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I. Mononuclear Complexes

(a) Organometallic Porphyrin and Carborane Complexes

New organometallic porphyrin derivatives were reported. The conversion of
diethyl[2,3,7,8,12,13,17,18-octaethylporphyrinato]-ruthenium to the corresponding
ethylidene(OEP)ruthenium complex was studied. The rate expression for the
decomposition of the diethy! complex and the metal-carbon band dissociation
energy were determined. The kinetics as well as the effect of a radical trap on the
reaction lead to a proposed mechanism involving homolysis of a ruthenium-carbon
bond.!
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The oxidation of bis(rutheniumoctaethylporphyrin) with HX (X=F, CI, Br) resulted
in the formation of dihaloruthenium(lV) complexes of octaethylporphyrin. Reactions
with pheny! lithium and methyl lithium gave diphenyl and dimethyl ruthenium
porphyrin species.2 A monomeric, tetramesitylporphyrin ruthenium complex was
prepared by pyrolysis of [Ru(TMP)(MeCN)]2. Adducts with a variety of ligands were
prepared. A bis{dinitrogen) complex, Ru(TMP})(N2)2, was formed from Ru(TMP)
under a nitrogen atmosphere.3

Electrochemical and spectroscopic techniques have been used to investigate
the electronic structure of osmium and ruthenium porphyrin complexes.
Electrochemistry of the ruthenium and osmium octaethylporphyrin dimers, [M(OEP)]z,
was studied. The voltammogram of each compound exhibits four reversible
oxidations and two reversible reductions. The first two oxidations are metal centered.
The resulting oxidized complexes, [M{(OEP)]2 and [M(OEP)]2, can be isolated by
chemical oxidations. The metal-metal bond order increases on oxidation from 2, in
the starting materials, to 2.5 and 3, for the oxidized species.? The resonance Raman
spectra for octaethylporphyrin and tetraphenyliporphyrin ruthenium complexes with
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pyridine, methanol and carbon monoxide axial ligands were reported. The carbonyi
group effectively competes with the porphyrin for metal back-bonding and greatly
effected the spectra obtained with both 407 nm and 531 nm excitation.5

A ruthenium carbonyl complex of a new macrocyclic ligand was synthesized
and structurally characterized.The chlaoride and carbony! ligands were in a cis
configuration in [RuCIl{CO)L]{BPh4] (L= 2,7,12-trimethyl-3,7,11, 17-tetra-
azabicyclo[11.3.1]heptadeca-1, (17), 13, 15-triene).6

A number of papers reported new osmium and ruthenium metaliaboranes. A
series of metallaboranes was synthesized from [(n6-CgMeg)MClz2]2 (M= Ru, Os).
Examples of arachno-, nido-, and closo- type clusters with four, five, six, ten, and
eleven vertices were described.? One of the products of the reaction between
arachno-[BgH11]- with [(n6-CgMeg)RuCIz]2 is [(n6-CeMeg)RuBgH14] which has the
same framework as nido-[BgH15].8 The nido 6-metalladecaboranes of osmium and
ruthenium were prepared and an X-ray crystal structure of (PMeaPh)30sBgH13 was
published.® The elaven vertex cl/oso-osmaundecaborane,
[(PPhMe32)20sB19Hg(OEt)2] was prepared in 42% yield from OsClz(PPhMeg)3 and
closo-BygH1g 210

{(b) Complexes of Phosphorus Ligands

Ruthenium and osmium complexes MHCI(CO)(PPri3)2 were prepared from
MCi3 and tri{isopropyl)phosphine in methano!l. A variety of neutral donors add to
these complexes to form the six-coordinate molecules, MLHCI(CO){PPriz)2 (L=
PMej, P(OMe)3, CH»=CHR).1

The synthesis of a stable ruthenium(V1} oxo complex with a tertiary phosphine
ligand, cis{(bpy)2Ru(OQ){PRa3)]*2, was reported. The reaction of cis{(bpy)2RuClz] with
triethylphosphine gave cis{(bpy)2RuCI{PEt3)]. Abstraction of the halide with silver
perchiorate in acetone/water, followed by oxidation with cerium(lV) preduced the
oxoruthenium phosphine complex. Reversible reductions to Ru(lll) and Ru(il)
complexes were observed by cyclic voitammetry in aqueous solution. The oxo
complex, cis-[(bpy)2Ru(O)(PR3)]*2, was found to oxidize isopropy! alcohol,
propionaidehyde and triphenyiphosphine.12
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Ruthenium complexes of diphenyiphosphinomethane and
diphenylphosphino-ethane were synthesized. Several synthetic methods were used
to prepare RuClz{dppm)(PMez2Ph)a, RuClz(dppm){(PMePh2)z,
RuCiz(dppe)(PMezPh)2 and RuClz(dpps)(PMePh2)2.13 The ruthenium{0) phosphine
complex Ru({dmpe)a(PMe3) was prepared from Ru(dmpe)2(naphthyl)H and
trimethylphosphine. The complex was shown to be square pyramidal with an axial
trimethyiphosphine by an X-ray crystal structure. Carbon monoxide and
neopentylisocyanide dispiace PMejs, producing other zero valent derivatives. The
geometry of the carbony! complex is trigonal bipyramidal with the carbonyi
equatorial, 14
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Addition of the diphosphines PhoP(CH2)nPPha (n= 1-3) to the ruthenium
carboxylate dimers Ruz(O2CR)4Cl (R= Me, Et, Ph) gave cis and trans isomers of
Ru(O2CR)sL2. Hydrido and carbonyl derivatives were obtained with NaBH4 and
CO.15

Complexes of polydentate phosphorus-nitrogen donar figands were reported.
Ruthenium complexes of the new terdentate ligands, bis(2-
{diphenyiphosphino)ethyl)benzylamine and bis(2-(diphenylarsino)ethyl}-
benzylamine, were prepared and characterized. A variety of ruthenium(il) and
ruthenium(lll) compiexes were prepared by reaction of these ligands with
RuCla(PPhs)3, RuX3(AsPha)2MeOH (X= Cl, Br), and RuClz(Me2S50)4.18 A ruthenium
complex containing the coordinated bicycloaminophosphorane,
[Ph{(H)P[{OCH2CH2)2N], was prepared. Reaction of CpRu{CO)2X (X= Cl, Br) with
[Ph(H)P[{OCH2CH2)2N] gave [Cp(CO)Ru{n2-PhP(OCH2CH2)2NH}]X. Deprotonation
of the coordinated nitrogen produced a ruthenium phosphoranide.!?
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Neutral and cationic complexes of phenyl and diphenylphosphine of ruthenium
and osmium were prepared. These phosphines readily substitute for carbon
monoxide or triphenylphosphine in MHCI(CO)(PPh3)z (M= Ru, Os) and
M(CO)3(PPh3z)2. Oxidative addition to give terminal phosphide complexes was not
observed during the substitution reactions.1® The terminal phosphido complexes
M(PRPh)CI(CO)2(PPhg)2 (M= Os, R= H, Ph, |, OMe,; M= Ru, R= H) were prepared by
deprotonation of [M(PRPh)CI(CO)2(PPh3)2]+ by DBU. The structure of
Os(PHPh)CI{COQ)2(PPh3)2 was determined.19

The reaction of RuClz2(n1-PPh2CH2COOEL)2(n2-PPh2CH2COOEL) with CO
under oxidizing conditions produced RuCla(n1-PPh2CH2COOEt)2(CO)2.20

(c) Hydrides

The photolysis of cis-[MHzL2] (M= Ru, Os; Lo= dmpe, dppe) in toluene results in
the formation of Hz. Labelling studies showed the reaction to be intramolecular. The
highly reactive organometallic intermediates, [MLz], oxidatively added
tetracyanoethylene in a free radical process. These primary photoproducts were also
trapped with carbon monoxide or ethylene.21

Ruthenium and osmium complexes containing aluminohydride or borohydride
and tertiary phosphine ligands were synthesized. The reaction between MXoLy, (L=
PMejs, PEtPhs, PPh3, X= halide) and LiAlHg4 gave LgHM(p-H)2AIH(p-H)2AIH (p-
H)2MHLa4. Treatment of this with TMEDA gave [LaHRu]2AIHs.22 The treatment of
RuH(BHg4){tripod) (tripod= MeC(CH2PPh2)3) with methanol produced a bimetallic
ruthenium hydride borohydride complex, [H(tripod)Ru(p-n2-BH4)RuH(tripod)]+. NMR
spectra suggest fluxionality around the boron center. The product has been
structurally characterized and found to have very short Ru-B distances.23
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The thermodynamic acidity of some common mononuclear carbonyl hydrides
was measured in acetonitrile by IR measurements of the deprotonation equilibria
with various bases. The pKa values of HpoRu(CO)4, H20s(CO)4, and CpRu(CO)2H
were found to be 16.6, 18.5, and 19.6.24

New ruthenium and osmium complexes containing hydride, carboxylate and
phosphine ligands were prepared. The reaction of RuH{OCOMe)(CO)(PPh3)z with
HBr followed by treatment with hydrogen, excess phosphine, and an amine base
produced RuHBr(CO)(PPhgs)s. A variety of carboxylate complexes,
MX(OCOR)(CO)(PPh3)2, were synthesized from carboxylic acids and osmium and
ruthenium hydride complexes, MHX{CO)(PPh3)2. A distorted octahedral geometry
with cis phosphine ligands was found in the X-ray crystal structure of
RuBr(OCOMe)(CQO)(PPh3)2. The structure of the related chloride complex,
RuCl(OCOMe)(CO){PPh3)2, shows the phosphine ligands to have a trans
orientation.25

Protonation of the osmium and ruthenium hydrides, M{(H)2(CO)(PPhs)3, with
H2C(SO2CF3)» produces the -cationic hydride complexes
[(PPh3)}sMH{CO)][HC{SO2CF3)2]. Similarly, protonation of the polyhydido complex
(PPh3)30sHy4 in the presence of triphenylphosphine results in the formation of a
fluxional, seven-coordinate hydride complex, [(PPh3)}40sH3][HC(SO2CF3)2]. An X-
ray crystal structure of [(PPh3)4OsH3}{HC(SO2CF3)5] showed that the molecule has a
distorted, capped octahedral structure.26é Protonation of Ru(H)2(PPh)s with the
fluorocarbon acid H2C(SO2CF3)z in arene solvents produced {m-
arene)Ru(H)(PPh3),+ derivatives. A crystal structure of [(mS-toluene)Ru(H)(PPhg)al+
was obtained and extended Hiickel molecular orbital calculations were carried out to
explain structural distortions including "ring slippage" in the molecule.2” The
fluorocarbon acids H2C(S0O2CF3)2 or PhCH(SO2CF3}2 also react with
Ru(H)2(CO}(PPhg)3 to form a diruthenium complex with bridging hydrides and a
bridging trifluoromethylsuifinate ligand, [(PPh3)4Ruz{u-H)2(p-CF3S02)(CO)2]*.
Reaction with lithium triethylborohydride gives a thermally unstable, purple
crystalline complex which has been formulated as (PPh3)4Ruz(H)z2(p-H){u-
CF3S02)(C0O)2. Solvolysis of [(PPh3)4Ruz(n-H)2(n-CF3S02)(CO)2]+ proceeds
readily in acetonitrile to give [(PPh3)2RuH(MeCN)2(CO)]+. Both of these complexes
have been structurally characterized.28
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Terminal alkynes inserted into the metal-hydride bonds in MHCI(CO)(PPriz)>
(M= Os, Ru) to give five coordinate vinyl complexes, M(CH=CHR)CI(CO)(PPriz)o. The
X-ray crystal structure of Os(CH=CHPh)CI({CO)(PPri3)> shows the molecule to have a
square pyramidal geometry with an axial vinyl group. Six-coordinate complexes
were produced by the addition of carbon monoxide or by the substitution of chloride
for the chelating acetate or acetylacetate ligands.29 Acetylenes, including
phenylacetylene, pent-1-yne, and diphenylacetylene, inserted into the Ru-H bond of
RuHCI(CO)(PPh3)3 to generate Ru(RC=HR')CI(CO)(PPh3)2. The structure of
Ru(PhC=CHPh)CI(CO)(PPh3)2, as determined by X-ray diffraction, consists of a
distorted trigonal bipyramid with axial phosphines.30

Cationic hydrido complexes of ruthenium with nitrogen donor ligands were
synthesized. Substitution of the chloride in Ru{(CO)CIH(CQ)(PRgz)3 for nitrogen bases
(Le= 2 py, bpy, phen, Cy-DAB) produces a series of cationic hydrido complexes of
ruthenium, [Ru{CO)L2H(PR3)2]*.3! The reaction of [Ru{NCMe)2H(CO)(PPhg3)z]+ with
1-hydroxymethyl-3,5-dimethyipyrazole gives the amidine complex,
[Ru(NH=CMe(Me2pz))H(CO)(PPha)2]*. The X-ray structure shows a distorted trigonal
bipyramid with axial phosphines.32 Amidine complexes of ruthenium, [Ru(n6-
CgHg){NH=CMe(R2Hpz)}-(R2Hpz)]2+(R= H, Me), were prepared by the interaction of
{Ru(n6-CgHg)Cl2}2 with pyrazole, 3,5-dimethylpyrazole or potassium tris(3,5-
dimethyl)pyrazoylborate in acetonitrile. When methanol was used as solvent, only
pyrazol complexes were formed.33 The reaction of (n6-CgMeg)RuH2(PMse3) with
NH4PFg in acetone gives [(n6-CgMeg)RuH(NH2Pri)(PMe3)]PFg by the amination of
acetone solvent. The X-ray crystal structure of the ruthenium amine complex was
obtained.34

Cenrtain polyhydrido complexes actually contained n2-dihydrogen ligands.
Since classical hydrido complexes have longer TH NMR relaxation times than do
complexes of molecular hydrogen, NMR studies can be used to provide information
on the bonding mode of hydrogen in metal complexes. A series of polyhydride
complexes of iron, ruthenium and osmium, MH4(PR3)3, were studied by NMR. The T
times for the hydride resonance in iron and ruthenium complexes was found to be 24
and 38 ms, respectively. This is consistent with the presence of coordinated
dihydrogen in these molecules. The Ty for the hydride resonance in the osmium
complex was 820 ms, consistent with the classical structure determined by neutron
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diffraction.35 The protonation of (n5-CgHs)Ru(PPh3)(CNCMe3)H with HPFg produced
[(n5-CsHg)Ru(PPh3)-(CNCMes)(n2-Hz)]PFs. The product was characterized as a
cationic molecular hydrogen complex on the basis of NMR spectroscopy {(coupling to
the phosphorus atom was not observed) and on the exchange reaction with
deuterium gas.36

The reaction of the polyhydridoruthenium tricyclohexylphosphine complex,
RuHg(Pcya)2, with cyclopentene produced (n5-CsHs)Ru({Pcysz)2H and (n4-
CsHg)}Ru(Pcy3)2H2. The new trihydrido complex, (n3-CsMes)RulH3 (L= PMe3, PPhj,
PPri3, Pcy3), was prepared from (n3-CsHs)RuLCl2 and LiBHEt3.37 A borohydride
complex can be isolated in the reaction of (n5-CsHs)RuLCl2 with NaBHa.
Hydrogen/deuterium exchange between (n5-CsMes)RuLH3 and solvent was
observed with UV irradiation.38 The osmium dihydrido complexes, [CpOsH2(PPhs)-
2]X (X= Cl, Br, ), were prepared either by the oxidative addition of HX to CpOsH-
(PPhs)2 or by the thermal dehydrogenation of ethylene glycol by CpOsBr(PPha)a.
The dihydrido complexes are converted to the neutral halide complexes,
CpOsBr{PPh3)2, by halocarbons.39

(d) Carbonyls

A theoretical study by the Hartree-Fock-Slater transition state method of the
binding energies, geometries, and relative donor-acceptor properties of a series of
ligands on a Ru(CQ)4 center was reported. The ligands studied included CX, Xz,
H2CY, and CY2 (X= O, S, Se, Te; Y= O, S). Bond energies were related to the
electronegativity. They ware found to strongly increase from the oxygen-containing
ligands to the analogous sulfur-containing ligands and then increase only slightly in
going to selenium and tellurium-containing ligands.40

Strong =-donors, such as CO or MezCNC, coordinate to the metal in
osmium(VIl) complexes of 1,2-bis(2-hydroxybenzamido)benzene and 1,2-bis(2-
hydroxy-3,5-dichlorobenzamido)benzene. An internal redox reaction, forming an
osmium(lV) complex, and rearrangement of the chelating ligands occurs.The
products have the ligand in the cis geometry, achieved by rearrangement about the
amide C-N bonds.41
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Photolysis of concentrated solutions of Ru3(CO)y2 led to the formation of
Ru(CO)s and a ruthenium carbonyl proposed to be an oligomeric form of Ru(CQ)4.
The reaction of this new carbonyl complex with CO gave a mixture of Ruz(CO)42 and
Ru(CO)s. Reactions with halogens, hydrogen, and certain phosphines were similar
to reaction chemistry of Ruz(CQ)42.42
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Anionic iodo carbonyl camplexes of ruthenium were prepared. The facial and
meridional isomers of [Ru(CO)3l3]- were characterized spectroscopically, while a
binuclear complex, Ruzlg(C0)4]2-, was also structurally characterized.43
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A series of bipyridine complexes of ruthenium(ll) was reported. The complexes
prepared were of the formula cis-[Ru(bpy){(CO)L]"* (n=1, L= H, Cl, NCS; n= 2, L=
H20, MeCN, CO, py).44 The electrochemistry and photochemistry of [Ru(bpy)HL]+ (L=
CO, PPh3, AsPh3) were studied. The phosphine derivative was found to be more
photoreactive and the arsine complex.45The isolation of intermediates in the water
gas shift reactions catalyzed by [Ru(bpy)2(CO)CI]+ and [Ru(bpy)2(CO)2)2+ was
reported.48 The X-ray crystal structure was obtained of one possible intermediate.
The hydrido and carbonyl ligands in {Ru(bpy)2(CO)H]* are in a cis configuration in
this pseudo octahedral complex.47

Chelated ruthenium(ll) carbonyl complexes of 2-hydroxyphenones were
prepared.48

(e) Nitrosyls and Other Nitrogen Ligands
_ The synthesis of thionitrosodimethylamine complexes of ruthenium and
osmium, M(CO)(MeaNN=S)CIH(PPh3)2, was effected by treatment of
M(CO)CIH(PPh3)a with MeaNN=S. Cationic complexes were prepared by
substitution reactions on [Ru(NCMe)2(CO)(PPhgz)2]* and [Os(CO)(H20)H(PPh3)s]+.

References p. 202
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Spectroscopic data supports a linear n1(S) coordination mode for the
thionitrosodimethylamine ligand.4®

Ruthenium complexes containing ethylcyanoacetate and 4-vinylpyridine were
synthesized.50,51

The formation of nitrogen-carbon bonds was observed in ruthenium and
osmium complexes. The reaction of a ruthenium nitrosyl compiex, Ru(NO)2(PPh3)3,
with benzyl bromide produced a phenyl nitrile complex, RuBrz(NCPh)2(PPh3)2,
along with RuBr3(NO){PPh3)2. When the reaction was performed under a carbon
monoxide atmosphere, organic products resulting from C-N bond formation were
liberated. The mechanism proposed for the reaction involves initial alkylation of the
ruthenium center followed by migration of the benzy! group to the nitrosyl nitrogen.52
The reaction of phenyl azide with an osmium(IlV) complex, trans-Os(PPhg)(n4-
OCeH4C(O)NCgH4NC(O)CgH40), produced a product in which a nitrogen insertion
into a phenyl C-H bond has occurred. The intermediate formation of an osmium(ViIi)
bis(phenylimido) complex was proposed. The structure of Os(n?2-
CgHsNCgH4NH)(n4-OCgH4C(O)NCgH4NC(O)CgH4O) was determined by X-ray
diffraction.53

(f) Sulfur and Oxygen Donor Ligands

Complexes with coordinated oxyanions have been isolated and characterized.
Osmium and ruthenium complexes with O-coordinated perrhenate groups were
prepared. Substitution of the halides (X= Cl or Br) in Ru{n5-CsHs){PPh3}2X and
Os(PPh3)3(CO)(H}X with AgReO4 gave Ru(n3-CsHs)(PPh3)2(ReQ4) and
Os(PPh3)3(CO)(H)(ReO4), respectively.54 Although sulfonate anions are usually
considered to be a most weakly coordinating to transition metals, a series of O-
bonded suifonato complexes of ruthenium and osmium has been synthesized.
These new complexes have been characterized spectroscopically. Some have been
isolated in analytically pure form. The x-ray crystal structure of one of these,
aquacarbonylbis(p-toluenesulfonato)-bis(triphenylphosphine)ruthenium shows that
both sulfonate groups are monodentate and bonded to ruthenium through oxygen.
The sulfonate group is readily displaced by carbon monoxide and other good
ligands.®5 Covalent trifluoromethanesulfonato complexes CpRu(CO)2L(OS0O2CF3)
(L= CO, PMe3) were prepared from CpRu(CO)2LX (X= H, halogen, alkyl) and
HOSO2CF3. The trifluoromethanesulfonate ligand was easily displaced by neutral
donors.56

Organometallic derivatives of tetrathiometallates were also prepared. The
reaction of (RCs5H4)Ru({PPh3)2Cl {R= H, CH3) with [PPh4]}[MS4] (M= Mo, W) in
acetonitrile produced MS4[CpRu(PPhg)]2. These complexes are configurationally
stable and react with carbon monoxide to produce mono-carbonyl complexes. The
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electrochemistry of these complexes indicated electron delocalization within the
Ru2M units.57
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The carbon disulfide ligand in OsCI(NO)(CS2)(PPh3)2 can be methylated to
give a cationic dithiomethoxycarbonyl complex, [OsI(NO){C(SMe)S}(PPh3)2]+.
Treatment with either sodium hydroteliuride or with sodium borohydride followed by
an electrophilic reagent (HCI, Hl, I2) produced OsX(NO)(CH2S)(PPh3)2.58 Oxidation
of the thioformaldehyde complex OsCI(NO)(CH2S)(PPh3)2 with 3-chloroperbenzoic
acid produced the first metal complex of an unsubstituted sulfine,
OsCI(NO)(CH2S0)(PPhg3)2.59

Cyclopentadienylruthenium complexes of dithiolate and other S-S bidentate
ligands were prepared from (n5-CsH4R)RuCI(PPh3)2 (R= H, OMe). Electronic and
steric factors determine whether the sulfur ligand is mono- or bi-dentate.0

Ruthenium complexes of the tetradentate ligands 2,3-bis{2-mercapto-
anilino)butane (bmab) and 1,2-bis(2-mercapto-anilino)ethane (bmae) were
synthesized. The complexes [RuL2(bmae)] and [RuLz(bmab)] were prepared from
the appropriate tetradentate ligand and either Ru(CO)3(THF)Cl2, Ru(PMe3)4Clz, or
Ru{PPhg)2(MeCN)2Cl».61

Structures were reported of two new ruthenium(ill) complexes involving two
different chelation modes of partially chlorinated 2-(benzylthio)azobenzene.62

The crystal structure of a tetraphenylarsonium salt of tetrachloro(D,L-2,5-
diselenahexane-Se,Se')ruthenate(lll) was obiained.63

(g) Formyl and Related Cq Ligands

Pentamethylcyclopentadieny! ruthenium formyl and hydroxymethyl complexes
were synthesized by the reduction of [(n5-CsHs)Ru(CO)3][BF4] or [(n5-
CsHs)Ru(PMe2Ph)(CO)2][BF 4]with borohydrides. The formyl complexes [(n5-
CsHs)Ru(CHO)L(CO) decomposed by a radical chain mechanism.64

A series of osmium and ruthenium formyl complexes, trans{M(CHO)(CO)L2}*,
were found to react rapidly with electrophiles (CF3S0O2Me or CF3SO2zH) to give
methoxy- or hydroxy-carbene complexes, trans{M(CHOR)(CO)L2}+2.65

(h) Alkyl, Aryl Complexes

Oxidative addition reactions of Ru(CO)z(triphos) with halogens, hydrogen
chloride, and aikyl halides produced [Ru(CO)a(triphos)X]*+ (X= CI, Br, |, Me, Et,
CH2Ph, n1-CaHs). The acetyl compiex formed from the oxidative addition of acetyl
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chloride is unstable. it eliminates ketene and forms [Ru(CO),-(triphos)H]+.66
Substitution of a carbonyl ligand in the alkyl complexes [Ru(CO)a(triphos)X]+ for
isocyanides or tertiary phosphines produced the chiral octahedral complexes
[Ru(CO)L(triphos)R]+. The enantiomers of [Ru{(CO){CNBut)(triphos)Me]+ were
resolved and structurally characterized.57

New alkyl and aryl complexes were formed by intramolecular oxidative addition
reactions. A cyclometallated complex of ruthenium, Ru(bpy)2(2-CgH4CsH4N), was
prepared by treating Ru(bpy)2Clz with 2-phenylpyridine and silver
tetrafluoroborate 58 Spectral, electrochemical and two-dimensional proton NMR data
of cyclometallated complexes of ruthenium was reported.®® A crystal structure of a
ruthenium complex of an orthometallated phosphite, Ru{P(OCgH3Me)}OCgH sMe-
4)2}2(CO)2, was obtained. The geometry around ruthenium is distorted octahedral
with ¢is carbonyls.70

The reactions of Ru+ and other metal cations with alkanes was studied in the
gas phase. Activation of alkanes by ruthenium is dominated by dehydrogenation.
While C-H insertions and 8-hydrogen transfers are facile, no evidence was found for
C-C insertions or B-methyl transfers.71

Intermolecular activation of carbon-hydrogen bonds in benzene by a
tetrakis (trimethylphosphine)osmium(ll) system was studied.”2 For the complexes cis-
(PMe3)40s(R)H (R= CH3, CHxCMeg3, CHaSiMeg3), C-H activation was found to be
inhibited by excess phosphine. A labsling study showed that the phosphines cis to
the alkyl and hydride ligands were exchanged faster than those trans to these
ligands. A rapid y-hydrogen activation was observed in the unsaturated neopentyl
and trimethylsilylmethyl complexes. Kinetic and isotopic labeling evidence was
presented to support an osmium(Vl) intermediate in the activation of arene carbon-
hydrogen bonds.73
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Hydride abstraction of (CgRg)M(CH3)2(PR'3) (M= Ru, R= Me; M= Os, R= H) by
[CPh3]PFgs led to the formation of ethylene(hydrido)metal complexes,
[(CeRe)MH(C2H4){PR'3)]PFgs. The structure of the ruthenium complex was
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determined by X-ray diffraction. Since no radical intermediates were observed, it was
proposed that the products result from M(=CH2)(CHg) intermediate.’4 Treatment of
(CeRg)Os(CH3)H(PPriz) with [CPhz]PFg gave the heterometallacycle
(CeRg)Os(CH3)(CH2CHMePPriz). A deuterium labelling study implicates the
intermediacy of a cationic Os(=CHaz)H species.”s

A cis-dimetalla-alkene complex formed by the reaction of a ruthenium(li)
complex, trans-[Ru{(CO)2Cl2(PMezPh)z], with bis(phenylethynyl)mercury(ll). The X-
ray crystal structure of [Ru{CO)2{C{C=CPh)=CPhHgCI}CI(PMe2Ph)2] was obtained.
The free diyne was released from the complex by heating. A methyl substituted
derivative was synthesized from Hg(C=CMe)2 but was found to be less thermally
stable than the pheny! substituted complex.7é

The syntheses were reported of new alkyl and aryl complexes of osmium, (n5-
CsMes)Os(CO)LR (L= CO, R= Me, Bu, Ph; L= PMe3, R= Me) by the alkylation of (n5-
CsMeos)Os(CO)LI with the appropriate lithium reagents. Photolysis of (nS-
CsMes)Os(CO)2Me in benzene provided another route to (n5-CsMes)Os(CO)2Ph by
C-H activation of solvent followed by loss of methane. Ethylene displaced one
carbony! ligand from (n5-CsMes)Os(CO)2Me. A diphenylacetylene complex, [(n5-
CsMes5)Os(CO)(PPh3)(n2-C2Ph2)]+, was formed by treatment of (n5-
CsMe5)Os(CO)(PPhg)! with AgBF4 and the acetylene. Terminal acetylenes gave
vinylidene complexes in similar reactions, which could be deprotonated to the
acetylides.??

Oxidation of (n3-CsMes)Os(CO)(PMe2Ph)Me with either bromine or mercury(ll)
bromide gave (n5-CsMesg)Os(CO)(PMezPh)Br. Intermediate osmium(lV) alkyl
complexes, [(N5-Cs5Mes5)Os(CO)(PMe2Ph)(Me)Br][Br] and [(n5-
CsMes5)0s(CO)(PMeaPh)(Me)(HgBr)][Br], were isolated from the reaction mixture.78

The reaction of the ruthenium carbene complex,
CpRu(PhaPCHMeCHMePPh2)-{=C(OMe)CH2Ph}, with excess methylmagnesium
bromide produced an acetylide complex, CpRu(PhoPCHMeCHMePPh2)(C=CPh}.
The stereochemistry about the metal atom is retained in the reaction.”® X-ray crystal
structures of the acetylide complex CpRu(C=CPh)(dppe) and the vinylidene complex
[CpRu(C=CMePh)(PPhga)2]l were obtained. The ruthenium-carbon bond distances
were compared.80 The addition of styrene and styrene derivatives to the acetylide
ligand in CpRu(C2R)L2 (R= Me, Ph; Lz = CO, PPha, 1/2 dppe) was reported. Allylic,
butadienyl, and cyclobutenyl complexes were formed. 81

The §,8 and A,R isomers of the pseudotetrahedral molecule
CpRu{PhoPCHMeCHMePPh2}Cl| were used in stsrecchemical studies. Formation of
the vinylidene complex, CpRu(=C=CPhH)-{PhoPCHMeCHMePPhz}, occurred with
rotention of configuration when CpRu{PhoPCHMeCHMePPh2}Cl| was treated with
phenylacetylene. Interconversion of this with acetylide, carbene, and alkyl species
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occurred with retention of configuration in the chiral cyclopentadienyl ruthenium
complexes.8?
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Heterometallacycles were formed when (n6-CgHg)Os(PPriz)l; was treated with
AgPFg in the presence of methylcarboxylate substituted alkynes. The structure of
[(n6-CeHg)Os(PPriz)(n2-CH=CIC(OMe)O)]+ was determined by X-ray diffraction.83 An
osmium metallacyclobutane-3-one complex, [Os{CH2C(O)CH2}{CO)2(PPh3)3], was
prepared from [Os(CO)2(PPhg)s] with the silyenoi ether, CHa=C(OSiMe3)CH2CI.84

Restricted rotation in phenyl complexes of ruthenium(ll) was studied by NMR.
The rotation rate was found to be dependent on the nature of the other ligands on the
metal.85

A paper concerned the mechanism of decomposition of methyl derivatives of
transition metals including ruthenium and osmium.86

The syntheses of the first alkyl complexes of ruthenium in the +6 oxidation state
were reported. Alkylation of either [NBung][Ru(N)Cl4) or [NBuns][Ru(N)(OSiMes)4]
with magnesium or aluminum alkyls produced [NBun4][Ru(N)R2R'2] (R, R'= Me,
CH2SiMeg) in high yield.8?

Alkylation of the osmium(VI) nitrido alkyl complex [NBu4][Os(N)(CH25iMe3)4]
with Mel, Me3OBF4, or MeOSO2CF3 produced the corresponding methylimido
complex, Os(NMe)(CH2SiMeg)s. X-ray crystal structures of both the reactant and
product were obtained. The square pyramidal coordination around osmium in
[Os(N)(CH2SiMe3)4] is somewhat distorted in the methylimido complex. Methylimido
complexes were synthesized from [Os(N)R4}- (R=Me, CH2Ph) and
MegOBF 4. Trimethylsilylimido, and ethylimido complexes Os(NR’)(CH2SiMe3)4
(R'=SiMe3, CH2CHg) were also prepared.88
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The ruthenium triphenylsilane complex HRu(SiPh3)(CO)3(PPhg), formed from
photolysis of M(CO)4PPh3 in the presence of triphenylsilane, was structurally
characterized.89

(i) Alkylidene, Alkylidyne Complexes

A review of Roper's work in the formation of metal-carbon muitiple bonds
appeared. This included the methylene complexes, dihalocarbene, and carbyne
complexes of osmium and ruthenium.%0

An osmium complex with a terminal carbyne ligand, Os(=CR)CHCO){PPh3)2,
was prepared by alkylation of the dichlorocarbene complex
OsCl(=CCl2)(CO)(PPh3)2 with p-tolyl lithium. The a-carbon of the alkylidyne is
nucleophilic. Reactions with HC1 and Clz produced carbene complexes. Chalcogens
added to the a-carbon to form dihapto-chalcoacyls. Copper, silver and gold halides
also added to the a-carbon. X-ray crystal structures of the carbyne complex and of
the silver chloride adduct were obtained.®!

The vinylideneosmium complex, (CgHg)Os(=C=CHPh)PPriz} reacts with
benzoylazide to form a five-membered metalla heterocycle.92
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Terminal acetylenes displace chloride on (n6-CegMeg)RuClzL2 (L= PMeg,
PMe2Ph) and rearrange to give vinylidene complexes. In methanol,
alkoxy(alkylcarbeneruthenium complexes are formed. The use of a
hydroxyacetylene in the reaction, such as 4-hydroxybutyne-1, leads to intramolecular
cyclisation and formation of the carbene complex, [(n€-CgMeg)Ru(=CCH2CH2CH20-
YCI(PMe3)]+.93
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The slectronic structure for a ruthenium-methylene complex, (Ru=CH2)+, was
calculated by ab initio methods. These calculations gave a ruthenium-carbon bond
energy of 68.0 kcal/mol for the unsaturated complex and a estimate of 83.0 kcal/mol
for a saturated analog. The ground state of (Ru=CH2)+ should have the methylene
bonded to ruthenium through a sigma and a pi bond (alkylidene type bonding), but
low lying excited states are o-donor/x-acceptor in character (singlet carbene type
bonding).94 A comparison of the electronic structures of {Ru=CHp)+ with (Cr=CHz)*
allowed separation of the donor/acceptor bond strengths.2% Spectral characterization
and measurement of the barrier to methylene rotation by variable temperature 13C
and TH NMR in [(n5-CsHs)(Ph2PCH2CH2PPh2)Ru=CH3][AsFg] was reported to be
10.9 kcal/mol.9%

Dicarbonyi(n5-cyclopentadienyl)ruthenium complexes of cyclohepta-
trienylidene were prepared by reacting CpRu(CO)2Br with lithium cycloheptatrienide,
followed by hydride abstraction with [PhaC][PFg]. The salts are similar to the
previously prepared iron complexes.97

() n-Complexes

The reactivity of several ruthenium and osmium =-ethylene and x-benzene
complexes towards nucleophiles was related to0 kg . This parameter is the C-O force
constant for a molecule with CO in place of the unsaturated hydrocarbon.%8

The ability of the M(NH3)52+ moiety to act as a good n-donor has led to the
formation of new =n-complexes of osmium and ruthenium. Reduction of
[Os(NHa)s(CF3S03)]2+ in acetone produces a thermally stable osmium(0) complex
with a n-bonded acetone ligand. An X-ray crystal structure of [Os{NH3)s(n2-
Me2C=0)]2+ shows a distortion of the acetone ligand with the carbony! bent towards
the plane of the two methyl groups. The osmium-acetone complex undergoes
substitution reactions very slowly. Electron transfer reactions were compared to
cyclic voltammetry of the moiecule. Thermolysis leads to the formation of a carbonyl
species, [Os(NH3)5(C0O)]2+.899 A ruthenium complex of
dimethylacetylenedicarboxylate, [(NHa)sRu(DMAD)][PFg)2, was prepared by the zinc
amalgam reduction of (NH3)sRuCls in the presence of
dimethylacetylenedicarboxylate and ammonium hexafluorophosphate. The product
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was characterized spectroscopically and by an X-ray crystal structure.
Electrochemistry of the complex showed that the dimethylacetylenedicarboxyalate
ligand stabilizes the Ru(ll) oxidation state through the n-backbonding of the metal to
this ligand.19C Reactivity of olefins coordinated to pentaamminruthenium(ll) was
examined in aqueous solutions.101

The initial product from the condensation of ruthenium atoms with CO and
cyclohexadiene was found to be Ru(CO)(n5-CgH7)(n3-CgHg). Rearrangement of the
initial product to Ru(CO){n4-CgHg)2 occurred at room temperature, while prolonged
heating produced Ru(CQO)2(n3:n3-Cy2H1e).102

Ru—CO Ru-CO s
co Ru’
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An osmium complex with an n# bonded benzene group is formed when osmium
atoms are co-condensed with benzene. The complex Os(n8-CgHg)(n4-CgHg) was
shown to be fluxional by NMR studies, with interconversion of the two arene rings.
Acids react with Os(n6-CgHg)(n4-CgHg) to form [Os(n6-CgHg)(nS-CgH7)]+, while the
addition of trimethylphosphine gives the C-H activation product, Os(n®-
CgHg)Ph(H)(PMeg).103

Addition ot excess trimethylphosphine to (n5:mn5-fulvalene)diruthenium
tetracarbonyl at 120° produces a mononuclear ruthenium complex, (n-
C1oHg)Ru(PMe3)2CO. Spectroscopic data and an X-ray crystal structure show some
"ring slipage" with n4 and n5 -fulvalene-ruthenium resonance forms.104

New derivatives of the metallocenes were reported. The functionalized
decamethylruthenocenes, (n5-CsMes)Ru(n5-CsMesCHO) and (n5-CsMes)Ru(nS-
CsMe4CH20H), were synthesized. The latter compliex was protonated to give
nonamethylruthenicenylcarbenium cations, where the carbenium fragment is
stabilized by direct interaction with the ruthenium center.195 The reaction of 1,1'-
dilithioruthenocene with elemental selenium produces 1,2,3-
triselena[3]ruthenocenophane, which has been structurally characterized.106
Chromatographic behavior of substituted ruthenocenes, osmacenes and
dithiocarbamate derivatives of ruthenium and osmium was described.107
Isodicyclopentadienide anion reacted with RuClz and OsClg to form the
corresponding metallocene derivatives. The ruthenium compiex was shown to have
exo complexation of both ligands. A mixed sandwich complex of ruthenium was
prepared from [(n5-CsHs)Ru(NCMe)3]2+ and 4-(dimethylamino)-
isodicyclopentafulvene.108
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The reaction of [{Ru(n4-COD)Ciz}x] with [SnBu"3(CsMes)] provided an
improved high yield synthesis of decamethyiruthenocene. Decamethylosmacene
was obtained by the direct reaction of [OsClg]2- with pentamethylcyclopentadiene. X-
ray crystal structures of both permethylmetailocenes were obtained.'9® The crystal
structure of osmocene, Os(n3-CsHs)2, was reported.110

Borole complexes of osmium and ruthenium, (n5-C4H4BR)M(CO)3 (R= Ph,
OMe, Me), were prepared.!'’' Ruthenium(ll) complexes containing a
cyclopentadienyl and a pyrazolylborate ligand were synthesized from [(nS5-
CsRs)Ru(MeCN)3]PFg (R= Me, H) and potassium hydrotrispyrazolylborate or
potassium hydrotris(3,5-dimethyl)pyrazolylborate. An X-ray crystal structure of
[CpRu(HBpz3)] was obtained. The electrochemistry of these complexes was
compared to that of ruthenocene. The mixed cyclopentadienyl-pyrazolylborate
ruthenium complexes were much more reactive chemically and electrochemically
than ruthenocene. Both carbon monoxide and trimethylphosphite were able to
displace a pyrazole group from the metal center.112

Crown ethers containing bound ruthenocene units were prapared from Ru(nS-
Cs5H4COCI)2 and amine substituted crown ethers. The molecules were found to be
fluxional.113 Dynamic 1H and 13C NMR was used to study the fluxional behavior of
cryptands containing ruthenocene units.114

A general synthesis of bis(n€-[2y]cyclophane)ruthenium(ll) compounds was
reported. The syntheses involved capping a cyclophane with an arene-ruthenium
unit, removing the arene by reduction and treatment with acid, and coupling the
ruthenium(il) cyclophane complex with ancther molecule of the cyclophane.115
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A cyclophane capped by two r-arene ruthenium groups, [(n6-CgMeg)Ru]2[n&n6-
[24](1,2,4,5)cyclophane][BF 4]4, was found by cyclic voltammetry to undergo two
reversible, two-electron oxidations. A novel mixed-valence ion, [(n$-
CeMeg)Ru)2[n4.n8-[24)(1,2,4,5)cyclophane][BF ]2, was prepared by chemical
oxidation with (n6-CgMeg){n4-CgMeg)Ru. NMR studies are consistent with a fluxional
molecule having localized Ru2+Ru? sites at low temperature.116

Cyclic voltammetry was studied on [m](1,1')- and
fm](1,1"[n](3,3"Yruthenocenophanes {m, n = 3, 4).117

Tin(lV) halide adducts with ruthenocene and with [2]ferrocenophanes were
studied by M&ssbauer spectroscopy.1® Tin-119 Mdssbauer spectroscopic studies
were also performed on tin(lV) chloride adducts of ferrocenylruthenocene and
biruthenocene.119 Structures were obtained of 1,10-(1,1'-ruthanocenediyl)-1,10-
dioxa-4,7-dithiadecane and its palladium dichloride complex.120

A synthetic procedure was reported for the synthesis of ruthenium phosphazene
complexes. The reaction of lithium (1-phenyl-3,3,5,5-tetrachlorocyclotriphosphazen-
1-yhtriethylborate with CpRu(CO)2l gave the 1-phenyl-1-(carbonylcyclopentadienyl-
ruthenium)-3,3,5,5-tetrachlorocyclo-triphosphazene.’2! The first bis-transannular
metallocenyl cyclophosphazene was preparéd from dilithioruthenocene and 1,5-
N4P4Fg(n-CsHg)2Ru in low yield. The product was structurally characterized.’22 The
mechanism for the substitution of fluoride for other anions was discussed.123
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Trihalogeno(pentamethylcyclopentadienyl)ruthenium(lV) complexes were
prepared by the oxidative addition of halogen to [(n5-CsMes)RuClz2]m in carbon
tetrachoride. Monomeric complexes (n5-CsMes)RuXsL (X= Cl, Br, I; L= CO, PPhj3)
are formed by addition of the appropriate ligand to [(n®-CsMes)RuX3]n in methylene
chloride.'24 Refluxing CpRuCI{PPh3)2 in ethylene glycol produced
CpRuCI(PPh3)(CO), which was structurally characterized.125

Different olefins showed different enantioface selectivity for coordination in the
chiral pseudotetrahedral molecules [CpRu{{S,S)Ph2PCHMeCHMePPh2}-
(CH2=CHR)]* (R= H, Me, Ph, CHMe2, COOMe, CH2COMe, COCH2Me). For styrene,
only one diastereomer was observed while the diastereomeric ratio is close to unity
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for methyl acrylate.'26 The olefin complexes were isolated and the rates of
epimerization were found to depend on the structure of the coordinated olefin.127

The addition of trimethylphosphite to a ¢,n3-butadienyiruthenium complex
resulted in rearrangement of the ligand to a o,n2-butadienyl coordination mode. The
product was structurally characterized. Thermolysis led to ruthenium insertion into a
phenyl C-H bond rather than loss of the phosphite ligand.128

Ru Au.... (OMe)3P....
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Substitution of acetonitrile for diazadienes (dad= RN=CR'-CR'=NR) in [(n6-
CgHe)Ru(NCMe)2Cl)*+ produced [(n8-CgHg)Ru(dad)Cl]+. Oxidative addition of alky!
iodides gave the alky! complexes [(n6-CgHg)Ru(dad)R]+.129

Coordinatively saturated, cationic ruthenium(ll) complexes were prepared by
the reaction of [(n8-CgHg)RuClz]2 with AgBF4 and the cyclic dienes or trienes:
cyclopentadiene, pentamethylcyclopentadienem, 1,3-cyclohexadiene, 1,3-
cycloheptadiene, 1,5-cyclooctadiene, and 1,3,5-cycloheptriene. Potassium
superoxide was reacted at a ligand rather than at the metal. Treatment of [(n°-
CgH7)(n5-CgHg)Ru][BF4] with KOy gave a cyclohexadienone complex of
ruthenium(0Q).130
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Photosubstitution reactions of the ruthenium(ll) arene complexes Ru(né-
arene)L32+ (L = NH3 or H20) were studied in aqueous solution. The quantum yields
for the formation of Ru(H20)3L32+ were dependent on the nature of the arene but not
on L.'37 Ruthenium cyclopentadienyl complexes of naphthalene, anthracene,
pyrene, chrysene and azulene, [(n5-C5Rs)Ru(nf-arene)]PFg (R = H, CH3), have been
prepared. Kinetic studies of arene displacement reactions in acetonitrile solutions
were reported. Two proposed mechanisms for the formation of [(n3-
CsRs)Ru(NCMe)3]PFg involve preequilibrium of the n6-arene complex to an n4-
arene, or direct nucleophilic attack at the metal center.132 Methylation of the
cyclopentadienyl and arene rings in the ruthenium complexes [(n5-Cs5Rs5)Ru(né-
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arene)]* decreased the quantum yield for the photochemical arene displacement
reaction. 133

N
MeCN M°c/ NCMe
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Treatment of [RuH(COD)(NH2NMez2)3]PFg with thallium cyclopentadienide gave
CpRu(COD)H. Treatment with alkyl halides (CCls, Mel, CH3Br2) gave the halide
complexes CpRu(COD)X.134 Addition of either triphenylphosphine or xylyl isonitrile
to the hydrido complex resulted in the migration of the hydride to the cyclooctadiene
ligand to fornd ’allyl complexes, CpRu(n3-CgH13)L. The addition of chelating
diphosphines to the hydido complex gave alkenyl species, CpRu(n'-CgH13)L2.135

A number of papers detailed reactions of the ruthenium cyclooctadiene
complexes, CpRu(COD)X (X= Br, Cl). The reaction of the ruthenium cyclooctadiene
complex, CpRu(COD)X with 3-bromocyclohexene and cis-3,4-dichlorocyclobutene in
methanol produced the ruthenium(Vl) allyl complexes CpRu(n3-CgHg)Bra and
CpRu(n3-C4H4OMe)Cl2. Dehydrohalogenation and dehydrogenation of CpRu(n3-
CesHg)Br2 takes place in refluxing ethanol to produce the arene complex, [CpRu(n®-
CgHg)]*. The X-ray crystal structure of CpRu(n3-C4H4OMe)Cl> was obtained.136
Phenylacetylene reacted with CpRu(COD)Br to form a metallacyclopentatriene
complex, CpRu{CPhCH2CH2CPh)CI. The X-ray crystal structure of the product
shows bond lengths in the ruthenacycle to be consistent with a delocalized
metallacyclopentatriene unit.'37 The reaction of bidentate amines with (ns-
CsH4R)Ru(COD)CI gave the ruthenium(ll) amine complexes with displacement of the
cyclooctadiene. 138 Dehydrogenation of the cyclooctadiense ligand in CpRu(COD)CI
was promoted by NH4PFg. One of the two isomeric products of the reaction,
[CpRu(n8-CgH19)]PFs, contains a cyclooctatriene ligand. In the other product, the
CgH1g unit is bonded as a 1-3-1: 5-7-n-cycloocta-1,5-dienediyl ligand. This structure
was confirmed by an X-ray crystal structure.139

The syntheses and NMR spectra of mixed sandwich ruthenium(ll) nS-dienyl, né-
arene complexes were reported. The complexes, [Ru(n5-dienyl)(n8-arene)]*+ were
prepared from [Ru(H20)g]*2 in ethanol with the appropriate diene and arene. An X-
ray crystal structure of a cyclooctadieny! ruthenium complex, Ru(n5-CgH11)(n®-
C7H7S03), was obtained.140
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Photochemica! studies of [n5-CsRs)Ru(n6-COT)]PFg and [(n5-CsRs)Ru(n?-1,5-
COT)L}PFg (R= H, Me; L= CO, P(OMe)3) were reported. Irradiation of [n2-
CsHs)Ru(n8-COT)]PFe in the presence of a large excess of trimethylphosphite
produced [CpRu{P(OMe)3}3]PFg. The 1n4-1,5-cyclooctatetraene ligand was more
photochemically labile and the n8-COT group.141

The oxidative dimerization of [Ru(CQ)2L(n4-COT)] (L = CO or PPh3, COT =
cyclooctatetraene) occurred upon reaction with ferricenium salts. The initially formed
radical cation, [Ru(CO),L(n4-COT)]*, dimerized via a carbon-carbon bond coupling
to form [Ruz(CO)sLa(n313:n2,3'3-CrgH1g)]*+.142

Cp,Fe*
[Ru] ————

[Rul= Ru(CO),L.

New p-cymene derivatives of osmium were prepared and characterized. The X-
ray molecular structure of (n6-p-cymene)(dimethylsulfoxide-S)dichloroosmium(II)
was reported.'43 Addition of sodium hydroxide in water to [(n6-p-MeCgH4Pr)OsCl]2
gave a complex with three bridging hydroxides. This complex was active for the
catalytic oxidation of acetaldehyde and propionaldehyde to the carboxylic acids in
water. Bridging acetate complexes were obtained with one equivalent of the
aldehydes and (n6-p-MeCgH4Pri)20s2(u-OH)3.144

Trimethylenemethane complexes of ruthenium and osmium were prepared by
the reaction between metal complexes, OsCl(NO){PPh3)3 and RuCl3(NQ)(PPh3)2,
and 2-[{(methylsulfonyloxy)methyl]-3-ytrimethylsilylprop-1-ene.145

il. Dinuclear Complexes

(a) Homodinuclear Complexes

New homodinuclear complexes were prepared from ruthenium and osmium
acetate complexes. The binuclear alkyl complexes M2Rg and M2R4(p-O2CMe)z (M=
Os, Ru; R= CH3SiMe3, CH2CMe3) were synthesized by the alkylation of Rug(p-
02CMe)4Cl or Osp(p-02CMe)4Clo with atkyl magnesium reagents. Careful air
oxidation of the ruthenium alkyl complex provided a ruthenium alkyl dimer with
bridging oxo ligands.146 A homodinuclear, mixed ligand ruthenium complex was
prepared from the multiply bonded complex Ru2CIl(O2CCH3)4. Treatment with 2-
anilinopyridine followed by reaction with dimethylphosphinomethane and
chlorotrimethylsilane produced [RuzCl(dmpm)2(PhNpy)2]*. The cyclic voltammetry
and X-ray crystal structure of the molecule were reported.147
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The structure was determined of a dinuclear ruthenium(ll) complex containing
bridging carboxylato ligands and a bridging aqua ligand, p-aqua-bis(u-
trichloroacetato-0,0")bis{(n4-bicyclo[2.2.1]hepta-2,5-
diene)(trichloroacetato)ruthenium(li}}.148 Substitution of the isocyanides CNR (R=
Bu!, CH2Ph, 2,6-Me2CgH3) on the the ruthenium acetate polymer,
[Ru(CO)2(02CMe))x, provides the diruthenium complexes [Ru2(CO)x(CNR)10-x]2+.14°

A ruthenium dimer complex containing the chiral diphosphine ligand chiraphos
(2(S), 3(S)-bis(diphenylphosphino)butane) was reported. The crystal structure of
Ru2Cls(chiraphos)2 shows that the two ruthenium atoms are bridged by three
chlorides, and the diphosphine chelates.159 Diruthenium complexes bridged by
either three chlorides or two chlorides and one carboxylate ligand have been
prepared by treatment of RuHCI(CO)(PPhs)2 with haloacetic acids.!51
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The reaction of aliphatic and aromatic carboxylic acids with Ru3(CO)12
produced dinuclear carboxylate complexes Ruz2(u-RCOQ)2(CO)4. The X-ray crystal
structure of Rup(pu-4-F-CgH4COQ)2(CO)4 was obtained. Substitution of one carbonyl
ligand on each ruthenium atom occurred readily by an associative mechanism.152

Oxidation of [Ruz(CO)2(u-CO)(p.—CCH2)(n5-CsMes)a] with two equivalents of
AgBF4 converted the vinylidene complex to a a u-ethynyl cation, [Ruz(CO)2(n-COYp-
CCH)(n5-CsMes)2]*. After chromatography on alumina a p-ketene complex was
obtained, [Ruz2(CO)2(n-CO)(n-C(O)CH2)(nS-CsMes)2], which was structurally
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characterized. Decarboxylation, carbonylation, and reduction reactions of the ketene
complex were reported.153
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Diruthenium complexes of pyridine-2-carbaldehyde-imines (R-py-2-CR2=NR)
were synthesized. Additional pyridine-2-carbaldehyde-imine reacts with
Ru2(CO)s(R-py-2-CR2=NR) to form a molecule containing two linked pyridine-2-
carbaldehyde-imine ligands. The X-ray crystal structure of [Ruz(CO)s{1,2-bis(p-
isopropylamido)-1,2-bis(2-pyridyl)ethane}] shows the 10 electron ligand bridging the
two metal centers which have no metal-metal bond.154

The diphosphazane-bridged diruthenium complexes [Ruz2X(CO)s{u-
(RO)2PN(EtYP(OR)2}2]X (R= Me, Pr, Ph; X= CI, Br, I} are readily decarbonylated to
[Ruz(u-X)(CO)4{u-(RO)2PN(Et)P(OR)2}2]X. The structure of [Ruz(u-1)(CO)4{u-
(Pri0)2PN(Et)P(OPri)2}2]l was determined by X-ray.!55 Decarbonylation of
[Ruz2(CO)s{u-(RO)2PN(Et)P(OR)2}2] in CClsg solution gives [RuzCl2(CO)4{pn-
(RO)2PN(Et)P(OR)2}2] which isomerizes to [Ruz(p-Cl)(CO})s{u-
(RO)2PN(Et)P(OR)2}2]Cl. The latter complex can also be readily decarbonylated.?58

A dimeric ruthenium sulfide complex, [(n3-CsMesEt)Ru]2(n,n2-S2)(p.n1-S2),
reacts with acetylenes in the presence of tributylphosphine to produce ruthenium
dithiolene complexes. The X-ray crystal structures of [(n5-CsMe4Et)Ru]2(u,n2-
S2)(u,n1-S2) and [(n5-CsMe4sEt)RuU]2{S2C2Phy) were obtained.157
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A new group of dinuclear ruthenium cyclopentadienone complexes containing
both acidic and hydridic hydrogen atom was reported. The complexes, (nS-
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C4R2R'20)(n5-C4R2R20H)Ruz(CO)2H are catalysts for the dehydration of alcohols
and the hydrogenation of ketones. A crystal structure of {n5-C4Pha(p-CiCgH4)20)(n5-
C4R2R'20H)Ruz(CO)zH was obtained and both bridging hydrogen atoms were
observed.158
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UV-PES and ab initio calculations on the electronic structure of the bimetallic
"flyover-bridge™ derivative [cyclic] Ruz(CO)g[{EtC=CE1)2CO]. The primary boending
between the unsaturated organic ligand and the Ru2(CO)s framework was found to
be a sigma interaction between the metals and the terminal carbon atoms.159
Variable temperature NMR spectra of the flyover bridge complexes Ruz2{CO)sL{n-
[C(R)=C{R"]2CO} (L = CO, PPhg, AsPhg, SbPh3; R, R' = Me, Ph} is consistent with a
tluxional process of the dienone ligand with exchange of o and n bonding of the
metal centers to this ligand.180

Diazoalkanes, N2CR2 (R= H, Me, Ph), add to the the bridging acetylide ligand in
Ru2(CO)g(u2-n2-C=CPh){u-PPh2) to form Ruz(CO)s(p2-n2-R2C=C=CPh)(u-PPhz).
The product is fluxional at room temperature. A mechanism was proposed involving
a flipping of the alienyl unit to equilibrate the o and = interations to the two metal
centers.161

The synthesis of Os2(CO)g{u-PPha){p-l) from Osa(CO)g{u-1)2 and lithium
diphenylphosphide was reported.. The product was structurally characterized.
Procedures were also developed for higher yield syntheses of Os2{(CO)sglz and
Os2(CO)g(p-1)2.162
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(b) Heterodinuclear Complexes

Two zirconoxycarbene complexes of ruthenium were prepared by the insertion
of a ruthenium carbony! ligand into a zirconium-hydrogen or zirconium-carbon bond.
Both of the starting complexes, 1 and 2, were prepared from Cp2Zr{Ru(C0O)2Cp]. An
X-ray crystal structure of Cp2Zr(CHO){CO)RuCp was obtained.163
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Phosphido bridged Os-Fe and Os-Cr heterobimetallic complexes were
prepared. The reactions of Liz[Fe(CO)3z(PPhgz)2] or Li2[Cr(CO)4(PPhgz)2] with
Os(CO)4Bro produced [FeOs(CO)g(u-PPh2)2] or [CrOs(CO)7(n-PPh2)2]. The
reduction of these complexes with LiBHEt3 resulted in the formation of anionic formy!
complexes with the formy! ligand bound to the osmium center.164

Several cobalt-ruthenium complexes were prepared. The reaction of
(CO)4Ru{u-PPh2)Co(CO)3 with bis(diphenylphosphino)methane gave a complex
with a chelating dppm ligand, (CO)2(n2-dppm)Ru(u-PPh2)Co(C0)3, and a product
with a bridging dppm group, (CO)3Ru(p-PPh2)(n-dppm)Co(CO)2.165 The substitution
of carbon monoxide on (CO)4Ru(p-PPh2)Co(CO)3 by a number of phosphines
occurs exclusively at the ruthenium center. Mono and disubstitution products,
L(CO)3Ru{u-PPh2)Co(CO)3 and L2(CO)2Ru(u-PPh2)Co(CO)3 (L= PPh2H, PMe3,
PMezPh, PPhMe2, PPh2C=CR), were isolated. The structure of (PPh3)(CO)3Ru(u-
PPh2)Co(CO)3 was determined.166

The synthesis and structure of a new phosphido bridged ruthenium-cobalt
complex, [(MeQ)3P]2(CO)2Ru(u-PPh2)Co(CO)2[P(OMe)3], was reported. Two-
dimensional shift correlated (COSY) 31P NMR spectra provided information on the
network of spin-spin coupled 31P nuclei in the molecule having different
stereochemical dispositions.187 The ruthenium dithiocarbene complex
[Cp(CO)2Ru=C(SMe)2]PFg was prepared by alkylation of a ruthenium complex of
carbon disulfide. Photochemical displacement of a carbonyl ligand followed by
treatment with NaCo(CO)4 produced the heterometallic complex Cp(CO)Ru(u-CO)[u-
C(SMe)2]Co(CO),.168

Heterodimetallic fulvalene complexes with ruthenium along with either iron,
chromium, molybdenum, or tungsten, were prepared from (n-C1oHg)Ru(PMe3)2CO
and Fe(CO)s or M(CO)3(MeCN)3 (M= Cr, Mo, W).169 Electrochemical studies ot
carbonyl(fulvalene) dimetal complexes were carried out. The complexes
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Ruz(CO)4(u-n5CsH4-n5CsHg) and MoRu(CO)s(u-n5CsHga-n5CsH4) each underwent
irreversible two electron oxidation at approximately 1 V, and two electron reduction
at -1.65 and -1.25, respectively. An ECE mechanism was proposed for the reduction
process. The reactions with iodine and bromine give dihalide products in which the
metal-metal bond has been cleaved. Cyclic voltammetry of these compounds
showed that reduction occurs at potentials 200-400 mV more positive than in the
metal-metal bonded species. 170

The synthesis of a number of mono- and bis[bis(dipheny!phosphino)methane]-
bridged ruthenium-rhodium complexes was reported. A heterobimetallic carbonyl
bridged complex was prepared from RuHz(dppm) and [RhCI(CO)2]2. Reaction of the
ruthenium hydrido complex with [RhCI{COD)]2 produced another ruthenium-rhodium
complex, RuRhH2CI(COD)(dppm)2. Reactions of this complex were discussed. Of
particular interest was the migration of a phenyl group from the dppm ligand to
ruthenium following alkylation of RuRhH2CI(COD)(dppm)2 with methyl lithium. An X-
ray crystal structure of RuRhH(Ph)(PhPCH2PPh2)-(PhoPCH2PPh2)(CgH12) was
obtained. 171
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Carbon dioxide is reduced to carbon monoxide on reaction with a
heterometallic Rh-Os complex, (COD)RhH30s(PMe2Ph)s. The source of the carbonyl
ligand in the product, H2Os{CO){PMe2Ph)3, was confirmed by a labelling study.
Another product of this reaction is a heterometallic complex containing both carbon
dioxide and hydride ligands. A crystal structure of (COD)2Rh2H20s(CO2)(PMezPh)3
was obtained.172
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The bridging bis(diphenylphosphino)methane complex

RuRhH2CI(COD){dppm)2 was protonated to give,[RURhHCICOD)(dppm)2]+, a
complex in which the dppm ligands chelate to ruthenium. Treatment of this with
carbon monoxide produced another u-dppm complex, [RuRhHCICQ)3(dppm)2]+.173
A melal-metal bonded pentamethylcyclopentadienyl(dicarbony!)-
ruthenium complex of rhodium octaethylporphyrin was prepared by treating [(n3-
CsMes)Ru(CO)2l2 with [Rh(OEP)]2.174
New hydrido ruthenium copper complexes were prepared.175

ill. Polynuclear Complexes

(a) Rug and Os3 Complexes

Structural information on meta! clusters can be obtained directly from the X-ray
powder pattern by using the radial distribution method. This technique has been
applied to triosmium clusters.176

1. M3 Complexes with Simple Ligands

The X-ray crystal structures of Ruz(CO)11(CNBuU!) and Os3(CO)11(CNBut) were
obtained.177

Aldehydes react with Os3(CO)11(NCMe) to give Os3(CO)10(t-H){(COR) (R= Me,
Ph, CH2Ph, CgH13).178

The photochemistry from both continuous and flash photolysis of Ruz(CO)12
and the phosphine substituted clusters Rug{CO)12-4(PR3)n were studied. lrradiation
at 350 nm leads to ligand substitution reactions, while irradiation at wavelengths
greater than 400 nm leads to photofragmentation. The primary photoproduct in the
latter process with Ruz(CO)12 was found to be a non-radical, coordinatively
unsaturated isomer. Reaction of this species with ligand, L, leads 1o Rua(CO)12L
which is the precursor to the fragmentation products.79

The edge double-bridged triruthenium cluster complex Ruz(p-
C1)2(CO)s(PPh3)2 was structurally characterized.180
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The reactions the Ruz(CO)q2.nLpn with Ho were studied. Depending on the
ligand, L, and the conditions of the reaction, various triruthenium and tetraruthenium
hydrido clusters were formed.181

The reactions of PHz, PHoMe and PHMez to HpOs3(CO)1g produced products
resulting from simple substitution of the phosphines for carbon monoxide, as well as
complexes containing bridging and capping phosphido groups resulting from
insertion of the metal into P-H bonds.182

Complexes of osmium and ruthenium with the unsaturated phoshine ligand,
sp= PPha(CgH4CH=CH2-2), were prepared. Substitution reactions on
Os3(C0O)¢11{MeCN) and Os3(CO)1gH2 by PPha(CgH4CH=CH>-2) gave phosphorus
bonded Os3(CO)11(sp) and Os3(CO)1g(sp)H2, respectively. A similar reaction with
Os3(CO)19(MeCN)2 produced Os3(CO)qg(sp) with phosphorus bound to one metal
center and the olefin coordinated to another osmium. Products with chelating
PPh2(CeH4CH=CH2-2) ligands were also formed by substitution on
Ru3(CO)11(CNBut), 183

An osmium cluster complex of 1,1-bis(diphenylphosphino)ethene ligands was
prepared from Os3(CO)12 and the phosphine. An X-ray crystal structure
determination of Os3(CO)4¢(dppee) was obtained.184

Water soluble triruthenium clusters were prepared from Ru3(CO)12 and the
trisodium salt of tris(m-sulfonatophenyl}phosphine. The mono-, di-, and trisubstituted
clusters, Rug(CO)42.x[P(CgH4-m-SO3-Na*+(H20)3]x (X= 1-3), were isolated.185

New osmium and ruthenium cluster complexes with the
diphenylphosphinomethane ligand were prepared. Treatment of Ruz(CO)4g(dppm)
with trimethylamine oxide and excess diphenylphosphinomethane gave
Rug(CO)g(n-dppm)(n1-dppm), while the thermal reaction of Ruzg(CO)q2 with
diphenylphosphinomsethane produced Ru3(CO)g(dppm)3. The osmium complexes
Os3(CO)10(dppm), Ruz(CO)a(n-dppm)(ni-dppm), and Os3(CO)g(dppm)2 were also
synthesized.186 |odine was found to cause the declusterification of
Ruz{CO)19(dppm). Both dinuclear, Ruz{u-1)2(CO)4{n-dppm), and mononuclear,
Rul2(CO)2(dppm), products were isolated.187 Treatment of Ruz(CO)1o(dppm) with
KBHBuS3 resutted in the formation of [Ruz(CO)1q{u3-PPhCH2PPhy)]-.188

Structures and reaction chemistry of new oxo-ruthenium clusters were reported.
The complex, Ruz(uz-O)(n-H)a(u-dppm)2(CO)s, was prepared from Ruz(n3-O)(u3-
CO)(u-dppm)2(CO)s and hydrogen. Electrophiles, including H+, AuPPhga+, and Ag+,
add to Ruz(u3-O)(k-H)2(k-dppm)2(CO)s to give [Ruz(u3-O)(u-E)(n-H)2(u-
dppm)2(CO)s]+. lodine oxidatively adds to Rua(u3-O){(u-H)2(pn-dppm)2(CO)s to open
the ruthenium triangle and form [Rug(uu3-O)(u-1)(n-H)2(u-dppm)2(CO)s][l]. 189

Ruthenium and osmium clusters containing a bridging cis-1,2-
bis(diphenylphosphino)ethene ligand were prepared by substitution of carbony!
ligands on M3(CO)q2. The ruthenium complex, Ruz(CO)10(n-Ph2PCH=CHPPhy),
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readily eliminated Ru(CO)4 to give Ruz(CO)g(n-PhoPCH=CHPPh2) which has been
structurally characterized.190
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Reactions of the linear triosmium complex, BroOs3(CO)42 with phosphines and
phosphites gave fragmentation and substitution products. The reactions with PPhg
and PPh2Me produced mainly Os{CO)4(PR3) along with smaller amounts of
OsBr2(CO)2(PR3)2 and BroOs3(CO)19{P(OPh)3]2. Under the same conditions,
addition of triphenylphosphite to the triosmium species resulted mainly in the
formation of BraOsa(CO)1g[P(OPh)a)2, which has been structurally characterized.19!
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The sulfate and hydrogen phosphate oxyanions coordinate to triosmium
carbonyl clusters. Treatment of H3Os3(CO)g(u3-CH) with sulfuric acid produced
H30s3(C0)g(n3-03S0). An X-ray crystal structure of the molecule confirms the
tridentate bonding mode of the sulfate ligand. A similar hydrogen phosphate
complex was prepared by treatment of H3O0s3(CO)g(u3-CH) with phosphoric acid
and trifluoromethanesuifonic acid.192

2. M3 Clusters with Sulfur-Containing Ligands

Substitution reactions of alkynes on Os3(CQO)y2 were investigated. The kinetics
of the reactions of dodecacarbonyltriosmium with diphenylacetylene in decalin or
tetradecane have been studied. Two reaction paths have been identified. A
bimolecular reaction between the cluster and the acetylene results in fragmentation
products. The formation of Os3(CO)10(n-C2Ph2) results from a preequilibrium
formation of Os3(CO)11(n2-C2Ph2) followed by a slow dissociation of carbon
monoxide. Additional diphenylacetylene reacts readily with Os3(CO)11(n2-C2Ph2) to
form Os3(CO)g(u-C4Phy).193 Photolysis of Os3(CO)+2 in the presence
dimethylacetylene dicarboxylate(DMAD) resuits in the formation of Osz(CO)g(n-n-
DMAD) and Os(CO)g(DMAD)4. A diosmiumcyclobutane structure was found for
Os2(CO)g(p-n1-DMAD).194
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Phosphine substitution reactions on osmium and ruthenium clusters were
studied. Ligand substitution kinetics of the triruthenium hydride ion [HRuz3{(CO)41}
were reported. The mechanism of triphenylphosphine substitution for carbon
monoxide was proposed to involve unimolecular CO dissociation.195 The kinetics of
phosphorus and arsenic donor substitution reactions on Os3(CO)11(MeCN) and
Os3(C0)19(MeCN)2 were studied. A low activation barrier was found for the
dissociation of acetonitrile from these complexes.196

The kinetics of the intramolecular isomerization of the complexes (u-H)Ms(u-
CNMe32)(CO)gl. (M= Ru, L= PR3, AsPhg, SbPh3; M=0Os, L= AsPh3) were investigated.
The mechanism for the isomerization was proposed to invoive migration of the
hydride, methylidyne, and carbonyl ligands through pairwise bridge opening with
intermediates having only terminally bound ligands.19?

Heterocyclic thioamides were found to react with react with Os3(CO)1o(MeCN)2
to give complexes in which the thioamide bridges through sulfur.198

The reactions of of osmium and ruthenium carbonyl clusters with
dimethylamine were studied. The reaction of Os3(CQO)g(pt3-S)2 with dimethylamine
produced Os3(CO)g(n3-S)2(n-MeaNC=0)(u-H) as a result of addition of the amine
followed by insertion into a metal-carbon bond. The carbamoyl! cluster was
characterized spectroscopically and by an X-ray crystal structure.19® The analogous
reaction with Ru3(CQ)g{un3-S)2 produced both Ruz(CO)7(NMezaH)(n3-S)2(p-
Me2NC=0)(u-H) and Ruz(CO)g(NMeaH)(13-S)2(n-MeaNC=0),. Ligand substitution
and ligand addition occurred in the ruthenium complex. The products were
structurally characterized.200

The reaction of Os3(CO)19(n-SPh)(u-H) with bis{dimethylamino)methane
produces a carbene complex, Os3(CO)g(CHNMez)(u-SPh)(u-H). Photolysis of the
carbene cluster results in dissociation of CO, a-C-H activation of the carbene ligand,
and formation of Os3(CO)g(n-C=NMez)(u-SPh)(u-H).20

The reactions of either OsaH3(CO)1g or Osa(MeCN)2(CO)1g with
phenylvinylsulfide produced OsaH(u-SPhCHMe)(CO}qg. Thermolysis or photolysis of
the complex resulted in C-H bond cleavage and formation of Os3(u-SPh)(u-
CH=CH3)(C0O)1¢.202

Thioformaldehyde complexes, Os3(CO)11({u-SCH2) and Os3(CO)1o{n3-SCHa),
were synthesized from Os3(C0)11(u-CH2) and ethylene sulfide.203

The reactivity and catalytic activity of dissolved and tethered thiolate-bridged
triosmium and triruthenium cluster complexes was compared.204

Structures were determined of [Rus(u-H){u-SC(CH3z)3}(dppm)(CO)sg] and
[Rua(p-H){u3-SC(CHa)3}(dppm)(CO)7]-0.5 CH2Cl2.208
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3. M3 Clusters with Nitrogen-Containing Ligands

The osmium and ruthenium carbonyl clusters M3(CO)12 react with
nitrosoarenes, p-XCgH4NO, to give the arylimido clusters M3(CO)qo{p-XCeH4N) and
M3(CO)g(p-XCgH4N)2.208 Azoarenes react with the ruthenium monoimido cluster,
Ru3(COQ)1g(NATr), to form Ru3(CQ)g(NAr){NAr'). The yield of the bis(imido) cluster
improved when para-electron withdrawing groups were present on the azoarene.
Addition of hydrogen gave Rus(CO)gH2(NAr)(NAr') which was used as an olefin
hydrogenation catalyst.207

Diphenylacetylene fragments the imido cluster, Ru3z(CO)19(NPh). Three
bimetallic products were isolated from the reaction mixture.208
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The reaction between tert-butyldiazomethane and OszH2(CO)1g produced
OsgH(BulCH=NNH)(CO)1¢g, by insertion of the diazoalkane into an osmium-
hydrogen bond. Reaction of the diazoaikane with OszH2(CO)g(PMesPh) resulted in
carbon-nitrogen bond formation and the production of an isocyanate complex,
Os3H2(BulCH=NNCO){CQO)g(PMe2Ph). An X-ray crystal structure was obtained
which showed the n2 Hs-bonding mode of the isocyanate ligand. Protonation
cleaved the carbon-nitrogen bond to form [Os3H2(BulCH=NNH)(CO)g(PMezPh)]+.209

The reactions of arylazides with triruthenium dodecacarbonyl produced
arylimido ruthenium ciusters. An X-ray structure was obtained of one of these,
Ruz(u3-NPh)2(u-dppm)(CO)7.210

Aryldiazo-triruthenium complexes, Rus(ua-EPhCH2EPh2)(u-n1-N=NAr)(CO)g
(E= P, As; Ar= Ph, 2,4-Cl2CgH3), were obtained by treatment of the anions [Ru3z(us-
EPhCH2EPh32){CO)g]- with aryldiazonium saits. X-ray structure of Ruz(p3z-
PPhCH2PPh2)(u-n1-N=NCgH3Cl2-2,4)(CO)g was obtained. Loss of a carbonyl
ligand and insertion of a ruthenium atom into and aryl C-H bond occurs on
heating.211
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The ruthenium cluster Rua(CO)42 reacted with nitrogen heterocycles to give
either substitution products or cyclometallated species. Reactions with 2,2-bipyridine
gave the simple substitution product while reaction with pyridine gave the
cyclometallated complexes Rua(u-H)(u-NCsH4)(CO)1¢ and Rug(pn-H)a(u-
NCs5H4)2(CO)s. Pyrazole and substituted pyrazoles reacted with Ru3(CO)12 to give
Rug(u-H)(u-N2C3RzH)(CO)10 (R= H, Me, CF3).212

4. M3 Clusters with Hydrocarbon Ligands

A triosmium cluster containing hydrido and ethyl groups, HOs3{CO)10(C2Hs),
has been prepared. NMR studies show that a B-proton of the ethyl moiety interacts
with another osmium center in the molecule. Reversible a and 8 elimination
reactions occur in the molecule, but the a-elimination process was found to be
kinetically more favorable. Relationships were suggested between the chemistry
occurring on discrete molecular clusters and metal surfaces.213
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Protonation of [Osa(CO)10(u-CH2)(p-1)]- with HBF4-Et20 produced a triosmium
cluster with a terminal methyl group. The NMR spectra of this complex and partially
deuterated analogs are consistent with n1-coordination of the methyl ligand, rather
than the bridging C-H-Os interaction observed in the unsaturated cluster,
Os3(C0)10(CH3)(u-H). The methyl cluster, Os3(CO)10(CHa)(u-1), reacted with carbon
monoxide to form an n1-acetyl derivative, Os3(CO)10(n1-C{O}CH3)(u-1), and smaller
amounts of a bridging acetyl complex, Os3(CQ)10(p-C{O}CHa){u-1).214

References p. 202



178

Protonation of (u-H)3M3(p3-CR){CO)g (M= Ru, R= Et; M= Os, R= Me) yielded
[H3M3(HCR)(CO)g]*. NMR spectroscopy indicated that the added proton bridges the
alkylidyne and metal.215

The reductive elimination of hydrocarbon, MeX, from (u-H)sRuz(u3-CX)(CO)g
was studied. Isotopic labelling of the hydrides showed that at least two of the three
reductive elimination steps are intramolecular. The kinetics of the reaction are
consistent with the proposed mechanism shown below, involving a sequential
formation of the three C-H bonds.216
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The interaction of alkynes with triosmium and triruthenium clusters has been
studied by a variety of spedroscopic techniques, an X-ray crystal structure, and by
theoretical calculations. Variable temperature NMR studies on
H20s53{CO)g9(MeC2Me) show a fluxional process in the molecule involving hyride
migration and changes in the bonding of the asymmetric alkyne.217
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A number of nucleophiles add to the bridging ethyne ligand in [OsaH(u3-
C=CH)(CO)qg]l. Reactions with ethanol, diethylamine, ammonia, pyridine, and
dimethylphenylphosphine gave products resulting from addition to the acetylene
ligand. The addition of water to the a- carbon of the acetylene leads to the cleavage
of the C=C, loss of carbon monoxide, and formation of [OszH3(n3-CH)(CO)g].
Another hydrolysis product, formed by addition of water to the B-carbon of the
acetylens, is [OsgH3{u3-CC(O)H}CO)g).218
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A phosphaalkyne complex of ruthenium, [RusH{CO)g(n3-Me3C=P}]",was
prepared from [RuzH(CO)11]- and Me3C=P.219

Vinyl acetate reacts with either OsagH2(CO)10 or Os3(MeCN)2(CO}1¢ to form
Os3(C0)10(CH2=CHOCOMe), in which the vinyl acetate acts as a chelate.220

Two isomers of Ru3a(u-H)(u3-Me2NC4H4)(CO)g were formed in the reaction of
triruthenium dodecacarbonyl with 1-dimethylamino-2-butyne.221
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Photolysis of the ruthenium cluster HRu3(CO)1o(n-COCH3), results in a
migration of the methyl group from oxygen to carbon. The product, HRu3(CO)1o{p-n?-
C(O)CHg), was identified by NMR. Continued photolysis results in fragmentation of
the cluster, producing Ru(CO)s and acetaldehyde.222
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Thermal reaction of a mono-hapto diphenylpyridylphosphine complex,
Ru3(CO)11(PPh2py), produced a new triruthenium cluster containing a bridging acy!
group. An X-ray crystal structure of the product, Ruz(CO)y1(PPhopy), was
obtained.223
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The p-ketene ligand in [PPN][Os3(CO)19{u-1){(n-CH2CO)] can be converted into
nl-enolate ligands by reaction with nucleophiles, and to acyl and vinyl ligands by
reaction with electrophiles. The product of the reaction of [PPN}[Os3(CO)1o{u-H(p-
CH2CO)] with methanol, [PPN][{Os3(C0)11-(CH2C{O}OCHa3)], has been structurally
characterized.224

The oxidative addition, with cleavage of the aldehydic C-H bonds, of the 2-
formyl derivatives of pyrrole, furan, or thiophene to Os3(CO)1g(MeCN)2 gave
bridging acyl complexes, OszH(CO)19(pu-COC4H3X) (X= NH, O, S). Thermal
decarbonyiation of these clusters gave Os3H2(CO)g(u3-C4H2X).225

The electronic structure of a series of triosmium clusters was investigated by
photoelectron spectroscopy and molecular orbital calculations. Data were reported
for the series of osmium clusters: (p-H)3Os3(CO)gBL (L=CO, PMes), {u-
H)20s3(C0)9CCO, and (u-H)30s3(CO)gCX (X= Ph, Cl, Br). The boron in the osmium
borylidyne ciuster was shown to be similar to a pseudo metal with in the cluster
framework.226

A triosmium cluster with two capping alkylidyne ligands was synthesized and
structurally characterized. Treatment of (u-H)Os3(CO)q19(n-COMe) with PhLi and
MeOSQ2CF3 produced Os3(CO)g{ug-CPh)(u3-COMe). The product can be reversibly
protonated. Substitution of triphenylphosphine for CO gives 0Os3(CO)g{PPh3){u3-
CPh)(u3-COMe) and Os3(CO)7(PPh3)2(13-CPh)(u3-COMe).227 The hydrogenation of
0s3(CO)g(n3-CPh)(u3-COMe) results in alkylidyne-alkylidyne coupling to form an
alkyne complex, (u-H)20s3(C0O)g(n3,n?-C2(OMe)Ph). Sequential reduction and
protonation generates the phenylacetylide complex, (u-H)Os3(CO)g(u3n2-C2Ph).
The phenylacetylide complex can aiso be prepared by reduction followed by
protonation of (u-H)Os3(CO)1¢(p3-CPh).228

A triruthenium complex containing both a methylene unit and an oxygen-bound
ketene was formed by the reaction of Ru3(CO)1o(dppm) with diazomethane. The
product, Rug(CO)7(p3,n3-C(O)CH2)(n-CH2){dppm), was obtained in 30% yield. This

IRU(CO)J 40°, -CO (CO)gRu—/%7Ru(CO)3
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reacts with carbon monoxide to produce a bimetailic complex, Ruz(CO)s{u,n4-
CH2C(O)CH2)(dppm), containing an n4-oxaallyl unit derived from the CO induced
coupling of the methylene and ketene ligands. Ruz{CQ)2 is also produced in the
reaction. Both new complexes were structurally characterized.22
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The synthesis and reactions of a triosmium cluster containing a
cyclopentadieny! ligand were reported. Cyclopentadiene displaces the coordinated
acetonitrile in Os3(CQO)19(MeCN)2 to form a labile cyclopentadiene complex,
0s3(CO)10(n4-CsHg). Hydride abstraction with triphenylcarbenium
tetrafluororoborate gave Os3(CO)10(nS-CsHs). Reaction of this species with BH4~ or
Cl- gave hydride and chloride addition products in which a metal-metal bond has
been cleaved. The linear complex, Os3(C0O)10(n5-CsHs)Cl was structurally
characterized. Thermolysis with loss of CO produced the triangulo cluster
0s3(CO)g(n4-CsHg)(n-Cl1).230 Treatment of Os3(CO)q12 with

pentamethylcyclopentadiene produced only mononuclear
pentamethylcyclopentadienyl-osmium derivatives.231
Thermolysis of a triruthenium cluster complex with

bis(diphenylphosphino)methane ligands, Ru3z(CO)g(p-dppm)2, gave products
resulting from C-H and C-P cleavage of the dppm ligand. The complex Rugz(u-
H)(CO)7{na4-n4-PhPCHP(CgHa4)Ph}(u-dppm) was isolated in low yield from the
reaction and structurally characterized. It was shown that this complex is an
intermediate in the formation of the major reaction product, Ruz(u-H)(CO)7(u3-
PPh)(u3-n2-CHPPh2)(i-dppm).232
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Reactions of Ruz(CO)12 with polynuclear heteroaromatic nitrogen compounds
including quinoline, 1,2,3,4-tetrahydroquimoline, phenanthridine, and 9,10-
dihydrophenanthridine, resulted in the oxidative addition of a C-H bond of the
nitrogen compound to the ruthenium cluster. The crystal structure of Rug(p-H)(u-
C13HgN)(COQ)1g was obtained.233

(b) Rug and Osq Complexes

The syntheses of tetraruthenium carbido clusters RugC(CO)13, RugH2C(CO)12,
and [HRuaC(CO)12]- were reported and the X-ray crystal structure of RusC{COQ)13
was obtained.234

Several new sulfido clusters were prepared. Diethylamine and carbon
monoxide add to Os4(CO)q12(u3-S) under mild conditions to form
Os4{C0O)12{NHMe2){u3-S) and Os4(CO)13(13-S). An X-ray crystal structure of the
diethylamine adduct showed the cluster to consist of a nearly planar array of the four
osmium atoms with the amine bonded to the osmium atom not bonded to the sulfur.
Hydrogen adds to Os4(CQO)12(13-S) to give a dihydride, Os4(CO)12(p-H)2(u3-S). This
molecule is a closo cluster as shown by X-ray diffraction.235 An unsaturated osmium
cluster, Os4(CO)11(14-S){p4-HC=CCO2Me), was prepared by thermolysis of
0s4(CO)12[ua-SC{CO2Me)CH]. Reactions with hydrogen and carbon monoxide were
reported.23¢ Reactions with phenylacetylene and allene opened the closo clusters
and produced Os4(CO)11[n4-n3-SC(Ph)=CHC=CCO2Me] or Os4(CO)11[u-CMes][u3-
n5-(Me02C)C=CHCMe](n3-S).237
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The triruthenium cluster, Ruz(CO)g(pna-S)2 reacts with Ru(CO)s5 to form
Ru4(CO)o(n-CO)2(1a-S)2, which was structurally characterized.238

The vibrational spectra of [0s404(CO)12] was analyzed. The molecule is a non-
centrosymmetric molecule showing a centrosymmetric infrared and Raman mutually
exclusive spectral pattern.239

The protonation of three tetranuclear nitrido clusters produced imido clusters
and hydrido-nitrido clusters. Protonation of [FeRuzgN{CQ)12]'- in a CO atmosphere
gave FeRuz(NH)(CO)10, [FeRu4N(CO)14]}'-, HFeRuzN(CO)2 and Ru3(CO)12.
Protonation of [FeRuzN{P(OMe)3}2(CO)10]!- gave FeRuz(NH){P(OMe)3}2(CO)s.
While protonation of [RusN(CO)12]'- produced Ruz(NH)(CO)10, [RusN(CO)14]1-,
HRu4N(CO})42, and Ruz(C0O)¢2.240

The metal-nitride stretching vibrations in the IR spectrum of a series of
tetranuclear clusters were assigned. The vibrations in the 900-590 cm-1 region were
analyzed for the clusters [M4(pq-N){CO)12(n-L)] (M= Ru, L= H, NCO, NO; M= Os, L=
H) and [Rua(p4-N)(CO)11(p-H)3} 241

The first cluster containing a tetrabridging imido ligand, Rug(ps-
NH)(CO)11(Ph2C2), was formed by treatment of [PPN][Ru4N(C0O)12] with CF3SO3H
in the presence of diphenylacetylene. An X-ray crystal structure showed the distorted
ruthenium square to be capped on one face by the imido group and by the acetylene
on the other. A small amount of Rua(ps-NH)(CO)11(Ph2C2) was also formed in the
reaction.242

The nitrile ligand in [Os4H3(CO)12(NCMe)2]+ was converted to an amido ligand
by treatment with [N(PPh3)2]NO2. The product, [Os4H(CO)12(n3-NCOMe)z]-, reacted
with [MPPhg]+ (M=Au or Cu) to form [Os4H(CO)12(n3-NCOMe)2(MPPh3)].243

Acetylene was found to insert into the skeletal framework of closo-[Ruas(pns-
PPh)2(n2-CO)(CO)10] to form [Rug(pa-PPh){s-n3-P(Ph)CHCH}(u2-CO)(CO)10).244 A
tetraruthenium cluster containing a bridging n1,n2-acetylide ligand, Rua(ps-n',n2-
C2)(n-PPh2)2(CO)12, was prepared by the carbon monoxide induced phosphorus-
carbon bond cleavage in the diphenylphosphinoacetylide cluster Rus(us-C2PPh2)(u-
PPhg)(CO)15.245
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The synthesis of Os4(CO)q4(PMe3) by decarbonylation of Os4(CO)15(PMe3)
with Me3sNO was reported. Unlike other 62 electron tetranuclear clusters which
adopt a butterfly configuration, an X-ray crystal structure showed the product to be an
irregular, planar cluster. The 13C NMR spectra showed that the molecule is fluxional.
A process involving metal framework rearrangement was proposed.246
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An X-ray crystal structure was reported on the ruthenium cluster decacarbonyil-
tetra-u-hydrido-p-[methylenebis(diphenylphosphine)-P,P'] tetrahedro-
tetraruthenium.247

(c) Rus and Oss Complexes

Molecular orbital calculations were used to compare the bonding of a carbide
and a sulfide in the vertex of an octahedral MsE cluster.248

The synthesis and structure of a pentaosmium ciuster containing a
phosphinoalkyne ligand, Oss(u-n2-PC2PPh2)(1-PPhg)(CO)13, was reported.249

Reaction chemistry of a pentanuclear ruthenium cluster was reported.
Diphenyldiazomethane added to [Rus(CO)13(ug-n2-C2Ph)(u-PPh2)] to form an a
product with an intact, p4-coordinated diphenyldiazomethane ligand.259 The addition
of diphenylphosphine to without loss of carbon monoxide to [Rus(CQ)13(ns-n2-
C2Ph)(u-PPh3)] produces a bis-phosphido cluster [(u-H)Rus(CO)43{14-n2-C2Ph)(u-

PPh3)3].251
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The reaction of RusC({CO)¢5 with bisdiphenylphosphino)ethane produced
RusC(CO)1s(dppe). An X-ray crystal structure showed that the square pyramidal
geometry of the starting cluster complex had been opened up to wing-tip bridged
butterfly structure with a unidentate diphosphine ligand.252 A phosphido-bridged
pentaruthenium carbido cluster, RusC(CQO)13{n-PPhg), was prepared by the reaction
of RusC(CO)15 and diphenylphosphine and was structurally characterized. A similar
product, , was obtained in the reaction with PPh{CH2CH2Si(OEt)2)H. This compound
was successfully tethered to silica, but decomposed on an alumina support.258

(d) Rug and Osg Complexes

The reaction of Ruz(CO)12 with PPhH2 produced Rug{us4-PPh)o(us-
PPh)2(CO)12 and Rug(p4-PPh)s(pn3-PPh)2(CO)12. The capping
phenylphosphinidene ligand imposes trigonal pyramidal geometry on these cluster.
The structures were determined by X-ray.254

Decarbonyiation of Os3(CO)qg(pn3-S) with MegNO+*2H20 produced
0s3(CO)g(n3-S)(NMe3)(i-OH)(uu-H) in 44% yiald. The product reacted with additional
Os3(CO)10({un3-S) to form an Osg cluster, Osg(CO)18(13-S)(Ua-SH-OH)(u-H). X-ray
crystal structures were obtained for both new complexes.255
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The reaction of Os3(CO)1o(u-SPh){u-H) with MegNO produced two isomers of
0s3(C0O)g(n3-SCeH4)(NMe3z)(u-H)2 in 21% and 10% yield, respectively. Refluxing
one of these isomers in heptane produced three isomers of a hexaosmium cluster
containing a dimethyl carbene ligand, Os3(CO)1g[C{H)NMea](n3-S)(u-H)2. X-ray
crystal structures of two of the isomers were obtained.256
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An improved synthesis of was reported for [Osg{CO)20(MeCN)] and
[Osg(CO)19(MeCN)2]. These raft-like clusters were formed by the coupling of
[0s3(CO)10(MeCN)2] in the presence of PdClz. Reactions of the Osg clusters with
trimethylphosphite have been shown to give simple substitution products.257 The
reactions of methylacetylene and phenylacetylene with [Osg(CO)20(MeCN})] initially
gives [Osg(CO)20{C=C(H)R}]. This represents the first formation of a vinylidene
cluster from a non-hydrido precursor. No reaction was observed with disubstituted
alkynes. Osmium pentacarbonyl is lost from the cluster under thermal conditions to
form a pentanuclear cluster complex [Oss5(CO)15{C=C(H)R}].258

The hexanuclear osmium clusters [OsgH2(CO)2gL(113-PH)] (L= CO, MeCN) were
synthesized by mild heating of [Os3gH(CO)10(uz-PH2)]} with [Os3(CO)12.n(MeCN)n}
(n=1,2). The X-ray crystal structure of [OsgH2(CO)20(MeCN)(p3-PH)} was
determined. Weak bases readily deprotonate [OsgH2(CO)21(u3-PH)]. The crystal
structure of the product of this hexanuclear cluster with sodium carbonate and
methanol, [OsgH2(CO)20L{u3-PH)], was determined by X-ray diffraction.259
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Hexaosmium clusters with interstitial phosphorus, [OsgH{CQC)1g(us-P)] and
[Osg(CO)1g(us-P)]-, were prepared by the thermolysis of [OsgH2(CO)21(u3-PH)] and
[OsgH(CO)21(u3-PH)]-, respectively. Each of these reacted with [AuPPh3]*+ to give
[Ose(AuPPh3)(CO)1g(ug-P)] which was structurally characterized.26¢
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(e) Higher Nuclearity Complexes

Decarbonylation of osmium clusters with trimethylamine oxide has been used
as a method for the synthesis of clusters of higher nuclearity. The reaction of
[Os5(CO)1g] with ONMegs followed by treatment with [OsH2(CO)4] produced
[OseH2(CO)19]. This new hexanuclear cluster was found to rearrange to the known
cluster {OsgH2(CO)45].281 The new heptanuciear cluster complexes [Os7H2(CO)22]
and [Os7H2(CO)21] and previously prepared [Os7H2(CO)2q] were prepared in 13, 41,
and 26% yield respectively by reaction of [Osg(CQO)1g] with trimethylamine oxide. All
were structurally characterized.262
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A high nuclearity ruthenium cluster, Rug(CO)15(u-CO)(n-tol)(u4-S)2 was
prepared from Ru3(CO)g(p3-CO){in3-S) and Ruz(CO)42 in refluxing toluene. The
structure of the product as determined by an X-ray crystal structure shows the metal
atoms arranged in the form of two fused square pyramids in which the square bases
are bridged by sulfido ligands.263

The reaction between Ru3(CO)12 and PPhzH produced a number of ruthenium
clusters including [Rug(png-P)(n2-n1,n6-CHaCgHs5)(n2-CO)2(CO)17]). The
octaruthenium complex was shown by an X-ray crystal structure to have an
encapsulated phosphide surrounded by a square antiprism of ruthenium atoms.264

(f) Mixed Metal Cluster Complexes
1. Clusters Containing Main Group Metals

Silicon and tin derivatives of triosmium clusters were structurally characterized.
The diphenylsilane ligand in HOs3(u-H)2(CO)10(SiHPh2) is bonded in an equatorial
position on the triosmium triangle while the dimethyltin group in Os3{u-
H)2(CO)1p(SnMey) is axially coordinated.265 Addition of stannous chioride to
Os3(u-CH2)(CO)q1 gives a tin-osmium cluster complex, Os3SnCl2(CO)11{n-CH2).
The product was obtained in 91% yield and was characterized spectroscopically and
by an X-ray crystal structure. The molecule has a nearly planar, butterfly
arrangement of the metal atoms.266

References p. 202



188

Cl
eI,
(CO)s08— N\

H,C—0s8(C0O);3

Phenylethynylgold compounds were found to oxidatively add to
Os3(CO)19(MeCN)> to form double and tripie-bridged phenethyny! triosmium
clusters.267
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Proton decoupled 109Ag NMR studies on the ruthenium-silver cluster
[Ag2Ru4(u3-H)2{u-Ph2P(CH2)nPPh2}{CQ)12] (n= 1, 2, 4) have been reported. Using
the INEPT pulse sequence, resonances for the silver atoms were observed. Variable
temperature studies showed a fluxional process involving rearrangement of the
metal skeletons.268

X-ray crystal structures of [AuaRug(us-H)(u-H){u-PhaPCH2PPh2}{CQ)12] and
[Ag2Ru4(pn3-H)2{pn-PhaPCH2PPh2}(CO)12] were obtained. The structure of the former
complex consists of a capped square-based pyramidal metal core with an apical
ruthenium atom. The latter complex has a trigonal bipyramidal metal core. The silver-
ruthenium cluster is fluxional in solution at room temperature and a Berry pseudo-
rotation of the metal core is proposed to account for this.269

Mdssbauer spectroscopy data on ruthenium-gold cluster complexes detected
structurally non-equivalent goid atoms bearing the same exo atoms. The 197Au
méssbauer spectra of [AuzRug4(u3-H)(CO)12(PPh3)3], [AusRus(us-
COMB8)(CO)g(PPh3)3] and [AuzRu4(u3-H)(u-H)(CO)12(PPh3)2] were obtained.270 The
reaction of AUPPh3NQO3 with RuHz(dppm}2 produced a new

ruthenium-gold complex, [AuzRu(H)z2(dppm)2(PPh3)2][NO3l2 which was
characterized by an X-ray crystal structure. The hydride ligands were located in the
structure and found to bridge the ruthenium and gold atoms.271
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The osmium gold cluster complex, 1,1,1,1,2,2,2,3,3,3-decacarbonyl-2,3-u-
methoxymethylidyne-2,3-p-triphenylphosphineaurio-triangulo-triosmium, was
structurally characterized.272

Mixed metal clusters containing the asymmetric bidentate ligands
Ph2As(CH2)nPPh2 (n= 1, 2) were prepared by treatment of [N(PPh3)2]2[Rus(p-
H)2(CO0)12] with [M(NCMe)4][PFg] (M= Cu, Ag) and the bidentate ligand. The
products, [N(PPh3)2]2[M2{Ph2As(CH2)sPPh2}Rus{1-H)2(CO)12], were isolated in 65-
70% yield.273

The reactions were studied of the ruthenium-mercury cluster, IHgRuz{CO)g(u3-
C2-t-Bu) with Rusz(CO)12, HRuz(CO)11- and Ru(CO)4-2. Each reaction produced the
new cluster complex cis-Ru(CQO)4[HgRu3(CO)g(u3-C2-t-Bu)l2. This species was
characterized by IR NMR and X-ray crystallography. Each mercury atom bridges an
edge of a triruthenium cluster and is terminally bonded to a ruthenium tetracarbonyl
moiety.274

The heterometallic clusters, MRug(n-H)3(CO)12(PR3) and
MRu3(CO)g(C2But)(PR3) (M= Cu, Ag), were prepared from [N{PPh3)2][Ru4(p-
H)3(C0O)12] or [N(PPh3)2][Rus(CO)g(C2But)], tertiary phosphines, and
[M(MeCN)4]PFg. X-ray crystal structures of two copper complexes were obtained
and the structural similarities and differences among mixed-metal cluster compounds
containing copper, silver, or gold atoms ligated by phosphines was discussed.275

Crystallographic data appeared for octadecacarbonyl-1,2,3:4,5,6-bis-ua-[(n-
toluene)cuprio)-octahedro-hexaruthenium.276

Large, heterometallic clusters containing osmium and either goid or mercury
have been prepared from [Os19C(CO)24]2". Treatment of this Os1g cluster with
PPhzAuBr and AgClO4 produced [Os19C(CO)24AuBr]-. Upon standing, an additional
decaosmium cluster adds to the product to form [Os20Au(C)2(C0O)24]2-. Similar
mercury-containing compounds were prepared from [Os19C(C0O)24]2- and RHgX.277
The reaction between [Os19C(C0Q)24]2 and [Cu(MeCN)4)(BF4) or PPhgAuCl
produced [0s19C(CO)24ML]- (ML= Cu(MeCN), AuPPh3). The X-ray crystal structures
of [0s10C(CO)24ML]" were obtained.278
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2. Clusters with Other Transition Metals

The reactions of [CpMo{CO)2]2 and CpMo(CQO)3 with H2Os3(CO)qp in the
presence of hydrogen produced the heterometallic clusters CpaMoa(u-
H)20s3(C0)412 and CpMo(u-H)30s3(CO)¢1. Yieids of products are related to the
concentration of hydrogen. Both products were structurally characterized.279

The crystal structure of (n5-CsH5)WOs3(CO)12(n3-CCgH4Me)(i-H)2 was
obtained. The triangular triosmium core is capped by an asymmetrically bridging tolyl
carbyne ligand. The reaction of this complex with hydrogen and carbon monoxide
releases CpW(CO)3H and forms (u-H)30s3(CO)g(u3-CTol) and (u-H)Os3(CO)10(u3-
CTol). Labelling studies suggest that CpWOs3(CO)12(na-CTol)(pn-H)2is an
intermediate in the formation of CpWOs3(CO)11[u3-n2-C(O)CH2Tol]. The latter
complex is the major product in the reaction of CpW(CQO)2(CCgH4Me) with
H20s3(C0)10.280

The bridging sulfur atom in Os5(CO)15(u4-S) donates a total of four electrons to
the osmium cluster and retains an electron pair. Treatment with W(CO)s(PPh3),
produces a hexanuclear complex in which the sulfur acts as a two electron donor to
the tungsten atom. The product was characterized by a X-ray crystal structure.281
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Osmium clusters with manganese or rhenium were prepared. An allenyl-
substituted p-alkylidyne triosmium complex was formed by the reaction of
dimethylphenylphosphine with HOs3(CO)g{u3-n2-C=C(Ph){(C0)-C=C(Ph)Re(COQ)4}.
The X-ray crystal structure of HOs3(CO)1o{p-CC(Ph)=C=C(Ph)Re(PMe2Ph)(CO)4}
was obtained.282 The preparation and crystal structure of
hydro[(carboxycyclopentadienyljtricarbonylmanganese}-decacarbonyl-triangulo-
triosmium was reported.283

Cluster complexes with iron and ruthenium or osmium were reported. The
reaction of [Fe3z(C0O)11]2- with Fe2Ru(CO)y2 produces a hexanuclear cluster,
[Fe4Ru2(C0)22]2-. The geometry of this cluster unusual, with two FezRu triangles
linked by an Ru-Ru bond.284 The reaction of [Ru(CO)3Clz)2 with [FeCQ)4)?" in water
produced the mixed metal clusters FeoRu(CO)12, HoFe2Ru2(CO)13, and variable



191

amounts of HoFeRu3(C0)13.285 Thermal decomposition of heterometallic clusters on
a magnesia support produced small, bimetallic particles. The complexes
H2Fe0s3(CO)13 and HaFeRu3{CO)13 gave 10-15 A bimetallic particles, while
mixtures of Fe3(CO)¢12 and M3(CO)12 produced particles containing no iron.286

The coupling of a phosphinidene-bridged osmium cluster, [H20s3(CO)gPR] (R=
Ph, CgH11), with the metal carbonyl clusters [Ma(CO)12} (M= Os, Ru) produced
hexanuclear clusters, [M30s3(CO)17(PR)], pentanuclear clusters,
[M20s3(CO)15(PRY)], and tetranuclear clusters, [H2MOs3(CO)12(PR)]. The 31P-187Qsg
coupling constants from the 31P NMR were used to assign structures in
[Ru20s3(CO)15(PR})].287

Clusters containing cobalt as well as ruthenium or osmium, [M3Co(CO)13];,
were prepared by the reaction of Co(CO)4- with M3(CO)19(MeCN)2. A similar
reaction between M'(CO)42- and M3(CO)19(MeCN)2 (M, M = Ru, Os) provided a
route to osmium-ruthenium tetranuclear clusters.288 Selectivity in carbonyl
substitution reactions was observed in the ruthenium-cobalt heterometallic cluster
complex, HRuCo3(CO)12. Substitution of CO for amine ligands occurs preferentially
at the ruthenium center while triphenylphosphine substitution occurs at cobalt.289
Substitution of carbon monoxide for 1,2-bis(diphenylphosphino)ethane in
HaRu3Co(CO)42 produced HzRuzCo(CO)1g(dppe) in which the bidentate phosphine
ligand chelates to one ruthenium center. A similar substitution reaction on
HRuCo3(CO)12 gave HRuCo3(CO)1o(dppe) in which the phosphine bridges two
cobalt centers,290

Addition of {Cu(PPh3)Cl}4 or Au(PPh3)Cl to HRuCo3(CQO)12 results in the
addition of the M{(PPh3) moiety to the cobalt-ruthenium cluster. Triphenylphosphine
addition to RuCo3(CO)12(u-Cu{(PPhj3)} produces the salt
[Cu(PPhg)g][RuCo3(CO)12].2%1

The synthesis of HaRu2Rh2(CO)12 was reported. Variable temperature NMR
studies showed that the structure is related to that of Rh4(CO)42. Both the hydrides
and carbonyls were fluxional.292 X-ray crystallography and NMR spectroscopy were
used to study the structure of HaRu2Rh2(CO)11(PPh3a). The structure was found to be
similar to HaRu2Rh2(CO)12 with phosphine substitution at the basal rhodium
atomn.293

The reaction between Os3(CO)11(n-CH2) and (PhaP)2Pt(C2H2) produced a
new tetranuclear cluster Os3Pt(u-CH2)(CO)11(PPhg)2. The X-ray crystal structure
shows the the platinum bonded to only one osmium of the osmium triangle and the
methylene ligand bridging the platinum-osmium bond. Carbon monoxide readily
substitutes for the phosphine ligands in this molecule, while diphenyl acetylene
displaces only one of the phosphine groups.2%4
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Five osmium-platinum cluster complexes were isolated in the reaction of
Pt(PPh3)2CaH4 with Os5(CO)q5(u4-S). The square pyramidal complex
PtOs4(CO)13(PPh3)(u4-S) was isolated in 6% vyield and characterized
spectroscopically and by X-ray diffraction. Another complex isolated in 7% yield
contains an edge-bridged Os(CO)3PPhg unit on the square pyramidal cluster
framework. Carbon monoxide converts PtOss(CO)15(PPhg)2(u4-S) to
PtQs4(C0O)13(PPh3){(u4-S) and is probably the precursor to this compound in the
substitution reaction.295 The complex PtOs5(CO)15(PPhgs)(u4-S) was isolated in 5%
yield and structurally characterized.296
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A similar reaction between Pt(PPhMe2)s and Os4(CO)12(u3-S)2 produced
PtOs4(CO)11(PMe2Ph)2(u3-S)2 and PtOs3(CO)g(PMe2Ph)2(pn3-S)2. Both were
characterized by X-ray crystal structures.297

The addition of Pt{(COD)2 to Osg(CO)18-a(M8CN}, (n= 1,2) produced
OsgPt2(C0O)17(COD)2 and OsgPt2(C0O)15(COD),.298

Substitution of carbon monoxide for tertiary phosphine ligands on CpNiOs3(u-
H)3(CO)g was facilitated by trimethylamine oxide.29¢ The osmium-nickel clusters
catalyzed the isomerization and selective hydrogenation of one double bond of
dienes. An pgn3-allyl triosmium complex, CpNiOs3(pu-H){MeCCHCMe)(CO)g, was
isolated from the reaction mixture containing 1,3-pentadiene.390 The reaction of
Rus{u-H){(CO)g(n-PPh2) with CpaNi2(CO)2 gave NizRu3Cp2(CO)g(us-PPh). The X-
ray crystal structure of this complex showed it to have an open square pyramid
geometry.301

Heterotrimetallic alkyne clusters containing ruthenium or osmium,
CpNiCoM(CO)g(C2RR'), were prepared from CpNiCo(CO)3(C2RR') and M(CO)s. The
alkyne figand was found to be parallel to the Ni-M edge of the cluster. An X-ray
crystal structure was obtained of the ruthenium containing cluster.302

The osmium-nickel cluster, CpNiOs3(u-H)3(CO)g(PPhzaH), was prepared from
CpNiOs3(u-H)3(CO)g(PPhaH) and diphenylphosphine in the presence of
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trimethylamine-N-oxide, Treatment with sodium hydride followed by mercury
dibromide produced CpNiOs3(u-H)2(CO)g(PPhaH)(n-HgBr), which was
characterized by 1H and 31P NMR,203

(g) Supported Os and Ru Clusters

EXAFS was used to determine the structure of alumina supported osmium
carbony! clusters derived from Qs3(CQ){2. Two types of osmium species are present,
a mononuclear Os(ll) species on the support, and a triosmium cluster.The data
indicate that two of the three osmium atoms in the cluster are bonded to surface
oxygen atoms. The mononuclear osmium species is bonded through three surface
oxygens.304 Another EXAFS study of the osmium carbonyl on alumina, silica, and
titania showed the initial absorbate, Os3zH(CO)1o(n-O-oxide) or Os3z(OH)(CO)10(u-O-
oxide). Pyrolysis gave a mixture of surface bound osmium tricarbonyl, and osmium
dicarbonyl fragments.305

The reactivity of the osmium carbony! clusters H4Os4(CO)+2 and Hz0s4(CO)+2l
with the surface of partially hydroxylated magnesia, lanthanum oxides, and zinc
oxides was investigated. The basic surfaces were found to deprotonate the osmium
clusters to form surface-bound speciss, rather than acting as nucleophiles on the
coordinated CO of the clusters. The authors also suggest that the supports abstract I+
from the iodo cluster complex.3% The mixed metal clusters HaFeM3{CO)13 (M= Os,
Ru) were deprotonated by a hydroxylated magnesia surface. The surface absorbed
[HFeM3(CO)13]- were identified by IR spectroscopy.307

Solid state 31P NMR spectroscopy was used to study surface attached
triosmium clusters. The silylated phosphine clusters Os3{CO} 1L, H20s3{CQO){oL and
H20s3(CO)gL (L= PPhoCH2CH2Si{OEt)3) were prepared and anchored to a silica
support. The results indicate that Os3z(CO)41L-silica and HoOs3(CO)1gl-silica
maintain their integrity on the support while HoOs3(CO)gL-silica has a very different
structure on the support than H2Os3(CO)gL has in solution.308

The catalytic activity of mono and polynuclear compounds supported on

zeolites was the subject of a report.309

IV. Catalytic and Synthetic Reactions
R . Ot Carbon M id | Related Molecul

New metal complexes were used as water gas shift catalysts. A high
activity, low temperature catalyst for the water gas shift reaction was prepared from
Ru3(CO)12 and 2,2-bipyridine-in a 3:1 ratio.310 Catalysis of the water gas shift
reaction by (n4-CsPh4O)Ru(CO)3 was observed. The complex also catalyzed the
reduction of ketones with CO and water. Sodium carbonate was found to accelerate
the rate of the reaction.3!
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There was continued activity on carbon monoxide reduction catalyzed by
osmium and ruthenium complexes. Imidazoles were found to enhance the reactivity
of Ruz(CO)42 on the homogeneous hydrogenation of carbon monoxide. The
imidazole increased the selectivity for ethylene glycol formation although methanol
was still the major product under the reaction conditions.312 A report is available on
metallocarboranes structurally engineered for the reduction of carbon monoxide.313
Hydrocarbon synthesis by a photo-Fischer-Tropsch reaction used water and carbon
monoxide as substrates.314

High molecularity osmium and ruthenium clusters have been observed on
carbon monoxide hydrogenation catalysts prepared by impregnation of H2OsClg or
RuCl3 on magnesia. The carbonyl clusters [0s19C(CO)24]2- and [RugC(CO)1g]2" are
formed under reaction conditions.315

Several ruthenium(0) complexes, including Ru(CO)4(PPh3), were found to
catalyze the hydroformyiation of ethylens and propylene under photochemical
conditions. UV irradiation is proposed to cause the dissociation of carbon monoxide
from the ruthenium center to generate the active catalyst.316 Fourier transform
infrared spectroscopy studies on a ruthenium/potassium/alumina catalyst indicated
that ruthenium formy! intermediates may be involved in the catalytic carbonylation of
alkenes.317

Homogeneous ruthenium-cobalt catalysts with iodide promoters were found to
be effective for the homologation of the alkoxy moiety of carboxylic esters. Ethyl
esters are homologated more readily than esters of higher alkyl groups.31¢ Methanol
homologation was catalyzed in sofution by a mixture of rhodium complexes,
ruthenium complexes and methyl iodine. Various monomeric complexes of these
metals and mixed metal clusters were examined for activity in this reaction.319

Hyd f | | -

Several catalysts were effective for the reduction of organic oxygenates. The
influence of the phosphine ligand and solvent was examined in the catalytic
hydrogenation of dimethy! oxalate to methyl glycolate by Ru(CO)2(CH3COO)2(PR3)2.
Although complexes with either PPhz or PBuz showed 100% selectivity in reduction
of the diester, the tributylphosphine derivative was far more active. Aromatic solvents
favor additional reduction of the methyl glycolate to ethylene glycol.320

A series of osmium and ruthenium complexes containing hydride, phosphine
and carboxylate ligands, MHX(CO)(PR3)3, were found to be active catalysts for the
homogeneous hydrogenation of aldehydes and ketones to the corresponding
alcohols. A study of the rate of propionaldehyde conversion to propanol under
varying reaction conditions and with catalyts containing different carboxylate ligands
led to the formulation of led to the formulation of the proposed mechanism shown
below.321
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Catalysts were developed for arene hydrogenation. Small ruthenium particles
on silica, active for the hydrogenation of cyclohexene or benzene, were prepared by
the hydrogenolysis of supported ruthenium(n4-cyclooctadiene)(n®6-
cyclooctatriene).322 The partial hydrogenation of benzene was catalyzed by
ruthenium complexes prepared by a chemical mixing procedure.323 Pyrene and
fluoranthene were selectively hydrogenated with various noble metal catalysts.324

The ruthenium clusters Ruz(CO)q2 and H4Ru4(CO)12 are less active catalysts
for reductions employing N-benzyl 1,4-dihydronicotinamide than other metal
carbonyls because of the stability of intermediate hydrido carbonyls.325

Several orthometallated complexes were found to have enhanced catalytic
activity towards the hydrogenation of olefins than relative to non-orthometallated
species. A new ruthenium complex, RuCI{P{OPh)3}3{P(OPh)2(OCgHs)}, was
prepared from P(0-OCgH4)3 and HCIRu(PPh3)3 and was found to be more active
than RhCI(PPh3g)3 for the hydrogenation of internal and terminal olefins.326 The
ruthenium complexes RuCI{P{OPh)3}3{P(OPh)2(OCgHs)} and
Ru{P(OPh)a}2{P(OPh)2(OCeHs)}2 are also catalysts for the polymerization of styrene
and the ortho ethylation of phenol with ethylene.327

Rapid catalytic hydrogenation of 3,3-dimethy|butene in THF under mild
conditions was reported. The anion-promoted ruthenium clusters, [Ruz(u2-
NCO)(CO)10] and [RuzX(CO)1¢] (X= CI, Br) were the catalyst precursor for the
hydrogenation. Kinetics of the reaction were investigated.328 The mechanism of the
homogeneous catalytic hydrogenation was studied through the use of the osmium
analogs. The hydrogenation reaction was found to be much slower with the osmium
complex and intermediates in the reaction could be observed and characterized. The
mechanism proposed for the reaction is shown below. The X-ray crystal structure ot
an intermediate alky! complex (R = succinoyl) was determined.329
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The hydrogenolysis of n-butylamine catalyzed by a graphite supported
ruthenium catalyst resulted in the formation of propene and butene.230

Hydrogen transfer reactions were catalyzed by heterogenized ruthenium(ll)
complexes attached 1o a polycarboxyliate matrix.331

The heterometallic complex (n5-CsHs)NiRuz(u-H)3(CO)g was found to

catalyze the hydrogenation of the terminal double bond of conjugated dienes and
certain monoenes. Isomerization as well as hydrogenation reactions proceed with
cyclohexenes and cyclohexadienes.332

Reductions involving biological molecules were catalyzed by osmium and
ruthenium complexes.The asymmetric hydrogenation of amino acids precursors was
affected by chiral ruthenium complexes.333 The hydrogenolysis of glucose solutions
occurred over solid catalysts.334 Chemically modified carbohydrates were highly
efficient regio- and stereoselective catalysts for hydrogenation.335

Ruthenium catalysts for reductions and other transformations of nitrobenzene
were reported. Homogeneous and supported anionic carbonyl clusters were found
to be catalysts in hydrogenation and transfer hydrogenation reactions.336
Homogeneous catalytic hydrogenation, transfer hydrogenation and nitrobenzene
carbonylation reactions were studied with dodecacarbonyitriruthenium as the
catalyst.337 It was suggested that arylimidoruthenium clusters are intermediates in
the carbonylation of nitrobenzene with dodecacarbonyltriruthenium.238 An X-ray
crystal structure of Ruz(CO)7(NPh)(n6-CgHg) was obtained. This complex is isolated
in the reaction between nitrobenzene and triruthenium dodecacarbonyl in the the
presence of dicobalt octacarbonyl.339 Selectivity for the reduction of nitroaromatic
compounds is achieved with a catalyst system consisting of palladium on carbon,
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RuCl2(PPhg)s, formic acid and tristhylamine. The hydrogen used in the reaction is
derived from formic acid and triethylamine.340

A ruthenium hydrido phosphine complex, RuH2(PPh3)4, has proven to be an
effective catalyst for the condensation of nitriles with amides in the presence of two
equivalents of water. The acylation is seiective for the primary amines in the
presence of secondary amines. Aminonitriles undergo polycondensation.34!

RuH,(PPhj),

R'CN + HNR?R?® + H,0 R'CONR2R? + HNH,

Ruthenium(ll) complexes of imines catalyze the hydrosilation of isoprene with
high selectivity 342

Asymmetric double bond isomerization of 4,7-dihydro- to 4,5-dihydro-1,3-
dioxepins was reported.343

Oxidati

A frontier molecular orbital study appeared on the oxidation of olefins with
osmium tetroxide and other osmium(VIill) derivatives, OsO2X2 (X = O and NR). The
authors assume a [3+2] cycloaddition mechanism for the reaction of olefins with the
metal complex although a [2+2] mechanism can not be ruled out based on orbital -
symmetry. The [3+2] cycloaddition can be classified as a metal catalyzed forbidden
reaction according to this analysis. It is proposed that pyridine and other nitrogen
bases cause a distortion from Td to C2y symmetry in the osmium complex, and that
distortion accelerates the rate of the reaction with olefins.344

Intermediates in the amination and oxyamination of olefins by OsO2(NR)2 and
OsO3(NR) were isolated. NMR indicated a dimeric structure for the
heterometallocyclic products, analogous to the osmate ester intermediate known for
0s04 oxidation of olefins,345

Hyperconjugative effacts of allylic substituents were not found to be important in
osmylations. The same stereoselectivity was found for oxidation with OsO4 of olefins
containing bulky o-donors in the allylic position as for olefins containing bulky
acceptors in that position.346

Asymmetric oxidation of olefins to diols with osmium tetroxide has been
achieved by coordination of chiral diamines to the metal center. Chiral diamines
derived from L-tartaric acid were used to prepare a chiral osmium oxide reagent.347
The osmium complex derived from osmium tetroxide and (-)-(R,R)-N,N,N'N'-
tetramethylcyclohexane-1,2-trans-diamine oxidized certain olefins with high
selectivity.348

Osmium tetroxide was used to produce isobacteriochlorins from zinc
oxoclorings,.349
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Osmium and ruthenium complexes have been used to epoxidize olefins. The
oxidations of styrene and cis and trans -stilbene with [(bpy)2(py)RuQ]2+ were
examined. Reactions were found to be first order in both olefin and metal complex.
The reactions were catalytic in ruthenium complex when NaOCI was used as the co-
oxidant. Solvolysis of product to benzaldehyde occurred under reaction conditions
required for the catalytic reaction.35¢ An osmium(lll) complex was found to catalyze
the epoxidation of cyciohexene in the presence of iodosobenzene. The osmium
complex, trans-[Os{bpb)(PPh3)CI] (bpbH2= N,N'-bis(2'-pyridinecarboxamide)-1,2-
benzene), was prepared by the reaction of N,N'-bis(2'-pyridinecarboxamide)-1,2-
benzene with potassium osmate, followed by treatment with triphenyiphosphine. In a
reaction carried out in the dark with an excess of iodosobenze and cyclohexene, a
total of 18 turnovers of cyclohexene oxide were produced in 6.5 hours, but the
chemical yield, based on phenyl iodide produced, was only 3.6%.351 Osmium(lil}-
porphyrin complexes catalyzed the epoxidation and hydroxylation of alkenes with
iodosobenzene. Ocataethylporphyrin and meso-tetraphenylporphyrin complexes of
osmium(lll), [Os(porphyrin)(PBu3)Br], were prepared by the bromine oxidation of
[Os(porphyrin)(PBu3)(CO)]. The catalysts converted cyclohexene to a mixture of
cyclohexene oxide, cyclohexene-2-ol, cyclohexanone, and cyclohexenone.
Oxidation of styrene was also studied.352

Alcohol oxidation was achieved in reactions with osmium and ruthenium
complexes. Reactivity toward alcohols of trans-[RuCI(O){py)4]* was examined.353 A
light-induced electron-transfer reaction converted 2-propanol to acetone. The
kinetics of formation of hydrogen peroxide and acetcne by irradiation with visible
light of aqueous solutions containing tris(2,2'-bipyridine)ruthenium(li) complex, 2-
propanol and oxygen were reported.254 A ruthenium-tin catalyst was found to be an
effective photocatalyst for the dehydrogenation of 2-propanol. The mixture of RuClj
and SnClz gave 47.7 turnovers of acetone and hydrogen per hour under UV
irradiation.355 Cerium or ruthenium complexes were found to catalyze the NaBrO4
oxidation of alcohols.356 An investigation was carried out on the kinetics and
mechanism of osmium(VIIl) catalyzed oxidation of benzy! alcohol and benzylamine
by alkaline hexacyanoferrate(lll) ion.357

A high valent ruthenium complex, trans-[Ru(bpy)202]*2, was found to be a very
powerful oxidant capable of oxidizing water.358

Kinetics of the ruthenium(lll) catalyzed oxidation of aldoses by N-
bromosuccinimide in agueous acetic acid was studied.35¢ Ruthenium(lll) and
ruthenium(IH)-aminopolycarboxylic acid chelate complexes catalyzed the oxidation
of ascorbic acid by molecular oxygen.380 Data on the thermodynamics of this
reaction was published.381

Potentiometric, spectrophotometric, electrochemical, and kinetic measurements
were obtained on the oxidation of triphenylphosphine by molecular oxygen



199

catalyzed by a ruthenium(lll)-EDTA-triphenylphosphine complex. A p-peroxo

ruthenium(1V) complex, [Ru(EDTA)(PPh3)]202, was proposed to be an intermediate
in the reaction.362
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The ruthenium complex trans-RuX2(Me2S0)4 (X= Cl, Br) had been previously
found to catalyze the oxidation of thioethers with molecular oxygen. A recent study
was carried out with the ruthenium complexes and thioethers in the absence of
oxygen in order to identify possible reaction intermediates. Complexes of the type
trans-RuX2(R2S)4-n(Me2S0), were isolated from these reactions. The thioethers
studied included dimethyl sulfide (n= 2-4), tetrahydrothiophene (n= 4), di-tert-butyl
sulfide (n= 1), and diethyl sulfide (n= 2-3). Complexes of multidentate thioethers
were also prepared. A crystal structure of trans-
RuC!2{CH3C(CH2SCH2CH3)3}(Me2S0Q) was obtained.363 The reactions of trans-
RuX2(Me2S80)4 with the tridentate sulfur donor ligand 3-(ethylthio)-1-((3-
(ethylthio)propyl)sulfinyl)propane produced RuClg -
{EtS(CH2)3SO(CH2)3SEt}{(Me2S0). Crystal structures of the dichloro and dibromo
complexes were obtained which showed meridional coordination of the tridentate
ligand and a cis orientation of the halides.364 The reactions of trans-
RuBra(tetrahydrothiophene)s4 with the tridentate sulfur donor ligand bis(3-
(ethylsulfinyl)propyl)sulfide produced RuBrg{EtS(O)(CHz2)3S(CH2)3-S(O)Et}(SC4Hg).
Two isomers of the product with meridonal (major isomer) and eguatorial
coordination of the tridentate ligand were identified. The major isomer was
structurally characterized.365
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Oxidations of amines have been carried out. The oxidative N-dealkylation of
triethylamine by molecular oxygen was catalyzed by a ruthenium(lll)
ethylenediaminetetraacetic acid complex.366 Dehydrogenation of amines was
reported.387
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The liquid-phase oxidation of deactivated methylbenzenes by aquecus sodium
hypochlorite was catalyzed by ruthenium salts under phase-transfer catalytic
conditions, 368

Carbon-Carbon Bond Formation

Intramolecular cyclometallation of sp3 hybridized carbon-hydrogen bonds has
been used in the catalytic synthesis of indoles by a ruthenium complex. A ruthenium
complex which is known to activate certain C-H bonds, Ru(dmpe)z(naphthyl)H,
converts 2,6-xylyl isocyanide to 7-methylindole at 140°C. A mechanism was
proposed for the process based on NMR studies at lower temperaturs. The
isocyanide reacts with the ruthenium complex to form Ru(dmpe)2(CNCgH3Me2).
Orthometallation of the isocyanide precedes insertion of the isocyanide into the
ruthenium-carbon bond. Reductive elimination regenerates Ru{dmpe)2.369

The N-heterocyclisation of 2-aminophenethy! alcohols into indole derivatives
was catalyzed by RuClz(PPh3)3.370

The ruthenium carbonyl! cluster Ruz{CO}¢2 catalyzed the reaction of carbon
dioxide, diethylamine, and hex-1-yne or phenylacetylene to vinylcarbamates
RCH=CHOC(Q)NEt> (R= Bun, Ph).371 This cluster is also an effective homogeneous
catalyst for the carbonylation of amines and the hydroamidation of olefins. A
mechanism involving a ruthenium carbamoyl as a key common intermediate was
proposed.372
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A hydrido ruthenium complex has been shown to be active for the
isomerization, oligomerization and polymerization of olsfins. The protonation of (16-
cyclooctatriene)ruthenium(1,5-cyclooctadiene) at low temperature produced
[RuH(n6-CgH10)(n4-CgH12]*. This rearranges to [RuH(n5-CgH11)2]*. Terminal olefins
are isomerized by these complexes and certain other olefins, including isoprene and
methy! acrylate, are polymerized in dichloromethane solution.373

A homogeneous ruthenium(0} catalyst was found to catalyze the dimerization of
methyl acrylate to the hexanedioate. The active catailyst was prepared by the
reduction of ruthenium trichloride with zinc in methanol. Various phosphine and
phosphite additives were found to moderately activate the system, but also increased
the amount of branched dimer produced. An intermediate was isolated and
structurally characterized from a reaction mixture containing trimethylphosphite.374
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Two equivalents of sodium naphthalenide greatly increase the activity of
{CeHg)RU(CH2=CHCO2CHg3)2 in the tail to tail dimerization of acrylates.
Hexanenedioate is the principle product but some oligomerization of the acrylate
also occurs.375

The ruthenium complexes RuClz, [RuCla(CgHg)l2, [RuCl2(NBD)]n,
[RuCl2{py)2(NBD)] have been used as catalyst precursors in the coupling and

alkylation of furan and thiophene with alcohols. A mechanism involving C-H
activation by ruthenium(ll) intermediates was proposed.37¢

() —=— 20 . L
A atats

R= Me, Et, Pr

Several ruthenium complexes supported on alumina were investigated as
catalysts for the reduction of carbon dioxide with hydrogen to methane. The activity of

References p. 202
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the ruthenium complexes for this reaction increased in the order Ru(CO)s ,
Ruz(CO)12 , H4Ru4(CO)12 , RugC(CO)17. The anionic clusters
[PPN][HCO2Ru3(CO)1g], KH3Ru4(CO)12, and [PPN][H3Ru4(CO)12] were less active
than the neutral cluster complexes. Ruthenium trichloride was a poorer catalyst than
any of the low valent complexes.377

V. Reviews and Theses

The annual surveys of osmium and ruthenium for the years 1983 and 1984
were published.378.379 A raview appeared on catalysis by osmium metal clusters.38¢
A review in Russian on organometallic complexes of the platinum metals was
published.381

Theses on aspects of the organometallic chemistry of ruthenium and osmium
were submitted in 1986. A thesis appeared on X-ray structural studies on
tungstacyclobutadiene complexes and tungsten-triosmium cluster complexes.382 A
thesis by Li concerned X-ray structural studies on tungsten, triosmium and tungsten-
triosmium organometallics derived from alkylidyne or dinitrogen ligands.383
Rutkowski investigated the kinetics of electron transfer reactions between thallium(lll)
and a series of mononuclear and binuclear ruthenium complexes.384 A thesis by
Kobs concerned the reactions of osmium tetroxide with tertiary amines, imidazoles
and proteins 385

VI. References

1 J. P. Coliman, L. McElwee-White, P. J. Brothers, E. Rose, J. Am. Chem. Soc.,
108 (1986) 1332-13333

2 (. Sishta, M. Ke, B. R. James, D. Dolphin, J. Chem. Soc., Chem. Commun.
(1986) 787-788

3 M. J. Camenzind, B. R. James, D. Dolphin, J. Chem. Soc., Chem. Commun.
(1986) 1137-1139

4 J. P. Collman, J. W. Prodolliet, C. R. Leidner, J. Am. Chem. Soc., 108 (1986)
2916-2921

5 D. Kim, Y. O. Su, T. G. Spiro, Inorg. Chem., 25 (1986) 3993-3997

6 A J. Blake, T. |. Hyde, R. S. E. Smith, M. Schréder, J. C. S. Chem. Commun.
(1986) 334-336

7 M. Bown, N. N, Greenwood, J. D. Kennedy, J. Organomet. Chem., 309 (1986)
C67-C69

8 M. Bown, X. L. R, Fontaine, N. N. Greenwood, J. D. Kennedy, M. Thornton-Pett,
J. Organomet. Chem., 315 (1986) C1-C4

9 M. A. Beckett, N. N. Greenwood, J. D. Kennedy, M. Thornton-Pett, J. Chem.
Soc., Dalton Trans. (1986) 795-801

10 M. Elrington, N. N. Greenwood, J. D. Kennedy, M. Thornton-Pett, J. Chem. Soc.,
Dalton Trans. (1986) 2277-2282

11 M. A, Esteruelas, H. Werner, J. Organomet. Chem., 303 (1986) 221-231

12 M. E. Marmion, K. J. Takeuchi, J.,Am.Chem.Soc., 108 (1986) 510-511

13 L. L. Whinnery, H. J. Yue, J. A. Marsella, Inorg. Chem., 25, (1986) 4136-4139



203

14
18

16
17
18
19
20
21

22
23

24

25

26
27

28
29
30
31

32

34

35
36

37
38

39
40
41

RS

& &

47

W. D. Jones, E. Libertini, Inorg. Chem., 25, (1986) 1794-1800

E. Boyar, P. A. Harding, S. D. Robinson, C. P. Brock, J. Chem. Soc., Dalton

Trans. (1986) 1771-1778

M. M. T. Khan, V. V. S. Reddy, Inorg. Chem., 25, (1986) 208-214

P. Vierling, J. G. Riess, A. Grand, Inorg. Chem., 25, (1986) 4144-4152

D. S. Bohle, W. R. Roper, Organomaetallics, 5 (1986) 1607-1611

D. S. Bohle, T. C. Jones. C. E. F. Rickard, W. R. Roper, Organometallics, 5

(1986) 1612-1619

P. Braunstein, D. Matt, D. Nobel, S.-E. Bouaoud, B. Carluer, D. Grandjean, P.

Lemoine, J. Chem. Soc., Dalton Trans. (1986) 415-419

P. Bergamini, S. Sostero, O. Traverso, J. Organomet. Chem., 299 (1986) C11-

C14

A. R. Barron, G. Wilkinson, J. Chem. Soc., Dalton Trans. (1986) 287-289

L. F. Rhodes, L. M. Venanzi, C. Sorato, A. Albinati, Inorg. Chem., 25, (1986)

3337-3339

E. J. Moore, J. M. Sullivan, J. R. Norton, J. Am. Chem. Soc., 108, (1986) 2258-

2263

R. A. Sanchez-Delgado, U. Thewait, N. Valencia, A. Andriollo, R.-L. Marquez-

Silva, J. Puga, H. Schéllhorn, H.-P. Klein, Inorg. Chem., 25, (1986) 1097-1106

A. R. Siedle, R. A. Newmark, L. H. Pignolet, Inorg. Chem., 25, (1986) 3412-3418

A. R. Siedle, R. A. Newmark, L. H. Pignolet, D. X. Wang, T. A. Albright,

Organometallics (1986) 38-47

A. R. Siedle, R. A. Newmark, L. H. Pignolet, inorg. Chem., 25, (1986) 1345-1351

H. Werner, M. A. Esteruslas, H. Otto, Organometallics, 5 (1986) 2295-2299

M. R. Torres, A. Vegas, A. Santos, J. Ros, J. Organomet. Chem., 309 (1986)

169-177

A. Romero, A. Vegas, A. Santos, M. Martinez-Ripoil, J. Organomet. Chem., 319

(1986) 103-111

A. Romero, A. Vegas, A. Santos, J. Organomet. Chem., 309 (1986) C8-C10

C. J. Jones, J. A. McCleverty, A. S. Rothin, J. Chem. Soc., Dalton Trans. (1986)

109-111

(I->|. Werner, H. Kletzin, R. Zolk, H. Otto, J. Organomet. Chem., 310 (1986) C11-
15

R. H. Crabtres, D. G. Hamilton, J. Am. Chem. Soc., 108, (1986) 3124-3125

F. M. Conroy-Lewis, S. J. Simpson, J. Chem. Soc., Chem. Commun. (1986)

506-507

T. Arliguie, B. Chaudret, J. Chem. Soc., Chem. Commun. (1986) 985-986

H. Suzuki, D. H. Lee, N. Oshima, Y. Moro-Oka, J. Organomet. Chem., 317

(1986) C45-C47

T. Wilczewski, J. Organomet. Chem., 317 (1986) 307-325

T. Ziegler, Inorg. Chem., 25, (1986) 2721-2727

T. J. Collins, R. J. Coots, T. T. Furutani, J. T. Keech, G. T. Peake, B. D.

Santarsiero, J. Am. Chem. Soc., 108 (1986) 5333-5339

W. R. Hastings, M. C. Baird, Inorg. Chem., 25, (1986) 2913-2915

J.R. Zoeller, Inorg. Chem., 25, (1986) 3933-3937

J. M. Kelly, C. M. O'Connell, J. G. Vos, J. Chem. Soc., Daiton Trans. (1986) 253-

258

J. M. Kelly, J. G. Vos, J. Chem. Soc., Dalton Trans. (1986) 1045-1048

H. Ishida, K. Tanaka, M. Morimoto, T. Tanaka, Organometallics,5 (1986) 724-

730

J. G. Haasnoot, W. Hinrichs, O. Waeir, J. G. Vos, Inorg. Chem., 25, (1986) 4140-

4143



204

48

49
50

51
52

53

54
55

56

57

58

59

60

61

62

63
64
65
66
67

68
69

70

71

72

73

74

75
76

77

78

S. Gopinathan, S. A. Pardhy,C. Gopinathan, Synth. React. Inorg. Met.-Org.
Chem., 16 (1986) 475-483

M. Herberhold, A. F. Hill, J. Organomet. Chem., 315 (1986) 105-112

S. Gopinathan, A. M. Hundekar, S. K. Pandit, C. Gopinathan, Synth. React.
Inorg. Met.-Org. Chem., 16 (1986) 1149-1161

S. Gopinathan, 1. R. Unni, C. Gopinathan, Polyhedron, 5 (1986) 1921-1926

J. A. McCleverty, C. W. Ninnes, |. Wolochowicz, J. Chem. Soc., Dalton Trans.
(1986) 743-749

C. J. Barner, T. J. Collins, B. E. Mapes, B. D. Santarsiero, Inorg. Chem., 25,
(1986) 4322-4323

J. Heidrich, D. Loderer, W. Beck, J. Organomet. Chem., 312 (1986) 329-33 (Ger)
P. A. Harding, M. Preece, S. D. Robinson, K. Henrick, Inorg. Chim. Acta 1986,
118, L31-L33

K.-H. Griessmann, A. Stasunik, W. Angerer, W. Malisch, J. Organomet.
Chem.,303 (1986) C29-C32

K. E. Howard, T. B. Rauchfuss, A. L. Rheingold, J. Am. Chem. Soc., 108 (1986)
297-299

M. Herberhold, A. F. Hill, N. McAuley, W. R. Roper, J. Organomet. Chem., 310
(1986) 95-106

M. Herberhold, A. F. Hill, J. Organomet. Chem., 309 (1986) C29-C33

L.B. Reventos, A. G. Alonso, J. Organomet. Chem., 309 (1986) 179-185

D. Sellmann, U. Reineke, G. Huttner, L. Zsolnai, J. Organomet. Chem., 310
(1986) 83-93

A. K. Mukherjee, M. Mukherjee, P. K. Das, A. K. Mahapatra, S. Goswami, A.
Chakravorty, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C42 (1986)
793-796

E. G. Hope, H. C. Jewiss, W. Levason, M. Webster, J. Chem. Soc., Dalton Trans.
(1986) 1479-1481

G. O. Nelson, C. E. Sumner, Organometallics, 5 (1986) 1983-1930

D. S. Barratt, D. J. Cole-Hamilton, J. Organomet. Chem., 306 (1986) C41-C44
S. I. Hommeltoft, M. C. Baird, Organometallics, 5 (1986) 190-195

S. . Hommeltoft, A. D. Cameron, T. A. Shackleton, M. E. Fraser, S. Fortier, M. C.
Baird, Organometaliics, 5 (1986) 1380-1388

E. C. Constable, J. M. Holmes, J. Organomet. Chem., 301 (1986) 203-208

P. Reveco, W. R. Cherry, J. Medley, A. Garber, R. J. Gale, J. Selin, Inorg.
Chem., 25 (1986) 1842-1845

M. I. Bruce, M. R. Snow, E. R. T. Tiekink, J. Organomet. Chem., 311 (1986) 217-
223

Tolbert, M. A_; Mandich, M. L.; Halle, L. F.; Beauchamp, J. L. J. Am. Chem. Soc.,
108 (1986) 5675-5683

P. J. Desrosiers, R. S. Shinomoto, T.C. Flood, J. Am. Chem. Soc., 108 (1986)
1346-1347

P. J. Desrosiers, R. S. Shinomoto, T.C. Flood, J. Am. Chem. Soc., 108 (1986)
7964-7970

H. Werner, H. Kletzin, A. Héhn, W. Paul, W. Knaup, M. L. Ziegler, O. Serhadii, J.
Organomet. Chem., 306 (1986) 227-239

H. Werner, K. Rodin, J. Organomet. Chem., 310 (1986) C51-C55

Z. Dauter, R. J. Mawby, C. D. Reynolds, D. R. Saunders, J. Chem. Soc., Dalton
Trans. (1986) 433-436

D. B. Pourreau, G. L. Geoffroy, A. L. Rheingold, S. J. Geib, Organometallics, 5
(1986) 1337-1345

L. J. Sanderson, M. C. Baird, J. Organomet. Chem., 307 (1986) C1-C4



79

80

81

82

84

85

86

87

89

91

92
93

94
95

97
98
99
100
101

102
103

104
105

106

107
108

109

110

G. Consiglio, F. Morandini, A. Sironi, J. Organomet. Chem., 306 (1986) C45-
C48 .

M. 1. Bruce, M. G. Humphrey, M. R. Snow, E. R. T. Tiekink, J. Organomet. Chem.,
314 (1986) 213-225

M. I. Bruce, P. A. Humphrey, M. R. Snow, E. R. T. Tiekink, J. Organomet. Chem.,
303 (1986) 417-427

G. Consiglio, F. Morandini, G. F. Ciani, A. Sironi, Organometailics, 5 (1986)
1976-1983

H. Werner, R. Weinand, H. Otto, J. Organomet. Chem., 307 (1986) 49-59 .

M. D. Jones, R. D. W. Kemmitt, J. Fawcett, D. R. Russell, J. C. S. Chem.
Commun. (1986) 427-428

E. J. Probitts, D. R. Saunders, M. H. Stone, R. J. Mawby, J. Chem. Soc., Dalton
Trans. (1986) 1167-1173

B. A. Doigoplosk, N. N. Kostitsyna, 1. A. Oreshkin, Izv. Akad. Nauk SSSR, Ser.
Khim. (1986) 1429-1432(Russ)

P. A. Shapley, J. P. Wepsiec, Organometallics, 5 (1986) 1515-1517

P. A. Shapley, Z.-Y. Own, J. C. Huffman, Organometallics, 5 (1986) 1269-1271
C. G. Brinkley, J. C. Dewan, M. S. Wrighton, Inorg. Chim. Acta, 121 (1986) 119-
125

W. R. Roper, J. Organomet. Chem., 300 (1986) 167-190

G. R. Clark, C. M. Cochrane, K. Marsden, W. R. Roper, L.J. Wright, J.
Organomet. Chem., 315 (1986) 211-230

H.Werner, A. H8hn, R. Weinand, J. Organomet. Chem., 299 (19886) C15-C19

K. Quzzine, H. LeBozec, P. H. Dixneut, J. Organomet. Chem., 317 (1986) C25-
ca27

E. A. Carter, W. A. Geddard, lll, J. Am. Chem. Soc., 108 (1986} 2180-2191

E. A. Carter, W. A. Goddanrd, lll, J. Am. Chem. Soc., 108 (1986) 4746-4754

W. B. Studabaker, M. J. Brookhart, Organomet. Chem., 310 (1986) C39-C41

J. R. Lisko, W. M. Jones, Organometallics, 5 (1986) 1890-1896

R. C. Bush, R. J. Angslici, J. Am. Chem. Soc., 108, (1986) 2735-2742

W. D. Harman, D. P. Fairlie, H. Taubse, J. Am. Chem. Soc., 108, (1986) 8223-
8227

W. W. Henderson, B. T. Bancroft, R. E. Shepherd, J. P. Fackler, Jr.,
Organometallics, 5 (1986) 506-510

V. De Sola Krentzien, C. Bifano, H. Krentzien, Acta Cient. Venez., 37 (1986)
515-518 (Span)

D. N. Cox, R. Roulet, Organometallics, 5 (19686) 1886-1890

J. A. Bandy, M. L. H. Green, D. O'Hare, J. Chem. Soc., Dalton Trans. (1986)
2477-2484

R. Boese, W. B. Tolman, K. P. C. Vollhardt, Organometallics, 5 (1986) 582-584
A. Z. Kreindlin, P. V. Pstrovskii, M. |. Rybinskaya, A. I. Yanovskii, Y. T. Struchkov,
J. Organomet. Chem., 319 (1986) 229-237

A. J. Blake, R. O. Gould, A. G. Osborne, J. Organomet. Chem., 308 (1986) 297-
302

T. Wilczewski, J. Organomet. Chem., 319 (1986) 125-132

L. A. Paquette, P. F. T. Schirch, S. J. Hathaway, L. Y. Hsu, J. C. Gallucci,
Organometallics, 5 (1986) 490-499

M. O. Albers, D. C. Liles, D. J. Robinson, A. Shaver, E. Singleton, M. B. Wiege, J.
C. A. Boeyens, D. C. Levendis, Organometallics, 5 (1986) 2321-2327

J. C. A. Boeyens, D. C. Levendis, M.l. Bruce, M. L. Williams, J. Crystallogr.
Spectrosc. Res., 16 (1986) 519-524



206

111

112

113

114

115

116

117

118

119
120

121

122

123

124

125
126

127
128

129
130
131
132
133
134
135
136
137
138
139

140

141

G. E. Herberich, W. Boveleth, B. Hessner, M. Hostalek, D. P. J. Kdffer, M.
Negele, J. Organomet. Chem., 306 (1986) 311-326

A. M. McNair, D. C. Boyd, K. R. Mann, Organometaliics, 5 (1986) 303-310

P. D. Beer, A. D. Keefe, J. Organomet. Chem., 306 (1986) C10-C12

P. J. Hammond, P. D. Beer, C. Dudman, J. Knychala, M. C. Grossel, J.
Organomet. Chem., 306 (1986) 367-374

R. T. Swann, A. W. Hanson, V. Boekelheide, J. Am. Chem. Soc. 1986, 108,
3324-3334

R. H. Voegeli, H. C. Kang, R. G. Finke, V. Boekelheide, J. Am. Chem. Soc. 1986,
108(22), 7010-7016

S. Kamiyama, T. lkeshoji, A. Kasahara, T. Matsue,T. Osa, Denki Kagaku oyobi
Kogyo Butsuri Kagaku, 54 (1986) 608-609

M. Watanabe, |. Motoyama, H. Sano, Bull. Chem. Soc. Jpn., 59 (1986) 2109-
2113

M. Watanabe, I. Motoyama, H. Sano, Chem. Lett. (1986) 1699-1702

S. Akabori, Y. Habata, S. Sato, K. Kawazoe, C. Tamura, M. Sato, Acta
Crystallogr., Sect. C: Cryst. Struct. Commun., C42 (1986) 682-685

H. R. Allcock, M. N. Mang, G. H. Riding, R. R. Whittle, Organometallics, 5 (1986)
2244-2250

K. D. Lavin, G. H. Riding, M. Parvez, H. R. Alicock, J. C. S. Chem. Commun.
(1986) 117-118

H. R. Allcock, K.D. Lavin, G. H. Riding, R. R. Whittle, M. Parvez,
Organometallics, 5 (1986) 1626-1635

N. Oshima, H. Suzuki, Y. Moro-oka, H. Nagashima, K. Itoh, J. Organomet.
Chem., 314 {1986) C46-C48

T. Wilczewski, Z. Dauter, J. Organomet. Chem., 311 (1986) 349-356

G. Consiglio, P. Pregosin, F. Merandini, J. Organomet. Chem., 308 (1986) 345-
351

G. Consiglio, F. Morandini, J. Organomet. Chem., 310 (1986) C66-C68

L. Brammar, M. Crocker, B. J. Dunne, M. Green, C. E. Morton, K.C. Nagle, A. G.
Orpen, J. Chem. Soc., Chem. Commun. (1986) 1226-1228

H. tom Dieck, W. Kollvitz, I. Kleinwachter, Organometallics, 5 (1986) 1449-1457
N. Oshima, H. Suzuki, Y. Moro-oka, Inorg. Chem., 25 (1986) 3407-3412

W. Weber, P. C. Ford, Inorg. Chem., 25 (1986) 1088-1092

A. M. McNair, K. R. Mann, Inorg. Chem., 25 (1986) 2519-2527

J. L. Schrenk, A. M. McNair, F. B. McCormick, K. R. Mann, Inorg. Chem.,25
(1986) 3501-3504

M. O. Albers, D. J. Robinson, A. Shaver, E. Singleton, Organometallics, 5 (1286)
2199-2205

D. C. Liles, H. E. Oosthuizen, A. Shaver, E. Singleton, M. B. Wiegs,
Organometallics, 5 (1986) 591-593

M. O. Albsrs, D. C. Liles, D. J. Robinson, A. Shaver, E. Singleton, J. Chem. Soc.,
Chem. Commun. (1986) 645-647

M. O. Albers, D. J. A. de Waal, D. C. Liles, D. J. Robinson, E. Singleton, M. B.
Wiege, J. Chem. Soc., Chem. Commun. (1986) 1680-1682

M. O. Albers, D. J. Rabinson, E. Singleton, J. Organomet. Chem., 311 (1986)
207-215

M. O. Albers, D. C. Liles, D. J. Robinson, E. Singleton, J. Chem. Soc., Chem.
Commun. (1986) 1102-1104

M. Stebler-Rothlisberger,A. Salzer, H. B. Burgi, A. Ludi, Organometallics, 5
(1986) 298-302

J. L. Schrenk, K. R. Mann, Inorg. Chem.,25, (1986) 1906-8



207

142

143
144

145

146

147
148

149

150
151

152

153

154

185

156

157

158

159

160

161
162

166
167

168
169

170

N. G. Connelly, P. G. Graham, J. B. Sheridan, J. Chem. Soc., Dalton Trans.
(1986) 1619-1621

J. A. Cabeza, H. Adams, A. J. Smith, Inorg. Chim. Acta, 114 (1986) L17-L18

J. A. Cabeza, A. J. Smith, H. Adams, P. M. Maitlis, J. Chem. Soc., Dalton Trans.
(1986) 1155-1160

M. D. Jones, R. D. W. Kemmitt, A. W. G. Platt, J. Chem. Soc., Dalton Trans.
(1986) 1411-1418

R. P. Tooze, G. Wilkinson, M. Motevalli, M. B. Hursthouse, J. Chem. Soc., Dalton
Trans. (1986) 2711-2720

A. R. Chakravarty, F. A. Cotton, L. R. Faivello, Inorg. Chem., 25, (1986) 214-219
M. O. Albers, D. C. Liles, E. Singleton, J. E. Stead, Acta Crystallogr., Sect. C:
Cryst. Struct. Commun., C42(10), 1299-1302

M. O. Albers, D. C. Liles, E. Singleton, J. E. Stead, M. M. de V. Steyn,
Organometallics, 5 (1986) 1262-1264

1. 8. Thorburn, Rettig, B. R. James, Inorg. Chem., 25, (1986) 234-240

R. A. Sanchez-Delgado, U. Thewalt, N. Valencia, A. Andriollo, R.-L. Marquez-
Silva, J. Puga, H. Schéllhomn, H.-P. Klein, Inorg. Chem., 25 (1986) 1097-1106
M. Rotem, I. Goldberg, U. Shmueli, Y. Shvo, J. Organomet. Chem., 314 (1986)
185-212

N. M. Doherty, M. J. Fildes, N. J. Forrow, S. A. R. Knox, K. A. Macpherson, J.
Chem. Soc., Chem. Commum. (1986) 1355-1357

L. H. Polm, G. Van Koten, C. J. Elsevier, K. Vrieze, B. F. K. Van Santen, C. H.
Stam, J. Organomet. Chem., 304 (1986)

J. 8. Field, R. J. Haines, E. Minshall, C. N. Sampson, J. Sundermeyer, C.C.
Allen, J. C. A. Boeyens, J. Organomet. Chem., 309 (1986) C21-C25

J. 8. Field, R. J. Haines, C. N. Sampson, J. Sundermeysr, J. Organomset. Chem.,
310 (1986) C42-C46

T. B. Rauchfuss, D. P. S. Rodgers, S. R. Wilson, J.Am.Chem.Soc., 108, (1986)
3114-5

Y. Shvo, D. Czarkie, Y. Rahamim, D. F. Chodosh, J. Am. Chem. Soc. 19886,
108(23), 7400-7402

M. Casarin, D. Ajo, A. Vittadini, G. Granozzi, R. Bertoncello, D. Osella, Inorg.
Chem., 25, (1986) 511-514

S. Aime, R. Gobetto, G. Nicola, D. Osella, L. Milone, E. Rosenberg,
Organometallics, 5 (1986) 1829-1834

D. Nucciaronse, N. J. Taylor, A. J. Carty, Organometallics, 5 (1986) 1179-1187
G. L. Geoffroy, S. Rosenberg, A. W. Herlinger, A. L. Rheingold, Inorg. Chem., 25,
(1986) 2916-2919

C. P. Casey, R. E. Palermo, A. L. Rheingold, J.Am.Chem.Soc., 108, (1986) 549-
550

S. Rosenberg, S. P. Lockledge, G. L. Geoffroy, Organometallics, 5 (1986) 2517-
2522

S. Guesmi, P. H. Dixneuf, N. J. Taylor, A. J. Carty, J. Organomet. Chem., 303
(1986) C47-C51

R. Regragui, P.H. Dixneuf, N. J. Taylor, A. J. Carty, Organometallics (1986)1-12
S. Guesmi, N. J. Taylor, P. H, Dixneuf, A. J. Carty, Organometallics, 5 (1986)
1964-1969

J. R. Matachek, R. J. Angelici, Inorg. Chem., 25, (1986) 2877-2883

M. A. Huffman, D. A. Newman, M. Tilset, W. B. Tolman, K. P. C. Vollhardt,
Organometallics, 5 (1986) 1926-1928

R. Moulton, T. W. Weidman, K. P. C. Vollhardt, A. J. Bard, Inorg. Chem., 25,
(1986) 1846-1851



208

171

172

173

174
175

178
177

178
179

180

181

182

183
184

185

186

187

188

189

190

191

192

193

194

195

196

197
198

199
200
201

B. Delavaux, B. Chaudret, J. Devillers, F. Dahan, G. Commenges, R Poilblanc,
J. Am. Chem. Soc., 108 (1986} 3703-3711

E. G. Lundquist, J. C. Huffman, K. G. Caulton, J. Am. Chem. Soc., 108 (1986)
8309-8310

B. Delavaux, B. Chaudret, F. Dahan, R. Poilblanc, J. Organomet. Chem., 317
(1986) 69-83

H. W. Bosch, B. B. Wayland, J. Organomet. Chem., 317 (1986) C5-C8

B. Delavaux, T. Arliguie, B. Chaudret, R. Poilblanc, Nouyv. J. Chim., 10 (1986)
619-624

V. I. Korsunsky, J. Organomet. Chem., 311 (1986) 357-369

M. L. Bruce, G. N. Pain, C. A. Hughes, J. M. Patrick, B. W. Skelton, A. H. White, J.
Organomet. Chem., 307 (1986) 343-350

B. F. G. Johnson, J. Lewis, T. I. Odiaka, J. Organomet. Chem., 307 (1986) 61-64
M. F. Desrosiers, D. A. Wink, R. Trautman, A. E. Friedman, P. C. Ford, J. Am,
Chem. Soc., 108, (1986) 1917-1927

J.-J. Bonnet, G. Lavigne, F. Papageorgiou, J. Crystallogr. Spectrosc. Res., 16
(1986) 475-482

M. I. Bruce, E. Horn, O. B. Shawkataly, M. R. Snow, E. R. T. Tiekink, J.
Organomet. Chem., 316 (1986) 187-211

E. A. V. Ebsworth, A. P. Mcintosh, M. Schréder, J. Organomet. Chem., 312
(1986) C41-C43

M. I. Bruce, M. L. Williams, J. Organomet. Chem., 314 (1986) 323-331

J. A. Clucas, R. H. Dawson, P. A. Dolby, M. M. Harding, K. Pearson, A. K. Smith,
J. Organomet. Chem., 311 (1986) 153-162

B. Fontal, J. Orlewski, C.C. Santini, J.M. Basset, Inorg. Chem., 25, (1986) 4322-
4323

S. Canwright, J. A. Clucas, R. H. Dawson, D. F. Foster, M. M. Harding, A. K.
Smith, J. Organomet. Chem., 302 (1986) 403-412

A. Colonbie, G. Lavigne, J.-J. Bonnet, J. Chem. Soc., Dalton Trans. (1986) 899-
901

M. I. Bruce, M. L. Williams, J. M. Patrick, B. W. Skelton, A. H. White, J. Chem.
Soc., Dalton Trans. (1986) 2557-2567

A. Colombie, J.-J. Bonnet, P. Fompeyrine, G. Lavigne, S. Sunshine,
QOrganometallics, 5 {1986) 1154-1153

M. I. Bruece, M. L. Williams, B. W. Skelton, A. H. White, J. Organomet. Chem., 306
(1986) 115-123

Y.-S. Chen, S.-L. Wang, R. A. Jacobson, R. J. Angelici, Inorg. Chem., 25, (1986)
1118-1122

R. L. Keiter, D. S. Strickland, S. R. Wilson, J. R. Shapley, J. Am. Chem.
Soc.1986, 108(13), 3846-3847

A. J. Po&, C. N. Sampson, R. T. Smith, J. Am. Chem. Soc., 108, (1986) 5459-
5464

M. R. Burke, J. Takats, J. Organomet. Chem., 302 (1986) C25-C29

D. J. Taube, P. C. Ford, Organometallics, 5 (1986) 99-104

K. Dahlinger, A. J. Poéd, P. K. Sayal. V. C. Sehar, J. Chem. Soc., Dalton Trans.
(1986) 2145-2148

M. R. Shafter, J. B. Keister, Organomeatallics, 5 (1986) 561-566

A. M. Brodie, H. D. Hoiden, J. Lewis, M. J. Taylor, J. Chem. Soc., Dalton Trans.
{1986) 633-639

R. D. Adams, J. E. Babin, Inorg. Chem., 25, (1986) 3418-3422

R. D. Adams, J. E. Babin, Inorg. Chem., 25, (1986) 4010-4015

R. D. Adams, J. E. Babin, H.-S. Kim, Organometallics, 5 (1986) 1924-1925



209

202
203
204
205

206
207

208

209

210

211

212

213

214

215

216

217

218

219

220

222
223
224
225
226

227

228
229

230

231

E. Boyar, A. J. Deeming, K. Henrick, M. McPartlin, A. Scott, J. Chem. Soc.,
Datton Trans. (1986) 1431-1435

R. D. Adams, J. E. Babin, M. Tasi, Organometallics, 5 (1986) 1920-1922

J. Evans, B. P. Gracey, J. Chem. Res., Synop. (1986) 42-43

F. W. B.Einstein, A. C. Willis, Acta Crystallogr., Sect. C: Cryst. Struct. Commun.,
C42 (1986) 789-793

J. A. Smieja, W. L. Gladfelter, Inorg. Chem., 25, (1986) 2667-2670

J. A. Smieja, J. E. Gozum, W. L. Gladfelter, Organometallics, 5 (1986) 2154-
2155

S.-H. Han, G. L. Geoffroy, A. L. Rheingold, Organometallics, 5 (1986) 2561-
2563

A. J. Deeming, Y. Fuchita, K. Hardcastle, K. Henrick, M. McPartlin, J. Chem.
Soc., Dalton Trans. (1986) 2259-2264

M. |. Bruce, M. G. Humphrey, O. B. Shawkataly, M. R. Snow, E. R. T. Tiekink, J.
Organomet. Chem., 315 (1986) C51-C55

M. I. Bruce, M. L. Williams, B. W. Skelton, A. H. White, J. Organomet. Chem., 309
(1986) 157-168

M. I. Bruce, M. G. Humphrey, M. R. Snow, E. R. T. Tierkink, R. C. Wallis, J.
Organomet. Chem., 314 (1986) 311-322

M. Cree-Uchiyama, J. R. Shapley, G. M. St. George, J. Am. Chem. Soc., 108,
(1986) 1316-1317

E. D. Morrison, S. L. Bassner, G. L. Geoffroy, Organometallics, 5 (1986) 408-411
D. K. Bower, J. B. Keister, J. Organomet. Chem., 312 (1986) C33-C36

T. P. Duggan, D. J. Bamett, M. J. Muscatella, J. B. Keister, J. Am. Chem. Soc.
1986, 108(19), 6076-6077

S. Aime, R. Bertoncello, V. Busetti, R. Gobetto, G. Granozzi, D. Osslla, Inorg.
Chem., 25, (1986) 4004-4010

E. Boyar, A. J. Deeming, S. E. Kabir, J. Chem. Soc., Chem. Commun. (1986)
577-579

M. F. Meidins, J. F. Nixon, R. Mathieu, J. Organomet. Chem., 314 (1986) 307-
310

E. Boyar, A. J. Deeming, 1. P. Rothwell, K. Henrick, M. McPartlin, J. Chem. Soc.,
Dalton Trans. (1986) 1437-1441

S. Aime, D. Osella, A. J. Deeming, A. J. Arce, M. B. Hursthouse, H. M. Dawss, J.
Chem. Soc., Dalton Trans. (1986) 1459-1463

A. E. Friedman, P. C. Ford, J. Am. Chem. Soc. 1986, 108(24), 7851-7852

N. Lugan, G. Lavigne, J.-J. Bonnet, Inorg. Chem., 25, (1986) 7-9

S.L. Bassner, E.D. Morrison, G.L. Geoffroy, A.L. Rheingold, J.Am.Chem.Soc.,
108, (1986) 5358-5359

A. J. Arce, Y. De Sanctis, A. J. Deeming, J. Organomet. Chem., 311, (1986) 371-
378

R. D. Barreto, T. P. Fehlner, L.-Y. Hsu, S. G. Shore, Inorg. Chem.,25, (1986)
3572-3581

W.-Y. Yoh, J. R. Shapley, J. W. Zilter, M. R. Churchill, Organometallics, 5 (1986)
1757-1763

W.-Y. Yeh, J. R. Shapley, J. Organomet. Chem., 314 (1986) C29-C31

J. S. Holmgren, J. R. Shapley, S. R. Wilson, W.T. Pennington, J.Am.Chem.Soc.,
108 (1986) 508-510

M. A. Galiop, B. F. G. Johnson, J. Lewis, P. R. Raithby, J. Chem. Soc., Chem.
Commun. (1986) 706-708

L. Weber, D. Bundgardt, J. Organomet. Chem., 311 (1986) 269-280



210

232
233
234
235
236
237
238
239
240
241

242
243

244

245

248

247

248

249

250
251

262

253

254

255

256

257

258

259

260

261

262

C. Bergounhou, J.-J. Bonnet, P. Fompeyrine, G. Lavigne, N. Lugan, F. Mansilla,
Organometallics {1986) 60-66

R. H. Fish, T.-J. Kim, J. L. Stewart, J. H. Bushweller, R. K. Rosen, J. W. Dupon,
Organometallics, 5 (1986) 2193-2198

A. G. Cowie, B. F. G. Johnson, J. Lewis, P. R. Raithby, J. Organomet. Chem., 306
(1986) C63-C67

R. D. Adams, S. Wang, Inorg. Chem., 25, (1986) 2534-2538

R. D. Adams, S. Wang, Organometallics, 5 (1986) 1272-1274

R. D. Adams, S. Wang, Organometallics, 5 (1986) 1274-1276

R. D. Adams, J. E. Babin, M. Tasi, Inorg. Chem., 25, (1986) 4514-4519

U. A. Jayasooriya, C. E. Anson, J. Am. Chem. Soc., 108, (1986) 2894-2897

M. L. Blohm, D. E. Fjare, W. L. Gladfelter, J. Am. Chem. Soc., 108, (1986} 2301-
2309

C. E. Anson, J. P. Attard, B. F. G. Johnson, J. Lewis, J. M. Mace, J. Chem. Soc.,
Chem. Commun. (1986) 1715-1717

M. L. Blohm, W. L. Gladfelter, Organometallics, 5 (1986} 1049-1051

J. Puga, R. A. Sanchez-Delgado, J. Ascanio, D. Braga, J. Chem. Soc., Chem.
Commun. (1986) 1631-1633

J. 8. Field, R. J. Haines, E. Minshall, D. N. Smit, J. Organomet. Chem., 310
(1986) C69-C73

M. I. Bruce, M. R. Snow, E. R. T. Tiekink, M. L. Williams, J. Chem. Soc., Chem.
Commun. (1986) 701-702

L. R. Martin, F. W. B. Einstein, R. K. Pomeroy, J. Am. Chem. Soc. 1986, 108(2),
338-340

F. Mansilla, G. Lavigne, J.-J. Bonnet, Acta Crystallogr., Sect. C: Cryst. Struct.
Commun., C42 (1986) 1011-1014

J.-F. Halet, J.-Y.Y. Saillard, R. Lissillour, M. J. McGlinchey, G. Jaouen,
Organometallics (1986) 139-145

J.-C. Daren, E. Cabrera, M. 1. Bruce, M. L. Williams, J. Organomet. Chem., 319
(1986) 239-246

D. Nucciarone, N. J. Taylor, A. J. Carty, Organometallics, 5 (1986) 2565-2567
K. Kwek, N. J. Taylor, A. J. Carty, J. Chem. Soc., Chem. Commun. (1986) 230-
232

B. F. G. Johnson, J. Lewis, P. R. Raithby, M. J. Rosales, D. A. Weich, J. Chem.
Soc., Dalton Trans. (1986) 453-5

S. L. Cook, J. Evans, L. R. Gray, M. Webster, J. Chem. Soc., Dalton Trans.
(1986) 2149-2153

J. S. Field, R. J. Haines, D. N. Smit, J. Organomet. Chem., 304 (1986) C17-C23
R. D. Adams, J. E. Babin, H. S. Kim, Inorg. Chem., 25 (1986) 1122-1127

R. D. Adams, J. E. Babin, H. S. Kim, Inorg. Chem., 25 (1986) 4310-4320

R. J. Goudsmit, J. G. Jeffrey, B. F. G. Johnson, J. Lewis, R. C. S. McQueen, A. J.
Sanders, J.-C. Liu, J. Chem. Soc., Chem. Commun. {1986) 24-26

J. G. Jeffrey, B. F. G. Johnson, J. Lewis, P. R. Raithby, D. A. Welch, J. Chem.
Soc., Chem. Commun. (1986) 318-320

C. J. Cardin, S. B. Colbran, B. F. G. Johnson, J. Lewis, P. R. Raithby, J. Chem.
Soc., Chem. Commun. (1986) 1288-1290

S. B. Colbran, C. M. Hay, B. F. G. Johnson, F. J. Lahoz, J. Lewis, P. R. Raithby, J.
Chem. Soc., Chem. Commun. (1986) 1766-1768

B. F. G. Johnson, R. Khattar, J. Lewis, M. McPartlin, J. Morris, G. L. Powell, J. C.
S. Chem. Commun. (1986} 507-508

B. F. G. Johnson, J. Lewis, M. McPartlin, J. Morris, G. L. Powsll, P. R. Raithby, M.
D. Vargas, J. C. S. Chem. Commun. (1986) 429-431



211

263
264

265

266

267

268

269

270

2n

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

R. D. Adams, J. E. Babin, M. Tasi, Inorg. Chem., 25, (1986) 4460-4461

L. M. Bullock, J. S. Field, R. J. Haines, E. Minshall, D. N. Smit, J. Organomet.
Chem., 310 (1986) C47-C50

F. W. B. Einstein, R. K. Pomeroy, A. C. Willis, J. Organomet. Chem., 311 (1986)
257-68

N. Viswanathan, E. D. Morrison, G. L. Geoffroy, S. J. Geib, A. L. Rheingoid,
Inorg. Chem., 25, (1986) 3100-3102

A. J. Deeming, S. Donovan-Mtunzi, K. Hardcastle, J. Chem. Soc., Dalton Trans.
(1986) 543-545

S. S. D. Brown, |, J. Colquhoun, W. McFarlane, M. Murray, |. D. Salter, V. Sik, J.
C. S. Chem. Commun. (1986) 53-55

P. A. Bates, S. S. D. Brown, A. J. Dent, M. B. Hursthouse, G. F. M. Kitchen, A. G.
Orpen, I. D. Salter, V. Sik, J. Chem. Soc., Chem. Commun. (1986) 600-602

S. S, D. Brown, L. S. Moore, R. V. Parish, . D. Salter, J. Chem. Soc., Chem.
Commun. (1986) 1453-1455

B. D. Alexander, B.J. Johnson, S. M. Johnson, A. L. Casalnuovo, L.H. Pignolet,
J. Am. Chem. Soc., 108, (1986) 4409-4417

L. J. Farrugia, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C42 (1986)
680-682

S. S. D. Brown, P. J. McCarthy, |. D. Salter, J. Organomet. Chem., 306 (1986)
C27-C30

E. Rosenberg, D. Ryckman, I. N. Hsu, R. W. Gellert, Inorg. Chem., 25, (1986)
194-199

R. A. Brice, S. C. Pearse, I. D. Salter, K. Henrick, J. Chem. Soc., Dalton Trans.
(1986) 2181-2192

P(") gG Jones, Acta Crystallogr., Sect. C: Cryst. Struct. Commun., C42 (1986)
1099-1100

S. R. Drake, K. Henrick, B. F. G. Johnson, J. Lewis, M. McPartlin, J. Morris, J.
Chem. Soc., Chem. Commun. (1986) 928-930

W. J. H. Nelson, M. D. Vargas, D. Braga, K. Henrick, M. McPartlin, J. Chem.
Soc., Dalton Trans. (1986) 975-980 _
L.-Y. Hsu, W.-L. Hsu, D.-Y. Jan, S. G. Shore, Organometallics, 5 {(1986) 1041-
1049

Y. Chi, J. R. Shapley, M. R. Churchill, Y.-j. Li, Inorg. Chem., 25, (1986) 4165-
4170

R. D. Adams, J. E. Babin, K. Natarajan, J. Am. Chem. Soc., 108, (1986) 3518-
3519

A. A. Koridze, O. A. Kizas, N. E. Kolobova, A. . Yanovsky, Y. T. Struchkov, J.
Organomet. Chem., 302 (1986) 413-415

V. A. Maksakov, N. V. Podberezskaya, V. E. Zavodnik, I. V. Bragina, L. K.
Kedrova, E. D. Korniets, V. K. Bel'skii, V. V. Bakakin, S. P. Gubin, Koord. Khim.,
12 (1986) 1132-1140(Russ)

F. R. Furuya, W. L. Gladfelter, J. C. S. Chem. Commun. (1986) 129-130

T. Venildinen, T. A. Pakkanen, J. Organomet. Chem., 316 (1986) 183-186

A. Choplin, L. Huang, A. Theolier, P. Gallezot, J. M. Basset, U. Siriwardane, S.
G. Shore, J. Am. Chem. Soc., 108, (1986) 4224-4225

S. B. Colbran, B. F. G. Johnson, J. Lewis, R. M. Sorrell, J. Chem. Soc., Chem,
Commun, (1986) 525-527

G. A. Foulds, B. F. G. Johnson, J. Lewis, R. M. Sorrell, J. Chem. Soc., Dalton
Trans. (1986) 2515-2518

M. Hidai, H. Matsuzaka, Y. Koyasu, Y. Uchida, J. Chem. Soc., Chem. Commun,
(1986) 1451-1452



212

290
291

292

293
294

295
296

297

298

299

300

301

302

303

304

305

306

307

308

309

310
311
312
313
314
315

316
317

318
319

J. Pursianinen, T. A. Pakkanen, J. Organomet. Chem., 309 (1986) 187-197

P. Braunstein, J. Rosé, A. Dedieu, Y. Dusavsoy, J. P. Mangeot, A. Tiripicchio, M.
T. Camellini, J. Chem. Soc., Dalton Trans. (1986) 225-234

J. Pursianinen, T. A. Pakkanen, B. T. Heaton, C. Seregni, R. G. Goodfellow, J.
Chem. Soc., Dalton Trans. (1986) 681-6

T. Venéldinen, T. A. Pakkanen, J. Organomet. Chem., 316 (1986) 353-360

G. D. Williams, M.-C. Lieszkovszky, C. A. Mirkin, G. L. Geoffroy, A. L. Rheingoid,
Organometallics, 5 (1986) 2228-2233

R. D. Adams, J. E. Babin, R. Mahtab, S. Wang, Inorg. Chem., 25 (1986} 4-5

R. D. Adams, J. E. Babin, R. Mahtab, S. Wang, Inorg. Chem., 25 (1986) 1623-
1631

R. D. Adams, |. T. Horvéth, S. Wang, Inorg. Chem., 25 (1986) 1617-1623

C. Couture, D. H. Farraar, J. Chem. Soc., Dalton Trans. (1986) 1395-1402

E. Sappa, M. L. N. Marchino, G. Predieri, A. Tiripicchio, M. T. Camellini, J.
Organomet. Chem., 307 (1986) 97-105

M. Castiglioni, R. Giorgano, E. Sappa, A. Tiripicchio, M. T. Camellini, J. Chem.
Soc., Dalton Trans. (1986) 23-30

M. Lanfranchi, A. Tiripicchio, E. Sappa, A. J. Carty, J. Chem. Soc., Dalton Trans.
(1986) 2737-2740

F.W.B. Einstein, K. G. Tyers, A. S. Tracey, D. Sutton, Inorg. Chem., 25, (1986)
1631-1640

G. Predieri, A. Tiripicchio, C. Vignali, E. Sappa, P. Braunstein, J. Chem. Soc.,
Dalton Trans. (1986) 1135-1140

F. B. M. Duivenvoorden, D. C. Koningsberger, Y. S. Uh, B. C. Gates, J. Am.
Chem. Soc., 108, (1986) 6254-6262

S. L. Cook, J. Evans, G. S. McNulty, G. N. Greaves, J. Chem. Soc., Dalton Trans.
(1986) 7-14

L. D'Ornelas, A. Chopilin, J.-M. Bassset, J. Puga, R. A. Sanchez-Delgado, Inorg.
Chem., 25, (1986) 4315-4316

A. Choplin, L. Huang, J.-M. Basset, R. Mathieu, U. Siriwardane, S. G. Shore,
Organometallics, 5 (1986) 1547-1551

V. D. Alexiev, N. J. Clayden, S. L. Cook, C. M. Dobson, J. Evans, D. J. Smith, J.
Chem. Soc., Chem. Commun. (1986) 938-941

M. Lenarda, R. Ganzerla, J. Kaspar, M. Graziani, Homogeneous Heterog. Catal.,
Proc. Int. Symp. Relat. Homogeneous Heterog. Catal., 5th, 999-1017. Edited
by: Ermakov, Yu. |.; 1986, Likholobov, V. A. VNU Sci. Press: Utrecht, Neth.

T. Vendldinen, T. A. Pakkanen, T. T. Pakkanen, E. liskola, J. Organomet. Chem.,
314 (1986) C49-C50

Y. Shvo, D. Czarkie, J. Organomst. Chem., 315 (1986) C25-C28

Y. Kiso, K. Saeki, J. Organomet. Chem., 309 (1986) C26-C28

M. F. Hawthorne, Report, DOE/ER/10673-T4; Order No. DE87000657, 26 pp.
Avail. NTIS From: Energy Res. Abstr. 1987, 12{2), Abstr. No. 4484

A. Boussoukou, S. Mignard, P. Canesson, M. Blanchard, C1 Mol. Chem., 1
(1986) 449-460

H. H. Lamb, T. R. Krauss, B. C. Gates, J. Chem. Soc., Chem. Commun. (1986)
821-823

E. M. Gordon, R. Eisenberg, J. Organomet. Chem., 306 (1986) C53-C57

I. L. C. Freriks, P. C. deJong-Versloot, A. G. T. G. Kortbeek, J. P. van den Berg, J.
C. S. Chem. Commun. (1986) 253-255

G. Jenner, P. Andrianary, J. Organomet. Chem., 307 (1986) 263-272

J. Pursianinen, K. Karjalainen, T. A. Pakkanen, J. Organomet. Chem., 314
(1986) 227-230



213

320
321
322
323
324
325
326
327
328
329

330
331

332

333

334

335

336

337

338
339

340
3
342

a3
344
345

346
347
348
349

350

U. Matteoli, G. Menchi, M. Bianchi, F. Piacenti, J. Organomet. Chem., 299 (1986)
233-238

R. A. Sanchez-Delgado, N. Valencia, R.-L. Marquez-Silva, A. Andriollo, M.
Medina. Inorg. Chem., 25,(1986) 1106-11

N. Kitajima, A. Kono, W. Ueda, Y. Moro-oka, T. lkawa, J. Chem. Soc., Chem.
Commun, (1986) 674-675

S. Niwa, F. Mizukami, S. Isoyama, T. Tsuchiya, K. Shimizu, S. Imai, J. Imamura,
J. Chem. Technol. Biotechnol., 36 (1986) 236-246

I. Mochida, M. Ohira, K. Sakanishi, H. Fujitsu, Nippon Kagaku Kaishi (1986)
1112-16{Japan)

A. Basu, S. Bhaduri, K. R. Sharma, J. Organomet. Chem., 319 (1986} 407-410
L. N. Lewis, J.Am.Chem.Soc., 108, (1986) 743-749

L. N. Lewis, J. F. Smith, J.Am.Chem.Soc., 108, (1986) 2728-2735

J. L. Zufta, M. L. Blohm, W. L. Gladfelter, J. Am. Chem. Soc., 108 (1986) 552-
553

J. L. Zuffa, W. L. Gladfelter, J. Am. Chem. Soc., 108 (1986) 4669-4671

G. C. Bond, L. P. Vousden, J. Chem. Soc., Chem. Commun. (1986) 538-539

G. Valentini, A. Ciecchi, S. Di Bunio, G. Braca, G. Sbrana, 5 Mezhdunar. Simp.
po Svyazi mezhdu Gomogen. i Geterogen. Katal., Novosibirsk, 15-19 lyulya,
1986. Dok!., Novosibirsk, 2(Ch 2), 185-203 From: Ref. Zh., Khim. 1986, Abstr.
No. 21B4346(Russ) :

M. Castiglioni, R. Giordano, E. Sappa, J. Organomet. Chem., 319 (1986) 167-
181

F. Piacenti, P. Frediani, U. Matteoli, G. Menchi, M. Bianchi, Chim. Ind. {(Milan), 68
(1986) 53-55

D. Ariono, C. Moraes de Abreu, A. Roesyadi, G. Declercq, A. Zoulalian, Bull.
Soc. Chim. Fr. (1986) 703-710( Fr)

E. Bayer, W. Schumann, K. E. Geckeler, Polym. Sci. Technol. (Plenum), 33
(1986)115-125

A. Basu, S. Bhaduri, K. R. Sharma, Homogeneous Heterog. Catal., Proc. Int.
Symp. Relat. Homogeneous Hetercg. Catal., 5th, 1115-25. Edited by: Ermakov,
Yu. |.; Likholobov, V. A. VNU Sci. Press: Utrecht, Neth., 1986

A. Basu, S. Bhaduri, H. Khwaja, K. R. Sharma, Proc. Indian Natl. Sci. Acad., Part
A, 52 (1986) 831-836

A. Basu, S. Bhaduri, H. Khwaja, J. Organomet. Chem., 319 (1986) C28-C30

A. Basu, S. Bhaduri, H. Khwaja, P. G. Jones, K. Meyer-B&se, G. M. Sheldrick, J.
Chem. Soc., Dalton Trans. (1986) 2501-2503

B. T. Khai, A. Arcelli, J. Organomet. Chem., 309 (1986) C63-C66

S.-l. Murahashi, T. Naota, E. Saito, J. Am. Chem. Soc., 108, (1986) 7846-7847
M. Brockmann, H. tom Dieck, 1. Kleinwachter, J. Organomet. Chem., 309 (1986)
345-353

H. Frauenrath, T. Philipps, Angew. Chem., 98 (1986) 261-262(Ger)

K. A. Joergensen, R. Hoffmann, J. Am. Chem. Soc., 108 (1986) 1867-1876

W. P. Griffith, N. T. McManus, A. D. White, J. Chem. Soc., Dalton Trans. (1986)
1035-1039

E. Vedejs, C. K. McClure, J. Am. Chem. Soc., 108, (1986) 1094-1096

T. Yamada, K. Narasaka, Chem.Lett. (1986) 131-134

M. Tokles, J. K. Snyder, Tet.Lett., 27 (1986) 3951-3954

C. K. Chang, C. Sotiriou, W. Wu, J. Chem. Soc., Chem. Commun. (1986) 1213-
1215

J. C. Dobson, W. K. Seok, T. J. Meyer, Inorg. Chem., 25, (1986) 1513-1514



214

351

352
353

354
355

356

357
358

359

360
361
362

363
364
365
366
367

368
369
370

371
372

373
374
375
376
377
37g
379
380
381
382
383
384

385

C.-M. Che, W.-K. Cheng, T. C. W. Mak, J. Chem. Soc., Chem. Commun. (1986)
200-202

C.-M. Che, W.-C. Chung, J. Chem. Soc., Chem. Commun. (1986) 386-388

K. Aoyagi, H. Nagao, Y. Yukawa, M. Ogura, A. Kuwayama, F. S. Howell, M.
Mukaida, H. Kakihana, Chem. Lett. (1986) 2135-2138

M. Kimura, M. Yamamoto, A. Nagai, Inorg. Chim. Acta, 117 (1986) 169-173

T. Yamakawa, H. Miyake, H. Moriyama, S. Shinoda, Y. Saito, J. C. S. Chem.
Commun. (1986) 326-327

S. Kanemoto, H. Tomioka, K. Oshima, H. Nozaki, Bull.Chem.Soc.Jpn., 59
(1986) 105-8

N. Nath, L. P. Singh, Rev. Roum. Chim., 31 (1986) 489-496

C. M. Che, K.-Y. Wong, W.-H. Leung, C.-K. Poon, Inorg.Chem., 25 (1986) 325-
348

T. Kistayya, M. S. Reddy, S. Kandlikar, Indian J. Chem., Sect. A, 25A (1986)
905-907

M. M. T. Khan, R. 8. Shukla, J. Mol. Catal., 34 (1986) 18-30

M. M. T. Khan, R. S. Shukla, J. Mol. Catal., 37 (1986) 269-285

M. M. T. Khan, M. R. H. Siddiqui, A. Hussain, M. A. Moiz, Inorg. Chem., 25,
(1986) 2765-2771

D. P. Riley, J. D. Oliver, Inorg. Chem., 25 (1986) 1814-1821

D. P. Riley, J. D. Oliver, Inorg. Chem., 25 (1986) 1821-1825

D. P. Riley, J. D. Oliver, Inorg. Chem., 25 (1986) 1825-1830

M. M. T. Khan, S. A. Mirza, H. C. Bajaj, J. Mol. Catal., 37 (1986) 253-257

M. Goto, Nagoya-shiritsu Daigaku Yakugakubu Kenkyu Nenpo (1986) 1-
22(Japan)

Y. Sasson, G. D. Zappi, R. Neumann, J. Org. Chem., 51 (1986) 2880-2883

W. D. Jones, W. P. Kosar, J. Am. Chem. Soc., 108, (1986) 5640-5641

Y. Tsuji, K. Huh, Y. Yokoyama, Y. Watanabe, J. Chem. Soc., Chem. Commun.
(1986) 1575-1576

Y. Sasaki, P. H. Dixneuf, J. Chem. Soc., Chem. Commun. (1986) 790-791

Y. Tsuiji, T. Ohsumi, T. Kondo, Y. Watanabe, J. Organomet. Chem., 309 (1986)
333-344

F. Bouachir, B. Chaudret, . Tkatchenko, J. Chem. Soc., Chem. Commun. (1986)
94-96

R. J. McKinney, M. C. Colton, Organometallics, 5, (1986) 1080-1085

R. J. McKinney, Organometallics, 5, (1986) 17562-1753

R. Jaouhari, P. Guénot, P. H. Dixneuf, J. Chem. Soc., Chem. Commun. (1986)
1255-1257

D. J. Darensbourg, C. Ovalles, Inorg. Chem., 25, (1986) 1603-1609

J. B. Keister, J. Organomet. Chem., 318 (1986) 297-408

P. A. Shapley, J. Organomet. Chem., 318 (1986) 408-468

S. D. Jackson, P. B. Wells, Platinum Mst, Rev., 30 (1986) 14-20

A. Z. Rubezhov, Primen. Metalicorg. Soedin. Poluch. Neorg. Pokrytii
Mater.1986, 95-103.Edited by: Razuvaev, G. A. Nauka: Moscow, USSR. (Russ)
J. W. Ziller, 248 pp. Avail. Univ. Microfilms Int., Order No. DA8629132 From:
Diss. Abstr. Int. B 1987, 47(9), 3766

Y. J. Li, 214 pp. Avail. Univ. Microfilms Int., Order No. DA8609129 From: Diss.
Abstr. Int. B 1986, 47(2), 623-4

C. J. Rutkowski, 326 pp. Avail. Univ. Microfilms Int., Order No. DA8618991
From: Diss. Abstr. int. B 1986, 47(6), 2407

S. F. Kobs, 173 pp. Avail. Univ. Microfilms Int., Order No. DA8703573 From:
Diss. Abstr. Int. B 1987, 47(12), 4860



