-norbornylidene) CHG{0O) and
have also been examined for their reactivity with the cluster [2-(2-hydroxylbornyl)]CHCCa3(CO)g, as shown irFig. 9

Co3(CO)7(3-S)(-C,N-CsH4N). Here the major products
isolated are Cg(CO)(3-S)(-C,N-CsHaN)(p-P—P) and
Co3(COXk(p3-S)[-C(0), N-GHsN(C=0)](u-P-P). The
carbonylation occurring at the Co-C(pyridyl) bond in the
products was ascertained by X-ray crystallograj@ily. The
thermolysis chemistry of CpCo(PB¥m2-dmad) has been
revisited. Besides thertho-metalated vinyl-phosphonium
compound  CpCaj?-(MeO,C)CH=C(CO,Me)PPh(n!-
0-CgHa)], which represents the major product of the
reaction, the tricobalt cluster GPoz[p3,n3-C(CO:Me)]»
has been obtained in low yield. The X-ray structure of the
bis(carbyne) cluster accompanies this red8&]. A new
approach to the synthesis of £dusters that are linked by

for the latter product. Mechanistic pathways accounting for
the formation of RCHCCo3(CO)y clusters upon protonation
of the alkyne compounds (RE)Co(CO) are presented
and fully discusse{B8].

The associative rate constants for P-ligand substitution in
Rhy(CO)2 have been analyzed qualitatively for their steric
and electronic properties of the incoming nucleophile by
the QALE method. These data have allowed for the eval-
uation of the “aryl effect” and the importance afacidity
of the phosphite nucleophiles in the substitution reactions.
The utility of graphical analysis by the construction of a
three-dimensional “log, surface” is fully described89].

The synergism exhibited by R{CO);2,/HMn(CO)s in the

carbon chains has been published. The reaction betweerhydroformylation of alkenes has been studied by using in

Co3(p.3-CBr)(CO)(n-dppm) and [AYP(tol)}]2[p-(C2)nl
(where n=2-4) gives the new cobalt-linked clusters

situ FT-IR spectroscopy. The kinetic data reveal the exis-
tence of a linear-bilinear rate law where the reaction rate
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Fig. 9. X-ray structure of [2-(2-hydroxylbornyl)]G¥£Co3(CO). Rep-
rinted with permission from Organometallics. Copyright 2003 American
Chemical Society.

is proportional to [RCORh(CQ)[CO]~[H] (classical rate)
and [RCORh(CQ)[HMn(CO)s][CO]~ (synergistic rate). In
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yield. Treatment of [I§(CO)1Br]~ with [SnCk]~ in THF
affords [I(CO)1(SNCk)]~ and [Iry(CO)o(SNCh)2] ~ de-
pending on the stoichiometry of [Sn{It employed. The
reaction of 15(CO)e with [SnCk] ™ in refluxing THF pro-
duces [lg(CO)5(SnCk)]~. One of the two SnGlligands

in [Ir4(CO)o(SNCk)2]~ functions as a one-electron donor
ligand and is terminally bound to one of the iridium cen-
ters, and in [I5(CO)1(SnCk)]~ the lone Snd ligand
serves as an edge-bridging ligand. The Srigland in the
hexairidium cluster caps one of the triangulag faces,

as shown by X-ray diffraction analysis. The-8n bond
length trends as a function of the coordination mode dis-
played by the SnGlligand are describe{P3]. The tetra-
cobalt cluster CHCO);(n-CO)[n3-P(tmp)] has been ob-
tained from the reaction of GECO)s with the terminal
chloroaminophosphido complexes ‘Gu(COY[P(Cl)tmp]
and CpRu(CQO)P(Cl)tmp]. Use of the chloroaminophos-
phido complex CbRu(CO)Z[P(CI)NPl"Z] in the reaction
with Cop(CO)s furnishes the spiked-triangular cluster
Cp*Ruch(CO)g(M-CO)Z(M-PNPiZ), whose X-ray struc-
ture confirms that the CjRu moiety is retained in the prod-
uct cluster. Whereas the reaction between the molybdenum
phosphido complex CpMo(CgP(Cl)tmp] and Cg(CO)g
gives the aforementioned gccluster, the reaction em-
ploying Cﬁ‘Mo(COb[P(CI)NPt‘Z] yields the mixed-metal
tetrahedral cluster CMoCo3(CO)5(u-CO),(n3-PNPE) as

the major product. Three X-ray structures and reaction
schemes accompany this repd@d]. CO ligand substi-
tution in Cq(CO)1(ws-SiCsH4R)2 (where R=H, OMe,
NMey) by isonitriles has been examined. The various
isonitrile-substitution products have been subjected to
study by electrospray mass spectrometry, providing ev-
idence for the replacement of up to nine CO groups.
The molecular structure of the tetrasubstituted cluster

terms of the latter expression, evidence is presented for a hy-Cos(CO);(xyNC)4(n4-SiCsH4OMe), has been crystallo-
dride attack on the acyl intermediate, which rules out cluster graphically determined and discussed relative to othgEgo
catalysis and underscores the importance of the bimetallic cluster compoundf®5]. Thermolysis of 1§(CO) 2, Hz, and
catalytic binuclear elimination sequence. The detailed cat- PPhy at 90°C in toluene solvent affords the hydride cluster
alytic mechanism that accompanies this work is fully dis- Ir4Hg(CO)(PPR)4in high yield. Solution IR and NMR mea-

cussed90]. The charge density in GECO);2, Co(CO)g,

surements and X-ray crystallography reveal that each iridium

and Ce(CO)(InMe3), has been analyzed by using the the- center is substituted by a PPligand and one terminal hy-
ory of atoms in molecules (AIM) method. The advantages dride group. The remaining four hydride ligands bridger

of using charge densities in bonding analyses are describethonds in the cluster. Two isomeric forms of the product clus-
[91]. The synthesis, X-ray structure, and fluxional behavior of ter exist in solution, on the basis &H and3!P NMR data

Rhy(CO)(pn-Me2PCH,PMey)3 have been published. Treat-
ment of Rk (CO)12 with three equivalents of M@ CH,PMe,

[96]. The stabilization of cluster polyhedra through the use of
short-bite angle ligands has been described. The coordination

at room temperature produces the title product. All three of the ligands dppm, dppa, and dppaSi tos@0D);>, fol-
diphosphine ligands bridge adjacent rhodium centers asso{owed by alkyne insertion reactions, has been studied. Anal-

ciated with one of the four triangular faces of thigdo clus-

ogous substitution chemistry using Si(@Rjnctionalized

ter. The fluxional process involving carbonyl site exchange alkynes has allowed for the synthesis ofsGusters that

that scrambles ong,-CO with onen!-CO and that leaves

an imbalance in the formal electron count at two rhodium

centers is discussed. TA®Rh, 31P, and'3C NMR data are

could be employed in sol-gel proces§&s|.
The one-pot catalytic hydroformylation-cyclotrimeri-
zation of cyclopentene and cyclohexene to 2,4,6-trisubst-

presented and used in the discussion of the proposed exituted-1,3,5-trioxanes has been confirmed. The catalytic sys-

change mechanisii®2]. Insertion of SnBy into the I—Br
bond of [Iry(CO)1Br]~ yields [Irs(CO)1(SnBr)] ~ in good

tem is comprised of RI{CO)15 and HsPW;2040-xH20 us-
ing THF and syngaf98]. The photoassisted transfer hydro-



M.G. Richmond / Coordination Chemistry Reviews 249 (2005) 2763-2786 2775

genation and thermal hydrogenation of norbornadiene anddependent magnetic susceptibility have been examined, and
quadricyclane using RKCO)s have been describd®9]. the data support the existence on one unpaired electron that
The synthesis and chemical properties of the hexairidium is delocalized over the cluster franfg04]. Treatment of
chain complex HH, HT, HH-B(.-OPy)kl2(CO)x2 have been  Rhg(CO)y6 with excess cycloheptatriene in refluxing toluene
published. The complex contains an unprecedented linearinitially gives Rhs(CO)3(C7Hs), followed by conversion
metal chain where the iridium center exhibits a formal oxi- to Rh;1(CO)4(C7H7)3. The X-ray structure of the Rh
dation state of +1.33. Stepwise degradation of thyscbm- cluster consists of a trioctahedral metal cage that possesses
plex has afforded the three individuaj Imoieties that com-  a condensed common edge. The thpeenZmZm2-bound
prised the original k entity, allowing for the configura-  cycloheptatrienyl ligands are equivalent and reside on the
tion of each Ig link to be established. The X-ray structures top of the triangular Rhfaceg[105].
for the Irg and the HH-1p(n-OPy)I2(CO), complexes have
been solved100]. The solution structure and fluxional be-
havior of Ri(CO)4(n.m?-dppm), Ri(CONa(p.m>dppe),  2.5. Group 10 clusters
and Riy(CO)4(n,m?-dppef) have been investigated by us-
ing various NMR techniques. The NMR data are contrasted ~ The use of [Pf(u-PBu),L(X)]"" and [Pt(u-PBw),
with the observed solid-state structure of each cluster. The(CO),X2]%'* in the construction of covalently linked plat-
ethano bridge in the latter Rlclusters exhibit two enan-  inum dendrimers that are connected dyalkenyl spaces
tiomeric forms of the cluster due to a rocking motion of has been reportefl06]. The stoichiometric and catalytic
the bridging diphosphine ligands. The exchange rate mea-activation of the bromine group ia- and B-2,3,4-trio-
sured is shown to depend on the non-bonding van der Waal'sacetyl-5-thioxylopyranosyl bromide (Xyl-Br) inside the cav-
interactions between the substituents on the phosphorusty of [Pds(dppm}(CO)J?* has been achieved. Here the ini-
groups and the neighboring CO groups. The lower exchangetial step involves abstraction of a bromine atom from the
rates measured for B{CO)4(j.,m?-dppef) are attributed to  pyranosyl bromide to form a B¢Br)* species. The cat-
the steric requirements of the fluorinated phenyl rings that alytic activation sequence is triggered by the Zeduction
hinder the racemization procef01]. The solution struc-  of the P&(Br)* adducts to generate a #Pdspecies that is
tures and dynamic ligand behavior found forgRRO)4(j- able to associatively react with the pyranosyl bromide via
PX) [where PX = diphenyl(2-pyridyl)phosphine, diphenyl(2- a Pa&?*- - -Xyl-Br host-guest assembly. The involvement of
thienyl)phosphine, diphenylvinylphosphine] have been stud- the radical species X¥lin these reactions is confirmed by
ied by multinuclear NMR spectroscopy and X-ray crys- spin trapping studies using TEMPO and DMPID7]. The
tallography in the case of the latter phosphine lig- activation of alkyl halides and acid halides using the un-
and. The multiple localized CO-exchange pathways and saturated cluster [Rdppmi(CO)?* has been presented.
their mechanisms are outlined. The vinyl moiety in The involvement of a paramagnetic sbecies is outlined
Rhg(CO)4(n,k3-PlpPCH=CH,) is hemilabile and displays  and supported by electrochemical analyge38]. The re-
facile reorientation behavidil02]. The syntheses and X-  action of [(GsFs)2Pt(u-PPh)Pt(u-PPh)Pt(CsFs)2]%~ with
ray structures of hexarhodium clusters containing heter- cis-Pt(CsFs)2(THF)2 (1:2 ratio) gives the dinuclear complex
obidentate phosphine ligands have appeared. Clusters ofPty(u-CesFs)2(CsFs)4]2~ and the tetraplatinum compound
the form RR(CO)4(,k3-PX) have been prepared from [Pts(n-PPh)4(CsFs)s]—. The molecular structure of the lat-
Rhg(CO)6-(MeCN), (where x=1, 2) and the phos- tercompound reveals the presence of twefRbonds and an
phine ligands diphenyl(benzothienyl)phosphine, diphenyl(2- unusualp.-PPh ligand that is bound to one of the platinum
thienyl)phosphine, di(2-thienyl)phenylphosphine, tris(2-thi- centers via am2-phenyl interaction. The Ptomplex reacts
enyl)phosphine, diphenyl(2-pyridyl)phosphine, and diphe- with HCIO, to give the neutral cluster Kj.-PPh)4(CgFs)s,
nylvinylphosphine. The kinetics for the formation of which contains three PPt bonds and au3-PPh moi-
the bridged Rk clusters from the corresponding mono- ety. This neutral cluster readily reacts with donor ligands
substituted RE(CO)5(k1-PX) clusters are reported. The to yield Pi(w-PP)4(CsFs)sL (where L=PPg, pyridine)
ligand tris(2-furyl)phosphine in R{CO)1s[k1-P(2-furyl)] [109]. The novel perylene compounds [Rd,n2m2m2m2-
shows no evidence for the formation of §80)4[p,k3- perylene)L»]2* (where L=MeCN, pyridine) have been syn-
P(2-furyl)s] and reveals that the ancillary phosphine cannot thesized and structurally characterized in the case of the
bridge adjacent rhodium centers by oxygen and phosphorusMeCN derivative Fig. 10. This represents the first exam-
coordination. The X-ray structures of five clusters accompany ple of a polynuclear aromatic hydrocarbon ligand that can
this papef103]. support a metal-metal bond chain. The perylene ligands are
The synthesis and structural characterization of replaced by 1,8-diphenyl-1,2,5,7-tetraene at room tempera-
[Co10P2(CO)3H]2~ have been published. This decacobalt ture in CD,Cl, solvent[110].
cluster was isolated from the reaction of K60 5%, A report that demonstrates the construction of one-
[Co(COY]—, and PBg in THF. The presence of two partially  dimensional platinum clusters has appeared. Here the
encapsulated phosphorus atoms was verified by X-raycoupling of P§(CO)(u-PBW,),(CC-CgHs—CCH), with
crystallography. The redox properties and temperature- Pig(n-PBU,);(CO),Cl using Cul/amine synthetic coupling
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bene macrocycle have been reported. The pyridine—pyrrole
carbene linked cyclophane ligand employed in this study is
exceptional in its ability to stabilize silver clustdfsl7].

3. Heterometallic clusters

3.1. Trinuclear clusters

Fig. 10. X-ray structure of [Pd.m?m?m°m*-perylene)(MeCNy]*". The reactivity of the early-late cluster CpTi(acac)
Reprir_ltedwith permis_sionfrom J_ournaqutheAmerican Chemical Society. Sklro(CO) towards electrophiles has been studied. lo-
Copyright 2003 American Chemical Soclety. dine reacts with the title cluster to furnish CpTi(acagK
Sklral2(CO). This diiridium(ll) cluster actually consists

h | as an isomeric mixture with respect to the relative posi-
[,CC_CfGT]“_CCEPE(F'PBL&%(CO)%]%'T e%entra Fétr;lj’r' tions of the iridium-bound iodo ligands. lodoalkanes react
tion of the molecule is separated from the twe BlUS- ity the parent cluster cleanly and stereoselectively to af-
ter u_mts by conjugated 1,4Td|ethynylphenyl groypg1]. ford a single isomer of CpTi(acagi-S)lr2(R)(1)(COW,

The isostructural TI(1) sandwich compoundgg{ThPte(k2-  \here a carbonyl and iodo ligand are situatedns
COJ(PEB)6]” and [(ue-TI)Pds(n2-CO}(PEG)s]” have across the iridium—iridium bond. The X-ray structure of
been synthe_slzed and structurglly charactenzed_. Each Com'CpTi(acac)(Lg-S)zlrz(CHI2)(I)(CO)4 (Fig. 11) confirms the
pouhnd Ethlij[S aIMTIé\A 3| sandwich mcturebtha;.ls helflto- stereochemical outcome associated with this oxidative ad-
gether y aelocalize electrostatigh-M; onding. The dition reaction. Treatment of the parent cluster with acti-
greater k|n_et|c lability of the Pd analogue is revealed by vated acetylenes leads to clusters possessingraetalated

its conversion to the known cluster pHcha(p2-COJs(is- alkene ligand. The two products, which have the gen-

CO)(PE&)g]?* [112]. A new and active hydrogenation cat- eral formula CoTi 1
o pTi(acachz-Sklr2(COu(w,m--RCCOMe)
alyst formed from the attachment of jHCO)4] ™ to the (where R=H, CQMe), have been characterized in solution

surface of functionalized fumed silica has been described. ;4 the data supportas-metalated alkene moiety by coor-
The grafted cluster has been characterized by normal SPeCyination across the Ir—Ir vect(t18].

trOSCOpiC_ method;, anq its_ activity in kﬁtone and nitrile hy- 3,0 synthesis and structural characterization of the
drogenation reactions is discusgéd3]. °*P NMR data are chalcogenide clusters JEr,Fe(CO) ]2~ (where E = Se, Te)
reported that conclusively prove the interconversion between have been reported. Treatment of a mixture of Cr(€O)

Pcb3(CO)o(PEB)10and Pd3(CO)o(PEB)s. A structural di- nd Fe(CQ) in the presence of concentrated KOH/MeOH
agram that outlines a plausible reaction scenario is presentecaith Te or Se powder affords the title clusters, which

anq d|scuss§d. The strgctural changes attendant in this "®have been isolated as the [PPN] salts. Each cluster exhibits
action are discussed with respect to the abnormal capac-

ity of ligated palladium clusters to experience significant
changes in their metal-core geometries upon ligand addition
or removal[114]. The generation of nanosized 43dand
Pds4-core geometries possessing cuboctahedral-based metal
polyhedra is described. Deligation of fgICO)12(PEg)e un-

der CO furnishes the new clusterssgl€O)s(PEL)10 and
Pd54(CO)o(PER)14, along with the known cluster compound
Pdss(CO)g(PER)12. The solid-state structures of these new
clusters were established by X-ray crystallografitis].

methods gives the air-stable clusters(RO),(n-PB),

2.6. Group 11 clusters

The homoleptic tetranuclear compound [Ce€)]4(m?-
toluene} has been synthesized from pentafluorophenyl-
copper and toluene. The coordination of the two toluene
molecules leads to a structural change from the normally ob-
served square planar [Cu{Es)]4 core to a distorted butterfly
structure. The tetracopper core is disrupted in the presence
of donor solvents such as MeCN and DMBA6]. The syn- iy 11y ray structure of CpTi(acag-SkIr2(CHIz)(1)(CO). Reprinted
thesis and structural characterization of a tetranuclear silveryith permission from Inorganic Chemistry. Copyright 2003 American
cluster thatis stabilized by a mixed-donor N-heterocyclic car- Chemical Society.
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a distorted ECroFe trigonal bipyramidal core. These 50-
electron clusters are electron rich and do not obey PSEP
theory in terms of the adopted five-vertekoso polyhedra
found by X-ray crystallography. SQUID magnetic suscepti-
bility data reveal that both clusters are highly paramagnetic
with an effective magnetic momentu{s) of 4.8Qug (Te)

and 5.33g (Se) at room temperatuf@19]. The reaction

of metallophosphanide anions with selected metal halides
(MInX) has been shown to yield a variety of di, tri, and
tetranuclear compounds. Some of the new cluster compounds
that have been isolated and structurally characterized in-
clude (OC}CpCoMnMo(-CO)(u-PPh)[w3m?(||)-dmad],
Os3(CO)1oFeCp(CO)-PPR)(-CO), and O(CO)o(p.-
PPRh)(n-MPR3) (where M=Au, R=Ph; M=Ag, R=Me).
The former OsFe cluster contains an @griangle with

a pendant Fe “spiked” atom, while the latters®kclus-

ters exhibit butterfly polyhedral cordd&20]. The double-

star shaped cluster gfoFe;(n3-Sp(CO) has been ob- Fig. 12. X-ray structures of CoMoMnRu(Cgfj.3-S),. Reprinted with per-

tained from the reaction of EECO)s(j.2-Sz) with CpMoHo. mission from Organometallics. Copyright 2003 American Chemical Society.
The MoFe cluster and the related tetranuclear cluster

CpzMozFe(3-Sy(CO)g have been employed as OMCVD  of CpMoMn(CO}(u-S;) gives rise to a variety oéloso,
precursors for the fabrication of mixed-metal oxide films nido, and butterfly clusters. CpCo(C®Yeacts with the
on silica and borosilicate glass substrates. XRD analy- MoMn dimer to furnish CpMoMnCo(CO)(w3-S) and
sis confirmed the film composition as 0,0, (3<x4), Cp2Mo(O)MNCo(CO}(3-S). The former product exhibits
while the film morphology was also studied through the an open omido MoMnCo polyhedral core with two triply
use of XPS and SEM techniqué¢$21]. The reaction of  bridging sulfido groups, while the latter cluster contains
CpMoMn(CO} and elemental selenium in the presence of a closed triangular CoMnMo core with two triply bridg-
Me3NO and room light produces the tetranuclear cluster ing sulfido groups. Treatment of former MoMnCo clus-
Cp2Mo2Mn(CO)(3-Se) (major) and CpMoMn(CGY .- ter with MesNO gives the latter molybdenum-oxo cluster.
Se) (minor). Carrying out the reaction in the dark gives the Fe(CO)yand Ry(CO)2react with the starting sulfide dimer
latter dinuclear compound as the only observable product.to produce CpMoMnM(CQ)(p3-S) (where M=Fe, Ru)
This same dinuclear compound has been allowed to reactand CpMoRyg(CO)g(3-Sk(pn-H). The X-ray structure of
with (PhsP)Pt(PhGPh) and CpCo(CQ)to furnish the cor- CpMoMnRu(CO}(3-S) is shown inFig. 12 [125]
responding trinuclear clusters CopMoMnPt(BRKCO)s(j3- The complexes CpMoMn(C@)u-S) (where Cp=
Se) and CpCoMoMn(CO)(p3-Sed. Treatment of the lat- Cp, Cp) have been employed as starting materi-
ter CoMoMn cluster with MeNO leads to the molybdenum als for the construction of new MoMnPt and MoM-
oxo cluster CpCoMo(O)Mn(CO}(3-Sep. The solution nPd clusters. (R#PLPt(PhGPh) reacts with CpMoMn
NMR data and the X-ray structures of all six new products are (CO)(p-Sp) via insertion into the disulfido linkage to
presented and fully discussgtR2]. The X-ray structure of  give CpMoMn(CO}Pt(PPR)2(3-S) and CpMoMn(CO)g
cis-[n2-(AuPPh),]PhsPCr(CO)-THF has been determined  Pt(PPh)(n3-S). The solid-state structure of the Tp
and found to consist of a triangular AQr core. The ob-  derivative exhibits anarachno polyhedral frame with a
served Au-Au bond distance of 2.6937(é)is the shortest  Mo—Mn bond. Treatment of the disulfide starting com-

such distance reported for a triangularMiframe [123]. pounds with Pd(PBY, gives the trimetallic oxo clus-
The synthesis of new asymmetric heterometallic gold clus- ters CpMo(O)MnPd(PBy)(CO)s(w3-S), whose molecular
ters has appeared. Good yields of (@@]u-S,CPRs)(j- structure was established in the case of the Cp com-

AuPPR)Mo(CO); (where M=Mn, Re; R=various alkyl pound [126]. Novel Au(l)-phosphido compounds have
groups) and L(OCGMo(u-S,CPCys)(n-AuPPhi)M’(CO) been isolated from the reaction of CIAu(PfPhand the
(where M =Mo, W; L =alkyl, NO) have been obtained from dinuclear compounds [Cp(CeM]2(w-PHz)(w-H) (where
the reaction of CIAu(PPR§) with homo- or heterobinuclearan- M =Cr, Mo). Whereas the molybdenum dimer reacts to yield
ions [(OCyM(u-SCPR;)Mo(CO)]~ and [L(OChMo(j- the simple phosphine-substituted species [Cp¢BAR) | .-
S,CPCy)M’(CO)]~, respectively. The diverse polyhedral PH(AuPPR)](.-H) upon deprotonation of the phosphide
structures exhibited by these new clusters, which are fully moiety, the reaction between{@p(COYCr}2(ju-PH)(u-
discussed, were ascertained by X-ray crystallogrdpBs]. H)]~ and CIAu(PPB) gives the planar AgCrs cluster
New mixed-metal sulfido clusters have been synthesized[Cp(CO)Crls(PsAus). The X-ray structure of both products
and structurally characterized. The insertion of different have been determined, and DFT calculations on the latter
unsaturated metal fragments into the sulfur-sulfur bond compound support the existence of multicenteiCP-Au
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and multiple C+P bonding in this unusual clustgr27]. The N(1)
heteronuclear cluster [(ReO3-S),Pk(PPh)3CI[[ReO4] Q /_p
(where Cp=CsMe4Et) has been isolated from the reaction »
between CfReCbSz and Pt(PP¥)s in the presence of oxy-
gen. Included in the report are the solution spectroscopic
data, X-ray diffraction structure, and cyclic voltammetric
data for the ReBtcluster[128]. Deprotonation of Mp(j.-
H)2(CO)%(-dppm) using Super-hydride yields the monoan-
ion, followed by formation of the dianion [MitCO)s(j-
dppm)E~. Treatment of these anions with CIM(BRwhere
M=Ag, R=Cy; M=Au, R=Ph,p-tol) affords the trinu-
clear compounds MM(-H)(CO)s(n-dppm)(PR) and the
tetranuclear species Ml 2(CO)(p-dppm)(PR)2. The for-
mer MnpM clusters are electronically deficient and read-
ily add CO to give the electron-precise clusters JMif.-
H)(CO)7(n-dppm)(PR) [129].

The reaction of Cg(CO)g with the pendant acetylide moi-
ety in Fe(CO)(n!-PPhC,Ph) gives the alkyne-substituted

Fig. 13. X-ray structure of CpRulr(wz-S)(u2-SCHCH2CN)CI.

1...2 P
complex (OC)Fe[Mm M _(_PPQCCPh)QQ(CO)G]’ which Reprinted with permission from Organometallics. Copyright 2003 Amer-
when allowed to react with P(OMg)yields the cobalt- ican Chemical Society.

substituted compounds (OfBe[w.m*:m?-(PPRCCPh)Ce
(CO)¥%-—_,{P(OMe}},] (where n=1, 2). Thermolysis of
the mono-phosphite derivative results ir® bond cleav-

ability of the metalloligand B{u-Sk(PPh)s to bind

. . . w-hydrocarbon compounds of Ru(ll), Os(ll), Rh(lll),
age and FeCo bond formation to furnish the phosphido- and Ir(lll) has been studied by using electrospray ion-

; G¢C 2
b”d%egj Clgswr hFeh OI)6[“L3'T,‘ d-(IL.)-C(d:Ph][I:(OI\geg] ization mass spectrometry. Dicationic species of the
(n2-PPh). Here the phenylacetylide ligand was found to per- type [Pb(p-Sp(PPh)sML]2* have been observed by

pendu_:utla(rjly l_atrrl]dt%e On? (t)_ftheNI,\:/léF‘,zo bodngz.BThefulldetatlls mass spectrometry, and the synthesis and isolation of
associated wi € solution an Mass SPECom- several of the new dicationic compounds are reported

etry data are presented and discud4&d]. [134]. The reaction of the di . .
o . phosphine ligand bma with
C; fixation by (CpCo3Fe(CO)L(13-S)(3-CS) (where HCCo,NICp(CO)% has been explored. Thermolysis at

L =various two-electron donor ligands) gives the cluster 80°C ai N :

. . gives the zwitterionic cluster GNICp(CO)(j-
products (CpCaFe(CO)La(ia-S)lra-CoSg), which contain oy, 2 11.c(H)PPRC=C(PPh)C(0)OC(O)] as the
a capping tr|th|0ca_rbonate_m0|ety_ that is tethered to the Fe'first observable product. X-ray analysiid. 14 reveals
Cy edge of the trigonal bipyramidal core. The NMR be- the existence of an open @i core with the bma ligand

havior and cyclic voltammetric data of these new clusters ; ;
. : tethered to the metallic core through phosphine attachment
are describe131]. The synthesis of CpRulra(pu3-S)(w.2- gh phosp

SCH,CH2CN),ClI, whose X-ray structure is shownhiig. 13

and its reaction with alkynes, CO, and isocyanide ligands
have been published. The title cluster has been isolated
from the reaction of Cgr(j-S)(-SCH,CH,CN),Cp" with
[Cp"RuCl]4. Chloride replacement by CO and isocyanides
gives the corresponding cationic clusters TeRulr(jw.3-
S)(2-SCHCH,CN),L]*. Treatment of the starting Rulr
cluster with KPF in the presence of acid gives the
iminoacy! cluster [CpsRulra(ju3-S)(u2-SCHCHoCN) (u3-
SCH,CH,C=NH)]* through the binding of one of the pen-
dant nitrile groups to the Jrsite, followed by protonation

of the coordinated nitrogen atom. The solution spectroscopic
data and four X-ray structures are fully discusgEgP].

New trinuclear Mlp and pentanuclear Mr clusters
containing selenido and sulfido ligands have been pre-
pared by using (CprCl),(u-SeH)@-SH) as a starting
material. Some of the products that have been isolated ana
structurally characterized include (@p2(MClo)(n3-Sed Fig. 14. X-ray structure of GINICP(COW(w-CO)[pam?m-C(H)PPh

(where M=Fe, Pt), [(CHr)4Co(u3-Sey]**, and (Cplr)2 C=C(PPh)C(0)OC(0)]. Reprinted with permission from Organome-
(MCI2)(p3-Se)s-S) (where M=Pd, Pt, Fe)133]. The tallics. Copyright 2003 American Chemical Society.
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to original p3-CH group and the CpNi moiety. This cluster synthesized. Treatment of BrCg&O);(dppm) with Au(G
is unstable and transforms into iCp(COu[p2,m?,0- C2H)(PPhs) or CpW(CO}(CoCoAUPPH) yields [Cay(CO),
C(H)PPRC=CC(0O)OC(0)]{r2-PPh). X-ray analysis conf- (dppm)b(p3:pn3-CCC2C) and [CpW(CO3]C2CC[Cos
irms the presence of a NC o bond that results from the  (CO);(dppm)], respectively. The utility of the gold(l) deriva-
formal coupling of the maleic anhydride ring with the CpNi tives in the synthesis of odd-numbered carbon chains is
moiety. The solution spectroscopic data are discussed, alongliscussed143]. The double-cubane clustgi(Cp Mo)3(j.3-
with the kinetics for the PC bond cleavage reaction and  SuNi}2(w,m%m?-cod)f* has been isolated from the reaction
data from MO calculations that aid in the understanding of between [(CPMo0)3(j2-S)a(n3-S)J2* and Ni(cod). A dmad
the observed cluster reactivity35]. ligand reacts with the double-cubane cluster to furnish
A report dealing with the synthesis and structural char- [(Cp"Mo)s(p3-SkNi(n2-dmad)T. Both of these new cluster
acterization of MPtAgg-PPh(CsFs)2(acac)(PP§)) (where products show high catalytic activity for the intramolecular
M = Pt, Pd) has appeared. The structural differences found incyclization of alkynoic acids to enol lactongsi4].

these two clusters are outlined and discug486]. CO substitution in Molg(3-CO)3(CO)Cp, by iso-
cyanides leads to varying vyields of Me(pns-CO)
3.2. Tetranuclear clusters (CO)s_,,L,,Cpp (where L=CNBUY, 2,6-CNxy;n=1-3). The
X-ray structures of both monosubstituted clusters confirm
The early-late heterometallic compound ATO’Bu) that the isocyanide ligands are bound to iridium atoms via

(4-OC)Caq(CO) has been synthesized from Lj)(O’Bu) apical coordination. Also included in this report is the X-ray
and Ce(CO). The molecular structure consists of a structure of Malra(u-CO)(CO)(CNBU),Cp, [145]. The
Cos(CO) core with a triply bridging CO group that serves reaction between Mojtp3-CO)(CO)XCp 2 and PP gives
to bind the CpTi(O’Bu) moiety through the oxygen atom. the bisphosphine cluster Malj.3-CO)(CO)(PPh)2Cp 2,
Mechanisms pertaining to the formation and fragmentation where the phosphine groups are shown by X-ray analysis
reactivity exhibited by this cluster are presenfed7]. to be coordinated to adjacent iridium atoms in the plane of
Photolysis of [MeCpCi{-SPh)p with Fe3(CO)g(ja- the bridging CO ligands. The ligand substitution of CO by
Sey or Mny(CO)p furnishes the new antiferromagnetic CNBU and diphenylacetylene in Mtra(u3-CO)(CO),Cp;
complexes [MeCpCi-SPh)p(u3-Se)Fg(CO)(ns-Sep, has been described. The X-ray structural characterization
[MeCpCr(-SPh)b(n3-Se)Mrp(CO), and [MeCpCrfe- of Mo2Ira(pa,m?-PhGPh)(u3-COu(COR(CNBU)Cp, re-
SPh)b(nsa-Se)Mnp(COJg. The solid-state structure of each veals that the adopted molecular structure exhibits a but-
cluster has been crystallographically determined, and the roleterfly core with iridium hinge and molybdenum wingtip
of super-exchange spin—spin interaction through the chalco-atoms[146]. A report dealing with the synthesis and solid-
gen bridge is discussed with respect to the observed magnetictate structures, and electrochemical behavior of alkyne-
properties[138]. The reactivity of the disulfido linkage in  coordinated Melr, clusters that also contain coordinating
Mn2(CO);(n-Sp) has been investigated for its participation heterocyclic bridging moieties has appeaféd7]. A re-
in small molecule activation and cluster build-up schemes. lated paper describing the synthesis and redox activity of
The tetranuclear cluster CpMoM(CO);3(ju3-S)(ua-S) Mo2lro clusters linked by phenyleneethynylene groups has
has been isolated as a minor product from the reactionbeen published. DFT calculations have been carried out
of Mn2(CO)(n-S,) with CppMo2(CO)s [139]. A report and these data are discussed within the context of the ob-
describing the comparative crystallography and electrochem-served cyclic voltammetry behavigt48]. The pseudocta-
istry of several isostructural cubane clusters has appearedhedral clusters Mro(us,m2-RCoR)(u-COU(COu(MeCp)
The title clusters were prepared from the reaction of the in- (where M=Mo, W; R, R=various alkyl and aryl groups)
complete cubane cluster [(MeGM)3S4]* (where M = Mo, have been synthesized from the pareatiy{ CO)10o(MeCp)
W) with group 10 alkene complex¢$40]. The reaction of  clusters and added alkyne. Selected derivatives were em-
the metal acetylides CM(CO)3(CCPh) (where M =Mo, ployed in the preparation of organiedelocalized complexes
W) with the chalcogen-bridged cluster F€0)(3-S) where two and three separatelk units have been joined by
in the presence of alkynes yields the new cluster com- suitable phenylenevinylene linking moieties. The synthetic
pounds CpMFe3(w3-S)[a-C(H)=C(R)S](CO}(un3-CCPh) methodologies employed and the solution spectroscopic data
(where R=various alkyl and aryl groups). The spectro- on twenty-seven cluster systems are reported. Three X-ray
scopic data and X-ray structures of two derivatives are structures accompany this paper, of which the molecular
presented and discussdd1]. A structural reexamination of  structure of WIra(js,m2-MeC,Ph)(CO}(MeCp), is shown
MoRuzC2(CO)Cps has been published. Low-temperature in Fig. 15 [149]
data collection using a CCD-equipped diffractometer New linear chain clusters containing rhenium and osm-
have allowed for the original ambiguity in distinguish- ium centers have been prepared. The reaction of Og{CO)
ing between the Mo and Ru centers to be resolved. The (CNBU), with Re(u-H)(w,m-CoH3)(CO) gives the
revised interpretation now converges on the electron- isomeric complexes (OGICNBU)ReOs(COJ(CNBU)Os
precise clustepiz,m!-[Cp(CORMoCC]Ru(CO)sCps [142]. (CO)(CNBU)Re(CNBU)(CO), and (OCY(CNBU),ReOs
New polynuclear clusters containings €hains have been  (CO);Os(CO}(CNBU)Re(CNBU)(CO)y, which both con-
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Fig. 15. X-ray structure of \Wr,(j.4,m2-MeC,Ph)(CO}(MeCp). Reprin
ted with permission from Organometallics. Copyright 2003 American
Chemical Society.
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CPh)@-CO)}(CO)Cp which were isolated as minor side-
products. The chlorine group in the former BRth, cluster
presumably derives from the GBI, solvent that was em-
ployed in the recrystallization of the cluster. The X-ray struc-
ture shown inFig. 16 confirms the presence of this chlorine
group that spans the Rh—Rh vector in this clugtéd)].
Experimental evidence for direct bonding interaction
between the ¥ centers of Pd(O) and Hg(ll) has been
published. NMR studies reveal that the Pd center in
Hg[FeSi(OMe}(CO)(w-dppm)pPd shuffles between the
Hg and the two Fe groups in the linear Fe—Hg—Fe motif. The
energetics associated with the observed fluxional behavior
have been determined and fully discusges®]. Electrophilic
addition to the FgE face of [F@(CO(ps-E)]?~ (where
E =Se, Te) has been observed when the starting clusters are
treated with [CPM(MeCN)z]?* (where M=Rh, Ir). The
resulting tetranuclear clusters Mffg4-E)(CO)Cp exhibit
a butterfly metallic core that is ligated by thg-chalcogen
atom. The iridium reaction is also accompanied by the
formation of the triangular clusters Irfigus-E)(CO),Cp’,
whose identity was crystallographically determined in the
case of the tellurium derivati@53]. The cluster OsRh(j.-
H)3(CO)2 reacts with excess 2-vinylpyridine in refluxing
CHCI3 to produce Oﬂ?h(}k-H)4(CO)13(T]2-NC5H4CZH2).
The new cluster exists as a pair of isomers that differ in
the configuration of the metallated vinylpyridine moiety.
VT EXSY data have allowed for the accurate determination

tain a nearly linear chain of ReOsOsRe atoms based on X-rayof the energetics for vinylpyridine isomerization about
diffraction data. The fluxional behavior of the CO ligandswas the cluster polyhedron. The solid-state structure of the
explored by NMR spectroscopy, and these data have beerproduct cluster has been solvgb4]. The synthesis and
used in a discussion pertaining to the exchange pathwaysmolecular structure of a cluster containingwa-dicarbyne

available to both isomerfl50]. Treatment of the carbyne
compounds [Cp(CGMCPh]" (where M=Mn, Re) with
[Rh(CO)][PPN] yields the tetranuclear clusters,Rhy (.-
CPh){u3-CPh)@-CO)3(CO)%Cpp, along with MsRhy(.-
CPh)(u3-CPh)@-Cl)(u-CO)(CORCps and ReRb(w4-

moiety have been reported. Treatment of the permetal-
lated ethene complexug-C=C)FeRuCp 2(CO)o with
diphenylacetylene furnishes the 66ecluster {us-C-
C)FeRWCp 2(COX(n-PhGPh), which contains a dime-
tallacyclobutariene core. This new cluster is unstable and

Fig. 16. X-ray structure of MgRhy(u-CPh)(ju3-CPh)-Cl)(n-CO)3(CO)Cps. Reprinted with permission from Organometallics. Copyright 2003 American

Chemical Society.
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Fig. 17. X-ray structure of 3-CoH)FeRCp' (CO)s(dppm). Reprinted

with permission from Organometallics. Copyright 2003 American Chem-

ical Society.

slowly decomposes, in part, to give anyRep compound
possessing a linear
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Fig. 18. X-ray structure of ReQ§u.-H)(.-CO)(CO) ;. Reprinted with per-
mission from Organometallics. Copyright 2003 American Chemical Society.

3-oxohepta-1,4-dien-6-yn-1,7-diyl the solution spectroscopic data and the molecular structures

skeleton[155]. Hydrogenation of the permetallated ethene Of the vanadium and manganese compounds are discussed

ligand in (u4-C=C)FeRuCp »(CO¥L> (where L, =2CO,

[160]. A study dealing with the interpretation of the termi-

dppm) has been achieved through the sequential ad-nal v(CO) spectra of various mixed-metalsMlusters has

dition of proton and hydride.a-Chloropropionic acid

appeared. The IR data have been analyzed by using spher-

reacts with the decacarbonyl cluster to give the hydrido ical harmonic and tensor harmonic models. The strengths

carboxylate  fu4-C=C)(-H)F&RWCp 2(CO)(p,kt:k!-
MeCHCICG,). Reaction of the dppm-substituted deriva-
tive (u4-C=C)FeRWCp 2(CO)(dppm) with EiNBH4
leads to the elimination of one of the iron fragments
and formation of the trinuclear acetylide clustes{
CoH)FeRypCp (CO)(dppm), whose X-ray structure is
depicted inFig. 17. The flexible coordination capability of

and weaknesses of each method in accurately describing the
v(CO) vibrational data are outlingd61]. The reaction of
0Os4(CO) 4 with HRe(CO} has been investigated. HRe(GO)
adds to the osmium cluster at room temperature to give
ReOg(j-H)(COxg, whose X-ray structure is shown to con-
sist of a planar kite arrangement of metal atoms bearing an
equatorially bound Re(C@)moiety. Controlled thermoly-

the G ligand in these clusters is discussed, as are the X-raySis of this adduct at 8% initially affords ReOs(p.-H)(11-
structures of six other cluster compounds that have beenCO)(CO)y7, followed by ReOs(j-H)(CO)e. X-ray diffrac-

determined156].

The synthesis and X-ray diffraction structure of
[Cp’ (PPH)Ir(p-H)2]2[Ag2(OSQ,CFs)2] have been pub-
lished[157]. New structural assemblies using (P (.-

S), are described. The heterometallic compounds;fAb
(PPh)4(p.3-Sh}2]%*, AuzPtCla(PPhy)a(ps-Sk, and Ag
PtClo(dppfr(ws-S) have been synthesized and char-
acterized by X-ray crystallography in the case of
the cationic derivative and the ABYy cluster [158].
The unprecedented compound 3Hg(us-O)(n-OH) (-
CI)CI3(CeCl5)(PPIB)3 has been isolated from the reac-
tion of [trans-PtCh(CsCls)(PPh)]* or [Pt(CsCls)4]%* with
Hg(NOz3)2-2H,0 [159].

3.3. Pentanuclear clusters

Reduction of Fg(CO)s(p2-S) by Super-hydride, fol-
lowed by treatment of the dianion with Vg IMnCI,, and
CrCla/Zn yields VFg(CO)12Ss, [MNFey(COX2S4]%~, and
[CrFey(CO)2S4]%—, respectively. The details associated with

tion analysis of the former produdtig. 18 reveals the pres-
ence of a distorted Qgetrahedron that contains a Re(GO)
spike ligand, while the latter cluster product exhibits a trigo-
nal bipyramidal core of metal atoms. The three X-ray struc-
tures that are presented are discussed relative to the binary
clusters Og(CO), (wheren=19, 18, 16). The fluxional be-
havior of the ancillary CO ligands in these three new ReOs
clusters has been studied by VAT NMR spectroscopy, with

the CO exchange mechanisms discug4éa).

3.4. Hexanuclear clusters

The activated cluster R(ICO)o(MeCN), reacts with
pendant alkyne linkage of GCO)y(p3-CCO,CH2CoH)
to yield Ca(CO)[3-CCO,CH2CC{HRu3(CO)}]. X-ray
diffraction analysis confirms the presence of spatially sep-
arated Cg and Ry cluster groups that are joined by car-
byne and acetylide moietig463]. The synthesis, solution
spectroscopic data, and X-ray structure ofRIs(us-C)(w3-
CO)(COXsCp  have been published. The 86eluster has
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been isolated in good yield from the reaction of §Qs;- [Pt3RU0C2(CO)o]2~, P4RUsC(CO)6(PPh)3, and PiRw
C)(CON4]?~ with [Cp2RMp]?*. The solid-state structure  C(CO)4(PPh) [167]. The fluxional opening and closing
consists of a square-based pyramid of osmium atoms with of the platinum vertex in PtRIGCOY 5(PBU3)(us 6-C) has

one Og face capped by the CRh unit. An internal elec-  peen demonstrated by VT NMR measurements. This clus-
tronic imbalance is responsible for the adopted polyhedral ter, which was isolated from the reaction of RO )5(jus-
structure instead of theloso octahedral core predicted by  C) with Pt(PB4),, consists of a mixture of interconverting
PSEP theory{164]. A report dealing with the synthesis isomers. Each isomer has been successfully recrystallized
and vibrational spectroscopy of [Fe}{CO)3]?~ has ap-  and characterized by X-ray crystallography. One isomer pos-
peared. The product cluster has been obtained from the resesses a square pyramidalsRwre that is based capped by
action of [Nig(CO)2]*>~ with Fe(CO} in MeCN at room  the Pt(PBY) moiety, while the second isomer is structurally
temperature. The molecular structure consists of a trigo- similar with the Pt(PBY) fragment bound to an edge of the
nally distorted octahedron. The structural differences be- Rug square base. The NMR data allow for the calculation of
tween the FeNj cluster and [N(CO)2]?~ are discussed  poth the activation and thermodynamic parameters associated
relative to the replacement of a Ni(CO) moiety by an with the fluxional polyhedral changes. A mechanism involv-
Fe(CO) unit. The increased steric environment in the ingareversib|e breaking and making of twe-Ru bonds and
mixed-metal system promotes facile protonation and CO- an oscillatory motion of the Pt moiety between the 4-fold
induced fragmentation reactions. One of the cluster fragmen-Ry, site and the 2-fold edge-bridging Rsite is outlined.
tation products isolated and structurally characterized was The reaction between B(CO);5(p5-C) and Pd(PBY),, fur-
[FesNi(CO)12]?~ [165]. The ligand substitution chemistry nishes the new clusters PdRus-C)(CO)s(PBU3) and

in RusC(CO)4Pt(cod) and ReC(CO)ePt(cod) has been  PgRus(jug-C)(COY5(PBU;), as the major and minor prod-
explored. The cod ligand is readily replaced by CO and ycts, respectively. The fluxional behavior exhibited by these
phosphine ligands. The former cluster reacts with CO to Pd-Ru clusters has been investigated and their solid-state
give RisCPt(CO)e, while the latter RyPt cluster exhibits  structures determinefll68]. The ligand-substituted clus-
loss of a ruthenium or Pt(cod) moiety upon reaction with ters PtRg(j.6-C)(CO)sL (Where L = PMePh, PMe, SMe»)
added CO. Phosphine substitution at the platinum center af-and PtRg(j.6-C)(CO)4l > (Where L= PMePh, PMe) have
fords RyC(COQ4PtR,; (Wwhere P=PP4 dppm) in the case  peen synthesized and examined for their fluxional behavior in
of RusC(CO)4Pt(cod). Extrusion of the Pt(cod) moiety in  solution. Dynamic isomerization of the ancillary L group(s)
the RwPt cluster by phosphines furnishes the hexaruthe- js observed and found to proceed by an intramolecular ligand
nium clusters RgC(CO)e(PPh), RusC(CO)s5(PPh)2, exchange of the ligand between the Pt and Ru centers through
RugC(CO)s(dppm), and ReC(COxs(dppm) depending  bridging phosphine and sulfide intermediates. VT NMR anal-
upon the reaction conditions. Also isolated from theRU  yses have provided the critical data related to the activation
reactions in low yields were the higher nuclearity clus- and thermodynamic parameters for each of these isomeriza-
ters RC(CO)sPh(dppm) and REC(CO)ePtz(dppmp. tions. Three X-ray structures and a detailed mechanism illus-
Five X-ray structures have been determined, and mech-trating the ligand isomerizatiorFig. 19 are presented and
anisms related to the substitution chemistry and ligand thoroughly discussefd.69].

migration schemes are presented and discug4séé). Deprotonation of HOu(CO)» by EtN in the pres-
The synthesis and characterization of [P4R(CO)s]?~ ence of Au(PPE)CI produces the new clusters £8ip(p.-

are described. The new dianionic cluster has been ob-H),(CO)1(PPh),, OsiAus(p-H)3(CO)1(PPh)3, and Og
tained from PtRgC(CO) and its reaction with KOH in Aua(p-H)2(CO)1(PPh)4. Treatment of HOs(CO) 2 with
methanol. The reactivity of the dianion towards Au(Byeh Me3sNO and Au(PPh)CI gives OgAuU(-H)3(CO)1(NMe3)

and platinum dihalides has also been studied as a(PPh). The X-ray structures and electrochemical prop-
route to higher nuclearity systems. Some of the func- erties of these clusters are describ§i70]. A re-
tionalized clusters isolated and structurally characterized port dealing with the synthesis and X-ray diffraction
include PtRgC(CO)s5(AUPPH)2, PLRwC(CO)3(cod), structure of new alkynyl-Group 9/Group 11 compounds

o}
Me,PhP o MeQPhP\ A 5/;// W
p—~c ( 4 Me,PhP—p; b
N / /J\F}k\ ) 2 /;ﬁ S //\ l /;\%;’\\\\ Me,PhP, / ‘\\Rk\ o
/Rl{!\LlK/RU\_(RTﬁU#RL\ ‘—:(Rijil%u///?u‘ —_— "“/.Ru\{ﬁu’//Ru\
1 N 1
- \H_U ) /C\\Ru/ N\ /C\\\Ry/c\> \équ.,,,,
/= Y L A* AN

Fig. 19. Ligand exchange pathways exhibited by B{Rg-C)(CO)sL. Reprinted with permission from Inorganic Chemistry. Copyright 2003 American
Chemical Society.
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has appeared. The compounds presented in this reporbpy 2,2-bipyridine

have the formula MM,(CoR)g(PPh), (where M=Rh, cod 1,5-cyclooctadiene

Ir;, M'=Cu, Ag; R=Ph, Fc)[171]. The reaction be- cot cyclooctatraene

tween [Ag(un-PPXPPh)>(MeCN)]%* (where X =NH, Cp cyclopentadienyl

CHy) and [Pt(GCeH4R-pu]?>~ (where R=H, Me) pro- Cp pentamethylcyclopentadienyl
duces the luminescent hexametallic compound&\&4( .- Cy cyclohexyl
PhoPXPPR)4(CoCeHaR-p)s and the trinuclear complex DMPO 5,5-dimethyl-1-pyrrolingv-oxide
[PtAgo(n-PhPCHPPB),(CoCsHs)2(MeCN)]2+. One X- dmad dimethyl acetylenedicarboxylate
ray structure and the photophysics of these compounds aredlmpe  1,2-bis(dimethyphosphino)ethane

discussed172]. dpko  bis(2-pyridyl)ketone oxime
dppa 1,2-bis(diphenylphosphino)acetylene
3.5. Higher nuclearity clusters dppb  1,4-bis(diphenylphosphino)butane
dppe 1,2-bis(diphenylphosphino)ethane
The cluster compound @Rhy(CO)3(amtmtimt- dppef 1,2-bis(diperfluorophenylphosphino)ethane

CeHsMe) has been isolated in low yield from the reac- dppf  1,1-bis(diphenylphosphino)ferrocene

tion between toluene and gRh(CO) 2(-H)sz in the pres- dppm  bis(diphenylphosphino)methane

ence of the hydride acceptor 4-vinylphenol. The molec- dppp  1,3-bis(diphenylphosphino)propane

ular structure of this Q&Rhy cluster consists of an in- Fc ferrocenyl

ternal Rh tetrahedron with three face-capping Os(@O) Hybinam 2,2-diamino-1,1-binaphthalene

units and an unprecedented face-capping toluene ligand.MeCp methylcyclopentadienyl

A discussion of the observed product with respect to nbd norbornadiene

surface-bound benzenes on atomically flat closed pack sur-PPN  bis(triphenylphosphine)iminium

faces possessings( local symmetry is presentefd73]. py pyridine

The luminescent alkynyl complexes [&@.-dppmy{s- TEMPO 2,2,6,6-tetramethyl-1-piperidinyloxy

CoCoRe(N-N)(CO)3}4]%* (Where N-N =various bipyridyl tmp 2,2,6,6-tetramethylpiperidinyl

ligands) have been synthesized and their photophysical prop-ol tolyl

erties examined174]. The silica-promoted synthesis of xy 2,6-substituted xylene

[Ru1oPtCo(CO)pg]?~ and RgPtC(CO)¢ has been achieved

by using [RgC(CO)4]%~ and PtCH(MeCN), as starting ma-

terials. Use of the related carbide cluster §RUCO)g]%~

furnishes RgoPtG(CO)o(MeCN),. The molecular struc-  References
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