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The reaction between Os(CO),,L. (where L is CNBu’. PR,) and W(CC&(THF) 
gives the Jincx cJ~&rs ~OC),(L)OsOs(CO~,(L)tt’(CO), and (OC),\ L),OsOs- 
(CO),W(CO)s. The X-ray slruclure of the former cluster confirm the presence of 
the two dative metal-nleial bonds in tandem (i.e. Os-tOs-) WI. ‘jC NMR data 
reveal that the solution s:rncturc is the same as that observed in the solid state. The 
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chemislry of’ the triangular ciusiers c‘p’i~(C~~1~!?s(c’OI,.~, (ivhcrc Cp’ i‘ i Cp. Cp’) is 
rrlscl includid in this disiertaiioit [I 1. NOE sltrdies on svmxl itsiniun7 clusters hitViZ 

bee11 conducted i3 cxdcr to dctern-iine ihc relative positions of’ chetnicali~ iiflcrcnt 
l7yc!ride groups. T, spin laitice I.clmatiwl data h;lvc ::ls:t hKE I-ecordeil. 2!?d Ihe 

rela1ior1ship ht'lwCCfl ihc 7‘, ii~lws and the nalurc of the hydride correialctf. The 
fiuxionnl properiies ol” OS,~(C’O), 1 ( Li (Ch2t.c L arc Group 1 S ligands in an equatorial 
site). Os,(COilI [Os(CO)I ,(CNBu’), ] iwhcre .Y == I. 2). the kite-like ctustcr 
OS,(CO),~, and ihe three isomers oTo~,(~i-Idl~(CC)),:~'NRil') have been investigated 
by variabic-telnper3ture 13C NMR spectroscopy 171. Sevcrai polynuclear cluster 
compounds con.t:Gning a Group 13 element h:ive been synthesized and structurall) 
characterized by X-ray C~~St~lllGg~~lpll~. The unusr1al clllste1 
CMnlSICOE2,(THF),~]~A~~C~-~i)l:THF!],, tihich was prepared from MI~,(CO),~~ 
amd AI(CHAj3. contains IX<: p!anar Mn7 arrays 133. [Ni,(CO),,]’ reacts with 
Ph,PAuCI to yield the nickel -gold cluster [Au,,N~,,(CO)2,]’ The hu,Ni12 poiyhe- 
dron is based on five face-fused octahedra. The bondmg in this cluster was explored 
by Fenske--Hall molecular orbital caiculati,ms. and the data were discussed relative 
to conventional eizctron-countin~~ schemes. the same hesanickcl starting cluster was 
euarnined for its reactivity toitards AsButC12. Se~;eral new nickel -arsinidclie~-carboliyl 
c!ustcrs have been isolated and characterized by X-ray crystallography. The variable- 
temperature ‘H N MR data for t-butylarsinidene exchange in h’i,,(A~Bu’)~(C0)~,~ 
are reported [4]. The oxo-bridged clusters [( P~,P),P!,R~(~I,-O)(COD1] _, 
~(Ph3P),Pt,Au(P,-Ci)‘,I - (where L is phosphilie), [l(Ph,P),PtZ(~c~-O)izMlz+ (where 
M is Cu, Ag) hawe been preparrd. CO ~reacts with the gold-piatlnum cluster to afford 
the new clcs:er [( Ph,P),Pt,Au(fL-C’O),1+ 15 j. The siiylformylation of ! -ilexqlie by 
several cobalt-rhodium ctustcrs 1321s been explored, with alkenc and nit #-ile moieties 
remaining untouched [6]. 

The svnthesis and characteriratioi3 of the 1 chromium cluster [(r$- 
C5Me,EtjCr(ic,-H)], have appeared. Hydrogen reacts with 2% c!uster to give 
CI175-CjRile,Et)Cr(jr,-H)],(Hj [7]. LiBH, reacts \\ith [Q*COCI]~ to yield 
[~CpYZo!,B2H.,]. This tricohalt cluster is transformed in moist air to 
[(Cp”Co),(HZBH)(BOH)]. while reaction in hot toluei:e \\.ith added [c‘p*C~Cl]~ 
affords [(C~*CO)~!H,BH)(BCII] ES]. Kinetic studies on the CO substitution in tltc 
carbide clusters Ru,C(CO),- and MjC(CO),, (where M is Fe. Ku) by %I%,. AsPh,, 
and various phosphine$hcipnite ligands arc reported, and the concept of the “trans- 
ition staie isomer” introduced. The two pentanuclear clusters revcai the pi-csence of 
a ligand adduct. which ui3dergaes a subsequent loss of CO to give the observed 
product cluster MSC(L?Oj14L. The adopiion of the square pyramid bridged butterfly 
square pyramid transformation is favored \vitf-, IQ ‘a-rids with cone angles less than 
133’. Larger cone angle iigandc display a different reaction sequence [9]. Reductive 
tetraplatinuru condensation using cis-Pt(PPh,),ti2 and Pt(COD)C12 iPRj (where R 
is Me, Et) with Hg[Fe(CO),(NO)]2 lezds to several I? ew I-JIatinurn-~merciiry carbonyl 
phosphine clusters. The geometry of these cluster c is based on a tetraplatinum 
butterfly core L lo]. The X-ray crystai structure of Co,( CO),;2ppm)2 has been solved 
[ ll]. The chemistry of [(MeCpMo),(~c-SZ)t~~-S)_CcCp~~~]~ has been explored 
in sulfur extraction reactions. The isoe1ectron.c iron analog. [(R/IeCpill~)~ (ii- 
Sz)(pS)lFeCpj[I], has also been prepared [ 177. 
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Triosmium and trirl.lth~t~itin~ clusters containing unu~ua! fcrr~cnyi moieties have 
hem prepared in pyrol.&~ reactions startiqg from eiii,ir M,(c’i‘ jIL i~~‘iere M 15 Ro. 
OS) and ihe appropriate !i&mi or M,(COjil .t,, (where II= 1. 2.. 3). Reaclion 
sequences inloiving Fe M bondin,, ~1 orthnmctniatio2, !~clcro-am&u mctaiation. and 
P C’ bond cleavages ale presented for M,(COj,,,[Fi iP’Prz)l~* iZs3~CO),,(PFc2Ph), 
OS.,~~‘O),~( PFc’Prl~. and Os,(CO),,( PEI,F: i 3~ discussed. It is conchded that 
phosphine ligands O:I Ru, and OS, clusters are ilot totaliy inert [ 131. Rut!~enium 
and osniium clusters containing a benzynechromium iricarbon!i moiety are reported. 
PyiolyCic rca:tions leading to C- H ar:d C-P bond activation in ’ Gleeted clusters are 
included [ 141. 

The cluster iNi,ijl-CO)(lc-dmpm)~]~- has bear isolated as a product from the 
reacrion of Ni( II):dmpm in the presence of co and PiaBH,Ch’ [Is]. 
Conproportionation of Ni(CODj, and Nil in the presence of dppm affords the 
cluster Ni,(~~3-I )2(~~z-dppm)3 in high yield. The photochemical pmp~ties of this 
cluster have been examiiled. with photooxidation being observed Z* :I-avule;?grhs 
shorter than 400 nm [ ! h]. 

Warmilng a soluti .,I$ containing ~c(C0)3(cis-cyciooctene), and (‘Pr),SiPHz fkm 
-4oc to root,: temperature aiT0rCk the silylPl7osphinide:12 siuste: 
Fe,(CO),(L:-H)2 [!i,-PSi(“Pr),]. Sequential deprotonation tlsing [Bu,N][F] gives the 
dianionic cluster [Fe,lCO),j {A!>-PSi(‘Pr), I]‘- in THF solution. Gse of CH2C!, as 
solv~n; leads to rcaciion at the siiyl group and the cluster ~F~,~COI~(~‘-H)~~~-PH )I-. 
through the cluster [Fe,(CO)&-H jZ(ji3-P)J-. Desilglation ako occurs with 
CpFe(CO),CI and R,PAuCl (where R is Ph. Et) :o give Fe3!CO)&-I$), {A+ 
PFeCp(CO)2 ) and Fe,iCO),(,u-H),(/13-PAuPR3). respectiveiy. The rcs?i!tc d?f qthe~ 
functionalization studies, including several X-ray structures. are aiso presented 
[17]. Electr~circ~ical data on the localized Fe--Fe bond cleai.ap iu the bicapp:d 
C~~OSO cluster Fe3iCO), (Its-PFeCp(COj, i2 are reported. The resulting clur;ter 

[ Fe,(c‘O)<, :(ij, PFe”p( CO&! 2]2 , tkc p:oduct of two-electron reduction. has been 
characterized by fR speciro’copy and X-ray crystadiography. It is shoiqn ihat tk 
intermediate radical [Fe,(CO), (~!,-PFeCp(COi2 1 J- - : is unsiable and dispront%-l- 
tionates to starting material and dianion. The involvement of this c?uster r::diW :;1 
electron-transfer-chain \ ETC) catalysis is demoastrated. ETC rea&i<y stw&. > asiag 

bidentate phosphine ligands are also presented [IS]. T!ie use of tI;.e c!us& 
Fe3(CO),(/[3-PR), &~here R is SiR,, H) as bikmcrionai building blocks for the 
construction of ciustcr oiizomers is described [ 191. 



has been established by X-ruy crystailography [20]. Trearrncnt of [Cp”‘Pi(Cl i(O)], 
with Me,SnF affords ihf2 corrcsporidin g tiuorinated derivative [Cp”Ti(F)(O)],, 
which contains an eight-membered ‘ri:O ring :I!1 ]. 

2.2. Group 6 (.ltiStPrs 

The triunclear mixed-v,alence cluster [(OCj,i\/loS,MoSzMo(COj~]~- has been 
synthesized in high J- kid from the tetra:hiomolybdatc ion and ihe dithiocarbamate 
complex [MQ(C’OJ.,(S~CNE~~I]-. This cluster was characterized by X-ray dith-action 
analysis, "MO NitiR spectwt,cGpjr, and cyclic voltarnmetry. The eicctrochemic,il 
data support the presence of two diff‘erent metal redox centers [?I?]. Exhaustive 
thermolysis of CpCr(CO),(‘TeFh) ieads IO Cp,Cr,Te,. Cp,Cr,Te,O, Cp,Cr,Te,O,, 
and Cp,Cr,TeO,. Three of these products have been structurally characterized [23]. 
Hydrogenolysis of [(,iS-Cjhle,Et)Cr”(ilc-Mrjlz affords the paramaguetic tetramer 
i(ly’-CSMe,Et)Cr”(~~l,-H )],, the X-ray structure of which has been redetermined in 
order to clarify a compositionai dtsorder associated with the origina! determination. 
The results of H/D exchange with this tetramer are discussed, and the data used in 
connection with ibp structure proof of the tetrahydride [24]. The pentanuclear 
compound Cp*,,Mo,O,, , formed from the reaction of [Cp*Mo(O)(p-O’],, 
[Cp*Mo(CO),&, and OZ. is shown to comain a ._ ~‘p”M0(0)~ moiety attached tc a 
[Cp*Mo(~~-0)],(~t~-O),Mo(O!z unit by :r bridging oxygen atom by X-ray analyk 
The magnetic moment has been studied as a function of temperature, and wk.-n 
coupled with the NMR dnd EPR data, reveals the eGstence of a redox equiiibrium 
involving a diamagnetic cluster and two pammagnet;; forms of this cluster [25]. 
Tre&nent of the dimer HW2(CO)~(THF),(NO) with PBul, gives the hydrogen- 
bridged cluster [W,(CO)rs(NO)(/<-H L][HPBLI’,] as one of three products. The 
clusler anion may also i9e isolated as its RPN salt irom the reaction of 
HW,(CO),(NO) with [HW(CO),][PFN]. The additicn of nucieophiles to 
[W,(CO),,(NO)(~i-tl),]- leads to the corresponding CO substitution product, 
which in the case of the FMe,-substituted derivative has teen structurally charac- 
terized (Fig. 1) [26]. 

Akahne titration of L .k ti,O),(CO),] L gives the rhenium(I) hydroxo compounds 
[Re,(~L3-0Hj(l.l-OI-~)j(Ci3)9]- and [Re,ij~-OH ),(COIJ The molecular structures 
of these products were confirmed by X-ray crystahography [27]. The temperature- 
programmed decomposition of [Re(CO),0H]4/A120, in a hydrogen atmosphere 
has been explored for methanation activity. Additional studies reveal tha! adsorbed 
methanol on the acti: ated Pc.,/AI,O, sample is the source of the methane ~281. 
Pcivtiiiaethcr macrocyc!es have b~cn Prepared bv thietane cycle-ohgor~r- 
i&on using the trirhenium cluster Re,lCO),,CI.(-SH~](~~-~~)3. Ring open- 
ing addition b &added thietane frrrnishrs :he new clusters Re3(CO)r0[~c- 
S(CH,),S(CH,),S(CH,),SCH~H~~~~~](~l.~ a\, ~;c?(CO),,:i~-S(C‘!-iZ13SCH,CH2- 

and . Rc,(COj,,[~(-S(CH,)~S~ CH,(SCH2Cf~,CH,j,SCH2CH2CH,l(jI-H)j, 
CH2CH2(~~2CH2CN2)4FCNZCHZ~HII](~!-Hjjr in yields dependent on the amount 



of thietane empioycd. Ali three of these xirhenium cltwers were fuillj characterized 
in solution by IR and NMR SpectroseGpy. ii? addition to X-ray crystallograpiij in 
the case of the starting c!uster and the first cyc!o-oligomerizatio;7 product (as the 
PMe,Ph derivatiw). One of the many mechanistic schemes presented for thietane 
cyclooligolilerizaiion is shown below (Scheme 1 j [S]. 

The hexanuciear cluster [Re,(CO),,Hq]- has been isolated from the reaction 
between Re,(CO),2HJ and [E!,Nj[BF,j. X-ray ~~ystail~g~aphp shows ihat the 
product is a non-carbide stabilized octahedral c!uster. xith face-bridging pa-h!idride 
ligands [30]. Rrrocenium oxidation of [Re,CiCO),,][PPti],, followed by the 
addition of diazomethane. kxnishes the carbent ciustrr [Re-C(CO)z,(~~-CH2 )I--. 
providing the first e*:ample of a KEth~k%e @arid in a higher nuciearity clusler. T&z 
particular c!v~;ter is readily decapped to give tRe,C(CO),,(jr-c”f-fzjj” ~. The moleccukxr 
s1ruciure of izie heptarheilium cluster w3.s estabiiskd (Fig. 2). an:: the fiuvional 
properties of both carbide clusters invr ,tigatzd bq ~~riabie-temp@rat~r~ ‘“C NMK 
spectroxopy [31]. 



[OS,,C(CO)~,]~ -. [Rh,(CO),,]- , and [Pf,,(CO);,,]’ have been prepared and the 
synthesis variables discussed [31]. The conversion of aquzous methyl formate to 
ethanol using ruthenium catalysts and P&t,, which seriies to activate the methyl 
formate. is reported. Selectivity aspects of this reaction are discussed and a catalytic 
mechanism invo!vin_g the triruthenium cluster [Ru,(CO), ,( H )] is presented [Ii::]. 
The data from a time-resolved 1R study on the photo-induced fragmentation of 
Ru3(CO),, have been published. Photodissociation of CO from Ru,(CO!,, furnishes 
the unsaturated cluster Ru,(CO), *. which is then shown :o fragment further to 
Ru(CO), and Ru,(CO), under the appropriate conditions. in addition to re-formation 
of the parent cluster. The observation of the transient specres Ru(CO).,(sotvent). 
Ru2(CO),, and Ru3(CO)iZ(j~-CO) is also discasszd C3-17. Ru,(CO),-catalyzed redtic.. 
tive carbonylation of ortilo-nitrobiareics and dinitrobiarenes gives the corresponding 
amines and five-membered heterocychc indoles and imidazoles. Pertinent organoru- 
thenium intermediates are presented on the basis of force-field calculations [35]. 
The reaction of Os,(CO),, and Ru,(CO~,~ with the silanol groups of silica gives the 
supported clusters M,(CO),,(~I-EI)(~-OS~~~. These surface-supported clusters ltave 
been explored for their catalytic activity in aikane hydrogenolysis textions, clefin 
isomerizations and hydrogenations. Fischer--Tropscb synthesis, and the water-gas 
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Rw-N-Ru bonds, and the perpendicular confornmt..~ in the ::lkyne clusters ha.~ 
been found to bc more stable than the paratlel conform&w [42-j. The mechanism 
of hydride exchange in the clusters M,(CO),JII-H)~(/(~.CI; ) (where h4 is Ku, 0s) has 
been inzzstigated by usin g ab initio molecular orbital ca!culations. It is proposed 
that hydride exchange takes place in multiple steps by two energetically competiti\e 
p~tllixJaps. the S,ttul'~ Of whiclr is fully discussed 1431. A report describing the 
selective carbon--carbon bond c!~avagc ofcyclopentadiene by the unsaturated clnstet 
Cp*,Ru,(/!;-li);!:!-!i)j has appea: -_, -rd The !eslJ!ti*g !rirlg~heI?i*J!*l 2”!rc~F,yt?u!he!l:~- 
cyeiopeotadicne c!usler. Cp”,Ru,(~1,-f-1 )j[~~3:~~~‘-C( Mel--CI-fCH z-W]. arises from 
the scission of the C(sp’)-C(sp3! bond of cyclopentadienc. The molecular structure 
of this polynuclear metailocycle was determined by X-ray crystailography (Fig. 4 ). 
The report qrescnts t!le fir 2: CXaKIple of se:lectiv: iCii\rLlliOr! of ail UtJactiVated C -C 
bond promoted by three metal centers 14.J], 

The reaction of Ru,(CO),, with oxadienes is reported to b. 7i-e tri- md hcxa-nuclear 
ruthenium ciusrers containing a five-membered oxaruthenacycle nroicty 1451. 
Ru3/COi12 reacts with 4methoxyphenol and 2-naphthoi to give new tctra- and hexa- 
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Os,(CCl~o(LJ(~‘-tI)~. In the case where L is (‘0. the additio? of co \1;15 conlir*- 3l 

by ‘H magic an& spinning NMR spectroscopy. ‘T%o isomers for the NH,..sirhstil:ml 
product. which direr only in iheir orientation of the NH, bind tbe terminal hydride 
ligands relative to Ihe Os, plaoe. bsve been observed. The intermediate clusrer 
OS,{CO)~~(H~S)( H 1:: transforms ra?Jly I~:O the known cluster Os,(CO),( H )z(/~3-S) 
[‘/IS]. The synthesis and X-ray din‘raction sIructurc~ of Os;(ii-H),(CO)~~(fr,- 
CNC,H,CH-CH2) and Os,(it-M j(CO),[,A’( H )NC,H,-$-CH ---CH2] have been 
published [73]. T!E linear clus!crs 0 ,,RI.(CO),,ICNR)(II”-C~H~) arc prepared from 
the reuction of OS,(~.O)~~,~CNR,~( Me’. N) with ally! bromide. The X-ray s~~turc of 
the propyl isonitrilc derivarive is mcl :;c!cd in this report 17-51. The disorder of 111c 
carbouyl, CNPr, and MeCN groups in Os,(COj,,,(CNPr)(R/leCNl has been investi- 
gsted by X-ray cr).si:lllog~-;!pily [7h]. Intramolccuiar [4$-Z!] Did--Alder cycloaddi- 
tion products have been isolalrrd from rhe reaction between OS,~(COJ,,( I-I)? and 
2-(trimeliiyIsilyI)- 1 -phospl?ab~t~~clie and I I-ar~be::zene. Besides the observed cyclo- 
addition products CPS,(CO),,H[(M~,~SI),C,,II,P,] (where E is I’. As). the clusters 
Os,(CO),t-1,(Me,SiC,H,E) have :~lso been isolafed. The X-ray structures of the latter 
phosphine derivative and the former arsine complex are presented, along wiiitb a 
bvorking mechanism for the formation of these cIuslers 1771. A report on the synthesis 
and X-ray structure of ( I.2.4.5-tetrai?7ethylenebcnziine)~cj(COj‘~ has appeared. A 
brief discussion of the bonGi++ of this disjoint. non-KekuE biradical LO the Fe,(COj, 
moiety is presented [78]. The new ruthenium clusters Ru,(II-I-I)(I(-NC,FI,~- 
(COj,( PPh,). Ru,(~~-C!j2(NCSH,)!CO!,( E’PII,), Ru,(/r-Ci jz( NC,H,),(CO), were 
obrained from ~hc rzacrion be:ween Ru,(l’-AuPPLl,)(!r-CI)(CO),, and pyridine. The 
!aUer two clusters have been s&uctura!ly characterized bJT X-ray crystallography 
[El. 

3% trinuclear clu:k33 Ru,~C’Ol,lj~-cojiIl-C0!oC’ and 
R~~Fc(CO)jj~~-CO)(j~~-Ccl\~~~~~~~C~R~/C~~z (where R is Ph. CF‘,) xc cynlhesizcd in 
good yield fm7: the rcacLion of the unsalt~iit*‘~i ruthenium dimcrs Ru2(~‘-C 0)(/i- 
C2R2)Cp2 (Ru=-Ku double bo,:Gj with Ru(~‘ldj,(crliyIcnc) and FeL(CO),I, respcc- 
lively. These clusiers exist as two geome!rlc forms that are dependent on the 
x-coordination mode adopted by the aikyne &and. The fluxional behavior of these 
clusters and selected X-ray structures are presented. The diphcnylacetylene dimer 
Rn2(ic-CO)(~i-C,Pli,)Cp, reacts with Co2(COj8 to yield ihe Wr!ec:Lron c/oso clusrer 
RuzCo,(CO),,(~r,-COjr(jli-6LPhz)C~~~. which has brcn shown by X-ray crys- 
tallography to contain a Co2Ru2C, octahedrai core, with face-bridging fl,-CO 
groups [SO]. The reactivity of the triosmi!wi cluster Os,(CO),(jr-H)(lr,-~!~- 
mmbxH2j with Hz. I-1&, and EtSH is described. The rrihydride cluster 
Os,(COj,H(~(-H j2(~tj-11Z-Cr=NCn,C~lZ~Hz) is formed as‘ ihe major product with 
H,, and shows no sign of fluxional hydride behavior on the WMR time scale; 
however, the corresponding PPh,-substi!uted cluster Os3(CO),( PPh, )H(IJ-H )2(/l-!~z- 
6=?%;6@11,) exhibits dynamic hydride: behavior that has been explored 
by variable-lemtperi;t:lrc ’ I-1 and .'I P N Ml R spxtroscopy. The cluster 
OS,~CO),H,(II-FI)(~~~-S~~!I-~~“-C --NCHLCH$H2). which derives frt.>nl IH,S. contains 
two ckavcd OS OS bonds [&!l 1, P)opi.olnriatiorr of (ll-Hj~~~(f’8j,(~~l-CO)(~~~“H~~ ) 
yields the spcclroscopicr!lly characterized dianion ~F~,(CO),[/I~,-HBCO)]~-, which 
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temperature solution and solid-state NVR measurements on Ru,H,(CO),, have 
been carried oiit, and the data are dicc:lsy-‘ ~4 in terms of dynamic hydl-idc behaGor. 
The carbonyl poiyhedron is rigid based on the “C chemical shift tensor componects 
[ 1071. Thermoiysis of C~*OS,(/~-H)(CO),~ at WC results in the loss of CO and 
production of Cp”0s,(/1-H)(CO), i. Thermoiysis of this latter c!uster at 90 C gives 
the clusters [p.$. 11’-C,Me.,CH?70s;(!(-itl ),(CO)I,. [,&q’, ,I’-C,M~,CH~]O~,(CO), ,, 
and [/u$, r;*-CC,Me3(CH,), JQs,(;c-H j3(CO19. Each of these tetrahedral clusters has 
been structurally characicrized by X-ray crystallography (Fig. 121, aFld schemes that 
show the step&e C--H bond activation aild the relationship between these clus:ers 
are disc;lssed [ lOS]. 

The kinetics for CO substitution in the carbide cluster Ru,C(CO),, have been 
examined with rwenty-one dill‘erent phosphiiie:piiospllite iigands. F-or ligands with 
cone angles less than 133 . a two-step reaction is observed. where the intermediate 
duster Ru,C(CO),jL is shoqwn to lose CO in the subsequent srep to give the 
corresponding Inonosuhstituted cluster. Larger cone angle ligends react with 
Ru,C(CO),, in a bimolecular reaction with I:O spectroscopic evidence for adduc! 
formation. Reaction mechanisms, transition-state f!exibiiity, acd quantitative data 
on !he dependence of the observed rate constants on the electronic and steric 
properties of the P-ligands are presented [ 109]. The electron-rich vinylidene clusters 
Rti,j~u,-CCHR)(~ii,-SiCle)~(~~-FP!i~)?(CO),, have been isolated from the reaction of 
Ru,(lf5-C,)(~(-SMe),~~~.PPhz)z(Co),, with hydrogen and alkenes. X-ray structures of 
two of the products reveal that the Ru, core conscsts of three edge-sharing triangles. 
These 8O-electron clusters bnve elongated Ru+Ru bonds owing to the occupation cf 
Ru-Ru antibonding orbitals [ 1 lo]. The kinetics for benzene migration from a )i3- 
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71, q-q-q- posItIon to ai 1 q6 sile in Ru,C(C0),2(C,M,,I have been measured by ‘H 
NMR spectroscopy. A working mechanism for this isomerization is presented, and 
the data are discussed relative to benzene surface phenomena on closed-packed metal 
surfaces [ 1113. The synthesis and X-rap structure of l(Me2SiC’132),Fe,(l/3-S,I,(~~- 
Sz)j[FeC1,] have been published C 1121. The cyclic vohammetric behavior of 
Cpe2( Ph2&2S,),Fe‘e,S;I reveals the presence of four reversible one-electron redox 
waves. The struclurai cha:lges associated with each redox process arc discussed, dnd 
IheX-raystruciuresofs~verai CluStC~Sa~sp~cSented ~li~~.l‘fe~!tnientuf Ru,C(CG),, 
with cyclohesa-1,3-diene in the presence of Mc,NQ affords the cluster: 
Ru,C’(CO)~~(S~-C,H,)~, Ru~C(CQ)~~(~‘~-‘?~:!~Z:~~~-C~H~). and Ru,C(CO),,(ui’-C,H,). 
The .-L-ray structure of the first product rlus~ has been solved, revealing the existence 
of terminally bo~~nd cyclohexadienz ligands on opposi?e basal ruthenium atoms of 
the square-pyramidal rtithenium polyhedron [ 1143. The bonding in the arene- 
substituted clusters Ru,C(CO),,(C,H,) and Ru,C(CO),,(C,H,)~ has been studied 
by extended Htickel calculations, with attention paid to the bonding mode exhibited 
by the arene ligand [115j. Addition of Os(CO),(CNBu~) to Os,(CO),, leads to 
Os,(CO),,(CNBu’). which possesses a bow-tie arrangement of osmium atoms, as 
determIned by X-ray crys?allography. The iG,r,qitri!e ligand occupies ~,n axial site oli 
an outrr osmium atom. Thermolysis of iLs clusler at ambient tempt :ature gives 
Os,(CC,;),,(CNBu’), which is suggested to have a raft confgdration of osmium atoms. 
Loss of two CO groups from Osj(CO)l,(CNP(u’) furnishes Bs,(CO~~~(CNB~“), the 
molecular poiyhedron of which is based on a distorted trigonal bipyramidal geomc- 
try. The site preference of the isonitrile ligand in these dusier:! is controlled by 
eiectronic rather than stcric effects cl 161. Tleatmcnt. of Ru,C(CO),, with 
l,S.Y-trilhiacyclododecane (12S3) in refluxing hexane give R~,C(CO),,(/I-I?“-I~S~) 
in high yield. When the same reaction is cc~~ducted in boiling oclanc, the new cluster 
Ru~C(C’O~~, (p-r/.‘- I Xl) W;IS formed as the major product. lndepcndenr eupxirnet~ls 
show that the cluster I~~i,C(Ci)),,!p-f1'-!2s3) transforms into Ru,C(CO),,(~(- 
$-12S3). Both sulfur-bridged clusters were characterized in soiution arid by X-ray 
crvstal!ography (Fig. !3) [ 1171. 

‘L:: deprotonation and subsequent auration of the hexanuclear raft ciuste~ 
i~.u,(/l,-H)(ii.,Yi)(f’-C):ia-C:tlo-QC6tI,OPrle-d)(Cr3),, are reporled. The molecular 
structure of ;he product forme-! in each of these reactions has been established 
by X-ray analysis [ 1181. The dianion [Gs,(CO),~]“- reacts with [Os($- 
C,H,)( MeCN j3]’ + and Os(C,H,Me)(QTf )? lo give Os6(C0)15($-C.Hbj and 
Os,(t”0)1s(,16-C,Fi5Mei, respecbively. Chemical reduction of Os,(CQEb: using 
K-Ph,CO affords the dianion [Os,(Cff iL j J2 - in quantitative yield. which was subse- 
quently examined as a reagent in the synthesis of Os,(CO),,lrlh-C,H,). This report 
discusses the X-ray data of several high-nuclearlty osmium ~Ilisters [! 1Yj. Treatment 
of fFee,lCf)),CCOj”-~ witt; trifiic anhydride ieads lo the transienl cluster 
[ Fe,(CO),Clj - , ff.!liowed bk carbo;r-carbon coupling of the carbide l&and:: and 
formation of [l-‘e6(CO),,C’+j’ The presence of the C, moiety in this cluster was 
ascerlained by X-ray crysrallography ji20j The catalytic ac~iviry of iile carbide 
cluster [Ku,C(CO),,MeJ[PPN] in a!kene hydrogenation reactions has been 
explored. T’he chlsters [Ru,C(CO),,H][PPN] and jRu,C!C3)&][PPN] hue 
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bee?! isolated from these react~cns. and the X-ray srructure of each duster discussed 
[ 121 1. The synthesis and structural characterizatirw of Ru,C(CO)t2Cp2 and 
R:LJT~,C’O),,C~, have been published [ 1221. The moiecular structure of 
Rn6C(Cle))r ,(~jb-C~,‘%,Me~)~ has been soived by X-ray crystahography (Fig. 14). 
Chemical aspects of heteromoleculnr crysials of this ciuster and RLI,C(C<I),~~I/“+ 

C,H,Me2) arc discnssed with respect io packing efhcienc:, and crystal cohesion [ 1231. 
The use oi ~Te,,Fc8(CO~Z4]L as a ;,tarting materiai for the diiron complexes 

ik(CO),[~i- Te(CH2),,Te] (where II = 1, -, _ , 7 ‘31 is reported [ 124j. \‘acuum pyro!yjsis of 
OS,(CO),,(M~CN)~ at temperatures above 269 C produces the dianions 
[CS,,(CU),,]~ - and ~OS~~(CU),~]~-- , which have beer ~harncterised by X-ray crgs- 
tal!ography and ‘“C NF,(fR spectroscopy. These two clusters are the largest osmtum 
carbonyi clusters isoli:ted io date [ 1251. The build-up of osmium clusters by rafting 
from the triangle to the octahedron has been discussed by using metal clu&t 
topology [ 1 I%]. The high-nuclearity ruthenium clusters Ru,(COlli( PBu’)~. 
Ru,(CO),,( Psiu’),, and I~,Ru,,(CO)~~(~~~-P)(PBL~‘).~ have been isolated from the 
thermolysis rextion of 9u,(CO)r2 and PJ~u’~. All ihree of these clusters have been 
structurally characterized by X-ray crystaliography. cv ;!h the latter cluster being the 
first example of a cluster possessing a semi-cncap~,,la:cd jr,-I’ moiety [ 1271. The 
relationship between the geometric and electronic structure of Fe,BZ clusters has 
been investigated by using icnske f-fall moloc~ulnr orbit‘,! caicnlations. k&red 
dodecahedral cobalt and nickel clusters +.:re also studied [IZ]. Tbe reaction 
of [FeJ(CO),ZHB]L- with either Fe2(CCI)q or I;e(CO),lcis-cyclooctene)z leads 
to tire sequential t”OrlliL3tiOll of [HFe,(CO),,B~“~ . [ElFe,(CU),,B]‘~ 1 and 

[HFe,(CO),,R]Z-. It is suggested that the cluster building sequence is initia:ed by 



: ! 3 



of HCCo,(CO), with Ph,SiJ-L..,, and HR,SiXSiR& has been investigated. The 
dusters N~le,SiXSiMezE7C03(GO), and (OC),Co,CMe,SiXSiMezCCo,(cCO), (where 
X is 0, 1,4-C&) have been isolated and characterized in solution. Cluster coupling 
reactivity with RSiFJ,CCo,(CO), (where R is Ph. Me) or sterically demanding siianes 
is nat observed. ei “2 of Ph,,SiFl,-,, (wlwe n= I ~ 2) leads to eJectrophihc aitack on 
the cruster core. giving the /c-silylene clusters I-ICCo,(CO),(:(-SiR2), which have been 
characterized in solution. No electronic interactions were observed between :-‘ir Zo, 
cores of these dieluster compourtds. as judged by electrochemical meas’xcments 
[135]. The gas-phase chemistry of the radical anions of the capped-cobalt clusters 
XCCo,(CO), (where X is J-J, Me, Ph. CO,Me, F, Cl) has been examined by tandem 
mass spectrometry (ivJS/MS) and Fourier transform mass spectrometry (FTMS). 
The mo!ecular anions are not stable. giving XCCo,(C’O),, frqments by CO loss 
via dissociative electron capture [ 1361. The use of water-soluble iigands 
[PPhJ-.(C,H4S03 -w),,]“- (where )I = I,3) in the preparation of the water-soiitble 
clusters [RCCc,(CO),P]‘!- (where R is Ph. Me, Cl, Br) is described. The electro- 
chemicai behavior of these clusters was examined by cyclic voltammerry in water. 
The ability of the suifonated J&and to influence the kinetic parameters of the CV 
experiment is discussed [ 1371. Photolysis of COCOS in toiuene gives 
C~,CO,(~~-CO)~(~~~-CO) and the new all-bridging isomer Cp,Co,(~rz-COjA. the 
molecular structure of which was estab!ished by X-ray crystahogwphy ( Fig. 16 j. The 
redox properties of this new isomer were explored and found to be different from 
the known Cp,Co,(l.cz-CO),(ji3-CO) and Cp,Co&rr-CO),(CO) isomers [ 1387 

The synthesis and thermal decomposition of Cp2Co,(CO),.~,,( PPh,Ji)(alkyne) 
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NaSeH or NaTeH gives the chrsiers [ Pd,Sez(dppej,f2-, [Pt,Se,(dppej,]’ ‘, 
[Ni3Te,(dppe),]‘+. [Pd,Te,(dppe),]” , and [Pt,Te,(dppej,]’ ’ The X-ray structure 
of the fast cluster is presented. and t.he cyclic voltammetric properties of all prod- 
ucts are reported [ 1641. Thrrmolysis of the palladium--carboxylate clusters 
Pd.,(C0)4(0C0R)4 (where R is Me. Bo’, Ph, CF3, Ccl,) releases CO,, CO, and 
biacyls. It: aromatic soivcnts, the insertion of CO2 into an aromatic C H bond is 
observed. The decomposition chemistry of other palladium systems is discussed 
[ 165 J. SO, and L (where L is 2.6-dimethylpherrylisonitrile) have been allowed to 
react with P&(/I-SO,),(jr-L!, ~,~ L, (where x =O. 2.3), and the resulting products 
isolated and characterized by tradition et methods [ 1661. The bending in a series of 
cubic M&,-E&L,, clusters has been anaiyzed by extended iitickel and se!f-consistent 
field multiple-scattering Xrc calcu!ations [ Ih?]. 

i\ relativistic molecular orbital study on the tetragold complex [Au,( PBu’,),]*” 
has been published [ 1681. Displacement of the THT ligand from [Au,(p- 
CHZPPhZCH,),( R)(THTj]+ (where R is C 6 F s, 2,4,6-C,H,F,) by the dithiocarbamate 
ion gives the letranur!ear compounds [(Au2(~-CH2PPh2CH2)~R~~~(~~S~~NR’~)]’ 
(where R’ represents -.-arious groups) [16Y]. Gold gold interactions in main group 
X,,A(AuPR,j,, molecules have been anaiyzed by extended Htickel calculations [ 1701. 
Extended Htickel calculations have been carried out on Auj chain compounds, with 
the results of metal-metal bonding discussed [ 1711. [Au(PPh,),]+ reacts with the 
dinuclear compound Au&CH,PPh,CHZ), to afford the trinuclear compound 
CAU,(~‘-CHZPP~I~CH~)~(PP~~)~] +, the molecular structure of which has been con- 
firmed by X-ray crystallography [172]. Cl2 or Br, oxidative addition to 
Au~(C,F,)~((P~,P),CHI, leads to Au,(C,F,)zilPI~,P)2CH),X2. The h&de dispiace- 
ment reactivity in the chloro derivative by THT and phosphines has been studied 
[ 1735. The synthesis and X-ray structure of the luminescent. one-dimensional gold(i) 
palymer [Auzi2,6-bis(diphenyiphosphino)pyridine!((3CPh)~]~ are reported. The 
crystal structure contains repeating units of the Au,i(C’CPh)z moiety [174]. 
Au2[(Z)-Ph2PCH=CHPPh2]C!, reacts with Na,mnt to produce AuA(mnt)[(Z)- 
Ph,PCH==CHPPh,],CI,. This new compiex was characterized in solution by IR 
and NMR spectroscopy. and the solid-state structure was determined by X-ray 
diffraction analysis [ 1751. Mixed-valent linear gold clusters have been prepared 
from the asymmetric goid complexes RAu(CH,PPh,CH,),AuX [where R is 
CbF5, 2,4.6-C,HzF3; X is halogenj. The treatment of these starting materials with 
AgClO,, followed by the addition of [AuRJ, leads to the pcntanuclear 
[{RAu(CH2PPh,CH,),AujZAuR2j’ or the hexanuclear [{RAu(CH,PPh,- 
CH,),Au),Au(CH,PPh,CH,jZAu]’ compounds. The X-ray struaurz of the hexa- 
nuclear sompound (R is C,H,F, j is shown in Fig. 18 [ 1761. 

A report on the synthesis and characterization of copper stannyl and siiyi com- 
plexes prepared from [Ph,PCuH], has appeared [ 177:. 



Fig. 1X. Structure of [iRAu(CH,PPhZCii,),4ui,Au(CH,PPhiCH,hAu]- iR is C,H,F,; Reprinted sitb 
permission from Organometailics. Copyright ia American Chem!cai Swietj 

3. Heteronuclear clusters 

The synthesis and NMR properties of [(115-C,Me~TMS2)JNb,(~~j~i~~~u]~ are 
reported. The hydride hgands exhibit large quantum mechanical exchange coupiings 
that have been examined as a function of temperature. The X-ray structure of this 
trinuclear compound accompanies this report [ 17% ]. 

The use of the p-isophosphaalkyne complex Cp2(C0)2(~1-CQ)Fe,(p-CPMrs) 
as a building block for the construction of the polynuclear compounds 
Cp2!CO)z(lr-CO)Fe,C/1-tP(MfMes] (where M is Cr(CO),, Fe(CC& PUPPh,) is 
described. Whereas the former two meta!s are attached to the phosphorus atom in 
an $-fashion, the Pt(PPh,) moiety is shotvn to bind to the @ZP linkage and 
an iron atom by X-ray crysral!ography [179]. The antiferromagnetic clusters 
Cp2C12(IIJ-S)2(,u-SCMe,)2Xe(CO)(NO), CpCr(~-OSCfvle3),(~,-S)R2Z(~-Cl)(~~- 
SCMe,)(CO),(KO),, and [CpCr(~l,-S)2(IL-SCMe,),RelCO)(NO)]Z have been pre- 
pared. The X-ray structures of several products are presented [ IStI]. The synthesis 
and spectroscopic characterization of [Ni,(C,F,)t(~(-MS~!]‘- (where M is MO, W) 
have appeared. X-ray di%action analysis of the tcngsten derivative reveals that a 
central tetrahedral S,WS, am: bridges ~WG terminal square-pianar i%iC,F,) 
units [1X1]. Treahnent of [MSe,12- (where M is Mu, W) with CuCN in MeCN 
affords ~(NC)Cui~~-Se12E/;(~-Se)2C~~(CN)~2 Both compounds are shown to be 
isosiructurai. Addition of excess PMe,Ph to these compounds leads to [(NC)C~(JI- 
Se),MSe$- The X-ray structures of both molybdenum compounds are reported 
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[1X?]. The complexes (CO),M-=C(OEt)(C--CPh) (where M is Cr. W) react with 
CO,(CO)~ to give the aikyne-ligated con~plcxcs [(CO),M -C(OEtjC=CPh]- 
Co,(CO),. which rearrange to the clusters MCo2(C0)7(;f-CO)2 {/L&- 
CC(OEt)=CPhC(O)/ upon thermolysis in boiling hexane L 1831. The reaction of 
WFe,Co(CO)&-S) with MeCpMo(COj,Cl in THF leads to the clusters 
MeCpMoFeCo(CO),(p,.-S) and ( MeCp)rMo,Fe(CO),(,l,-S). Both products were 
fully characterized in solution and by X-ray crystailopraphy. The mechanism of these 
electrophilic additionelimination reactions is discussed [184,!85]. Condensation of 
the tungsten acetyhde compounds Cp*W<CO),(C-CRj with Re,(CO),IMeCN), 
yields the heterometallic vinylacerylide clusters Cp*WRe,(CO),(C-CR). The ace- 
tylide ligand is shown to be coordinated perpendicular to the unique Re-Re bond 
that is substituted by a bridging CO ligand. The reactivity of these clusters with 
aicohols and H2 shows ihe ease by w!ric!l t!~e acetylide jigand is converted into /i3- 
i~3-aljylidene and metaliacycjopentadienyl derivatives. A s!ructurai discussion on 
each of the diffraction structures solved is presented [186]. The reversible scission 
of a coordinated acetylide ligand has been documented. Treatment of 
CpWRu2(CO),(C~CPh) with Ru,(CO),, at elevated temperature gives the penta- 
nuclear clus!er C~WRU~(~(~-C)(CO),~(~[-~PI~) and the hexanuclear compound 
CpWRu,(~c,-C)(CO),,I~c-CPll), as the major and minor products. respectively. The 
X-ray structures of both carbide clusters have been established (Fig. 14 j. The reaction 
of CO with either the WRu, or WRu, cluster regenerates the initial WRu, cluster 
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in near quantitative yield. The acetyhde s&ion scheme and the solution spectro- 
scopic data are discussed [ 1871. 

The heterometallic chain compound MefpMn(CO)2,(p- 
dppm)AuFe( Si(OMe), }(CO),( PPh,) has been isoiated from the rextion between 
MeCpMn(CO),(p-dppm)AuBr and /Fe(Si(OMc),~(CO),(PPh,)]~, Treatment of 
MeCpMn(CO)&‘-dppm) with ~~~II.~-[P~(M~C~W(CO);IZ(NCP~)LI gives the cius- 
ter PtzW,(MeCp),(;c,-CO)(~~-CO),C(ji-dppm)M(MeCp)(CQ),]z. Cyclic voltamme- 
try data on selected complexes reveal the possibility of eiectronic communication 
between different metal centers [ 188]. Capping-l&and transformations in 
Cp’,MnFe,(lf2-CO)z(j’z-NO)(~l~~NX) (where Cp’ is Cp. MeCp: X is 0. OH. OMe. 
H) have been studied. The bonding interactions in the conversion of th-, 4%electron 
cluster [Cp,MnF‘e,(llz-CO)z(112-NO)(f~~-NH)]‘ to the corresponding 4%electron 
cluster have been investigated and comparisons made with related trimdear clusiers 

[189j. The triangular clusters Rez(ir-PR,)(CQ)~[M(fO),PPh,] (whel-e M is Rb. Ir; 
R is Ph, Cy) have been synthesized from the phosphido compiex [Re2(&t- 
PR,)(CO)s]- and MCI(CO)(PP’n,), ir, the presence of TIPF, and CO. lise of 
[Rh(COD)(PPh,),]’ and the anionic phosphido complexes aiTords the products 
ReRh(u-CO),(jI-PR,)ICO),(PPh,),lRe(CQ)~j, the structure of which contains a 
Re,Rh ring and a rhenium-rhodium double bond (Fig. 20) [ ISO]. 

l,l’-Dialkynplferrocenes react with C02(COI, to oi-g!e [(JlS- 
C,H4C=CR),Fe]Coz(CO), and [i(fl”-CSH,C~CR)?~e~C~,(CO)hjz -[19l]. The 
reactivity of [~I-~~~:~~~-CPF~(CO),C~CH]C~~(C~)~ ~indcr pi?ntoiysis and thcrmoly- 
sis conditions and in the presence of hydrosilanes has been investigated. The isolated 
Fe,Co, and FeCo, clusters have fully characteri;led in solution by the usual melho& 
f192J. The double butterfiy complex t(OC),,Fe,(jl-Se)2];C( Ph)CH reacts \litii 
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Pt(ethylene)(PPh, I, to yield the diiron complex (OC),,Fe, {,&eC( Fh)CIH)Se) and 
the clusters (OC),Fee,Pt( PPh,)z (/t-SeC(Ph)C( H)Sej and (OC),Fe,(p,-Se),Pt( PPh, I~ 
[J33]. The X-ray siructure of Fe, (or-Ag(Pph,)}(;~t-CO)(CO),(k-PBut~) and lhe syr.- 
thesis of the copper analog have appearctl [ 194]. The reaction between the bim&‘iic 
complex (OC), {(Me0),Si~Fe(~-dppm)Hg(C,Cl,) and Pt(PPh,),(ethylenej gives 
a 1: 1 mixture of the isomeric complexes @ins- and cis-[(OC),Fejf - 
Si(OMe),(OMe)}(/l-dppm)(/L-Hg)PIIC,C PPh,)]. The chain core isomerism 
exhibited by these and other compounds is descrtbcd [195]. New clusters contain- 
ing bridging allenyl and alIenylcarbony1 ligr;nds have been s;nthesized. Depending 
upon the reaction conditions. it is possible to isolate (OC),Fe(/c,-CO)Ru- 
Cp(,+CO)Fe(CO)3(~(;-!I’-h3CH=CHPh), fOCj,FeRuCp(CO)F‘e(COj,(p,-111:t’:,13- 
CZHCHPh), (OCj,F‘eF‘e(fO),Ru(CO)Cp(~i,-r~*:~i:~~2-C(Phj=C=CH~), and 
(OCj,FeFe(C0)3Ru(CO)Cp!(l,-,l’:r~’:r~’-CI-I-C=CIiPl1) from the reaction between 
CpRu(COj,CHzCrCPh and Fee,(CO),. The spectroscopic characterization of these 
clusters and their reactivity towards added phosphines are described. The X-ray 
structure of one of the three products determined is shown in Fig. 21 [ 1961. 

The X-ray structure of [(Ph,Pj,Ir(p-H),Ag(p-H),Ir(PPh,),]’ reveals the presence 
of a linear Ir-Ag-Ir array, with the hydride ligands serving to bridge the iridium 
aud silver atoms [197]. The transformation of the carbene cluster Cp*lr(CpCo),(p- 
CO),(/KH,) into the carbgne cluster Cp*Ir(CpCo),(p-CO)(p&H)(lc-H) is observed 
in refluxing toluene. The carbyne cluster regenerates the carbene cluster upon e:-po- 
sure to CO. The fluxional behavior involving the exchange of the methylidyne proton 
and the hydride ligand has beei: examined and a mechanism involving agostic 



C-H--M interactions proposed fl!%]. The synthesis and X-ray structure of the 
trinuciear cluster (Ph,P),Ag(&i jJo(~~-Cl)~Ag( t-‘Ph,)z have been pnblished [ 1991. 

A renort dealing with the phoioluminescenl groperties of Pt,(AuXj(;l-dppm)X, 
awl Pt,(HgX,)(g-dppm)X, (where X is Cl, Brj has been published. The bond- 
ing m these clusters has been studied by ch;,ying out SCF-XE-SW calcuia- 
lions [200]. XPS data on the clusters [(PtZ(PPh,),i(i’~-S)ZCu}Zfii-dppf)]Z-~, 
[PtZ(PPh,j,(~~3-S),],PtC12, and [{Pt2( PPh,),(!I,-Sj,}.ML]“+ (where M and L.= 
various metals and Iigands) have been col!ected, 2:. I$; :he possibility of distinguishing 
between chemically inequivalent nuclei ia discassea [2OI 1. Neutral PtAg2 L!usters 
possessing unsymmetrical p,-a and ~[-IT’, B alkyny! iigands are reported. Trcalment 
of [PtAg,(C,F,)Z(CrCR)Z],, with PPh, leads to the mixed-metal ciosters 
PtAg,(C,F, )+-$. G- C-CR)(~I,-~-C~CR)(PP~,)L (where R = Fh, Eu’j, of which 
the phenylacetylenc derivative has been characterized by X-ray crystailography 
[2027. 

3.2. Tetrawclear clustrrs 

Excess C~*MO(CO)~H reacts with Ru,(CO),,(li-H)(![-PPh2! in refiuxing :aluene 
to give the phosphido cluster Cp*MoRu,(CO),&-H)&r-PPh2) and the phosphini- 
dene cluster Cp*MoRu,(COj,&,-H)@,-PPh). Both clusters were fully characterized 
in solution agtd by X-ray crystallography in the case of the phosphido clusti-. [203]. 
The X-ray structure of the butterfly cluster C~*MOR~,(CO)~~H has been deiermincd 
at ! 10 K, in order to resoive the disorder associated with thz i&O ii&and. The 
X-ray data provide evidence for isomerization of the quadruply bridging CO i&and 
between the two butterfly isomers. 13C EXSY NMR data and extended htickel 
calculations on the barrier to cius:er isomerization are discussed [2&l]. The ketenyl 
clusler Os,(CO),,,(~-i-IjtC(0)CH2WCp(C0j3] has been synthesized from the 
reaction between Os,(COi,,( h/leCN)z and the metallo-aidehyde complex 
CpW(CO),CH,CHO. Pyroiysis of this cluster in the solid state at 18j’C leads to 
CpzW,Os,(COj,Z(~J-CMe) and CpWOs,(CO)&c-O)(;+CMe). Both of these penta- 
nuclear clusters arise from the C-O bond scission of the ligated ketene fragment. 
The latter WOs, ciuster isomerizes in solution to give the tetrahedral cluster 
C~WOS,(CO)~~(~~~-O)(I~,-CM~), in wl-ich the 0x0 moiety has migrated from an edge- 
bridging to face-bridging position. ‘The X-ray struc’,ures of ali new clusters 
are presented [ 2051. Consecutive c-c bond cleavage of an ailpi &and on a 
WOs, cluster is reported. The isomeric ally1 clusters Cp ,VOs,(co),,(~l~-t:‘-C3R,Tol) 
(where R is Tel, Ph), which were prepared from the alkylidyneeaikyne 
cluster Cp~“NOs,(CO),“(ji,-~~2-c~R~)~~I~-CTQl). give the trialkylidyne clusters 
CpWOs,(CC~j,(~l,-CRi,(jI3-CT~~~ ) via an alkytidyne-alkyne intermediate. Reaction 
schemes and tv;o X-ray structures are presented 12061. The a~lt~ferroi~a~nct~c 
clusters r7p~C:,(;i-SCMe,j2(~t2-S)w2(jrz-l)2~CO?~(NOj~ and Cp2Cr,(+,-Sj&c- 
SCMe,)zW(SCMe,)NO have been synthesized and characterized in solution [2073. 
The new clasters Cp,Mo2Fe-‘ezSet(CO), and Cp,MozFeSefCO),. along with the known 
cluster Cp,Mo,Fe$e,(CO),, are obtained from the rhermoiysis of FeJ(CU)$e, and 
CpZMo,(CO), in benzene. The two new cinsters were fully characterized in solution 
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and by X-ray crysta!lography [708]. Refluxing C~WGS,(CG:,,~~~~-I~~-C(G)CH,T~I] 
in toluene produces the oso-alkylidyne c!usler C~WQS,(CG),(II~-E))(~~~-CCH~T~!) 
as a result of acyl C-G bond cieavage. The reactior? of this fjxo-capped cluster with 
CO and Hz has been examined. and in ihe case or Ii,, the isomeric hydrido-oxo- 
alkylidene clusters CpVl’Gsj(C‘G),(~~-H)(~~-G)(~~-C‘HCH,Tol) have been isolated. 
Variable-temperature “C NMR spectra pertaining to carbonyl scrambling and mech- 
anistic features associated with the cleavage oi” the acyl C-G bond arc discussed 
[ZOY]. Kinetic studies have been carried out on the sulfide-capped ciuste~ 

MeCp,Mo,Co,S,(CG),. Phosphine and phosphite ligands are shown to react with 
the parent cluster is a two-step process. where the first steps involves the formation 
of the adduct cluster “Xe(3p,Mo,CoZS,(CG),P, which then foses CO in a subsequent 
step to give the corre<,?onding substituted cluster. The adduct formed by the addition 
of PMe, has been ch.,racterized by X-ray crystallography. The activation parameters 
are reported and the substitution mechanism discussed [BO]. The sequential substi- 
tution of CO in MeCp,MoJ’o,S,(CG), by CNR (where R is Me, Bu’) gives 
MeCp,MozCo,S,(CG),-,!CNR),, (where I: F 1.2, 3). The his-isonitri!c derivatives 
exist as a mixture of cis and trans isomers, as deduced by NMR spectroscopy [211]. 
The reaction of organic sulfur compounds with MeCp,Mo,Co,S,(CG), is reported 
to give the cubane cluster MeCpzMo,Co,S,(CG)z in high yield. The products of 
hydrodesulfurization are discussed relative to the mechanism associated with these 
reactions [212]. The preparation of the aikyiidyne- alkyne cluster C~WG~,(CG~,,,(J,- 
CMe)(CMeCTol) and the dimctal!oal!yl cluster Cp;NGs,(CG),CC(Me)C(Me)- 
C(To!)] from the tbermo!ysis of Gs,(CGI,,(C2Me,1 and CpWrCGI,(=CTol) is 
reported. The se?ective scission of tine C-C bond is observed in the dimetalloallyl 
cluster upon continued thermolysis to give CpWGs,(CG),(~~L,-CTol)(C,MeZ). This 
last reaction is discussed in the ccmtext of a!kyne mrtatheais that proceeds through 
a dimetalloally! intermediate. The re::ults of solution characterization (IR and 13C 
NMR) and two X-ray structures (Fig. 22) are presented [213]. 

The synthesis of Re,Ru,(f;-H)(I(,-S)(jI-C,H,N)(CG),, from Ru3(CG),, and 
RezRuzjlij-S)(fi-C,H,N)(~[-~yS)(GO),, is described [2!4]. The suifido-capped cluster 
[Ru,(CQ)&,-S)]‘- reacts with [M(CG),(MeCN)3]+ (where M is Mn, Re) to give 
NRu,(CG19(~(,-S)M(C;O),(MeC’h’;,. Use of the cations [M(C0)5]i (where M is 
Mn, Rej gives the clusrers HRu,(CQ)9(;1J-S)M(CG)s. These heterometallic clusters 
al! contain a triangular array of ruthenium atoms with a capping SM(CG)JL2 moiety 
(where L is CO, MeCN) [215]. ‘The dynamic NMR behavior of the isomers of 
Re3Pt(p-F>:,(CO),, has been explored by NMR spectroscopy [21G]. The rhenium 
carbonyls in [Pt3(Re(CG)3 i(y-dppm),]+ are ultimately oxidized by added Me,NG 
or 51, to give the 0x0 cluster CPt,fReG,)ifl-dppm),]‘. the X-ray structure of which 
has been established (Fig. 23). T~ic bonding in the 0x0 cluster is discussed in terms 
of interactions between three filled Pt-Pt bonding orbitals (aI and e symmetry) of 
the Pt,(dppm), fragment and three vacant acceptor orbitals in the ReG, fragment 
[2!7]. 

[H,Ru,Rh(CG),,][PPN] has been synthesized in high yield from the reaction 
between [HRu,(CO),,][PPN] and Rh,lCQ),C12. The X-ray structure reveals that 
the cluster is composed o< an apica! ruthenium atom and a basal Ru,Rh p!itne 
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[218]. Extended Htickel cahIlations have been performed on 
I;e3Ru(CO),,(j1-CO)(li4-Se), and Fe:e,(CO),,(~1-CO)(y4-Se)2, and the results discussed 
with respect to the replacement of one iron atom by a ruthenium atom [2197. 
Treatment of fRu,(CO),BH,]- and [Ru,(CO),( B,II,)]- with [Cp”‘RhC1,]d yields 
the 62-e!ectron butterfly borido-cluster RuJRhCp*( H)(CO)9( NH,) and the tetra- 
hedral cluster Ru,RhCp”(H),(CO),,. The iridium dimer [Cp*11Cl~]~ reacts 
with the B,H,-substituted ruthenium cluster to give 64-electron cluster 
Ru,IrCp*(H)(CO),,(BHZ) and the tetrahedral cluster Ru3RhCp*(H),(CO),. Use of 
the B&-substituted cluster yields only the 64-electron Ru,fr cluster [720]. The 
unsaturated cluster Os,H(CO), (Ph,FCH,P( Ph)C,& 1 reacts with [Au( PPh,)] + to 
yield ~Os,AuH (CO), {Ph2PCH2P( Ph)C,H4 i] A 1 ctiiile reaction with HBF, gives the 
corresponding cationir dihydride cluster [OsjH1(CO), [ PhrPCH2P( Ph)C6H4 13’. 
The X-ray structure of the gold derivative accompanies this report [221]. The 
synthesis and characterization o f M~Cp~e~Co(~r,-S)(co),, have been published. 
This new cluster, the molecular stiuciure of which has been crystallographically 
established, was obtamed from the reaction between MeCpFe(CO),Cl and 
HFe&o(bc~-S)(COf, [222]. The restilts of site-selective substitutions and ligand 
isomerization in tetrahedral MCo, clusters (where M is Fe, R,u) are reported. The 
X-ray structures of HR~ico,(co),,(PMe,Ph)~ and HRuCo,(CO),( PMe,Ph), are 
presented [223]. The Fe,Au butterfly clusters [Fe,Au(CO),,(PPh,)]- and 
[{Fe,Au(CQ),, )2(,~-L)]2- (where L is dppm, dppe) have been prepared and structur- 
ally ch::racterized in the case of the PPhs-substituted cluster (Fig. 24) [X4]. 



‘The reaction ofdiphenyIacetytenc wtt;> Co,Rh(CO),, under da& and photociremi- 
cal condrtions has been examined, and the X-ray structure ~~CO,RI?(~~-CU),(CO),(I~,, 
q2-PhC2Ph) presented [225]. The cluster ir,Rh(C0),(r~4-C0R), has been synthesized 
by a redox condensation sequence involving [Irf ‘0) ,] -_ [Ir(CODj(THF),]-. and 
[Rb(COD)(THFj,]+. The molecuhtr structure c.f the Ir,Rh cluster is based on a 
tetrahedral core, consisting of an IrzRh basal plane. The COU ligands are readily 
replaced by added CO to yie’d lr,Rh(CO),, [226]. 

The dangling phosphine moiety in CpRuC1!(I-‘I~ZP)2CHCH2PPhZ? replaces up io 
three CO groups in Ir,(COjIZ to give Ir,(CQj,, .[CpRuCl I( Pb,Pj2CHCH2PPh,)], 
(where II= 1,2,3/. These heterometallic clusters were characterized it. solution by 
IR and “P NMR spectroscopy [227]. Hydride redtictior, of Ru,RhCp*(CO)r, using 
[Et,N][BH,] gives the monohydride cluster [Ru,RhCp*(CO),,H] -. Treatment of 
th: anionic cluster with iodine Ieads to Ru,RhCp*(CQ),i(H)I1 which has been 
struc$urally characterized by X-ray crysiaflography. The rhodium atom occupit;s one 
of the hinge atoms in this wingtip-bridged butterfly cluster. Phospbine substitution 
chemistry and chloride ion addition reactivity with the parent RaiRh cluster are 
described [228]. The cluster Cs,C~-AuQs((30),PPh;]{~~-~~)(COj,,, prepared from 
[Os,(~Ki)(CO),,]- and [Au(PPh,j]“. provides the first example where an Os(COj, 
fragment has inserted into a Au-PPh, bond. The X-ray structure of the new cluster 
is reported [229]. The ciusters [(~[-CH30CH,CH=C)(~~-R~)~e~(~~)~]~~l~ (where 
R is Et, Bu’ j have been isolated from the reaction between [(,,-COj(r-~S)Fe,:CO),] 
and bis( I-alkynyl)mercury compounds. The X-raj structure of the fro’ derivative is 
reported [230]. The synthesis and electrochemical examination of Fe,HgM spiked 
butterfly clusters have been published. The product anionic c!ustcrs are obtained 
from the reactioc between [Fe,tCOj,,]“- and CIHghil jwhere M is CpMo(CGj,, 
CpW(COj3. CpE;e(CO),, Mn(CO),. Cri(CO),]. Oxidation of these dusters Gvcs i be t 
neutral radical ciusters. which have been studied by EPR spectroscopy. It is con- 
cluded that the unpGed electron is localized in the Fe& core 12313. The planar 
trianguiated rhomboidal cluster ~Mn,(COj,~(~~~-Hj(~1-HgiCp;\/IolC01~ I)] has been 
characterized by X-ray crystahography (Fig. 25j. This and related ciusters have been 
synthesized from CiHgM (where M represents various metal compo~~,nds) and 
pv~n,!COl,,fjr-H il2 in THF so!vent. The use of extended HEckeE caicn!atines ia 

determining rhe locations cti‘ the hydride ?igand in the Mn,Hg rhombus is discussed 
[232]. 

The reactivity of the unsaturated dihydride complex ~~~,(ll-FIiZ!CCSjhiji- _ 
(EiQj,POP(OEtl,f \+ith the L+.CCiyl;d- -a coinpounds [WC-CPwj, (v2lere N ‘;s Cu, 
Agj has been investigaied. 1 I, ‘1~ major products isnlated have been h4nl(p-I-“,)- 
(~~-;~1:t~2-C~CPh)(fO)6~~t-(EfO~~P~P(OEt)~] and the heranuclear c!usters 
~I,Mn,(~~-Hj,(CO),,~~i-(EtQ),P@P(OEt),]3. wbictf in the case of the silver deriva- 



tive has been characterized by X-ray crystallography. Use G: [Ipu[C-CPh)],, atTords 
the cluster AuMn,(y-N),(CO!,,CC(-(EtO)ZPOP(OEtl,]. Tbc tluxionai properties of 
these ciusters and the adopted polyhedral geometries are fully discussed [233]. The 
boride clusters [Ru,Rh,(CO),,B]- and [Ru,Rh3(CO)2,G,]- have been prepared 
and characterized in the solid state by X-rav crystallography. The former cluster 
possesses two tram rhodium atoms. along &h an interstitial boride atom [234]. 
The cluster RusRhCp*(C)(CO),, undergoes fragmentation under high CO pressure 
to give Ru,(CO),,, RujC(CO)r,, and the new cluster Ru,RhCp*(C)(fCb),,. the 
aolecular structure of which has been solved. The Ru,Rh polyhedron is based on a 
square-based pyramid. The reactivity of the starting Ru,Rh cluster with methoxide 
has also been examined [235]. Ru,Pt,(CO),, reacts with Hz to give the new cluster 
Ru,Pt,(CO),,(j1-li),!ji,-H) in g3% yield. The molecular structure consists of three 
triangular arrays of nine metal atoms, giving rise to ihe observed face-shared bioc- 
tahedron. The outer layers are composed of ruthenium triangles, with the three 
platinum atoms forming the centrai layer. Diphenylacetylene reacts with this Ru,Pt, 
cluster to afford the alkyne cluster R~(,Pt~(COj,,(jl~-Phc~Phi(ii,-F-f!(!~-H). The X-ray 
structure of this cluster (Fig. 26) confirms the coordination mode adopted by the 
alkyne ligand. The transfomlation of the alkgne ligand in this cluster to an edge 
bridging O-R coordinated diphenyivinyl ligand has been documented 12367. 

A’report describing the surface-mediated synthesis of [Rh,PtirS),,]- on MgO 
has appeared [237]. 

The prismatic structure of Pt,Elg(2,6-Pvle,C,~3;3NC),2 alas been confirmed by X-ray 
crystallography. The +y phitinum atoms define the trigonaf prism core. with the 
mercury atom situat& ;n il pseudocenter location of .t pri~atic core. The bonding 
in this cluster was ;~Eso explored by carrying otli XI’S measurements and extended 
HJckel calculations [23&l. The synthesis of [Fe,(CO),Sc~]‘- and its reaction wrth 
M(09c1, (where M is Hg, Cd) to give the clusters [{ Fe,(CO:,Se jrM]“- are reported. 





obtained frctn the reaction bctwee~ Qs.,(CO),,,(MeCk)), and Pd(bpq)IC02Me),. 
The X-ray structure of the Os,Pd cluster is based on a monocapped octahedron 
with the pailadium atom functioning as one of the octahedral vertices [243]. 
[OS~(CO)~~][PPN]~ has bczn atlowed to react with Au,CI,(P~-Pf (whcrc P--P is 
dpprn. dF$?, dppb) in the prcscnce OS TiPF, to yicid the mixed-metal clusters 
OS~(CO),~[AU~(P-P)] in near quantitative yield. In the case of the dppb derivative. 
X-ray diffraction analysis reveals that the ciuster is composed of a bicapped octahe- 
dron of osmium atoms, with one of the gold atoms capping the osmium octahedron. 
and the other goid atom bridging an edge of the osmfum core [244]. lbc prepar- 
ation, molecular structtire (Fig. 27). and polyhedral skelelal isomeriration in 
[ReJrC(COj,,]~- have been reported [24s. 

I&/H20 isotope exchange using the platinun--gold cluster [Pt(AuPPh,),]” 
has been achieved. NMR data on the cluster species present it? solution and a 
working catalytic mechanism are discuses! [246j. Metallic mercury adds to 
[?t(PFh,)(.4uPPh,),]2* to produce (Pt(PI‘I;,),/AuPPh,),(NgNO,)]‘, the moiecu- 
Iar structure of which has been cryst~~llogsaphically determined. The displacement 
of metallic mercury from this cluster and the reactivity toward [Co(CO),]- are 
described [247]. The clusters [Ag, {~cr-Fe(CO).Ij,]J- and CAg5(lc,-Fe(CO),t2{lc~- 
Fe(CO)4!J- have been prepared and the electron ce‘amts rationalized by extended 
Hiickel calculations. The X-ray structure of the former cluster is shown in Fig. 28 
[248]. 

The reaction cc [CUC!~( PPh,)j with LFe,(CO)h(;12-S),]2- in MeCN/MeOH 
leads to the iroc-icpper-sulfa c!uster CFe,Cu,(iu4-S),(CO)i,( PPh,),]- The Y-ray 
structure of the net:: -luster has been solved [249]. Treatment of [Ru,H(CQ),,]- 
with Pd(PhCFI),CI, affords the cluster [Ru,Pd,(CO),,]‘~ , which is shown to possess 
a trigonally distorted oztahedron of palladium atoms that is capped by *u’henium 



atoms by X-ray diffraction analysis. The ‘T NMR data rnd eiectrochemical behavior 
of this cluster art; +sented [250]. The carbide cluster ERh,,C,(Ca),,iAuPPh,:1- 
has been isolated from the rcaction Between Au(PPh,)CI and [Rh,,C2(C0),,]‘-. 
The solution and solid-state structures of this cluster h2w been determined and 
discussed relative to how the CO ligands are distributed about the cluster po3y- 
hedron 12511. 

4. Abbreviations 

acac 
ampy 
bpm 

bPY 
COD 

CP 
cp* 
CY 
dmpm 
drvb 
dwe 
dwf 
dppm 

acetylacetonate 
2-amino-S-methylpyridinate 
2.2’.bipyrimidinc 
2.2’~bipyridinc 
IS-cyclooctadiene 
cyclOpellt2di~nyi 

pentameth~lcydope~~tadie~iyl 
cyclohexyl 
bis(dL :thylphosphi~,o)mc-!hanr 
1.4-‘Jis!diphsny!phosp~~~~~~~~ai~e 
1.2-bis(dipRenylphosphinoielfiane 
l,l’-his(diphenyiphojphino)rerrocene 

bis(diphenylphosphino)lnethai?e 



dPiJP 
Fc 
mbim 
Mes 
n-ml 
PPN 
PY 
PYS 
THT 
TMS 
To: 
XPS 

i ,3-bis(dipi~eilylptlosphino!propane 
ferrocenyl 
2-mercaytobenzimidazolalc 
mesityl 
1,2-dicyanoethcne-I.?-dill~iolate 
bis(triphenylphosphine)iminium 
pyridine 
i:yridille-2-tbionato 
totrahydrothiophelle 
trimethylsiiyl 
t0iy1 
X-ray photoelectror! spectroscnpy 
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