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t. Dissertations

The reactton between Os{CORL (where L ois CNBe'. PRy and WICOL{THE)
gives the mear clusters “QCLILHSOsiCOREIWICO)L and {QC)(L);0s0s-
{COLWITO),. The Xeray stroeture of the former ¢huster confirms the presence of
the two dative metal-meial bonds in tandem {ie Os—Cs-» W), P NMR data
reveal that the solution siructure is the same as thai observed in the solid state, The
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chemistry of the wiangular clusters CphrtCORO 10O, T, dwhere Cp' s Cp. CpPl s
atso meluded 1y this disserioiion [ 1] NOT siudics on severad osmium clusters have
been conducted b opder o dotermime the relative posiogons of chemieally Silerent
hydride groups. 1) spin luttice volaation data bave also been recorded. and the
relationship belween the T walues and the nature of the bivdride correlaied. The
foxiona! praperiies of Gs,(CGy,(Lypwheie L are Group 13 Bigands in an equatonal
site).  OsCO) {OstC0) (ONBu'YL T dwhere v=1.20 the  kite-like  cluste
Os,(CO 2, and the thiee somers of Osy(p-H I CORIONBY Y have been investipated
by varigble-temperature C NMR speclioscapy [ 2] Several polynuelear cluster
compounds containing a Group 13 element have heen synthesized and strucwuraliy
charactenzed by X-ray crystitlograpiy. The s cluster
[ M (COLUTHF - HAUCT LG THR,. ahich was prepored frem Mo OO,
and ANCH. . containg pwo planar M- arcays {33 {NGtCO0LT resels with
Ph;PAUC] 1o yield the nickel gold cluster { AN 00N, 1 - The ANy, polyhe-
dron is based on five face-fused oclahedra The bondme in this clusier was explored
by Fenske--Hall molecolur arbital calcudatioens, and (he daia were discussed rolitive
to conventional etectron-countins schemes. The sams Lexanickel starting cluster was
evaimbied for its reactivity towards AsBu'Cl. Several new nickel arsinidenc carbonyl
clusters have been tsoluted and characlerized by Xeray crysistlopraphy. The vartable-
temperature 'H NMR duia Tor -butylarsinidene exchange in NifAsBu'),{COl,,
are reported 41 The oxo-brideged  clusters {{PhPLPLRE{p,-OHCODY] ™.
PP PLAYG-CAL T (where Lois phosphive), DHPhy PP -0 M 1L 7 (whers
M is Cu. Ay have been prepared, CO rezets with the gold-platinum cluster 1o afford
the pew chuiar [ Ph Py PAwin-CORY" (51 The silylformyiation of T<iexyie by
several coball rhodivm clustors has deen explored. with alkene and nitole moictics
remaining untouched [67.

The svothesis  and  characterizatiion  of  the  chromium  cluster iy
CaMe B rip-H 1]y have appeoared. Hydrogen reacts with 3is cluster 1o give
[ -CaMe BNCrip - HT My [7]. LiBH, rcacts with [Cp*CoCi], o yvield
FFCp*ColB-H, 1. Thes  tricobali closter s gamsformed 1 moist air 1o
HCp Colt HaBHWBOH I, while reaction in hot toluene with added [Cp¥CoCl s
affords [(1Cp*Col,  H,BHHBCN] [8]). Kinetic stedics on the €O substitution in the
carbide clusters Re, CtCO), - and M CCOY. twhere M i Fe. Ru) by SbPhi;. AsPh,.
and various phosphine ‘phe:paite Hgands are reported, arnd the concept of the “Lrans-
ithon siate isomer™ imtroduced. The two pentanuclear clusters reveal the prosence of
a Hgand adduct. which undersoes a subsequent ioss of CO 1o give the observed
product efaster MC1J0,,L. The adopiion of the squire pyramid bridged huetterfly
sguare pyramid transforimation s favored with ligands with cone angles less than
133 . Larger conc angie ligands display & different reaction sequence [ 9], Reductive
tetraplasinum condensation using cis-P PP LCL and PUCOGIICY, PR; (where R
iy Me, Bt with Hg| FeiC ORINOY]; lends ta several new platinum -mereury varbonyl
phogphine clusters. The geometry of these clusiers is based on a rewraplatinum
Lutterfly core [ 127, The Xeray erystal stvwecture of Co (T Oy Sippid, has been sobved
{111, The chemustry of [[MeCpMob{p-S:-5) CoCp}{1]: hus been evplored
In sulfur extaction reactions. The isoclecirons dron analog. [[MeCpMo). {u-
SaHp-8FeCpl 1 has also been prepared [12].
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Triosmium snd trirathenivm closters contaiting unustial ferracenyl moicties have
been propared in pyrodytic reactions siaiting Tronm gidear MO0, whers M s Ra,
Ospoand the approprate tzand or M OOy, (L, (wvhere n=1, 2 %) Reaction
seyuences involving Fe - M bonding, orthometalation. hetero-ganular metakation. and
F C bond clegvages e presented for MCO,[F PP, OQs,0C 0, (PR PRI
O 00 (PFSPr L and G tCON A PELF are discussed. Tt 18 eoncluded that
phosphine ligands an Ru, and Os; chusters are ot sotelly inert {139, Rutheaiom
and osmium clusters containing a benzyncchromium tricarhonyl motely are reporied.
Pyralviic cemctions esding o C- H and T-P bond uctivaiton in  Jkeored chuskers aie
inchided 1 .2].

The cluster [ Niy{p-COWpe-dmpy, T bus been isolmicd as a product from the
reaction of NHlydmpm in the presenee of €O and  MNaBH,CN ST
Conpropartionatioen of Ni(CODR); and Nil in the presence of dppm aferds the
cluster Nigipy-Thip-dppmy; in high yield. The photechemica] properties of Lhis
ciuster have been examiacd, with photoexidation being observed ot wavelengihs
shorter than 400 am [ 4],

Warming & soluti.ae coniaining FetCOL(cis-cyciosnionsy, and (PrL.S5iPH. from
—4¥C 1w roo:  temperature  alfords  the  silvipbesphinidens cluster
Fe d COlyipt-F s [ 2-PSH Pr), 3. Sequential deprotonation using { Bu, N[ F ] gives the
dianionic cluster [FesfCO), {2-PSHPL T in THEF solution. Use of TH.CLL as
solven; leads to reaction al the sityl proup and the cluster { Fo i COn - big-PHY] -
through the cluster [Fe;(COlp-Hilp-Pi17. Desiivlation glse ooccurs wmh
CpFefCOLC] wad R,PAUCT fwhere R s Ph EN o give FedTOkpH1 iy
PteCpiCO), and Fc;{CO}{.( - 1t pe5-PAUPR 0L respecitvaly. The resuite of other
functionahzatlion stndies, including several X-ray siructures, are also presemied
{171 Electroohemical data on the localized Fe-Fe hond cleavage w the beappe
close cluster e COYy {py-PReCp{CCh, 1, are reported. The resulting chisier
FEe 0O e PReCCON, LB L the product of swo-electron ceduciion. has besn
characierized by IR speciro- copy and Xeray crystaliography. B & shown that the
intermediate vadical [ FeydCO L -PFeCpiCOi .1 1 s unstuble and disnrono:-
lionates 1o starting material snd disnion. The invelvement of rhis cluster sudieny i
clectron-transfer-chain ¢ ETCY catabysis s demonstrated. ETC reacuvity sty . wsing
bidentale phosphine Hgands are also presented [18E The wie of the cluster
Fe dCOM6e,-PRY, fwhere R is SiR,. Hi as hilunctional building biocks for the
construction of cluster olizomers is deseribed T197.

2. Homometallic ¢lusters
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Reaction of organoiithivm and Grignard reegents whh the oie-hridged somer
[Cp*THCH -y, forishes the pew aikyi axo twimers [Op*TURnp-0), and
{Op*Tilp-€R LOIR, i zood yiold, Thermat decompasition of [ THREO -Gy 2t
elevated lempergture gives | Co*TiHp-On3;00-CMeo) which is the Arst paradigm of &
d tpe-afkylids el compeund. The molecular structure of the new sifyhuyne complex
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has been established by X-ray erystailography 207 Tremtment of [COp¥ THCINO,
with MeSnb affords the corresponding fluonnated derivative [Cp*TH RO,
which contains an cight-membered 110 ring [ 21 ]
2.2 Grouwp 6 viusters

The tinucicar mised-valence cluster [(GCL,MoS-MOSMofCO;, 7" has been
synthesized in high »eld from (he reteathiomalybdate jon and the dithiccarbamate
complex [Mo{C(0),(8,CNE 7. This chuster was characterized by X-ray diffraction
analysis. “Me NMR spect-oscopy. and cyclic veltammetry. The clectrochemical
data support the presence of two diflerent mewal redox centers (227, Exhaustive
thermolysts of CpCe{COL({ TePh) leads 1o Cp,CryTe-. Cp,Cr,Te, 0, CpaCr,Te,O;.
and Cp,Cry TeO;. Three of these products have been structurally charcterized [23].
Hydrogenolysis of [0 -CoMe,FOCH (p-Mef], affords the paramagnetc tetramer
[°-CoMe, ENCip -H1),. the X-ray structure of which has been redetermined in
order 1 clarify a compositionai disorder associgted with the origina! determination.
The results of H/D exchange with this tevramer are discussed. and the data used in
conneelion with ite swecture proof of the ietrahydride [247 The pentanuclear
compound Cp* Mo,G;. formed from the reaction of [Cp*Mo{O)Nu-OV},
[Cp*MolCO); 1., and (.. is shown to contain @ Up*Ma({O), mniciy atrached 10 a
[Cp*Molp-03]2{,-0) Mot G, unit by 2 bridging oxygen atom by X-ray anaiy-is.
The magnctic mament has been siudicd as a function of temperature. and whan
coupled with the NMR and EPR data, reveals the existence of 2 redox equitihrium
involving a diamagnetic cluster and two paramagnetiz forms of this cluster [257.
Treaiment of the dimer HW(CORITHFLI(NOI with PButy gives the hydregen-
briduged cluster [W OO (NOHu-HYL J[HPBU, T as one of three products. The
cluster anios may alse be isolated as s PPN osalt from the reaction of
HWCORNOY with [HW{CO)RTPPNT The additicn of nucleophiles o
(WHCOY L NOHe-HET deads to the corresponding CO substitution prodoct,
which m the case of the Phie,-substituied derivative has teen sirgciurally charac-
terized {Fig. 1) f267.

2.3 Grewp 7 olusters

Alizaiine titration of | e H,0L(CO): T gives the rheniumi ! hydroxo compounds
[Rea{ps- OB - O KT and [Re(p-OH 00O 1 . The molecular struciures
of these products were confirmed by X-ray crystaliography {277 The temperaiure-
programmted decomposition of [Re(COLOH]ALG, in a hydrogen atmosphere
has been explored for methanation activity. Additional siudics reveal that adznrbed

methanol on the avehaled Fo,/ALG, sample is the souice of the meihane | 28],

Polyihizcther macrorycles have hecn prepared by thietane cyclo-oligor.ur-
ization esing the tirhenivm cluster RedCO) - SCH.C 1CH LH- Sip-H)s. Ring op-_n-
ing addiiion by added thictane furnishes the new custers Re (COyolpe
S(CH, )JSfCH HS{CH, ];SL? C!LCH B, RO [i-StCH 5,8CH,CH,-
CHL(SCH,CH.CH,LSCH- CH.C JCHLJipe-H). and R\q(CO?mD( S(CH. }38( H.-

CH.CH.{5¢H ,Cl-{ sCH:1,SCH,CH,CH, Jia-H),. in yields dependent on the amount
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Fig. 1. Structure of the P -subantuied derbastivee of {000,
sion froni nerganie Chameire. Copenghl

L Henrmied 0L pertis-

of thictane emplayed. Ajt thiee of these trivhenium clusters were [ully characterized
woselution by IR and NMR spectroscopy. m zddition to X-ray erysisllography in
the case of the starting cluster and the first cvcio-olizomeiization product {as by
PMe,Ph derivaiive). One of the many mechanistic schemes preseated {or thietane
cyclootigomerization s shown belew {Scheme 13261

The hexanuclear cluster [Re fCOLH-]  has beon Bsolawed from the resction
between Re,(CON-H, and [ELNTTBY T Xeray ceystallography shaws that the
product is a non-carbide stabilized octahedral cluster. wilk face-bridging u.-hvdride
lizands | 30]. Ferrocenium oxidaticn of [ReC{COL, ITPPNT,. followed by the
addition of diazoemethane, furnishes the carbene cluster [Re-CtCOL (p-CHAE
providing the first esample of a methylene loand in a higher nucicarity clustes, This
pariicular cladder is readily decepped to gve TR, C1CO 1 i-CH, . The molecuiar
struciure of e beptarhenium clusior was estebiished (I 23 and the Suvional
properties of both carbide clusters inve tigated by sarable-temnevaiure 0 NMR
speciroscopy [31].

24 Group 8 clusters

o

Tie suriace-meainted svathesis of several neuleal and antonic metal olasi 5
appeared. For exuample. Osy{CONLLHHOH L Qs COLIH . [05:0(C0H T .
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{05, C{C 0 [ROCO) L and fP1CO1, 00 have been prepared and the
symihesis variables discussed [32]. The conversion of agueous methyt formate 1o
sthanol vsing ruthemum catalysts and PBu,. which serves to activate the methyl
lormate. is reported. Sclectivity aspects of this reaciion are discussed and a catalylic
mechanism involving the wiruthenium cluster {Ru;(COYtHI]  bs presented {337,
The data from a time-resobved IR study on the photo-mnduced fragmentation of
RutCOY,,; have been publsped. Photodissociation of CO from RugCOiy; furnishes
the unsawgrated efuster Ru,iCOY, . which is then shown 1o fragment further 1o
Ruf{COs and Ru,{CO)y under the appropriate conditivns. m addition to re-formation
of the purent cluster. The observation of the transicnt species RutCQ) isolvent),
RusiCOYy, and Rux{CO),4i-COY is also discussed 347, Rug(COy, -catelyzed redue-
uve carbonylation of srtho-nitrobisrenes and dinilrobiarenes gives the corresponding
anmunes and five-membered heterocyclic indoles and imidazoles. Pertinent arganory-
thenium intermediates are presented on the basis of force-field calowlations [ 35].
The reaction of Os;{CO), 5 and Ruy{COi; with the silanol groups of silica gives he
supported clusiers My(CO ofp-Hi{p-08i=41. These surface-supported clusters have
been explored for their caralytic activity in gikanc hydrogesolvsis reqctions. oiefin
isomerizations and hydrogenations. Fischer Tropseh synthesis, and the water -gas
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shift reaclion {364, 1-Hesene hydroformylstion has been invodigated by using
Ru; (O, and bpy on severs! inorganic suppors. OF the severs! conclusions resched
by this work. one was thin ike nature of the catalyst Is best vegardad s being
neterogeneows {37 ], Low-temperature Xerav stractures of Te g CO,(6-COY huve
reveated that the bridging cuthouyls beeome more symmetnic. coupled with the
shortening of the carbonyl-bridged Fe--Fe band. a5 ine temper ¢ i fowered. The
cluster powssesses nearly exacl Ca, symimetry at 100 Ko which was the lowest temper-
ature caplosed in the dawa colleciion 33,391 Os100,, and oxeess diphany lacsiy-
lene react under photelysis (< 370 amt to afford (;7-Co PR COOSC0,, The Xeray
strowture of this =234 S wtraphenyvieyelopenta- 24-dien- -onstosmigm speetes was
eetablished and comparcd with the iron and ruthenium congeners 40§ Tecatneint
of (Z21-1. 1 -ditneiivl-2-neopeniviidenesitivane with Ru OO0 Teads to the trrgihen-
s bydride cluster Rug OO0 [pe- Mo SHC-- CHBU)C OG- H y oy the magor pro-
duct, X-ray orvstaliogrephy corfirms the pressuce of the capping T-oxa-2-
sifacyciopentene moley (Fig 3t The iasertion of €O into the silirane is discussed
[41].

The results of ab initio molecuisr orbitl caleuiztions on TpaRusbieg-Haip-His.
(O Ruate-F11,3 7. and Cp;Ruyip-H;L dlong with the rearrangement of the alkyne
figand in CpyRuteetligtg = HOCRY have been published. The rivatheninn trame-
work in these clusters is siubilized picdonrnasmly by three-center two-glectron

A1
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Srpcture of  L-oxa-Zsdecyolupeniene suhstnoied clusier, Beprinied wath peemivcaomn from
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Ru-H-Ra bhonds, and the perperdicelar conformat. i the alkyne clusters has
been found to he more stabie than Ute parailed conformiating [421 The mechanism
of hydride exchange in the chasters M i COR{p-H )3 {p,-CH Y (where M s Ru, O3) has
becn investigated by using ab it molecular orbital calenlations, it is proposed
that hvdride exchange takes place inomultiple steps by two eneigetically competitive
pathways. ihe nature of which s Nlly discussed [433 A report deseribing the
selective carbon-carbon bond cleavage of eyclopentadiene by the unsaturated clusicr
Cp*® Ruiges-Hi4p-H); has appeared The resuy

cyclopentadions cluster, Tp* Ru(p-Hig{u,:

{ting irirthenivm 2-methyirathens-
si-CiMel--CHCH - - Cl# ], anises from
the scission of the Csp?)-Cisp?s hond of evelopetitadiens. The molecular sinrcture
of this polynuclear metailocyels was determined by X-vay orystallography iFig 41
The report represents the first exarpte of selective souvation of an upactvated OO
bond promoted by three metal coiders {447,

The reaction of Ruy{COY,; with oxadiencs is reported to give tri- and texa-nuclear
ruthenivm clusters contaming a five-membered oxaruthenacvele muoicty (457,
RuytCOjj; reacts with d-methoxy phenol and 2-naphthal to pive new tetra- and hexa-
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nuclear ruthenum clusiers. Al clusters have been characienized in soletion by IR
and NMR spectroscopy. and tive Norady stracture of the mxed-adence closier Rusiy,-
OC HOMe-Dip-Clip-QC H OMe- 2000, 15 presemied (467, Ru 0. has
been allowed bo reazt with catechal and 3.5-di-w .v_~bu1_\1-I.J~bc1mqf_=1.mm. i vkl
the clusiers R {COIp-OLU HAR G twhere R 05 H. Bu's which dister in the
arrangemtent of the ruthenium atoms. €O substitniion 0 these ciusters by added
MeCN. PPh,. THE, and dipheuylacetyvione ovcurs readily using the oxidatne-
decarbonyiation reagery Me; MO The redox properties of these ol s weere sendicd
by cyclic voltamimetry {47]. The oxidative addition of catechol 1o Ruy(COY,; yields
gither [R5 40205 C H 16 C O, Ts or {RuLig™ :; 0,0 H OO0 0. depending
upon ihe reaglion conditions. These chusters o ihe monopucicar

complexes  Bulp® ~OQ.C H HCOLL, where L o3 phnmhm~ e grened and

RuiQ.C M iCOLIpyls ., {where n= 21, ar the #'x complexes Rus{y
O,CLEH NCGHL, v the presence of added teand. All new compiexes have baen
characterized in soletion by IR and NMR spectroscopy. and by )\ ay orysailog-
raphy in schectod cases. The rdux properties of these complexes have heen sxamined
by evehic voliammetry [ 487, orthe-Halophenels react with Ru;;_i*f_O“, 3 tie presene
of Me NGO o praduce the trivutheniam clusters R (COgtpe-n =00, H X,
15 FUCL Bry X-ray data on the chiore derivative reveal that the o-OC 1,0 lemands
bricee one edoe of the cluster Bamework and serve as fveelesivon donor sroupd.
The reversible €0 addition reactivity, which ocewrs s the eapupse of the Ru-X
bend. pnd the Hgand subsiitution chemisiry sxbibited by thase dusters are discussed,

=tiam
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Resction of pyridisecarbingd with Ra 000, - procecds simibarls. giving RuCOy, -
OGO N, he Mopsy steectne of which s shown below {Fi 51 [49],
Vuriable-temperatare. 'TT and PO NBME  stodios fue Twen conducted on
O (0O ge- 0O The proten ind curbon NOE and 75 spea-luitee rebavilion
chrta e the metinel aod methvleoe watonters ol this cluster bove atlowed for the mier-
proton distanees in be caloulied, Parndel NAR stuches o Osy i CORIp-1 i -CEHD
are abso reported {300 A OO FXSY stndy on Os, 0000 (- HIEH  has eevendd
the existenge of @ low-cnorgy process imvalveng the nuinaeedecuiae exchiange between
two enavitiomerte streetires of this cluster, The newly discovered excliange nrocess
occlifs prier to e wiown wuabegrtonad hvdode eschanpe evhubited by this

ciyster [ 551

ihe evelie veitassicaw pelurvion and TR speclioehectrechemicai characterization
of e radical ariaon of Os0COepey and Os, (OO, bpemiRe OB are
reparied. Whereas it Os Ox band i broken upon reduction m the former clusier.
the Os/Re ¢luster i shewn to renuuin intaet wpon clectron aceession § 727, Fthylene
reacts with Os,{COWI PPht =11 o produce the ethylidene gaster Os;000-
(PPh (p-H ) -CHOH L) as oppesed to the previously daimed ethylene complex
Ot CONPPh - H M CH L TH NMR dats g estanlished the presenee of
the ethylidens moiety, and 1-13 und 221 2O NMR experimenis have revealed ibe
telative positions of the ancitliy COL etivhidene, hydride, and phosphine Tgands
about the cluster polyhedron |53 ] The dimerization of wimethylsilylpropyne on o

Fig. & Stracture of Ru dCOW ey -GUH b N, Repritted wish permisacn Trom Teargiic Cheinisto
Copyright 1994 Amenzan Chenical Sociess.
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trivsminem etister has been reported. The details of the dimenaiion reagtion e
discussed,  along with the  syoehesis  and Xeray  strecture of (s H|y -
CESIME I Me)CCRIMe O L OO 7347 Severdd new sibvbsubsiitined -
aantum chisters e bevn propered and ervalidlomuanhically characoesized, The
now clusters ore derived from -pyrideldimethvlsiliee T35 Pentafluoranilvoso-
Bonzetie vt with Osype-HERCOY B PR fwbeie B P ods Shl o afford
()R_\[;E-I'{I[{...{}]“,! fiph_‘if{}N(‘,IE'J(H. as o result ol osidateoer oot e PI.‘.‘GEFEUH of
the arene ring. The molecalin sirmcture of the phesphoras anales Is preseniad 1307,
Treatment of et 10000, G-COMep with dppl wffords the corresponding substi
tetedd closter relDOs i COLLECOMadppl). which upon thormoetysis heds o
ir-H G Os g OG- COMe [ O H L PPB e O P PR, the Xeray stetie-
ture ol which  accompanics  ihis report [537)0 The cuser Rug GO g
PPECH P PR Hpa-CyNCH Oy NP has been obtaned rom the thermedysis of
Rua (CO pfdppmy and CyNC The naobecular structure of ihis cluster was determined
by Xeray erysallography [ 58] Thermolysis of OstCOLICNRdppmY twhere R
s Proobenzyi) in wluene teads o Os JCORICNRIp-HL{Ph,PCHE (PO H, .
vio the proposed intermediaic OslCONONR)(p-FHT PR POHLPEPRIC L | which
buts l\c.,n solated in the ease of the propyl derivative. Thermolysis of the same
starting cioster an the presence of added PPh furpishes Os;iCOY(BPA,L
[ Bh, POH,PIPRC HONR L as o resnlt of O C bond cowpling between Lhe isosiinile
artho-metlied phaiyi group. The rede plaved by the isoniteic Nigand i this
sransformaticny is discussed, and the N ray sorpetres of severat clusiers are ineludwd
L5397, The protonadion Jiemistry of ButCO0 -1 Phiwhese PP iz dppan. dppe.
Jpppdpph by CFLCOLTT was examined For the site of [H 17 addison, The case of
protonation 35 descussed with respect to the nsture of the Bridging diphosphine
fmnd [O0F. Four prodacts have been isolated lrom the iwesmolysis nf Rt 4780, -
ad 1 2-his(phenyiphosphinoibenzene, of whiclh Rt CORE L2-p-PPhLOL L L
RusiCOY D2 ip-PPRLCH, ], and Ru i("t),[ul Sy PR2-6PPRLWC HL T have
heet qt:l!umql!\. charrcterized by X-ray orvstallogrophy. The oratheniam clester
represents the first known tetraphospledo-siabilizced 48-clectron chister, Whle this
same clusicr s been forind 1o be stable iy Boiling mesitylene, CO substitation by
PEL; occurs 1m0 THE o give two someric prodeet ,ui 1 fyrolvsis of the ferrocenyl-
phosphine-substitgied cluster RegtCn i PFe Pl pives RO G fp-O - -
- Cal L PRePr epyClH ] i 20%0 vickd, The N-ray steacture of this clusier is
shown i Fig 60 the reaction hepween Ru OG- and Pide, Phoaftords the clasiers
R CON - OO PlRekip-n ™ Cab gy and Ru 1O 1620 On-Phada-CH
11 dow vietds, Abso ineluded 1 this report are the reactions of Pz, and Pltle
witly Ru JOC,, and the chavcterizetion of the resalting products {627,

The  compounds OspyvSICO0. O SLICON. Os:ipySHICG),.
Cri fCORB I pY S and OsIpy& L1 CO have heer isolated rom the reaction hotwoen
Os (CONGEMeCN), and 2.2 -dipyndy! disulfide, The Xeray siructares of the first
foor asmivm compaunds are presented, gud the bonding moedes exhibiied by the
pyridiny! sullide ligand discussed [637. The el ation of falkvithiokaliyne igands
by RugiC O, hos been shown 1o give ap o sin ppes of pradoers. The various
ratitenium clusters formed have been charnetenzed in sofution by the -poal methods

ol
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aied i the salid state by Neray eresuillograply for sclected exiomnles, The vesults of
extened Hitcke! mulecular orbitad caleulatings are prosented and discussed celative
tor the polvhedral geometry adopled by the prodacis Ted § The reaction of unsvimimet-
rieal ihicalkynes witl iron carbonyls leuds (0 new tri-0 fetra-, and penta-ouelear
clusters  [651  The choleogenide-bridged  Custers [l (COR.Te]®  and
PFe{CO),8eT have been prepared. Both of these chusters bansionm inie he
corrgsponding Fe- Fe nida clusiers [Feyd COLTeR  and [Fo g COLSe Y | respess
tively, which bave been struciurally characterieed by X-ray crystallography {667,
Treapmeni  of Os (CO) A MeNL: with phanybluoueren (FIE) and Y N
diphenyithioores (HL7Y gives the salfue-brigaed clusiors Ong OO, H -1 (where
Lis L0 L7y brradiation of these closters with visible light leads 10 OO displacemaent
by the sitrogen som of the coordinated thioures, piving the fuce-bridged clusters
Qs ORI G-10 The appuren: sclivation engrgics and the guanium viclds are
reporied, along with the X-ray structures of boih A A -diphenyitiiouren dertvitives
[67]. Treaument of the sullido-capped cluster Yot COt-51; with Mipdppd ),
{where M s Pd, Pt gives ihe nide 2lusters Fe OO (n-Sh a-dppd ), ddong with
the substitution proaducts Fe,tOON (-5 Gedppt b amd EEG OO 400,-8) Le-dapi



MG Rechmend Ceamdrisartott Chevns ey Beveons 1980 0 Fadla . by fiy 1113

(657, The sulfido-biidged Ll'l'\ ors { 07 Fe lCORa-8 1 and Cp* e, Ru{CO0Lu-S),
bave been prepared from (p* 2 and varteds itog carbon vy [!— (U0, Fey OO,
wnd e O, ] and Rug OOy, respectevely, Both product elusiors possoss o foso
palyhedral structire, i established Ty Nore ervstullography in the cise of U ritren
cluster [0%]. Treatmient of ihe etrametbyvifulveae-hidged  dinuwclesr complex
WU Me e CO, with CS. affords  the invclear cluster [1#-
CMe WOHOS8: Jhea o, and [0 Oande 0O OS TEAOO, o8 o resait of € O
bond Formation, X-ray sryvstatlography of the tilveny cluster shows thar tive ditliocur-
boxylato figand S;CCHCaMuy bridges all three iren centers P70 The Kinelios of
the aderconversion of  the parallel and  perpendicwiar alkvne somers
CpaFo{CORICF,C= OCF ) have been explored. The effeer of anctllary phosphine
and phosphite lgands on the alivoe bondig has adso been stusdied, Oyl voliamme-
try daty indicate et eneclectron redaction teads w ligand loss (OO or P-Lgandl
fellowed by alkyoe reonentation abowr the cluster framework, consisteni with an
O process (7150 Alvlation of [Fe fCOMSO 0 H T by methyl eriflate viekds
Fey (COna{ SOLCH W), s 1 eesndt of oxveen alkylation, This prodoct has been foliy
characterized in solution v IR and 3 NMR spectroscopy, in adidion to Xoray
crystallography e}t 73 The Xerav struciure reveals that the marhyt group iz houad
1o the exo oxygen atet of ihe coardinated SO pand, The matuare of the 5O.-COH,
interaciions with the wrivon ramework s boen investigited by axtendsd Hiticket
molecular orbiial calculations [ 72].

The solid site reactivity aof Qs f000 el toward OO, Ny oand 1.5 hus beep
explored  ane found o pive the eorresponding cle

i'{i-.."ph_tlnu clusters
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Os,(COHRELa-F0s. o the case where Lois COL the addition of CO wus contir 2d
by "H magic angle spinping NMR specivoscopy, Two isomers far the NH-substinited
produet, which differ unby i their erfentation of the NH; and ihe termimal bvdiide
ligamds relative io the Osy plane, have been observed, The intermediate elusier
Qs 1CON g HLS H I, romsforms rupadly o the koowa cluster Gs;0CO{HLG-5)
{73]. The syathestis and X-ray diitraction structures ol Osyip-HiCOlylp -
CMNCH .CH= CH:) and Osafp-HTHCO, [p-C{HINCH -7 -CH - CH. ] have been
published [ 74]. The linear clusters O BriCO N ONREg'-C - aie prepared from
the renction of Qs (O GIONRICNE N3 with alivl bramide, The Xeiav stracture of
the propyl isanitrile derivative is mctuded in s report [ 78] The disorder of de
carbouyl CNProand MeCR groups in Os;CO,ONPTH MeC NS has been imvesti-
wiated by X-ray eryslailography 1 767, Intramolecuiar [4 27 Dacls: Alder eveloaddi-
tion products have been isolated from the reaciion hetwesn Qs €OV H Y, and
2 trimetlivisily )= T-phosphabenseng and -l-amabenzene, Besides the observed eyclo-
addition prodacts Os 100 Me,S0.C JLEL T twhere F s 1P As), the clusters
O3 COH \iL‘_,St(.,ii_ EFluve 2ls0 been isalated. The X-ray siruc mu.s of the fatter
phospiune derivative and the meu arsing complex are presenied, along with a
working mechanism for the formation of these efusters | 777, A report an the syithesis
and M-ray structure of (LI45-terrameihylenchienzene) FeqCOy, has appeared. A
briel discussion of the bondig of this disjeine non-Kekulé biradical 1o the FeCOY,
moety s presended [78]. The new ruthewinee clusters Rogbp-H e NCH -
(O PPhs L Ruafp-Cl NCH B COLIPPR). Ruglp-ClLat NCH L (C0), were
ubtained from the reaction between Ru,(p-AuPPh Q(p-CiitCON,; and pyvidine, The
latter two clusters have been structurally charscterized by X-rav crvstallogruphy
{791

The trinutlear clu Ru t OO - CONpe - COMppnCL 1,00y and
By FefCOR-CON - CONut-Coall10p: twiter, B & Phy CFLy are syothesized i
good vield from the reaction of the unsaturater rutheniom dimers Ruafe€ Olp-
CHR,)Cps tRu--Ru double b §owith RutCO, (@liyiene) and FedCOY,. respoe-
tvely. These clusters exist as iwo geoinetlric forms thal are dependent on the
w-coandination mode adopicd iy the alkyne ligand, The fluxional behavior of these
clusters und selected X-ray structures are presented. The diphenylacetviene dimer
Rt (p-COMp-CaPhy s reacts with Co{COM to vield the 60-cleatron close cluster
Ru:Cogi COLlpry-CON (=T Pha 30, whic has been shown by Xeraw  crvs-
lography 1o contain & Co,RuaC, octahedrad core, with lace-bridging je,-C0
groups [80]. The reactivity of the iriosmizm cluster 05_;{COL,(;r Hipsn-
C=NCH,CH,CH,) wilh Ha. 1,8, and F18H is deseribed. The irihyedride cluster
OSJC‘OJ,,H(,U-I]) (ptyh?-C = NC H JUH, CI—' ) is farmed as t‘u. wior product with
Hq and shows no wrn of Auxion: 1i h\«d] [d: rn.hauor ar the NBMR lmh. sc.d];

—'\CH CHEC![ H exhibits d\,n‘uma hydride behaviar L]m h.is hegn t.xpln Lci
by variabledemperstie 'H o and ”P NMR O spectroscopy, The  closter
Ot COWH pip-H Hsty-Shpeeny=C - NCHLCHCH L 1 which derives team M8, containg
two cleaved Os Os bonds {81, Deprotonation of (u-HFeiCOLH-COM-HBH
yields the spectroscopreally characterized dianion [Fo,(COLiu-HBCM] . which
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upoan protonotion decomposes. Reaction of the diasion wih Fely leads 1o
[FedCOuGe-C O -HBCH] . the structure of witicit has been deiermined by Xoray
crysialiography, A structurst and reactivity cormparizan of these clusters with osmium
dertvatives and other 1soelectzonie clusters secompanics this vepore { 827, The reac-
tvity of [Rux(CON,(p-NOID[PPNT with teriizry silanes zod stannes has baen
deseribed  [831. The svathesis ol the cfese “methyiovdopropenyi™  claster
Ru,Cp™ [Tl CHy Hige ;- C Ol from the reaction between {Cp* Rud ], and rrans-3-
miethyl-2-butenat s presentad, The medevudar siructure of thy resulimeg Cluster wis
aseertained by Xoriy onvatallography {84 1. The pioparaticn and charsetesization of
avarely of srene-subsitlated elusters hove been desenibad {835 The svitthesiz and
spectroscogie  characienizaiten  of the {22 }paracyeiophance-substituted  einsters
Rus(CO gt -y Ru,C1CO0N (7 ST P | ac QPN o FPR NER L
Ru IO b i O B e o - b Y are reported. The Neway strictuees
of the latter two clusters aee meluded, adong with s compaiison eof thoewe elinters
to the kaown clusier Ro 0000 -7l S-Cobiny bE6) Treamens of
Os {COL I McON}, with  Bhydroxsyhenzotriazole  gives  the hvdnde  chuster
Qs COholp-HH A 237 ENNNEOC H T Sitbar resctions were comfucied with
thie sonitride clusters Osy(COY ot MaONPONRI (whore R s Prt. benzyl), producing
the bridging aminocarbyne ctusiers Os i COh DA 2307 N NNIOWC M| Hpg-n'-
Co=NHARYE Restrivted rotaticn about the € =N double hond in the bridging am.no
carbyne ligamd gives fise (¢ regioisomers that Tiove been chavacterized i sofution
by NMR spectroscopy. The X-ray siructure of onc of the theee erysiatlographicatly
characierized closters is shown i Fig. 8 [ 871

Carbon -phosphorus boad activation in batl of the PPh, eands m Rug{r-FH Hie
anpy I PP LIC O occurs in boiling 1oluene tader Hy 1o affard the y'-phenyl-
bridged clustes Rugp-Phity -ampyl(e-PPho 1O, The resudis af X-ray daia and
extended Hickel caleulations on this clusier are preseaied. Several oilwer phosphine
lmands were alse exaintned, and were fownd to react in an anslogews mhion. The
related chester Ruigip-H Wie-mbimpi CO), reaets with PPy in the absenee of H. o
give Ran, (- P (pg-mbion} - PPR OO, [ 88 ] Treaument of the d8-cleaivon clusier
Rutp-Hieort-ampyCCHy with H,  at clevited  {emperatore produces  the
92-glzctron hexarutheniwn hexahvdrido sluster Bu,(p-H b ipe-ir-ampyi(CO),,. the
solid-state structure of which, as the PEp-tolyll, derivative, bas baen determined by
Xeray crystaltography. The homogeneous hydrogenatton of diphenyhicetylene to cis-
stifbene using the povent hexarutheniim clusior occurs under mila wonditions
[89]. BCy, reacts with the face-brideed olusiors RugtCOL M g -ampyt and
TR CONp-H il t-ampy] T 10 alford the comresponding monosubstituied POy,
derivatives. The neutral PCyesubstituted clusior s a catalvst precoarsor for e
homogereous hydragenaton of diphenyiacetylone. The svaihesis and characteriza-
tion (IR and NMRY of the alkenyl-bridped clusters Ru{CO POy Hp-ampa -
PhC = CHPBRY and RudCOR POy Y e-H ) Q-ampy i g-PROC- CHPRY are deseribed.
The X-ray struciure of the fomnner alkenyl-bridoed cluster has been solved. The resulls
of this paper are compared with those obiained [or the related PPhj-substituied
clusters 1907, The synthesis, sticture, amd hydrogenation activity of Rugla,. o™
swnpyMg ' pt-PhQC -+ CHPRHC O, Ph, ] have been puldished. The deactivation of
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Fig 8 Strowclore of onc of the theoe chimiers Os OO wat 23 FNNNEC g0 MEERY.
Reprinwd with persiission fom Qizanemetailion. Copyapliy 199 Amerwan Cheinies] Sooity,

the catalvst precursor was fully explored {917 Clusters as hamogeneous calalysts
i the hydrogenaton of diphenylacetylene have been investigaled. The cluster
Rus(CONpampyHey' -PhC = CHPM promotes the hydrogenation reaction
uader mild conditions aud without the speciroscopic observation of other rulhenium
species. This sun- clasier reacis with HBY OB, 10 give TRusiCOW{-H i
ampyiipen' o -PHRC=CHPT ™. the Xeiey structure of which is shown in Fig 9.
Reaction of thix casionic cluster with [PPNJFBH,] gives cis- ana rrass-stithene,
along with a coordinatively wnsat.rated cluster. which reacts wish added diphenylace-
tytene Lo regenciste the newtral parent clusier. The Rinetics aid mechanism lor the
hydrogenation reaction are fuily discnssea (927
Ruz{COY. reacts  with  detert-butybdometin
furnish _the  new  clusiers  Ruo(COi,[-SC.CH)CiMeBU']. RogfCO-
[{,uyuz-(iCH_,_C[Mc]iln‘H,rn,—Sj];‘ R 0O (gent CLCHLCEM B (oS and
Ru d COY - CTH = C UM B Tn-8) alb of which were siroctaeally characterized
by Xeray erysicdlegraphy. The coordination mode of the cyclobutene figand anl its
conversiont inta & quaduply bridping cyclobutyne ligand ave discussed [92].
i-Bromocyciobutene activation by 05, {CO),,t MeCNL, al room iemperature yiclds

1-1-{phenylthiojeyclobutene Lo
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major and minor praduecis, rspectively, The former cluster contains hodging a.0-
coordinated cyclobuieny! and bromide ligands soross the open Gs-Dks vond. This
same cluster transfornts into the lateer cluster upon thermoelysis o opiical excitation,
Me,NG-induced decarbonyiation « the major product also furnishes the nnnor
prodact along with the wew cluser ()SJ{C(‘J}‘]‘ﬁ'Bi‘]!ﬂ]"ﬂj‘z-c‘-zt.{l;a‘f']_:“ﬁ!-[’g LAl
three of these clusters fuive been characterized by X-vay crystaltography {947 The
molecular and cloctronie structures of the tetrmrotheniam elusters Ru {COY, (-
IR} twhere R=Ph, I OUL NP, Cy, B, which were synthesized from
VR0 OO 7 and RLPCL sre discussed. These phosphido-bridged clusters possess
i batterdly polyhedra with two normal and three elongated Ru- Ru boads, All
produets have beer characterized By solution by {R and NMR {('H. P, PC) speetro-
scopy and by Xeray crystallography in the case of the fivst four clustors. The eleetronic
eftecis exerted on the cluster polyhedron by the two phosplido groups were examined
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by extended Hickel solonlations 7957 Dectrbonvlition of EndCOn, s -PNPr )
produces Ru 000 ia-PNPY- L which upon treatment with «ilica gel gives
(“Ll.[((}u [‘u-‘ P3NP as o resuil of  sninophesphundane ligand

5 Costrictupes of the latter two elusters accompany s re-
lu B tCem -l - PR wilh

;}mt P96 Freatmaent of the 62-clectvon nido vla
diphenyilutadizne vichds Bug OO, b0t SEPEOHECTCO PR OO PR,
Rug §C gl g C it e, FITRTARI AR LI Lt )| L COH PR, and RugtOO iy
PP gt et - PRCODCNCCPR]L which contain trais-diphenyibutatriene
aird fresediphonylhue-Sen- bvne Bpgads, Reaction of e fast clusier with addiiona
divine Rewds toan one oyne counding o the Bu, sgquars See and rovoation of
B, 7O e ORI gty T PROCC DO ONIPRO PIICUCTN] Al four s pro-
ducix have heen ful s chaectorized, with Figo Y showiire the ervsial structure of the
hist eluster {47 ]

Vie  etrarutheniom chais custer R QeBriDed PrOPC HAPPROU .-
PP Tt CORCON, s baen okziod sy minor product from the reaction beiween
Ru,{p-dopmiC O, aud the beass ! halides C0OH,Br twhere Xois HL, Me Py 9875
The sutheninm eiusier Fu 00O ACODLI P L was the sabioet of a papaer dealing
olefin hvdirofornsyiation. The reselts of Bydioformntation velictions using other
ralhicnigm carborylate compleses are prosetited (997 The redex chowisuy of the
nitride cluster { e ,NeCOnys 0 has been ivvestigated, BPR date on the
dianion [Fe,MC;-17 i Deoren sobetion imdicaie that oo different clusters in
conilibeivm aee prosent, Phcspline substitution by an ETC route is ohserved when
the diaplon s electrocherer D, o chemically  weneraied. The Xeuy  siruce-
twme o [FegMid ()},,{i'l‘iu:l has heen solved T yepart on e wae
of fOPFe d COY LIONECH O NC ] (whene o --I?,_\} ds sl chelithig htand hoas
apprared [ HT] _\.-d\\ha.m»E..--slzum‘ reagts cwt Akl OT . e give
O (-H i OO0, 17O g O HLCO 07 Col g Os =D On iU, B,

10, Strueture af R gCOh - P e- ;
with permbssion from Orzanamctathics. Copyright 1994 Ameran lemal Sucecly,
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am? Dz, HIL0C0 0" O H) as the major products. The fast cluster atso undergoss
furilier reaction with eyelohexa-Ld-diene w afford Os 1 CORLGCUH, M -C Hu Y and
gt H BCORW-Cllig i Culle b Schemes losirating ehe reactyay welntionship
Dretweoens these chusters huve heep peesented [ U] Low-pressee hwdngmmtion of
Ru 4O HLLCT, i water contaimdizg NaCHY, ghoes the ono-capped hinuclens chs-
tor [ Ru iy - dtp-CHe -0 e-HY 7L Staetine withe e durene erbvitive and
sz high hvdrogen pressure (00 b leads o e eiboro-capmed elister [ Rusin®
CUHaMe bl -OBEG 157 wlich undergoes hydeody sis 1o give the correspanding oxo-
citpped chuster, The tetranuelesr cluster FRu O HLLHL T T has baen isoluied from
the hydeolysis of R i®-C L0 in the prosence of FL [ 1083]. Phoiolis of
RuytCOBH 0 MeON aud M{CG), (where M s Cr Mo, W furnishes liwe runbein-
horane cluster RugHiiCO BHig-NCHMey, the X-rav siructure of which cxhibis o
butierity peivhedron with o semi-inteesutiad beren atom. The bowding in this clusicr
has been exeraed by Fenske Hall caleutations. with the dats supporiing & minde!
of kewalized Manding in the region of the B N Ru bridge, as reguived Tora 62-eleciron
clister [104F. Refluxing o mizuere of Cpoabe 10O, sulfur, and dipbieny loceivlene
dlords the tewairan clusiers p%.t PhoCL8 e, S,y and Cp* (PhyO8 0 S, The
use of oihu alkyvoes leads to analogous clusters. The Xeray strocloics of the two
diphenviiceiviena clusters arve inclitded i this report {9, 1111057,

Raduetne carboaylatian of wfOsiCORCEH T, o OsUL: suppocted an 830, v the
preseniee of KOOy leads to fph yvields of $Os0CO G Ha )R] Fhe ose ol serfecs-
mediated syithieses versus traditional selution methods s stressed [ 1007 Vaoable-
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temperatgre solution and sclid-state NMK messurements on R b1, iCO), - have
been carried oul. and the datr are discussed i lerms of dynamic hydnde behavior
The carbonyl polyhedron is rigid based on the *C chemical shifl iensor components
[107]. Thermolysts of Cp*Os,(p-HICON, at 3¢ C resafts i the loss of CO and
preduction of Cp*Os,{p-HHCOY,,. Thermoiysis of tins tatter clusler at 90 C gives
the clusters { ™. 5'-C M, CH 1Gs10-1 B IO, [ 7' -CsMeyCHL JOs 4COY, .
and [y, 5T Me (O 1, JOs{e-H L CGW,. Fach of these tetrahedral clusters has
been structurily charncierized by Xeray erystillegrophy (Fig. 12), and schemes that
show the stepwise C-H hond activation aad tie relitionship between these clusiers
are ciscassed ({08 ]

The kinetics {or OO sabstitution i e carhide cluster Ru.CiCO),. have been
examined with twenty-one diferent phosphine/ phosplite hgaads, For igands with
cone angles Tess than 133 . 2 twosstep reaciion s observed. where the intermediate
chuster RuC{C, L is shown to lese CO o e subseguent siep to give the
corrgsponding  manosubsittuted clusier. Larger cone angle Hgands react with
Ru.C(C3Y, 5 in a bhimolecular reaction with ro spectroscopic evidence for adduct
formation. Keaclion mechanisms. transition-state flexbihity, and quantitative daia
on the dependence of the observed rate constanis on the clecironic and steric
properties of the B-ligands are presented [ 109]. The electron-rich vinylidene clusters
Rug iy, CCHR][;&, Shlehip-PPhy L, {COY, have been isolated from the reaciton of
Rug{p—Co Hp-SMekt 4-PPhy ) (COyy with bydrogen and alkenes. X-ray structures of
twg ofthl, products reveal that the Rus core conststs of three edge-shanng tnangies.
These S0-glectron clusters have elongated Ru Rtu bonds owing to the occupation of
Ru-Ru antibonding orbitals (1107 The kinetics for benzene migration from a pty-
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Fig 12 Siroctere ol Luag e Cable OH | O (- HI1A OO0, Reprinied wuh permission from
Crgunonnesalbics. Copyright 1994 American Chemical Socicd.
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oyt position to an g% site in ReCIC0),(CHY have boen measured by 'H
NMR spectroscopy. A working mechanism for this isomerization is presented, and
the data are d|-cvwsu. relative to benzene swrface phenomena on closed-packed metal
suifaces [1IFZ The svnthesis and X-ray structwre of FiMe.SiCp. ) bes{pn-S, 0,
S;HEFeCly] have been published [1127. The cyclic vohammetric behavior of
Co*, (PhaC,S8: 1L, Fe 8, reveals the presence of four reverstbie one-cleciron redox
waves. The stroctural changes assocated with cach redos process are discussed. and
the X-ray structures of seveni clusters are presented {11375, Treatniem of RuCiCO), s
with  cyclohexa-B3-diene i Uic presenc: o“ e NO  alfords  the  clusters
RusC{COY, i -CuHy ). RJg({COlpuf‘u grat-CLH, ) and RugliCO0N 5 (55-Cald, ).
The . -ray structure of the first product cluster has been solved. reveiding the existence
of terminally bound cyclohexadiens Hgands on opposite basal ruthenivm atoms of
the sguare-pyramidal rothenium polybedron [1147. The bonding in the arene-
stthsiituted costers RuC(CO 10 He b and Ru QOO0 (CHL ) bas been studied
by extended Hickel calcuiations, with altention paid to the bonding mode exhibited
by the zrene ligand [113]. Addition of Os{COLICNBEY) W Os,(CO}, leads to
O COYLONBY'), which possesses a bow-tie arrangement of osmium atoms, as
deterruned by X-ray crvsiallography, The i-eitrite ligand occupies an asiad siie on
an outer osmitm atom, Thermolysis of ths clusier at ambient 1empr ratere gives
Q=00 ICNBY'Y, which is suggested to have a rafl configuration of osmium aioms.
Loss of two {0 groups from Os d COY-{ONBY) furnishes Os(COL:(CNFa'Y, the
molecular poivhedron of which is based on a distorted trigenal bi p)mmldd- Feone.
try. The site preference of the isonitrile iigand in these clusier: s controlled by
electronie rather than steric effects [HA]. Tieavment of Ru, OO0, with
1.5.9-trithizeyciododecane {1253) in refluxing hexane give . Ru CiCO, ylp-y'- 1283}
in high vield. Wien the same reaction is cenducted in boiling ogtane. the new cluster
Ru,—,( {0 (a-nt-1383) was formed ay the major product, Independent experimenls
show that the custer RuCECON {71283 transforms inte Ruq("{C'O}”{u-
i7-1282). Both sulfur-bridged clusters were characterized in solunan und by M-ray
civstallography (Fig 13) [117].

Tie deprotonation and subseyuent awration of the hexanuclear rafi cinster
wtgb - H e H O CP-OC  H OMe-d (O nre reported. The  molecular
strocture of the product forimed in each of these reaciions has boen established
by X-ray analvsis [118]. The disnion [Os{CO) 17 reacts with {Os{-
CHMMeONK TP and Os{CH-MeHOT: 1o give Os,{COW:A5%-CH.; and
s [ CONs(-CpHsMel. respectively, Chentical  reduction of Os,{CO);  using
K-T"h,CO wfords the dianion [Os(CC 77 i quantiiative vield. which was subse-
guentky examined s o reagent in the synthesis of Qs (CO -1 C H ) This weport
discusses the X-ray data of several hiph-nuclearity osmium clusters {4197, Treatrzent
of [TFe iCORCCO] with wiflic anbydride leads (o the {ransicat cluster

1 e, (COLC-] 7, followed by carbon -carhon coupling of the carbide Ngands and
mrm‘:um, of ih,(,ll_o 2O 177, The presence of the €, medety In this cluster was
ascertained by X-ray crysi allog;aphy (1207 The catalyic activity of tw carbide
cluster [ RuCHCONMelUPPN] in alkene hydrogenation reaclions has been
explored. The casters [Ru,O(COYNHIIPPNY and [Ru,CICOLAJPPN] have
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Fig. 13, Structees of RuCHC 3, o™ 12521 Reprinree! with permission fron Crroananetzblics. £opyright
1994 American Clwniical Socigty.

been tsolated from those reactecas, and the Xoray structare of cach cluster discussed
F¥2]. The symhosis and strectural churacterization of Ru0(C01:Co, and
Ru C 00T have been  published [122)0 The molecular  structure  of
Ru OO0, 49-C 0 Mes )y has been sobved by Neray crystallography (Fig 14).
Cherical aspects of heicromolecuiat crvstals of 1This ciuster ard Ru CLCO, 0"
CH Megbare discussed will: respect i packing efficiencs and orystal cohesion [ 123].

The use of FTe, FedCO F as a starling material for the diron complexes
Fe (CO, [p- FriCH, L Tel (where = 1.2.3) 3 reported [124] Vacuum pyrolysis of
G301 CON(MeCUN),  at  lemperatutes  above 260 T produces  the  dibions
(08 ACON T and [O5,,(C0Y, ] . which have bee: chavacterized by Xeras crys-
tallography and YO NMR spectroscopy. These two clusters are the Lirgest osmium
carbony! clusters isolaivd o date [ 1231 The buitd-up of osmium clusters by rafting
from the wianale to the oclahedron has been discussed by using metal cluster
topology [126]. The high-nucicarity ruthenivm  clusters  Ru (€O, {1V BE,,
Ru-(COY, {Puth, and ,RufCONMin -FHPBY'), have been isolied from the
thermelysis recticn of RugbCO),, and PyBu'y. All ihrey of these clusters have been
structuraliy charncterized by X-ray crystallography. wib the lutter cluster being he
first exampie of & clusler possessing 4 semi-encapetiied -8 moiety {1271 The
relationship between the peometric and elecironic structore of FeyB,y clusters has
been invesrigated by using renske Hall moleewdar osbitar calealutions. Rehued
dodecahedral coball and aickel clusters «ore also stedied [128]) The reaction
of [Fe,iCO),HBYE with cither Feat Tk of Fe(COhicis-cyclocdenet, leads
to the sequential Jormation of [HEFeJ CONBY | [HEe, (COW-BF . and
THFes 01,81 . 1t is supgesicd tha the cluster building sequence 15 indtiaied by
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Fig 14 Stractwrs ol Ru 0000y 0f-CoH M e Beprinted wih
21 Agericen Chemicl Sociein.
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electron traasfor oo PRo 0000 HB L 0 Fo OO0, whiel anas b
bypraduct, The selid-state siraciare of the hepiciron clusier bas boea est
(Fig 15371291

Flhad

25, Group 9 clusiers

& report describing the Xeray stiucture of CoCpafua-SHug-ONC H Me, ] has
been  published T30, The clectronic sbructures of the frecbult  cluswers
Cog(pe-X Hp-COLPMe,), tohere Xois Ho L Bre 1 hase been explored by INDO. 2
agnbor QR-INDO 1 caloulations £13] | Treatment of cobabious salts with o-mzrcap-
tephenatate ligads M yand triadkviphosphines vietds irnuclear and teiranucloar
compieses. e naznetic suseeptibility propesties of wiiel mdicate the existenee of
antierromagnetic behavior [ 132

{-Pentene hydroformylation using PRTCe (00 hu been studied by cylimdricai
imternal ceficcnce (CTR) spectroscopy. Aldehvde formation is shown to coincide
with cluster [ragmeniation. suggesting monasiclenr calnlvsis, These Jduta are dis-
cussed with respect (o other reactions employing PROCo 1000, as a catalyst precud-
sor {1337, CIR speciroscepy of the bye roformylation of 1-peatene  using
PhCCo{CONHZMPh,PCH = CEIPPh,] reve "5 the presence of extensive cluster
fragmentation to [Co(CO,T7 0 the early siep = of the veactinn [ 134 ], The reaction
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Fig. 15, Structurs of E HIe-C00, 317 . Reprinted with permissicn fram Enorpanic Chemistry, Copyright
1953 American Chanical Society,

of HCCo,(CO), with Pi,SiH, .., and HR.SIXSiR:H has been mnvestigated. The
clusters HMe SiX5iMe ,CCo, (CO, and (0T U0 CMe,5iX8iM e, CCa:{ T, (where
X is O BA-Cll,) have been isolaied and characterized in solution. Cluster coupling
reaetivity with RSiH,CCo,(C0), (where R 15 Pho Mc) or stericaliv demanding silunes
is not observed, Uz of PRSIFL, , twkere n=1.2) leads 1o electrophitic attack on
the ¢lustar core. giving the p-silylene elusters HOCo:(CON{0-81R 51 which have teen
characterized in sofution, No electronic interactions were observed between M oy
cores of these dicluster compounds, as judged by electrochemical meas rremens
(1357, The gas-phase chemistry of the radical anions of the capped-cobalt clusters
XCCo,(CO, (where X is H. Me. Ph. CO,Me. T, Cl) has been examined by tandem
mass speciremetry (MS,M3) and Fourier lransform mass spectrometry (FTMS)
The molecular anions are not stable. giving XCCo,(CO), fragments by CO loss
via dissoctative clectton captare {1367, The use of waier-sotuble  iigands
FPPhy_(C H SOy — ), 1" - {where n= 1.3} in the preparation of the water-seluble
clusters [RCCe,(CORPT — (where R is Ph. Me., CL Br) is deseribed. The electro-
chemical behavior of these clusters was examined by cyclic voltammetiy in water.
The abitity of the sulfosuied Ligand to influence the kinetic parameters of the CV
experiment is discussed [137]. Photolysis of CpCoiCOl in lolvene  gives
UpsCos{n-COLu,-CO) and the new all-bridging isomer CpyColp,-CON,. the
molecular structure of which was esiablished by X-ray erystallography ( Fig. 161 The
redox properties of this new isomer were explored and found te be different from
the known Cp,Coa{pe-CON,p,-COY and CpyCoa(p,-CON{CO) isomers [138])

The synthesis and thermai decomposition of CpyCo (COY L (PPhH)@alkynel
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Fig. b Strocture of CpCoglp,-COL. Reprimtad iy permizaen brows eorcende Chienuaey Coprrizh:
1994 Arperican Chemicad Sociery.

have been reported [139 ] Thermolysis of a | 1 mivie of {7 -indanyl }‘r.("O!g dad
{y*-indenylilrcthylonel, gives the teiiridium cluster tp-indensliIri-CG,, The
molecular stracture shows ideaiized C,, symmetry and consisis of u :mmgulq
of indium atoms and edge-bridoing COQ groups. Yhe rescton beiween
indeny DI COyy and O -indenylRhiethy lengd- affaids ail of the possibie trinuciear
producis [ 140]. Site-selective oxidation addition of @ varieny of glecirophiles in the
clusters Iry(u-PPh, i COLdppmy and 1r;-PMy fCOLICNBY' Yy, occurs et the
formally 0-clecteon iridiam center in caeh ciisier. Al of the zroducts hove been
fully charactertzed in scluiion and by X-ray Lr\ma-‘uu‘,:pm in the case of twe
clusters {144]. The Xevay siruciures of Op%.Cogps-COHY and Op® Uop-
{1,-CCH -1y which were onisined {rom the ;euc'éon palwgan acoivleng and
Cp*Caofethylene),. have been solved [I41] Ligund oddiiics in the shisier
Cp*aCog(n-CCH p-HY hy OO and ONRBa' gives (p¥yCosip-COHL b
{1 -COip-By and Co¥;Co; - ONBu ja-H b rospeetively. Usy of NGO isads o
face-brideed nitrosyl chuster Cp®Cosli-COH M -NOL Al three of Hese wddition
products bave been charncienzed in solution and by ¥ -ras crysiaiiography. Varabie-
wrnperature MMR data on the CO- and isentiriie-ky
marricy for hydride n‘lzm'mu shount thie elusiers
parameagneiic clusler OUp7 . Coglaa-H il rescts witt? t L
d8-election cluster F 0 CONa-C - H . tlic Xeray siructuse of which
shows an sauilaier) iz w1e ol cubalt atems with bridging €O and ;1_\'dr1c=e Hgands.
Fhe fuyionaf bebavior of the two O3 ligands has been studisd by PC NMR Hne-

[yt
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shape analysis, wiach gives the aetiveton patomcelers for CO imterconversion bulween
the sta= and p-CO coordination modes, This same el per foses H at elevaled winper -
attre o give Cp®.Coal-Coy, . Treammend of the ssarime eirahvdrize Cluster with
CNBUb a dow semperabire wives Op'aCodn-CONBa LG, followed by isonitrile
insertion inte 1 Co H bond io vield e formamdovt cister CpCoyipar-
CH- - NButa-H D vpon warnving. Fie X-ry sdructine of 10 forminnidoy) cluster is
the coondmuiion and ransformation chamisi. ©

shown fn 1a §7, Schemes showiang
of hzands in ihese iricobuli chialars are prosented [1a47]

The sol. -state strvctures wnd the natiways available Tor metal aed carbonyl
surambling in MLICO, M ICON,; o (where M s Col Rl Te se= 13 have
been examined [ 431 I Cody L undergees o base-indeeed Gondensation reaction 1o
yiehd [1egiCOe ¥ oand findhiC0). 1 - Oxidation of the trianionic duster gives
the decairiditm cluster { I, OO 17 e Xeray <ienctures of the iridive hydride
and the decairidivam clusters are presented. and the budld-ap process of closed-shel!
trigonal-piraniidal polvhedra discussed {146].0 The reaction of [Cp*CofT],
with LiBH, lecads io the polvoucicar compownds  efeso- 2344 0p7ColpBLH L
eloso-1. 2.3 Cp*ConBa e, and close- 12364 Cp Col, B H, vie the intermedines
[Cp*Cof BH, ], and 1Cp*Cer BH, [ 1477 The dinuclear compounds {Cp*vCE ],
twherg M i RO Trp eeact with LESidvde, k. tahee 12 e Ted o give Hhw cehane
chusters [Co*MET,. The Xeray sirucivres of the lour possibie MY cubane clusters
arg presesied {81 Polviuclesr rhodiumt Tl compounds possessing phosphine-
phenaxide figands have been syuihesized 1497 Use of Rh, 77O, as a catalyst
precurser in the homogencous water-gas shift veaclion is reported. The chuster
[RhatCOh ey T was foued 1o scowmulate dering the antalysis using pyridine as
the base. The reactivity of this aniounic cluster and its role in (he water-gus shifl
raaction wre diseussed {13070 The cubane ouster {Cp*IeRY, has been isolated from
CprIr PMeaS,irCp® and structwraliy charaeierized. The reselis of kinetv studies
are presented. and & working mechiomism for the [ormation of [Cp#rs], outhned

Fig. 17, Structure v Op Cogdea-n™>CH NEw a0 Reponied with permissien from Orgenen
Copsrighs 1994 American Chemicat Sovwny,
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FISEHLL The Xevay structore of {30p* R - Ha -5 L which darives fram
the stepwise abstrpetior of the TSI Heand feom 2 dirfiodion dihvdrosidiide
vompound by JAg]T dons, 18 reported [1R2) Swrfrcc-medinted synthesis of
FROACOL] aud R GCNL)E from chemisorbed BRCORfecao and CO s
deseribed. The supports wed in this study were MpO e (-ALG T1531, Reaction
of PPh, with TRE,CICO) T yields the fiest reported carbide-suhstHuted rhodivm
chester with o rigonal-prismatic stractare. This clustes foses TO o pive the octahe-
dral cluster [RO,COCO,- 127, as shown by Xeray enystilography [ 1547 The n
cluster [RhNICON 17 reacts with metal hvdramides i waier or zicohol seivtions
w give the hydride cluster {Rh (p-t0MN0CCH L T L which has been cheracterized in
solation ana by X-riy crystalloeraphy. The solid-sizte s racioe contabing a (iiganal-
prismatic core with a centrad mitrido figand {1557 The 1 gund substitution !.'i'wmi*-‘r}
of Rh,tCyy,, vsing Me,NO eotivation has been publisted. The solution and
state structures of the tsoluled RE 0COY Ly chisters fwhere T MeON. py POy
g een established by NMER spectroscopy and X vy ervstallowrapl {156)
paper o the mathematica! modadiny of figand wrangemonts in various eclahedrat
clusters has appeared [157].

ridde

i

2 Gronp I elusters

Treauneut of the hydroxo complex MG F L4eORL T with EiSH feads o
the formation of the tmuclear cluster {NIJCF Lip-SFEOL T the Xoray suwactus, -
which sccompanies this veport FISR] Xytyl sonitvile reacts with T4 {u- 000 -
dppm); 17 to give the binuclear comples [Pd{CNCHMe 26 Lip-dapmi: 1
along with an unidentified palladimn{ HY spectes. Fhese ssme producis react vvaer
dime o give the  pew  trinucleur  cluster | PEAUNCLH M2
PAICNC HaMe2 61, Lp-dprnf]™ . which bus been fully ¢haracte in solulien:
ang by Xeray cryst-Togrephy [1397, The contrafled-petential electraivay of mone-
niclear platinum: H con‘p]cxcq FPUP PHONEYLTY rivhere PP s diphosphinel ts
reported 1o give the trinuciear platinum clustees TPHP-PRONRY, LT . These
clusters. wilch contain g coordmutively ursaturuad platingm ce e
examined for their red..+ properties ak o mercers-pont deciradt. Iroiated from these
clectrochamics! studies s a varieiy of platinwn clusiors, the compostion of which i3
dependent on the stze of the ancillury P-T ligand F16U]. A report dealing with the
host-guest chemistiy of { Pd;(dppmiaip,-CO4 ~ and mam raenie and organi
supstrates hias apneared, The binding constants hive beon meisored spenirescop
by vsing Benesi Hildcrband SCaICﬂmﬂ md “Jmu n"m;caza_ The hinding s
a xghsteale nto the o i
discussed relative 10 soveral pammel 215 ;'
chemistry with the ripailadiem lusier |
excited-stafe glecironic and strociural o rlmcfuw of U'sc
addition io the photonhysics for : i
of the triplatinum comples Pl;i(},]‘_ 0= C"’.'u 4T
The synthesis and solution charucierization of relaied @
pany this ceport [163], Treatment of M<°

. :(;-['rn LTI
"m: beer publistied.
slviide eomnlexes aeeom-
Pwhere M oas NiLOPd. Py owith dppe and
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NaSeH or NaTeH gives he chusters [ Pd,Se,idppe} " [PtScyddppe) 1.
NI Te,{dppe), 17 [Pd. Teyldppel, 1P 7. and [ Py Tea{dppel, 17 . The Xoray structare
of the last cluster is presented. and the cyclic voltummetnic properties of ali prod-
ucls are reported [1641 Thermolysis of the palladinm carboxviate clusters
PdCORIOCOR), (where R is Me. Bu', Ph, CF,, CCl} releases CO,, €O, and
biaeyls. Tr aromaiic sobvenis. the inserlion of CO; into an aromatic C H bond is
observed. The decomposition chemisiry of other palladium systems is discussed
[165]. SO, and L twhere L is 2.6-dimethyiphenylisomtrile) have been allowed 1o
react with Pl(p-SO,) L), 1 {where x=0.2. 3}, and the resulting products
isolated and characterized by traditions=1 methods [ 166]. The bending in a series of
culbnic Mgiy,-El L, clusters has been analyzed by extended Hitckel and sell-consistent
field muhiple-scaltering Xz calculations [ 167].

27 Gronp i1 clusiers

A relativistic motecular orbital study on the tetragold complex [AuyiPBu'; 12"
has been published [183] Displacerment of the THT ijigand from [Aulfp-
CH.PPh,CH, b RUTHTH ™ (where R is CF=, 24.6-.C H,Fat by the dithiocarbamate
ion gives the letranuciear compounds [{AGe-CH.PPR,CH, LR, ) (-5, CONR T
(where R’ represents carious groups) [ 169]. Gold -gold interactions in main group
X ACAUPR, 1, molecules have been analyzed by extended Huackel calewlations [ 174].
Extended Hiickel calenlations have been carried out on Aus chiain compounds, with
the results of metal-metal bonding discussed [171]. [Au{PPh,),]" reacts with the
dinuclear compound Au,ip-CH,PPh,CH,), 1o afford the trinuclear compound
[Aus(p-CH,PPh,CH,)L,{PPh;); 1" . the molecular structure of which has been coti-
firmed by X-ray crystaliography [172) Cl, or Br, oxidative addition (o
Aug(CrF o PR, PLOH, leads to AugdC F: ), {IPh, PRCH ] X, The haiide displace-
ment reactivity in the chlore derivative by THT and phosphines has been studied
[ 1731, The synthesis and X-ray siructure of the luminescent. one-dimensional gold(1)
polvmer [Au;{2.6-bisidiphenylphosphinoipyridine}(C=CPh).],. are reporied. The
crystal structure contains repeating units of the Au,L{C=CPh} moiety {1741
Ay [(Z)-Phy,PCH=CHPPh,JCl, reacts with Na;mat to producs Aufmnt)fiZ)-
P, PCH=CHPPh,],(l,. This new compiex was characierized in sofution by IR
and NMMR spectroscopy, and the solid-state structure wus determined by X-ray
diffraction analysis [175]. Mixed-valent linear gold clusters have been preparad
from the asymmetric gold(il} complexes RAu(CHPPLCH,,AuX (where R i
CoFs, 24.6-CHFo; X s halogen). The tresitmert of these starling materials with
AsCIO,. followed by the addition of [AuR,7™. leads to ihe pentanuclear
FHRAw(CH,PPh,CH L AUAUK]  or  the  hexanuclear  [{RAWCH,PPh.-
CH. A} Au{CH,PPh,CH,);Aul ™ compounds. The X-ray sirocturc of the hexa-
nuciear compound (R is C,H,i5) is shown in Fig 18 [176].

A reporl un the synthesis and characterization of copper stannyl and silyl com-
piexes prepared {rom [Ph;PCuH], has appeared [ 1777,
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Fig. 14 Structure of [[RACH PPECH, LA

wtCH.PPACH Lan) (R s O L F o Bennmied with
perinission from Crganomeiuilics. Copyrighn 1993 Americen Chomics] Socicty.

3. Heteronucleay clusters
21, Trinuclear clusters

The synthesis and NMR properties of [{57-CiMe;TMS, 1ND, (- H i H.Aul ™ ave
reported. The hiydride ligands exhibit large quaniven mechanics! exchange coupiings
thal have been exgmined as a function of temperature. The X-rav structare of this
trinuclear compound accompanies this report [1787.

The use of the p-tsophosphastkyne complex CpoiCOL{1-CO)Fe,{i-CPMes)
as a buiiding block for the construction of the polynuclear compounds
CipdCO{p-COFe, [p-CPIM IMes] (where M s Tr{COY;, Fe(COY,, PLUPPh;t i
described. Whereas (he former two melals ars attached to the phosphorus atom in
an #'-fashion, the Pr{PPh;) moiely 15 shown to bind 1o the g-CP linkage and
an iron atom by X-ray cryvsiallography [179]. The antiferromagnetic clusiers
CpyCra{ee;-Ship-5CMe, ), ReiCONNO} CpCrip-OSCMey by us-5iRe, {pu-Clii e
SCMe; HCOLINOY, and [CpCripg-Ship-SCMe, 1 RerCONNO)], have been pre-
pared. The X-ray structures of several products are presented [ 1307, The synthesis
and speciroscopic characterization of [N {C,Foata-MS ™~ fwhere M s Mo, W)
have appearcd. X-ray diffracuon anslvsis of the tungslen derivative reveals that a
central tetrahedral S.WS; uwat bridges 1wo tenminal sguare-planar NHC F:)
units [1817. Treciment of [MSe, 127 {where M is Mo, Wi with CulN in MeCN
affords [{NCJCuyge-Sedivi{p-Sel;Cu{CN1])? . Both cempouads are shown io be
isosirnctoral. Addition of sxcess PMe,Ph to these compounds lcads to [(NCiCuly-
SelMSe, 1P . The X-ray structures of both meolvbdenvm compounds are reporied
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[182]. The complexes (COEM = COEMC~=CPh) {where M i3 Cr, W) renct with
Co iCON; to give the alkyne-ligaied compliexes [(COLM - C{ORHC--CPhy-
CotCO)N.,  which  rcarrange 1o the  cdosters MCo{COL-COL a5
CCIOEY=- CPhCIO)! upon ihermolbysis in boiling hexane [183]. The reaction of
HFe.Co(COkineS) with MeCUpMo{CO),Cl in THE deads te the clusters
MeCopMoFeCofCO)ip-51 and { MeCp)sMe,e(COL(n:-51. Both products were
fully characterized in solution and by X-vay crystaltography. The mechanism of (hese
electrophilic addition elimination reactions is discussed [ 184.085). Condensation of
the tungsten aceiyhide compownds Cp*WiCOL1C=CR) with Re,{COIMeCNY,
yields the heterometatic vinylacerylide clusters Cp*WRe iCOW(C=CR). The ace-
tylide ligand is shown 10 be coordinated perpeadicular to the unique Re—Re bond
that is substituted by a bridging O tigand. The reactivity of these clusters wilh
alcobiols and H. shows (he case by which the acervlide ligand is converted into py-
st-attylidene and mcialiacyclopentadienyt derivatives. A structuwral discnssion on
each of the diffraction stroctures solved is presented [186]. The reversible scission
of a coordinated aceivide ligand has  been  documented.  Treatmeni of
CpWRu {CO,(C=CPhy wilth Ru,(COl, - al elevated temperatuie gives the penta-
nuclear closter CpWRu(ns-CHOONH-CPh) and the hexanuclear compound
CpWRupe-CHCOT, 1 p-CPRY, as the major and minor products. respectively, The
X-ray siructures of bath carbide clusters have been established (Fig. 19), The reaction
of OO with cither the WRu, or WRu; cluster regencrates the injial WRu, cluster

—y C17
v
cig ) /f'.,_a

c19{

Fig, 19 Sructwrre of CpWR,De-CHCD, 1 p-CPh. Revwiiited welh permission from Jowrnnl of the
Anencan Chemicyl Socicty, Conyright 1999 American Chemical Socipty.
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in near quantitative vield. The acetylide scission scheme and the solution speeiro-
scopic data are discussed [ (871,

The heterometallic chain compound MeCpMalCO){u-
dppmiAule! SHOMe) HICOLIPPh; ) bas been isoisted Trom the resction between
MeCpMilC N {pe-dppmiAuBr and [le{Si{OMel CO) I PPRIT . Treatment of
MeCpMo(COL (7 -dppmy with trairs-[ P MeCpWIC 01,1, NCPh) T mives the clus-
rer PLyWL Ve COpla (- CONpe-CO L [Hp-dpomi Mo {MeCpH OO 1, Crdlic voltamme-
try daiz on selected compicxes reveal the possibiily f electronic cemmunication
between  different  metal  centers {J887. Cupping-ligand  Uansformations  in
Cp'sMibe,(ji;-COLp-NOHu;-NX) (where Cp' 15 Cp. MeCp X is O, OH. OMe.
1) huve been studied. The bonding interactions in the conversion of thy 4R-glectron
cluster [CpsMnFe(u--CONLp-NOHG-NHIT to e corresponding 49-electron
cluster have been mvestigated and comparisons made with related irinuclear cinsiers
[ 183} The trtangular clusters Rea{p-PR,COWKE MICOL PR, § twhere M is Rb
R i3 Ph. Cy) have been synthesized from the phosphide complex [Rel{u-
PR,HCO), T and MCLHCOHPPh:b: in the presenee of TIPF, and €O, Yise of
[RR{CODPPh,;1,]" and the anmionic phasphido complexes affords the products
BeRhu-COL(p-PRUTCOLIPPR; L ReiCOL |, the stracture of wiich contains a
Re,Rh ring and 2 rhenium rhodivm dogble hond (Fig 207 | %01

1. 1-Diakkynylferrocenes redcl with C0x{CO, to give [
CHLC=CRLFe]CoC0), wod Qp-CH = CRL e Coy{COR T, TI917 The
reactivity of [p=7p -CpFetCOLC= CHJCoCO), under shosolysis and tharmoly-
sis conditions and in the presence of hydrosilanes has been imestigated. The isolaied
Fe.Coy and FeCo, clusiers have fully characterized in solution by the usuai methods
(1927, The double butterfy complex [OCFeatp-SenJ;CPMCH reaci: oith

Fig 20 Stectre of ReBhipa0 Oltu-PREC T PIA [ Rer O Reprinted with permision from
[noreanic Chemistry, Topyrigal 1994 American Chemical Secivt,
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Pt{cthylene)i PPh- ', to vicld the ditron complex (GC), Fe, §a-SeCiPRCTH S and
the ctusters {OC) Fas PUP P, ) {p-Se CIPHICTH)Se ) and (OC 1, Fea{ie;-Se)a P P Ph; iy
L1937 The X-ray siructure of Fe, {t-Ag{ PPy p-CONTN{p-PBU'; ) and the syve-
thesis ol the coppar analog have appenred [ 1941, The reaction between the bimerstic
compiex {OCh [(MeO),Sit Fe(u-dppmiHg(CiCl) and  Pt{PPh,},(cthylenc) gives
a F:1 mixtuic of the isomeric complexes  frans-  and  ois-[{OC)Feif;-
Si{_OMc};(Ol\r‘!c}}{p»dpp;n)(g;-Hg}Pl[C;‘Cij}( PPhyY]. The chain core isomerism
¢xhibited by these and ofher compounds 15 desenbed [ 1957, New clusters contain-
ing bridging ailenyl and alleaylearbonyl figands have been svnthesized. Depending
vpon the reaction conditions, it is possible to isclate (OCKFe(p,-COMRu-
Cplp-COVWFe{CON 5" -CCH--CHPh),  {OCLFeRuCpICHFe{COY (-1 5" -
CCHCHPh),  {QCL:FebefCOLRu{COICP -0 2 -C{Pi=C=CH.j,  and
{OC), FeFefCOLRWCOICH 4" 10797 CH=C = CHPh from the reaction bebween
CpRu(COLCHLC=CPh and Fo,{COW,. The spectroscopic charactervization of these
clusters and their renctivily towards added phosphines are described. The X-ray
steuctire of one of the three products determined is shown in Fig. 21 [ 196].

The X-ray stracture of [{ Pi,Phiv(pe-H ) Agip-HLE(PPh, )17 reveals the presence
of 2 linear Ir- Ag Ir arruy, with the hydride lgands scrving to bridge the iridium
and silver atoms [ (97]. The transformaiton of the carbene cluster Cp*ir{CpCojyiy-
COYL(-CH ) into the carbyre cluster Cp*IriCpCak (u-COYi-CH X p-H ) is observer!
m reffuxing toluene. The carbyne cluster regencraies the carbene cluster upon evpo-
sure to CO. The Guxional behavior involving the exchange of the methylidync proton
and the hydride ligand has been cxamined and a mechaniss mveiving agostic

Fig. 21 Streewwre of (00 Fefp -COROC (1, -CONF{ COL {pa4"-CCH = CHPWY, Reprinted with perois-
sionl from Ocpanomzialiics. Copyright 1994 Americun Chemicul Sosicty.
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C-H-M mterzctions propused [198]. The synthesis and X-ray structure of ihe
trinuciear cluster (PhyPhAg{a-CHColp-ChAgy #Ph; ), have been published F199].

A renort dealing with the phoiolwminescent propeities of PLIAuX){p-dppm)X.
apd PLIHEX Hp-dppmid X, (where X is CL Bry has been published. The bond-
ing 0 thess clusters has bean studied by caqcyimg owt SCF-Xz-SW caicula-
tions [2006]. XPS data on the chusters [{PU(PPhyL(a-S)hCultu-dppf it
[Pto{ PPhsbip-Sh o PHCLL and [0 PPR. ) 0-51 0, ML 4 (where M and L=
varions metals and ligandg) have been collected. a4 ihe possibility of distinguishing
between chemically ineguivalent tucked is discussen [ 2017 Neuwtral PrAg, ddusters
possessing unsymemetrical gy and g, @ alkyny! ligends are reported. Treatment
of [PtAg. OV RIC=CR)Y ], with PPh; lcads to the mived-mctal elasters
PIAEACF a0, o-C=CRMpy-0-C=CRY PPh,J; {where R =Ph, Hi'), of which
the phenylacetylens derivative hes been characterized by Xeray crysiallography
[202].

3.2, Terranuclear clusters

Excess Cp*MoiCORE reacts with Ru(CO)i-Hip-BPh,) in refluxing tolucne
10 give the phosphide cluster Cp* MoRu i COYy(p-H (p-PPha} and the phosphini-
dene chusier Cp*MoRu,{COolit:-H)pa-PPRY. Both clusters were fully characierized
in sodution and by X-ray crystaliography in the case of the phosphido elusts: {2037
The X-ray structure of the buiterfly cluster Cp*MoRu4CO), B has been determined
at 110 K, in order to resobve tiw disorder associated with the 5,-CO figand. The
X-rav data provide cvidence for isomerization of the quadruply bridging CO ligand
between the two butterfly isomcrs. C EXSY NMR data and extended Hockel
calculations on the barrier to cluster somerizition are discussed [2047, The ketenyl
cluster Os3{CON(p-HICIONCH, WCpiCOY,] has been symibesized from  the
reaction  between  OsiCON(MeCN): and  the inctallo-aldehyde complex
CpWiCO),CH,CHO. Pyrotysis of this cluster in the solid siate at 185 °C leads 1o
CpaWL0s,{CO) 1 {p-Civiet and CpWOs (CO o p-OHp -CMeh, Both of these penta-
nuclear closters arise from the C-O boud scission of the ligajed ketene fragment,
The latler WOs, cluster isomerizes 1n solution to give the tetrabedral cluster
CpWOs (CO, 1 -Op-Che), in wihich the oxo moiely has migrated from an cdge-
buidging 1o face-bridging position. The Xeray structurss of all aew clusiers
are presented [2037]. Consceutive ©-£ bond cleavage of an allyl ligand on a
WOs; cluster is veported. The isometic allyl chusters Cp VOS5 COWalps-1"-CiR, Tel
{where R is Tol, Ph). which were prepared from the abkylidyne-alkyne
clusicr  CpWOs{CON el ™-CoR Hi-CToll. give the  wialkylidyne  clusiers
CpWOs (CON {5 CRI{p,-CTol) via an alkylidyne-alkyne iaiermediate. Reaction
schemes and Lwo X-ray sivuctures are presented [206]. The antiferromagrelic
clusters  OpaCr(eSCMe; biga-SIWa (e THICORINGY,  and  CpaCraln-Shie
SCMe; LWISCNe, INO have been synthesized and characierized in solution [207 |
The new clusters CpaMo,Fe,5e.(C0k and Cp, o, FeSe{CO).. siong with the known
cluster CpyMao,Fe,Se,(COL,, are obiained from the thermolysis of Fe(COj,5e, and
Cp:Ma{CO), in benzene, The two new clusters were fully characterized in solution
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and by X-ray erystallography [2087. Refluxing CpWOs,{CO Fuy-n*-CtCACH  Tol §
in toluene produces the oxe-alkylidyne cluster CpWOs,[COwiG-ON1-CTH, Tol)
as a result of acyl C-0 bond cieavage, The reaction of this oxo-capped cluster with
CO and H, has been cxamined. and in the case of M., the someric hydride-oxo-
alkylidene clusters CpWOs;{COL-HYp-ONp-CHCH Tel) have been isclated.
Varjable-temperature PC NMR spectra pertaining to cerbony! scrambting and mech-
amistic fealures assoctated with the cleavage of Lhe acyl C-0O bond arc discussed
{2091, Kinetic studics have been carned out on the sulfido-capped ¢luster
MeCp, Mo;Co,S,(C0),. Phosphine and phosphile higands ars shown to react with
the parent cluster is a two-step process, where the first steps involves the formation
of the adduct cluster MeCpaMo,Co.S.(COP, which then loses CO in a subseguent
step 1o give the corre: ronding substituled cluster. The adduct formed by Lhe addition
of PMe; has been choracterized by X-ray ervstallography. The activation parameters
are reporied and the substitution mechanism discussed {2107, The sequential substi-
tution of CO w MeCp, Mo CoyS,1C0Y, by CNR (where R is Me Bu'l gives
MeCp,Mo,Co,5,(CO), CNR), {where n= 1.2, 3). The bis-isonitriic derivatives
eXist as a mixiure of cis and trans isomers, as deduced by NMR speclroscopy {211 ]
The reaction of orzanic sulfur compounds with MeCp;Mo,Co,5,(CO, 1s reported
to give the cubune cluster MeCp,Mo.C0,5,{CO}, in high vield. The progucts of
hydrodesulfurization arc discussed relative ta the mochanism associated with these
reactions 2127 The preparation of the alkstidyne alkyne duster CpWOs,(CO) i1
CMepCMeCToly and the dimetalioaliy] cluster CpwWOs, 0 [T Merl{ Me)-
C(Told] from the thermolysis of Qg ICONLC,Mey) and CpWICOL{—Clol} is
reported. The selective scission of cae C-€ bond is observed in the dimetalloallyl
clusier upon continued thermolysis to give CpWOSs{CO{je-CTol}HC;Me,}. This
last reaction is discussed in the conlest of alkvne moiathesis that proceeds through
a dimetalloally! intermediate. The re:ulis of solution characterization (IR and *C
NMRj and two X-ray structures {IFig. 22) are presented [213].

The synthesis of ReyRus(p-H(p-SHe-CHNHCO), from RuytCO), and
ReaRuapey-S)pe-CoOHLUN (epy Sl COY, 5 15 deseribed [ 214]. The salido-capped cluster
[Rus{CO{ =83~ reacts with [M{COT;tMeCNY, T fwhere M is Mn. Re) to give
HRu i COWlp ~S)MICO)(MeUNG,. Use of the cations [M{CO)}™ iwhere M is
Mn, Rei gives the ciusters HRuy{COi,-SIM{CO);. These heterometaitic clusters
ali contain a triangular array of ruthenium atoms with a capping SM{COL, L, moicty
fwhere L is CO. MeCN} [2151. The dynamic NMR behavior of the isomers of
ReaPt{p-F {0, has been cxplored by NMR spectroscopy [216]. The rhenium
carbanyls in [Pt {Re{CO); Hp-dppmy,]* are uliimately oxidized by added Me,NO
or 03 1o give the oxo cluster [ Pty ReO, e-dppm)a ] ™. the X-ray structure of which
has been established (Fig. 23). T.e bonding in the oxo cluster is discussed in terms
of interactions between three filled Pt-Pt bonding orbitals (¢, and ¢ symmetry) of
the Piy{dppm); fragment and three varant scceplor orbitals i the ReQ, fragment
f2173.

[H;Ru:RIHCO},, J[PPNT has been synihesized in high yield from the reaction
between [HRu,{CO),; JIPPN7T and Rh,{CO),Cl;. The X-ray structure reveals that
the clusier is composed o an apical ruthenivm atom and a basal Ru,Rh plane
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Fig. 22 Strectore of CpW Osd COMy otz U TolTnCsMes b Reprinted with penmosion ireim Urganomngiablics,

ity
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[218}.  Extended  Hickel calculations Thave  been  performed  on
T Ru{ COLlie-COMNy-Se); and Fe (COW(p-COMp-Sch. and the results discussed
with respect (o the replacement of onc fren atom by a ruthenizm atom [219]
Treatment of [RutCOLRHL]T and { Re,(COWB,HA] ™ with [Cp*RhCl, ], vields
the 62-cleciron butterfly boerdo-cluster Ru RhCp*(H)ICO){ BHL) and the tetra-
hedral clusier Ru,RhCpH HIL,{TOY,,. The indiwm dimer [Cp*IrCly]s reacts
with  ihe BiH.-substituted  cutheninm cluster o give  Gd-electron  clurter
Ru rCpH HNCO) 0 BH, b and the tetrabedral chuster RuyRhCp*{HI(COY. Use of
the BH,-substituted cluster yiclds only the 64-cleciron Ru,br cluster [220]. The
unsaturated cluster Os;H(CO), {PhF CHLP(PhIC ) reacts with [Au{PPh;)]" 1o
yield | Gs;Aul{CO) { Ph,POH,P{PRIC, H, 117 . waile reaction with HBF, gives the
corresponding cationic dihydride cluster [Os;H(COQ), | Ph,PCHLP{PRICH, 137,
The X-ray structure of the gold derivative accompanies this report [221]. The
synthesis and characterization of MeCpFe,Cofp,-SICO),, have besn published.
This new cluster, the moleculsr stvucture of which has been wystallographically
esiablished, was obtamed from the reaction between MeCpleiCO),Cl and
HFe,Colps-SHCO), [2227. The resulls of siteselective substitutions and ligand
isomerization wm tetahedral MCn, closters twhere M s Fe, Ru) are reported. The
Xeray stuctures of HRuCo,(COYp{ PMe.Pi); and HRuCo, {CO),i PMe.Phi, are
presented  [223% The FesAu butterfly clusiers [ FeAuw(CQO), { PPhyY] - and
[iFe.Au{COY ;11117 twhere L. is dppmt, dppe) have been prepared and struclur-
ally cherscterized m the case of the PPh-substiuicd cluster (Frg 243 [2247,

Fig 34 Sirecture of [Fepdn(COp 4 PPOLET. Beprinted with  wermission Lom (rganamelallios.
Copyright 199 American Chensical Snciety.
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The resation of diphenylacetylene with CoRB{C O, under dork and photoctiemi-
cat| conditions has been examined. and the X-ray structure of Co, Rh{p-C OO {p,
7 -PhC, Ph presented [225]. The cluster 1e, RO (CO0:(n*-CO D) has been synihesized
by a redox condensation sequence involving [ I 77 Mr(CGDYTHF) T . and
[RE(CODNTHF), 7. The moiccular structuie of the Tr,Bh cluster ts based on &
tetrzhedral core, consisiing ol an IraRhb basal plane. The COD figands are readily
replaced by added CO to yie'd I,RE(CO), [226].

3.3. Pentanuclear clusters

The dangling phosphine moiety in CpRuCI[{Ph,P),CHCH,PPh, 1 replaces up o
thiree CO proups in I {CO); to give Iyt CO)y; LJLCpRuCHPhPLOHCH, FPh; 1,
{where =1, 2, 3}. These heterometallic clusters were characierized fi. solution by
IR und P NMR spectroscopy [ 2277, Hydeide reductior. of Ru,RhCp*CO), ; uning
[E(N][BH,] gives the monohydride cluster {RuPhCp*COy H] . Traatment of
th. anionic ciuster with iodine leads to Ru,RhCp*(CO); (HIil, which has been
structurally characlerized by X-ray erystallography. The rhodium atom cecupics o
of the hinge atoms in this wingtip-bridged buiterRy cluster. Phosphine substilution
chemistry and chloride ion addition reactivity with the parent Ru;Rh ctuster are
described 2287, The clustei Os;fp-AuOs{COLPPHh Hie-CIHC O, prepared from
[Os,(-CHICOY,. T and [Au{PPh; 1] 7. provides the lirst exzmple where an OsiCCy,
fragment has inserted into a Au-PPh; bond. The X-ray structure of the new cluster
1% reported [229]. The clusters [(p-CHRO0CHCH == Cip-RS1Fe, (€O, -He (where
R is Et, Bu'j have been isolated from the reaction beeween {{p-COHy-R3WFe.iCOL T
and bis{ l-alkynylimercury compuunds, The X-ray stracgiree of the Ba' dedvative is
reported [2307. The synthesis and elecirochemical examination of Fe,Hghf spiked
buiterfly clusters have been published. The produci anfonic clusters are cbiaingd
from the reaction between [Fe{COY, 1 and ClHaM [where M is CpMoiCOlL,
CpWi{CO;. CpleiCOy,, Mn{CO}.. Cot COL 1. Oxidation of these Justers gives ik
neutrat radical clusters. which have hesn studied by EPR spectroscopy. It is can-
cloded 1hat the unpured glectron is localized in the FesHg core [2317, The planur
triangulated rhomboidal cluster [ Mo {COY - Hilp-He{CpMotCOL P has been
characterized by X-ray crystaflography (Fig, 253 This and refated clusters have been
syithesized from ClHgM fwhere M represents various meidl compounds) and
[MnytCOh,(p-HIP? in THE sehent. The use of exiended Hickel caleulations i
deterimining the hocation of the hydride ligand in the MnHg rhombas is discussed

[232].

34, Hexenuclear clusiers

The reactivity of the wasaiuraled Jilivdridz compics  Mpaip-HiptCORTe-
{E10LPORIOED, T with the aceivlide compounds [M{C=CPhY, (where M s Cu,
Agj has been investigaled. The major produciz isolied have been Mnpiiu-Hi-
(-5 p* - C=CPhKC OlDLgf-[EiO}ZPOP(OEUg] a2t the hesonsclear  chusiers
MM, (p-H 1 {CO Dl F10LPOPIOF), 1o, whicn in the case ol the silver deriva-
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Fip, 33 Stractuce of (Mo OO0 dnebhige-Hie CpMeCO 1] . Repiioted  with pormissions from
Orpanomelallics. Copyright 1943 American Chemical Socien.

tive has been characterized by X-ray erystallography. Use of | An(CT=2CPh}], uftords
the cluster Aubnip-Hi(CON,[p-{ RO, POPUOEL), ] The fluxional propertics of
these clusters and the adopted poiyhadral geometries are fully discussed [ 2331, The
boride clusters [Ru R4CO BT und [RuRh;(CON:E,]" bave been prepared
and characterized in the solid state by X-rayv erystallogeaphy. The former cluster
possesses two trans rhodium atoms, along with an mterstitial baride atom [2347.
The cluster Ru;RhCpHCHCO),, vndergoes fragmentation under high €O npressure
to give Ruz(CON;, RusC{COYs, and the new ciuster RugRhOCp*CHTO,,. the
molecular structare of which has been solved. The Ru,Rh polyhedrow is based on a
squarc-based pyramid. The ceactivity of the starting RusRb cluster with methoxide
has also been examined [ 235, Ru,P1.{COY,, reacts with H, to give the new cluster
Ru P1{C O {n-H - HY m 8394 vield, The mofecular strocture consists of three
triangular arrays of o metal atoms, giving rise 1o ke observed face-shared bioe-
iahedron. The outer layers arc composed of rulthenium twiangles, with the three
platinum atoms formiog the central fayer. Diphenvhuceiylene reacts with this Ru,Pi;,
cluster to afford the afkyne cluster RugPty{UOhglpey-PhC-Phil{p-H¥Wa-H ). The X-ray
structure of {his ciuster {Fig. 26) contivms the coordinstion meode adopted by the
alkyne ligand. The trunsformation of the afkyne ligand in (s ciuster to an cdge
bridging o-n coordinated diphenylviayl igund has been docwminented | 2361

A report describing the surface-mediated svmbests of TRBPUT T30 on Mg
has appeared {2371

3.3, Higher nuclearity chisters

The prismaitc stracture of Py He(2,6-Me,C, HNCY , nas been confirmed by X-ray
erystatiogravhy, The <°r phuinmm atoms define the trigonal prism core. with the
mercitiy atem sl n oy puendocenter location of © .« prisiatic core. The bonding
i this cluster was also explored by carvying ove XPS remsurements and extended
Hiickel calculations [238]. The synthesis of [Fe(COS) ™ and its reaction with
M{OAc); fwhere M is He, Cd) 1o give the dusters [{Fey(C0LSet .M T are reported.



MG Rictisomd Coovdingidane Chaviainery Roviews J34 0 J0806, G- [ 3% £

Frg 26, Btructure of  Rog PO ql0 PhOPRHr-Hp- MY Reprninted  with persisien fem
Organometallics, Copvrigin 1994 Amenican Chamical Sogety.

The potentiat for thse fnked clusters 1o serve as building biocks for oihe
nuclearity clusters is discussed [2397. Deprotonation of FedCORiu-PNety -P’—E'
followed by phosnhine ﬂmummh/am'ﬂ has been ussd as a toule for the s
of extended cluster chaine. Tropping the intermediste snion {¥e. {’“0} ‘u_;-
PMelli-P T with CEAGTHT)  gives  the  new  cluster 1[—e\{L Olodpts-
PMelu,-Pit,AuT ", the molecuiar structure of which has been crvstelovraphicaliv
dctcrmincd [2407. Specrroscopic dala are presenled for the formation af
RO, N(CO[An(PPh]. which was  preparad  from [RO,NICQH]T  wad
Au{ PPRCL Al PPhCE reacs with [RBCICO:FT at —80°C w0 @
[RhCCem,z dAut PPhy T NMR studies reveal that the Aw PPy moiety mpxdl_\'
migrates abowt the octabadrad core ot - 80 C0 Warming io room temperatuig isuds
10 00 loss and formation of L’ii},.-{’“Orla AN PPh T !
terized in m}'!t’na by muunuciear NME IMEEYUFCniLS r _—l]_] Ti
TRu;C{CON 0% 7 macis with oxgess FRu{(OD - 10 fornis
TRuRRC{CON (CDIMT . which may ba nr

Ru ERHICHCO), 10D The rezativitsy of the anicnic Rig R cluster with U
reagents AuiPBoCl aed Au PEGHCT has alse been studind., The Xeray siructur
Ru LhICOL A COD At F'i"'n M opconmpanics this report [ 2421 Thoe sunthesis
and Xer ay struciure o o, PiCO 4 by Bave been pablished. This new dusler i

2 carbide c] usier
the moncarion
Qi o
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abfained from (he seaction between Os,(CON,(MeCNY, and Pdt bpy iCO,Me,,
The X-ray structure of the Qs Pd clester iz based o0 o monoeapped octabedron
with the pailadium atom funclioning as ene of the cowhedral veriices [2437].
[05,COL PPN, has been atlowed to react with A CLIEP P fwhere PP by
dppm. dppe, dppbl ia the presence of TIPF, o yield the mixed-metal clusters
Osy{COlsbAu(P PY} in near quamitarive yviekd o the case of the doph derbvative,
Xeray diffrnction analysis reveals that the ciusier is composed ol o bicapped ogliane-
drow of aswium atorms, with one of the gold atoms capping the osmium oclahedron,
and ihe other goid atom bridging an edpe of the osminm core [ 2447 1he prepar-
alion, moleculat struciure (g, 27 and polvhedral skefetn] somerization in
[ ResIrC(COL T have been reported [245]

D27H,0 totope exchange vsing the platioum - gold custer [PAuPPh L
has been achicved. NMR data o the claster species present in solution and a
working cilalytic mechanisny are discussed [246]. dictallic mergury adds to
[PUPPRJIAUPPASEL T (0 praduce [PU PG TAUP PR L0 HaNG ] 7. ihe muslecu-
lat structure of which has been ervstallographicully determined. The displagement
of metallic mercury from this cluster and the reactivity (oward [Co(C0).]  are
deseribed [247]. The clusters {Agy f-FefCOLY LT and [Ags {p-FetCON T L
FefCOh, " have been prepared and the electron counts rationalized by extended
Huckel caleulstions, The X-ray structure of the former cluster s shown in Fig. 28
[2487].

The reacticn of [CuCl{PPh1) " with [FedCOLL-SH T in MeCNMeOH
leads to the iror ceprer sulfer cluster [Fe,Cugdu,-$1{CON4(PPh,),] . The Xoray
structure of the v cluster has been solved [ 2497 Treatment of [Ru,HICOY, ]
with P PhCNY,Cl; alfords the cluster [Ru, Pd(COY, B, which is shown to possess
a trigonally distorted octahedron of palladium atoms that is capped by -u’ienium

Fig. 27 Strwetnre of [Re-Ir (€00, |5 . Reprinted with permission from dourmal of Wha Anserican
Clierieal Sewdely, Copraiglit 1993 Americsn Clientical Sociey.
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Fig- 28 Stroctare of [Ag, lpo-FerTCh3, 1. Reprinted with permission from Inorganic Chemistey,
Copyright 1994 Aswericen Chenneal Sociiv,

atoms by X-ray diffraction analysis. The 3C NMR data wnd electrochenncal behavier
of this cluster ar wresented [ 2303, The carbide cluster [Rby,CHlCOR(AuPPE,IT
has been isolated frum the reaction vewween Auf{PPhCH and [RhCuo 0., 17
The solution and solid-state siructures of this cluster have been determined and
discussed relative 10 how ihe CO hgands are distnbuted about the cluster poly-
hedvon [258].

4. Abbreviations

acac acetylacetonaie

APV 2eamino-S-methylpyridinate

bpm 2. ¥-hipyrimidine

bpy 22-bipyridine

coDn L.S-cvclooctudiene

Cp cyciopentadienyi

Cp* pentamethy leyclopeniadiony!

Cy cyclohexyl

dmpmi visfdi:: Haviphosphinoimetinne
dppb Lad-bistdiphrnyiphosphing)bwane
dppe 1.2-bistdiphenyinhosplinojethane
dppf 1.1"-bis(diphenviphosphinaiferrocene

dppm bistdiphenylphosphine)methane
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dppp 1, 3-bistdipuenylphosphinoipropane
Fe errocenyl

mbint Zemercaptobenzimidazolale

Mes mesityl

mnt 1. 2-dicyanoethone-1.2-dihiolate
PPN bis{ triphenylphosphinetiminium
Dy pyridine

pyS pyridine-2-thinnato

THT totrahiydrothiophense

T™S trimethyisilyl

Tol tobyl

XPs X-ray photoclectton spectroscany
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