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INTROD UCTION 

This review covers the coordination and selected organometallic and cluster chemistry of 

osmium published in the calendar year 1992 and continues the coverage published for the year 

1991 in volume 127 of  Coordination Chemistry Reviews. Coverage has been limited to the more 

well known journals and the emphasis is on the coordination and cluster chemistry of  osmium. 

Organometal l ic  chemis t ry  is covered in less depth, and complex mechanis t ic  details  of  

transformations of organic ligands in such complexes are not discussed in depth. 

0010-8545/95/$29.00 ©1995 - Elsevier Science S.A. All rights reserved 
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5.1 OSMIUM(VIII) 

Gas phase PE spectroscopic studies and ab initio calculations have been used to calculate 

the ionisation energies of OsO4. The results indicate ion state ordering to be: 

2T l < Ul(2T2) < E "(2T2) < 2A 1 < 2E < 2T2. The le and 2t2 MOs were shown to have significant 

5d character, the 2al MO significant Os 6s character and the 3t2 MO significant Os 6p character 

[11. 
The reaction of OsO4 with KrF2 in anhydrous HF yields cis-[OsO2F4] in contrast to a 

previous report in which the same reaction was reported to give [OsOF6] [2]. 

There has been a report of evidence for stereoelectronic control of diastereoselectivity in 

OsO4 catalysed cis-hydroxylafion of sterically unbiased 3-(4-X-phenyl)-3-phenylcyclopentenes 

(X = NO2, Br, CI, OMe or NMe2) [3]. 

5.2 OSMIUM(VII) 

The ESR spectrum of OsOF 5 has been reported and shows hyperfine coupling to 189Os 

and four equivalent fluorine ligands. No coupling to the axial ligand is observed. Analysis of the 

spectrum indicates that 11.5% of the unpaired electron is delocallised from the Os dxy orbital onto 

each equatorial fluorine [4]. 

5.3 OSMIUM(VI) 

5.3.1 Nitrido and imido complexes 

The osmium(VI) nitrido complex of the ligand HBA-B (1) is prepared by the action of 

trimethylsilyl azide on [(Ph3PO)2Os(r14-HBA-B)] followed by base hydrolysis. The complex 

adopts a square based pyramidal geometry with an Os-~N distance of 1.639(6)]~ [5]. 

/OH 

O H  H O  ' 

(H41) 

The one electron oxidation of [Os(NH3)sC1] 2+ by aqueous Ce 4+ yields the Os(VI) nitrido 

complex [OsN(NH3)4] 3+ which exhibits room temperature luminescence on irradiation in the 

300-400 nm region. The excited state is found to be quenched by electron donors. Photolysis in 
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MeCN with donors such as C6Me6 or 1,4-dimethoxybenzene leads to self quenching and the 

formation of the I.t-N2 complex [ { Os(NH3)4MeCN}2(I.t-N2)] 5+ [6]. 

The complexes [Os(P)(NH2tBu)2] (P = porphyrin dianion) undergo oxidative 

deprotonation on stirring in thf solution under air to give a mixture of the bis-imido, imido/oxo 

and bis-oxo complexes [Os(P)(NtBu)2], [Os(P)(NtBu)O] and [Os(P)O2] [7]. 

5.3.2 Oxo complexs 

The reaction of fluorinated alkenes with OsO4 in the presence of pyridine in hexane has 

been investigated and found to give osmate(VI) esters trans-[OsO2(py)2012-OC(RF)2C(RF)20)]. 

The X-ray crystal structure of the complex prepared by reaction with the alkene 

(C2F5)FC=C(CF3) 2 has been determined. These products are sensitive to hydrolysis and yield 

carbonyl containing products on reaction with water (Scheme 1)[8]. Similarly, the reaction 

, < o - f ,  -I- OsO 4 ÷ 2py ~ " 

Py Py~I J "o-'~o 
Rf RI O O 

Scheme 1 

of OsO4 with perfluoropinacol [(CF3)2C(OH)] 2 yields the water sensitive bis-glycolate complex 

{OsO[~q2-(CF3)2C(O)]2} (2) which may be stabilised with Lewis bases such as 4-tbutyl pyfidine 

[9]. The increased water sensitivity of these complexes over those with nonfluorinated ligands is 

attributed to the greater Lewis acidity at the metal centre. 

O O 
II py .... II ...c~ 

FO ....... Os ....... Oq . Lo / .~ oj oso,  p y . ~ o  J 
0 

ZnR2 ZnR2 

0 0 0 
II II . p y  II R 

Eo/FO ....... OS~RR R'MgX . R"'"LOSR/" ~R'R' R'MgX p y ~ O S ~ .  R 
H 
O 

Scheme 2 

The synthesis of osmium oxo/alkyl/glycolate complexes has been reported in a series of 

publications. The general reaction scheme involves the alkylation of oxo-osmium glycolate 
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complexes. The selective replacement of one glycolate ligand may be achieved by the use of 

dialkyl zinc reagents and subsequent alkylation may be achieved with Grignard reagents, thus 

making available mixed alkyl complexes of the type [OsO(R)2(R')2] (Scheme 2) [10,11]. The 

replacement of one glycolate ligand may be achieved by reaction with aluminium trihalides 

yielding the dihalide complexes which may subsequently be alkylated with dialkyl zinc reagents 

(Scheme 3) [12]. 

O 
II 

E O ....... Os ........ O-1 
0 7 ~ o J 

AIX3 

ZnR2 

O 
II 

E O ....... Os ........ X 

o ~ "~x 

O 

II 
r O  ....... Os ........ R 

" L o f  "~R 

l ZnR2 

Scheme 3 

The synthesis and characterisation of [OsO2(dmp)2] (dmpH = 1,2-dimethyl-3-hydroxy 

pyridine-4-one) (3) has been reported along with its complexes with a number of other transition 

metals [13]. 

The reaction of K2[OsO2(OMe)4] with carboxylic acids in the presence of [PPh4]C1 yields 

trans-[OsO2C12(q2-O2CR)] (R = Me, Et, CH(Me)Et). These complexes catalyse the oxidation of 

many organic substrates with N-methylmorpholine-N-oxide as cooxidant, and in addition the 

ethanoate complex has been used as precursor for the synthesis of a number of new complexes 

(Scheme 4) [14]. 

[OsO2(SCNEt2)]" 

[Os(terpy)Cl3] + 

O Me  - c~.. II ...o... 
c , ~ s ~  ;°- 

O 

[OsO2(acac)CI2] 

Scheme 4 

[O802(NCO)4] 2" 

[OsO2(SCN)4] 2" 
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A number of complexes of the bulky chelating alkoxide 2,6-bis(2-hydroxy-2,2- 

diphenylethyl)pyridine (HL) (4) have been prepared. Dioxo complexes may be prepared from 

K2[OsO2(OH)4] while nitrido complexes are available from [Bu4N] [OsNC14]. The X-ray crystal 

structure of [OsN(L)C1] is reported [15]. 

(4) 

The regiochemistry of the bisosmylation of C60 has been analysed. Five regioisomers of 

[C60{OsO4(py)2}] have been separated by HPLC and these were characterised by NMR 

spectroscopy of their 4-tbutylpyridine analogues [ 16]. 

5.4 OSMIUM(V) 

The Kolbe anodic oxidation of carboxylates has been simulated using [OsC16]- as a one 

electron oxidant. The complex reacts with carboxylates with electron withdrawing groups to give 

coupling products [17] as shown in equation (i). Magnetic susceptibility measurements have also 

R - -  CHCN 
[RCH(CN)CO2]- [OsCl~]~ I + RCH=C=NCH(CN)R 

R m CHCN (i) 

been carried out on [PPh4][OsC16]. Measurements were made at 1.0 T (4.5-300K) and between 

0.25 and 5.0 T (2.5-20K). The results reveal the first example of one dimensional magnetic 

exchange in a heavy transition metal complex. A DV-Xa calculation on [OsC16]- which 

correlates well with the experimental results is also reported [18]. 

5.5 OSMIUM(IV) 

The reaction of either OsC13.3H20 or [OsX6]- (X = C1, Br) with tmen yields the complex 

[Os(tmen-H)2(tmen)] 2+ (5) (tmen = 2,3-diamino-2,3-dimethylbutane). Reduction of (5) with 

Zn/H + yields the Os(III) complex [Os(tmen)3]3+ while protonation with triflic acid leads to 

[Os(tmen-H)(tmen)2] 3÷ (6) whose pKa has been determined to be 0.04. The solution structures 

of (5) and (6) have been determined by one and two dimensional NMR spectroscopic techniques, 

additionally the X-ray crystal structure of (5) is reported [19]. In a similar way the complexes 

cis-[Os(en-H)2(en)] 2+ (7) and [Os(en)3]3+ are obtained by reaction of [NH4]2[OsBr 6] with en. 

Protonation of (7) yields [Os(en-H)(en)2] 3÷. The complexes were characterised by IR, NMR and 

UV/VIS spectroscopies and their redox chemistry investigated [20]. 
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(5) 

2+ 

Treatment of K2[OsC16] with 2-(2-hydroxyethyl)piperazine (L) (8) under reflx in 

6MHC1/EtOH (1:1) does not lead to coordination of the ligand but rather the double salt {[bis- 

(H2L)][OsC16] }C12 is obtained and has been characterised by X-ray crystallography [21]. 

Reduction of the trans-dioxoosmium complexes of the dianionic ligands salen (9), bpb 

(10) and bpc (11) with PPh3 yields Os(IV) and Os(III) complexes of these ligands. 

Electrochemical and UV/VIS studies were carried out and the X-ray crystal structure of 

[Os(salen)(Oipr)2] is reported. The osmium(III) complexes are catalysts for the oxidation of 

alkenes by iodosylbenzene [22]. 

(9) (10) X = H; (11) X --- el 

A series of dialkoxy osmium(IV) porphyrin (H2Por) complexes [Os(Por)(OR)2] have been 

synthesised by treatment of [Os(Por)(N2)thf] with ROH in thf. The complexes were 

characterised by UV/VIS, IR and 1H NMR spectroscopies. The X-ray crystal structures of the 

complexes [Os(TPP)(OR)2] (R --- Et, ipr, Ph) are reported in which the Os-O bond lengths range 
from 1.909 to 1.938A which is interpreted as indicating significant ~-bonding [23]. 

A series of bis(catecholato)(bpy)osmium(IV) complexes have been prepared and studied 

by electrochemical techniques and UV/VIS-near IR spectroscopy. The X-ray crystal structure of 
[Os(bpy)(rl2-C6C1402)2].2C6H6 (12) is reported [24]. 

c o.. 
(12) 
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The reaction of [M(SR)3(MeCN)] (M = Ru, Os; HSR = HS-2,3,5,6-Me4C6H, HS-2,4,6- 

ipr3C6H2) with HBF4 or HPF6 in MeCN gives cations [M(SR)3(MeCN)2] +. The complexes may 

be reversibly reduced to the neutral complexes which may be achieved by Cp2Co. X-ray crystal 

structures of one pair of the ruthenium complexes shows trans-MeCN ligands. The main 

differences are longer Ru-S but shorter Ru-N distances for the reduced species [25]. 

The reaction of [OSO2($203)2] 2- with a variety of ligands has been investigated (Scheme 

5). The IR spectra of the products are discussed and the X-ray crystal structure of 

[Os(H20)(S203)2(PMe2Ph)3] is reported [26]. 

[OsO2(OH)4] 2 [Os2Os(NO2)414- 
[OsO2(SO3),]s~. l / 

/ / / [Os(HzO)(S2Oz)2(eMe2eh)3] 
[OsO2(S203)2(PY)3] ~"-..i \ / / / 

[OSO2($203)2] 2" ~ [OSO2(S203)2(SCN)2] 4- 
2 J l  I 

[OsO2(S203)2(PY)2] " / ~ 

[O802(S203)2(NO2)2] 4" ~ [OsO2(S203)2(phen)]2- 
[Os(acac)3] [Os16] 2" 

Scheme 5 

The reaction of OsC13.3H20 and [OsC12(PPh3)3] with the alkoxyalkylphosphine 

ipr2PCH2CH2OMe (13) has been investigated. The two starting materials provide different 

isomers of the Fischer carbene complex [OsC12(=CHOCH2CH2Pipr2)(r12-iprPCH2CH2OMe)] 

(14). The reaction of the nitrogen analogue ipr2PCH2CH2NMe2 proceeds analogously. The 

reaction with ipr2PCH2CO2Me is also reported [27]. 

...... II ....... p~i  Pr 
p IPr 

(14) 

5.6 OSMIUM(Ill) 

The reaction ofN, N'-diphenylamidines, PhN=CRNHPh (R = H, Me, Ph), with trans- 
[Os(PPh3)3CI2] yields the osmium(III) complexes trans-[Os(PPh3)2(rl2-PhNCRNPh)C12] (15) 

(for R = Ph). Longer reaction times lead to complete substitution of the phosphine ligands and 

formation of the Os(IV) complexes trans-[Os(rl2-PhNCRNPh)2C12] (16). The X-ray crystal 

structure of (16) (R = Et) is reported [28]. 
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Ph3P-...,_O Q N ~ . C - -  ~ 

Ph3P~ N'<p h 
CI 

CI 

'"N~G,_ ph ~N ...... c "~N, .... 
- -  ,,l N ~ P  

Cl 

(15) (16) 

The oxidation of the complexes [Os(L-L)2X2] [X = C1, Br; L-L = o-C6H4(PMe2)2, o- 

C6H4(AsMe2)2, o-C6H4(PMe2)(AsMe2), o-C6F4(AsMe2)2, dppe, dmpe, Ph2AsCH=CHAsPh2, o- 

C6H4(PPh2)2, o-C6F4(PPh2)2] with dilute HNO3 in aqueous HBF4 provides the Os(III) 

complexes [Os(L:L)2X2] +. Similar treatment with concentrated HNO3 converts most of the 

complexes to Os(IV) species. Cyclic voltametry shows the Os(II)-Os(III) and Os(III)-Os(IV) 

couples to be mostly reversible. The electronic spectra of the Os(III) and Os(IV) complexes were 

assigned and the X-ray crystal structure of trans-[Os{o-C6Iq4(AsMe2)2}2C12][Cl04] determined 

[29]. 

Electrochemical studies of [Os2C18] 2- have been reported. At 235 K one electron 

oxidation (1.35V) is reversible and a second oxidation is observed at 'extreme potential' (2.05V) 

vs Ag/AgC1 in CH2C12. The [Os2C18]- complex was characterised spectroelectrochemicaily [30]. 

The electrochemistry of the metallocenylmethyl carbonium ions [(CpMC5H4)nCPh3_n] + 

(M = Fe, Ru, Os; n = 1-3) have been investigated by cyclic voltametry, The stabilising effect of 

the metallocene substituents on the a-carbonium ion was found to be in the order Fe < Ru < Os. 

An increases in the number of metallocenyl groups at the ct-carbonium ion hinders reduction [31]. 

The X-ray crystal structure of [CpOs(CsH4CPh2)][PF6] has been determined, and its NMR 

spectra compared with those of the iron and ruthenium derivatives. These data also suggest that 

the stabilisation of the carbonium ion increases in the order Fe < Ru < Os [32]. 

5.7 OSMIUM(II) 

5.7.1 Complexes with nitrogen ligands 

The complex cis-[Os(bpy)2(CO)H] + has been found to be a catalyst for the reduction of 

CO2 in MeCN containing 0.1M [Bu4N]PF6 at glassy carbon or Pt electrodes. In the absence of 

water the main product is CO, however, its presence provides 22% [HCO2]-. The catalytically 

active species was shown to be [Os(bpy)2(CO)H]-, and neither bound CO or H are involved in 

the reaction. For the complexes [M(bpy)2(CO)R]- (M = Ru, Os; R = H, Me, Ph) a linear 

correlation between the initial rate determining step and the cone angle of R was established [33]. 

Electronic transitions in [(bpy)C1Os(kt-CN)Ru(NH3)5] 3+/2+ have been studied by 

resonance Raman spectroscopy and band assignments made. In nitrobenzene all three 

intervalence transfer bands are observed for the first time and the existence of a remote MLCT 

previously proposed is supported. The results are used to demonstrate the utility of the technique 

for assigning electronic transitions in overlapping absorption spectra [34]. 
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The electrochemical properties of complexes of the type [OsQL2] z+ [L = bpy, 2(m- 

tolylazo)py; Q = deprotonated forms of 8-quinolinol and 2-methyl-8-quinolinol; z = 1 for Os(II) 

and 2 for Os(III)] have been studied and exhibit (IV)-(III) and (111)-(113 couples in the range 0.1- 

1.6V dependant upon the n-acid properties of the ligand Q. Ligand reduction was observed 

between -0.3 and -2.3V [35]. 

Intramolecular electron transfer within the bridged mixed metal complex (17), induced by 

addition of dmso to its nitromethane solution, has been studied by the technique of pulsed 

accelerated flow spectroscopy which enabled time resolution of the electron transfer process [36]. 

Run(NH3)sj 4+ 

[(bpy) CIOslII ¢ ~  dmso 

(17) 

Run"(NHa)sF ~. dmso 

[(bpy)ClOs aL CN~ 

The synthesis, electrochemistry, spectroscopic and spectroelectrochemical properties of 

the complexes [(bpy)2Os(BL)Ru(bpy)2][PF6]4 [BL = 2,3-bis(2'-pyridyl)pyrazine, 2,3-bis(2'- 

pyridyl) quinoxaline and bis(2'pyridyl)benzoquinoxaline] have been reported. Addition of the 

[Ru(bpy)2] 2+ moiety to the bridging ligand in [Os(bpy)2(BL)] 2+ shifts the MLCT to the bridging 

ligand n-orbitals to lower energy and the bridging ligand electrochemical reductions to higher 

potentials. The lowest energy electronic transitions have been assigned to M(dn)-BL(n*) MLCT 

and the first and second reductions of the dimetallic complexes to sequential reductions of BL 

[37]. 

The complex [Os(ttp)] 2+ [ttp = 4'-(p-tolyl)-2,2':6,2"-terpyridine] has been used as a 

photosensitiser (P) linked to the[MV] 2÷ (18) electron acceptor (A) and/or the PTZ (19) or DPAA 

(2 0) electron donors (D). Extensive electrochemical and luminescence investigations are reported 

for the P, P-A, D-P and D-P-A systems [38]. 

- C H 2 - - + ~ + - -  Me 

(18) 

OMe 

OMe 
(19) (20) 
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x /; 

(21) 

Complexes of the terpyridine ligand (21) of the type [ML2] 2+ (M = Fe, Ru, Os) have been 

synthesised. Electrochemical and spectroscopic examination reveal a weak interaction between 

the Fc group and the metal centre, but strong intramolecular quenching of the excited state of the 

osmium complex is observed [39]. Four new hexanuclear complexes of the general formula 

{[ML2(l.t-2,m-dpp)]2Ru(g-2,3-dpp)Ru[(kt-2,n-dpp)M'L'2]2}(PF6)12 [M = M'+Ru, L = L' = biq, n 

- - m = 3 ;  M = M ' = R u ,  L = b p y ,  L '=b iq ,  m = 5 ,  n = 3 ;  M = M = O s ,  L = L ' - b p y ,  m = n = 3 ;  

M = Ru, M' = Os, L = L' = bpy, m --- 5, n = 3 where dpp = bis(2-pyridyl)pyrazine (2 2) and biq = 

2,2'-biquinoline (2 3)] have been synthesised using the complexes as ligands/metals methodology. 

A protection/deprotection procedure involving initial complexation with the monomethylated dpp 

ligand (formed by reaction of dpp with Me3OBF4) followed by secondary complexation and final 

deprotection with DABCO was also used in the syntheses [40]. Decanuelear homo- and 

I fN 

(22) (23) 

B L a B  L 

BL 

L 

A 

L 

BL = (22), L = (23) or bpy 

3:1 L L 

L L 

L BL " ~ B  L 

Y Y 
k L 

Scheme 6 
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heterometallic complexes [Mc{ (BL)Mi[(BL)Mp(L)2} 3] 20+ have also been prepared as PF6- salts 

using the complexes as ligands/metals methodology (Scheme 6). The central (Mc), intermediate 

(Mi) and peripheral (Mp) metal ions are Ru 2+ or Os 2÷, BL is the bridging ligand 2,3-bis(2- 

pyridyl)pyrazine (22) and L is either 2,2'-biquinoline (biq) (2 3) or bpy. The complexes show 

intense L and BL centred absorption bands in the UV spectrum, and intense M-L and M-BL 

bands in the visible regions. Electrochemical and luminescence experiments are also reported 

[411. 

The reaction of [Os3(CO)12] with 2,7,12,17-tetrapropylporphycene (H2TPrPc) (24) at 

elevated temperatures yields [Os(TPrPc)(CO)]. Oxidation of this product with m- 

chloroperbenzoic acid in CH2C12 gives the trans-dioxo osmium(VI) complex [Os(TPrPc)(O)2] 

and this reacts with hydrazine hydrate in thf under nitrogen to give [Os(TPrPc)(N2)] (VN_--N = 

2035 cm -1) [42]. 

(24) 

The reaction of [Os(TFP)2] with diazo alkanes N2CRR' yields the alkylidene complexes 

[(TI'P)Os=CRR'] (TI'P = meso-tetra-p-tolylporphyrin, R = H, R' = SiMe3; R = H, R' -- CO2Et). 

The catalytic conversion of ethyldiazoacetate to diethylmaleate by the osmium complexes was 

investigated [43]. 

The complexes [M(OEP)(L)H2)] [M = Ru, Os; L = thf, 1-tbutyl-5-phenylimadazole or 

(Im*)] have been synthesised. The H-H bond length was found to increase when Os was replaced 

by Ru and when Im* was replaced by thf (range 0.92-1.18/~) [44]. 

The complex [Os(Pc)] (Pc 2- = phthalocyanine) is prepared by thermal decomposition of 

[Os(Pc)(py)2] at 400°C and its reaction with ligands L = pyrazine or terrazine yields either 

[Os(Pc)L2] (L = pyrazine) or a mixture of [Os(Pc)L2} and [Os(Pc)L]n (L -- terrazine). The 

polymeric [Os(Pc)L]n (L = pyrazine) could be prepared by thermal treatment of [Os(PcL2)] 

below 320°C. The polymers were found to be good and weak semiconductors respectively [45]. 

A number of papers have reported investigations of polymers derived from coordinated 

vinylbipyridines. Polymers of [M(vbpy)3][PF6]2 (M = Ru, Os; vbpy = 4-vinyl-4'-methyl-2,2'- 

bipyridine) (2 5) were prepared by radical polymerisation and characterised by electrochemical 

and spectroscopic techniques. For the osmium polymers, the relative polymer size was found to 
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vary in proportion to the number of vinyl groups consumed during polymerisation, while the 

same was not found to be the case for the Ru polymers [46]. Copolymers of [Os(vbpy)3][PF6]2 

(25) 

and [Ru(vbpy)3][PF6]2 have been prepared by solution and electropolymerisation and different 

ratios of Ru and Os were found to be incorporated depending on the polymerisation method, thus 

indicating fundamental differences between the two methods. Luminescence experiments at 77K 

and 298K indicate significant energy transfer from Ru-Os states in the polymer [47]. Photolysis 

of copolymer films of cis-[Ru(Me4Bpy)2(vpy)2] 2+ and [Os(vbpy)3] 2+ (Me4bpy = 4,4',5,5'-bpy, 

vpy = 4-vinylpyridine) on Pt electrodes results in loss of [Ru(Me4bpy)2] 2+ and formation of 

molecular voids. The resulting binding sites were used to coordinate [Os(PMe2Ph)3C12] which 

could be incorporated with spatial control using masking techniques [48]. 

For the first time ~-elimination from an amine ligand (analogous to I]-elimination from an 

alkyl ligand) has been reported. The complexes [Os(NH3)4(L)(NH2CHRR')] (L = MeOH, 

-CH2OMe; R = H, ipr; R' = Et, -CH2OMe) undergo the reaction to form iminium-hydride 

complexes. Evidence for the microscopic reverse reaction is also presented (Scheme 7) [49]. An 

iminium complex [Os(NH3)5(rl2-CH3CH=NH2)][OTf]3 is also formed by zinc amalgam 

reduction of [Os(NH3)5(MeCN)][OTf] 3 or [Os(NH3)5(MeCN)][OTf] 2 (HOTf = CF3SO3H), and 

may be deprotonated by proton sponge to the imine complex [Os(NH3)5(CH3CH=NH)][OTf]2. 

This complex disproportionates giving the acetonitrile complex as one of the products [50]. 

(NH3)4Os-NH2-CHRR' 

// \ 
.... H., ..'H 

....... ~i'. C ....... R ..... 
(NHz)aOs ........... "~" "~*R' ~ (NHa)4Os ~ CRR' 

NH2 H2N ~ 

Scheme 7 

The s p e c t r o s c o p i c a l l y  c h a r a c t e r i s e d  a z a v i n y l i d e n e  c o m p l e x  

[OsH(=N=CPh2)(CO)(pipr3)2] may be prepared by treatment of the five coordinate 

[OsH(CO)(pipr3)2] (26) with an alkali metal imide MN=CPh2 (M -- Li, Na) or sequentially from 

(26) by treatment with HN=CPh2 followed by elimination of HC1 with KOtBu (Scheme 8). 
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Treatment with MeOH leads to protonation at nitrogen and orthometallation of one of the phenyl 

rings. The use of MeOD leads to nitrogen deuteration [51]. 

H 

o c..,, C .~,,~. F~Pr3 
i p r 3 P /  ~ C I  ~ 

#Pra 
HN=CPh2 O C / 

.... O s ~ N - C P h  2 
H/I  

H PPr3 
0 C . . . . . . .  PiPr3 KOtB~/~ 

i p r 3 p ~ C  s'~'~CI ~ - H C I  

H / N~'CPh2 

Scheme 8 

MeOH/D 
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Osmium hydride and trifluoroacetate complexes (LnM-H/O2CCF3) react with N,N'- 

diphenylamidines [PhN=C(R)NHPh] (R = H, Me, Et, Ph) giving the amidinato derivatives 

{Ln.IOs[PhNC(R)NPh]} and yielding H2 or CF3CO2H. The complex [OsH4(PPh3)3] reacts in 

the presence of EtOH to generate [OsH[PhNC(R)NPh](CO(PPh3)2] via an alcohol 

decarbonylation reaction [52]. 

The X-ray crystal structure of cis-[Os(CO)2(I)2PPh3(HNMe2)], formed by cleavage of 

[(I.t-I)Os2(CO)6(~t-OCNHCHMe2)(I)2] with PPh3, has been reported [53]. 

5.7.2 Complexes containing phosphorus ligands 

The catalysis of the hydrogenation of benzylideneacetone to 4-phenylbutan-2-one by the 

five coordinate complex [OsHCI(CO)(PR3)2] (PR3 = pipr3, PMetBu2) has been studied. The 

reaction is first order with respect to the catalyst and substrate an independent of H2 pressure, and 

a mechanism is deduced from kinetic and spectroscopic data [54]. 

The reaction of cis-[OsBr2(CO)4] with etherphosphine ligands gives cis-, cis-, trans- 

complexes [OsBr2(CO)2{R2P(CH2)nOR}2]. The X-ray crystal structure of the complex with 

Ph2PCH2CH2OMe ligands is reported. Irradiation of these complexes leads to ejection of one 

CO and coordination of one ether oxygen. Interconversion of isomers of these complexes is 

discussed [55]. 

Reaction of trans-[OsC!2(PPh3)3] with the phosphine P(2-HSC6H4)3 leads to the complex 

[Os{P(C6H4S-2)3}2] which on crystallisation undergoes linking of the two ligands via disulfur 

bonds to give octahedral (27) [56]. 

The dihydrogen ligand in [OsH(rl2-H2)L4][BF4] (L = P(OEt)2Ph) may be replaced by 

nitrosyl by reaction with [NO][PF6] in CH2C12 which yields [OsH(NO)L4][PF6]2 (28) The 

hydride ligand in (28) may be removed to yield the monocation lOs(NO)L4] + whose reactions 

with CO, isonitriles and Br2 have been investigated [57]. 
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(27) 

/ 

The X-ray crystal structure of trans-[OsH~2-H2)!dpPe)2][BF4] has been reported. 

Difficulty was experienced in refining the H positions, but an approximate Os-(~2-H2) distance of 

1.7/~ is given [58]. 

The rl2-BH4 complex [OsH(CO)(pipr3)2(rl2-BH4 )] reacts with methanol to produce a 

mixture of cis- and trans-[OsH2(CO)2ff~ipr3)2] while with ROH (R = Et, CH2OMe) the alkyl 

complexes [OsH(CO)2(Pipr3)2R] are formed. The reactions of these complexes with HBF4 in 

acetone leads to elimination of R and coordination of Me2C=O which is labile and may be 

replaced with other ligands to form the complexes [OsH(CO)2(Pipr3)2L] + (Scheme 9) [59]. 

MeOH 

I 
PR3 

PR3 

R = Et, CHzOMe 

i R3 

OO ...... O ....... H 

o c I  I<"-. 
PR3 -c is / - t rans 

OG ...... O ....... H 

o~"  I <' 'n 
PP~ 

HBF4 
M~CO .[oo o . . . . . . .  . . . . . . .  ] 

Ioo~ I ~O=CM~I 
[ PR~ J 

Scheme 9 

L L 

The dinuclear complexes [(pipr3)2(CO)HM(g-rl4-BH4)MH(CO)(pipr3)2][BF4], [MH(q 2- 

O2CR')(CO)(pipr3)2] and [MH(pz)(CO)(Hpz)(pipr3)2] are prepared by reaction of JOsH(CO) 
(pipr3)2(rl2-BH4)] with HBF4, R*CO2H (R* = various chiral groups) and pyrazole (Hpz) 

respectively (M = Ru, Os). Their reactions with H2, tetrafluorobenzobarrelene, methylvinyl 

ketone, MeCN and Me2CO and subsequent reactions are reported. The catalytic activity of some 

of the derived complexes in asymmetric H transfer from iprOH to acetophenone is described. 

The osmium complexes give better optical yields than the ruthenium ones [60]. 
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5.7.3 Other coordination complexes 

Hydrolysis of [Os(SiC13)CI(CO)(PPh3)2] with NaOH(aq) in thf yields [Os{Si(OH)3}C1 

(CO)(PPh3)2] whose X-ray crystal structure has been determined. If less than one molar 

equivalent of NaOH is present, some of the dinuclear complex [{OsCI(CO)(PPh3)2Si(OH)2]20] 

is formed which has also been the subject of an X-ray crystallographic study (Scheme 10) [61]. 

L L 

. . . . . .  C O  CI 0 s ...... C 0 ExcessOH ,- CI 0 
"~SiCI3 thf/H20 I S~Si(OH)3 

L L 

1 eq OH" 
thf/H20 

10% 

1 : 1  

85% 

L L OcC>l P S i - - P S i  O s,.. ~ ' " c  O 

O H  O H  
L L 

Scheme l0 

Reaction of the unsaturated complex [OsCI(PPh3)2(CS)SiR3] with CO gives an 

intermediate 6-coordinate complex which undergoes migratory insertion of SiR3 into the Os-CS 
bond to generate the silathioacyl complex [OsCI(PPh3)2(CO)(rl2-S=CSiR3)] (29). An X-ray 

crystal structure of the ruthenium analogue of (29) is reported [62]. 

PPh 3 OCCIj(~ E~IsC~/SiMe3 
PPh 3 

(29) 

The reaction of the chloro-bridged dimer [ { [T 1-1,4-Me(ipr)C6I-I4]OsC12 } 2] (3 0) with four 

molar equivalents of the tridentate sulfur macrocycle [9]aneS3 (31) in the presence of 
[NH4][PF6] generates the sandwich complex [Os(rl3-[9]aneS3)2][PF6]2 (32). Alternatively, (3 2) 

may be synthesised from [OsCl6] 2- and two molar equivalents of (31) in a water/dmf/MeOH 
mixture. The mixed sandwich complex [{rl-l,4-Me(ipr)C6H4}Os(rl3-[9]aneS3)] 2+ (33) may be 

prepared by reaction of (3 0) with two molar equivalents of (31) in MeOH.  The reaction of mer- 

[OsH2(CO)(PPh3)3] with one molar equivalent of (31) in 2-methoxyethanol generates the cation 
[OsH(CO)(PPh3)('q3-[9]aneS3)] 2+ (34). X-ray crystal structures of (32), (33) and (34) are 

reported [63]. 
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1 
(32) 

2+ 

(33) 

2+ 

[/S'/". ,,~, ( ...... C 0 

(34) 

Complexes of the type [Os(RSCS2)2(PPh3)2] z (cis-/trans-Os(lI), z = 0; cis-/trans-Os(III), z 

= +) have been prepared. The osmium(HI) complexes display rhombic ESR spectra which have 

been analysed. The redox and isomerisation processes which link the complexes have been 

characterised by electrochemical and spectroscopic techniques [64]. 

5.7.4 Organometallic complexes 

The first bridged osmocene has been obtained by reaction of 1,1'-dilithioosmocene with 

elemental sulfur giving 1,2,3-trithia[3]osmocenophane (35) [65]. 

/ 
s Os 

(35) 

The different effects of X- ligands on the basicity of the metal in [CpOs(PR3)X] (X = CI, Br, 

I, H; PR3 = PPh3, PPh2Me) have been investigated. The complexes were examined calorimetricaUy 

and the basicity was found to increase in the order C1 < Br < I < H with the H complex being up to 

23.2 kcal mo1-1 more basic than the C1 complex [66]. 
The complexes [(rl-I,3,5-Me3C6H3)Os(H)2L] (L = MeCN, CO) have been prepared by 

reaction of [(~I-I,3,5-Me3C6H3)OsC12L] with magnesium amalgam in the presence of EtOH. 

Comprehensive IR and Raman spectroscopic investigations and normal coordinate analyses are 

reported [67]. 
The complexes [Os(C6Me6)(NtBu)] and {Os[rl-l,4-Me(ipr)C6H4](NtBu)} have been the 

subject of a HeI and Hell PE spectroscopic study. The results show similarities between the 

bonding in these complexes and that in metaUoeenes [68]. 
Dialkyl osmium(II) [(Mes)OsR2(CO )] (Mes = rI-1,3,5-Me3C6H 3) and alkylhalogeno 

osmium(II) [('q-I,3,5-Me3C6H3)OsR(CO)X] complexes may be prepared by reaction of 

[(Mes)OsC12(CO)] with Grignard reagents. The influence of the type of Grignard reagent has been 

investigated. Stepwise treatment of [(Mes)OsR(CO)X] complexes with AgBF4 and A1203 yields 

alkene complexes[(Mes)Os(CH2=CHR)(CO)]. Alternatively, H- abstraction with trityl followed by 

deprotonation gives the same products [69]. 
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The X-ray crystal structure of [Os(CO)4(rl2-H2C=CH2)] has been reported. The ethene 

ligand occupies two coordination sites in an octahedral structure. The coupling constant 1j(13C- 

I3C) is 39.0(2). Ab initio calculations show that the structure is predominantly cyclopropane in 

character and explain the slight bending of the axial CO ligands towards the ethene [70]. 

The reaction of [Os(NH3)5(OTf)][OTf]2 with arenes in the presence of Mg powder gives 
the complexes [(NH3)5Os(rl2-arene)] 2+ (arene = phenol, 4-, 5-, 6-methylphenol, 4,5-dimethyl- 

phenol). Coordination in this way favours the keto-diene tautomer of the phenol, the keto-enol 

equilibrium constant approximating to unity at 20°C for the coordinated phenol [71]. 
Protonation of the complexes [Os(NH3)5(2,3-rl2-pyrrole)] 2+ (pyrrole = pyrrole and 

alkylated pyrroles) has been found to occur exclusively at the 13-carbon. Depending on the 

substitution of the pyrrole the ligand may also be (i) converted to the 2-H-pyrrolium tautomer, (ii) 
deprotonated at N or (iii) deprotonated at the a-carbon [72]. 

The reaction of Na2[Os(CO)4] with cis- and trans-3-4-bis(trifluoromethylsulfonyl- 

oxymethyl)oxolane gives a mixture of the cis- and trans-3-oxa-7-osmabicyclo[3.3.0]octanes (36). 

The X-ray crystal structure of the cis-isomer has been determined [73]. 

CF3SO3-~O3SCF3 + Na2[Os(CO)4] 

Cis- and trans- 
0•0 s(CO)4 

cis- and trans. 

(36) 

The metallacyclopentatrienes cis-[ Os( C4Me4)(en)2] 2÷ (37) and cis-[ Os( C loH14)(en)2] 2+ 

(38) have been prepared by reaction of [Os(en)2(H20)(H2)][OTf]2 with the appropriate alkyne 

[74]. The reaction of (37) with tBuNH2 followed by HC1 leads to cleavage of the metallacycle and 

quaternisation of one (en) nitrogen (Scheme 11) [75]. 

. # s u .  # II .c, ff" lenl20"(@ - oo12Os - - -  leol  \ # \ .  

NH 2 Cl 
J 

(3 7) [ 

+NH 3 

Scheme 11 

The low pressure gas phase thermolysis of [Os(T15-2,4-Me2-pentadienyl)] yields [Os(rlS- 

1,3-Me2CsH3)(rl5-2,4-Me2-pentadienyl)] and [Os(rlS-1,3-Me2C5H3)2] in a 9:1 ratio (Scheme 12) 

[76]. 
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5.8 OSMIUM(l) 

The halide induced disproportionation of the 17 electron complexes [M(CO)3(PCY3)2] + (M 

= Fe, Ru, Os) has been probed by a number electrochemical techniques. The periodic effect on 

reactivity showed only slight variation in contrast to the 18 electron systems [77]. 

5.9 OSMIUM(O) 

Protonation of [(rl-arene)Os(diene)] complexes (arene = benzene, mesitylene; diene = 1,3- 

cyclohexadiene, cis-2,3-dimethylbutacfiene) leads to systems in which a hydrido-diene complex is in 

equilibrium with an allyl complex. This equilibrium was studied by NMR spectroscopy and 

compared with the similar [MHCp*(diene)] (M = Rh, Ir) and [ArRuH(diene)] + systems [78]. 

5.10 IONIC LATTICES 

The compoundsY4Br4Os and Er4Br4Os have been prepared from Y or Er, YBr 3 or ErBr3 

and Os in Nb containers at 850-1020"C. An X-ray crystal structure Y4Br4Os shows the structure to 

consist of Os centred square antiprisms sharing opposite faces (C2/c; Z = 8; a = 12.514(5), b -- 

12.381(4), c = 6.567(2)/~, fl = 90.96(3)*; R, Rw = 3.5, 3.9%) [79]. 

5.11 OSMIUM CARBONYL CLUSTERS 

5.11.1 Clusters with only carbonyl and hydride ligands 

Variable temperature 13C and IH NMR and { 1H} 13C Exchange Spectroscopy (EXSY) has 

been used to probe the fluxional processes occurring in [HM10C(CO)24]- (M = Ru, Os). Results 

are interpreted in terms of both locallised and global intramolecular exchange of both CO and H 

ligands which occurs by the same mechanism in both clusters [80]. 

A new synthesis of the insoluble [H2Os10C(CO)24] which enables crystal formation has 

been reported. The synthesis involves heating [Os3(CO)12] in cyclohexane at 300*C for one hour. 
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The resulting crystal structure shows both hydride ligands to be in I.t2-coordination modes on the 

surface of the cluster [81]. 

The pyrolysis of [Os5(CO)t9] in CH2CI 2 at 50-55"C in a sealed tube for three days yields 

[Os5(CO)18] (38) which an X-ray crystal structure determination shows to have a planar structure. 

Further pyrolysis at 70°C leads to ejection of two further CO ligands and formation of [Os5(CO)16] 

[82]. 

O 
I 

/C\ 
Os Os / \ / \  

Os Os Os 

(38) 

Detailed study of the X-ray crystal structures of [M3(CO)12] (M = Fe, Ru, Os) and a series 

of their substituted derivatives [M3(CO)12-nLn] has revealed good evidence in support of the 

intermediacy of an anticuboctahedral ligand shell geometry in ligand fluxional processes for these 

clusters [83]. 

5.11.2 Clusters with additional C, Si or Sn ligands 

A paper comprehensively describing the chemistry of the "face-capping" (I.t3-'q2:rl2:'q 2-) 

benzene ligand on a triosmium cluster framework has appeared. X-ray crystal structures of 

[Os3(CO)8(I.t3-rl2:rl2:rl2-C6H6)L] (L = PPh 3, C2H4) are reported and the preparation of 

[Os3(CO)8(I.t3-rl2:rl2:rl2-C6H6)(NCMe)] (39) is given. Semi-empirical calculations on the Os3- 

(I.t3-112:'q2:TI2-C6H6) bonding are also reported [84]. The reaction of (39) with alkynes results in a 

shift of the benzene ligand coordination to rl 6- and the alkyne coordinates in a typical g3-rl 2- 

fashion (Scheme 13). This reactivity is compared with that of the ruthenium analogue [85]. A 

further publication on this topic reports an extensive investigation of the stereochemical non-rigidity 

of [Os3(CO)8(kt3-'q2:'q2:rl2-C6H6)(rl2-CH=CHR)] by one and two dimensional and CPMAS 

NMR techniques. Results show spinning of the benzene and alkene ligands and 

Os(CO)3/Os(CO)2(alkene) polytopal rotation. Similar processes are evident in the solid state [86]. 

' - ~  RC2R = 

C . 
Me 

Scheme 13 
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The triosmium cyclobutyne complex [Os3(CO)9(~t3-rl2-C4H4)(I.t-SPh)(Ix-H)] (40)is 

synthesised by reaction of [Os3(CO)I0(t~-~2-C4Hs)(t.t-SPh)], prepared by reaction of 

[Os3(CO)10(NCMe)2] with 1-(phenylthio)cyclobutene, with Me3NO in CH2C12 followed by reflux 

for 30 hours. The cyclobutyne is bonded as a typical alkyne [87]. 

/ 
Ph 

(40) 

Various transformations of the alkyne H-C-C-SiMe3 on a triosmium core have been 

reported [88]. The structure of [Os3(CO)I0(tx3-rl2-DMAD)] (DMAD = dimethylacetylene 

dicarboxylate) has been reported and compared in detail with those of nine other related Os and Ru 

clusters, deviations from Cs symmetry are accounted for [89]. 

The reaction of [Os3(CO)1 I(NCMe)] with PhCOCH=CHCOPh leads to substitution of the 

MeCN ligand and coordination of the new ligand via the C=C bond in an equatorial position [90]. 

The reaction of {Os3(CO)9[I.t3-C(Et)N(Me)CH](I.t-H)2} with PhC-CPh at 125"C yields six 

products, four of which were characterised by X-ray crystallography [91]. 

"<•NCMe 
HSi(OR)3 

NCMe Me3NO// 
COrn 

/R 
Si(OR)a H (oa)2si - - O ~  

(4 ~ ~ N  C M e 68°C -- 

97oC 
-CO 

Si(OR)3 /R ] ~ ~  ~7oc-2co (OR) 'S~  = R 

CO 69°C 

Scheme 14 

The reaction of [Os3(CO)I0(NCMe)2] and [Os3(CO)II(NCMe)] with HSi(OR)3 (R = Et, 
Me) gives [Os3(CO)10(NCMe)[Si(OR)3](I.t-H)] (41) and [Os3(CO)ll[Si(OR)3](II-H)]. 

Thermolysis of (41) gives two products in which one or two of the alkoxy oxygens are coordinated 
to osmium (Scheme 14) [92]. The reaction of [Os3(CO)10(NCMe)[Si(OMe)3](P.-H)] with alkynes 
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H~-CR (R = tBu, p-tolyl) yields complexes which, on treatment with CO, give silyl alkenes t rans -  

R(H)C-C(H)Si(OMe)3.  One intermediate in this reaction was characterised by X-ray 

crystallography which showed it to contain a g-rl2-tBu-vinyl ligand thus indicating that the 

hydrosilation reaction occurs by H-insertion [93]. 

Hydroboration of [Os3(CO)10(bt-H)2] with B2H6 yields [Os3(CO)9(I.t-H)3(I.t3-BCO)] (42) 

or [{Os3(CO)9(~-H)3(I.t3-C- ) } 3(O3B303)] (43) depending on conditions (Scheme 15); (42) is an 

analogue of a ketenylidene cluster. The boron-bound CO is readily displaced by PMe3, but no 

exchange is observed with 13CO. Mechanisms are proposed for the formation of (42) and (43). 

The reaction of (43) with halogens (X2) is reported to give [Os3(CO)9(Ia3-CX)(I.t-H)3] and the 

reaction of [Os3(CO)10(l.t-H)2] with cathechol borane is also reported [94]. 

~ ~ 1 . . i  "1 B2H6.Me20 or NEt 3 
CH2CI2 

B2H 6 + Excess thf 

CH2CI2 

9 
9 

~ H  / (42) 

I 
0 I 

j B ~  
L 0 0 

I I 

(4:~ 

Scheme 15 

The reaction of (triphenylphosphoranylidene)ethenal (Ph3PCHCHO) with [Os3(CO)l 0- 

(NCMe)2] has been investigated in detail [95]. The reaction of [Os3(CO)12] the phosphinimines 

Ph3P=NR (R = Pr, ipr, Ph) has also been studied and found to proceed in a Wittig manner with 

elimination of Ph3P=O and formation of [Os3(CO)ll(CNR)]. The reaction of the isonitrile 

products with primary amines were investigated [96]. 

The reaction of [Os3(CO)II(NCMe)] with trifluoromethylisonitrile (CF3NC) leads to 

addition of two moles of the new ligand and opening of the cluster core. At elevated temperatures 

the cluster recloses with elimination of CO (Scheme 16). Both isonitrile ligands in 

[Os3(CO)10(CNCF3)2] bridge the same Os-Os edge reminiscent of the structure of [Fe3(CO)I2]. 

Two further minor products were identified: [Os3(CO)9 (NCMe)(CNCF3)2] (2%) and 

[Os3(CO)10(NCMe)(CNCF3)] (17%) [97]. 

Deprotonation of [Os3(CO)9(Ix3-COMe)(I.t-H)3] with DBU followed by reaction with 

Au(PPh3)C1 in the presence of T1PF6 leads to replacement of one of the hydride ligands by a ~t- 
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AuPPh 3 fragment. A similar reaction of [Os3(CO)9(I.t3-CC1)(I.t-H)3] with DBU yields an 

intermediate deprotonated anion which will then react with added nucleophiles to substitute the 

chloride giving the clusters [Os3(CO)9(tx3-C-Nuc)(I.t-H)2] [Nuc = py, quinoline, isoquinoline, 

P(OMe)3, DBU]. X-ray crystal structures of the P(OMe)3 and quinoline derivatives are reported. 

Data for these compounds are consistent with a zwitterionic formulation [98]. 

Reaction of [Os7(CO)20H2] with MeC~-CMe at 90-100"C yields [Os7(CO)19(Me2C2)] 

(44) [99]. 

/CF3 

80°C -CO C/~N''CF3 2 CNCF 3 =. O O ~ : 

NCMe N N,, 
\ CF3 
CF3 

Scheme 16 

R R 

\ C - ~ ' -  C / 

J os oQ s 
(44) 

5.11.3 Clusters with additional N, P, As or Sb ligands 

Systems based upon [Os3(CO)12] have been used effectively for homogeneous selective 

hydrogenation of a,l~-unsaturated carbonyl compounds. Mixtures of [Os3(CO)12] and various 

phosphines or P(OPh)3 were used [100]. 

H2SiMe /CH2 HSiMe 2 /CH2 
HSiMe2 H2SiMe 

(45)-(48) 

The new didentate ligands (45)-(48) have been synthesised from Ph2PCI and Grignard 

reagents RMgBr (R = C6H4CH2SiMe2-o, C6H4CH2SiMeH2-o). Their reaction with 
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[Os3(CO)10(NCMe)2] yields the clusters [Os3H(CO)I0(L-L)] in which the didentate ligand bridges 

an Os-Os edge [101]. 

The unsaturated cluster [Os3H(CO)8{Ph2PCH2P(Ph)C6H4}] (49) has been studied 

electrochemically and spectroscopically. The transformation of (49) into the saturated clusters 

[Os3H(CO)9 { Ph2PCH2P(Ph)C6H4 }] and [Os3(CO) 10(Ph2PCH2PPh2)] by CO addition is 

followed by cyclic voltametry [ 102]. 

~/PPt~a 
0 s - -  0 s 

(49) 

The synthesis of the dppm linked cluster [Os3(CO)l I(Ph2PCH2PPh2)Rh6(CO)15] has been 

reported and its structure discussed on the basis of its IR and 31p NMR spectra [103]. 

The bis-phosphine Ph2P-C=C-PPh2 (dppa) has been used to link triosmium clusters. The 

reaction with [Os3(CO)II(NCMe)] yields [Os3(CO)ll(tX-Ph2P-C--C-PPh2)Os3(CO)ll] (50) while 

with [Os3(CO)10(NCMe)2] a number of cyclic species containing two (51), three (52) and four 

(53) Os3 units linked by the dppa ligand are formed (Scheme 17). An extension of this study 

involved the reaction of C1Au-dppa-AuC1 with [Os4H3(CO)12]- in the presence of TIPF 6 and Et3 N 

which gave the linked species {[Os4H(CO)12(Audppa)]2}- (54) [104]. 

2 " = ~  + Ph2P-~-PPh2 - ~ . - p . ~ . p ~  

NCMe (50) 

. < ~  P- ~-~ -P-r,~ 
NCMa~ + Ph2P'~-PPh2 p_~_~.p-~ 

(Sl) 

Ill Ill d ~ p. ~ .p 

(53) 
Scheme 17 
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The thermolysis of [Os3(CO)IIPPhFc2] [Fc = CpFe(rI-CsH4-)] has been found to lead to 

two trinuclear products in which either benzyne or ferrocyne ligands are present. A structure in 

which two Os3 units are linked by a ferrodicyne [Fe(CsH3)] is obtained on similar treatment of 

{ [Os3(CO)t 1]2[Fe(CsH4Pipr2)2] }. X-ray crystal structures of all three new products are reported 

[1051. 

The reaction of [Os3(CO)10(NCMe)2] with azetidine results in the addition of the N-H bond 

to the cluster to give [Os3(CO)10(I.t-H)(~t-NCH2CH2CH2)] (55) which on thermolysis at 125"C 

yields the I.t-imido cluster [Os3(CO)I0(~t-H)(~t-N=CHEt)] ($6) (Scheme 18) [106]. 

NCMe I 
H 

- o ~/C~H 

(s~ (s6) 
Scheme 18 

Reaction of Os3-clusters containing the p.3-imidoyl ligands p.3-rl2-MeCH2C=NCH2CH2Me 

and ~t3-rl2-C=NCH2CH2CH2 with diazomethane leads to insertion of CH2 into the Os-C bond and 

C-H oxidative addition [107]. 

The t.t3-imido cluster [Os3(CO)10(~t3-NPh)] (57) reacts with halides to give a mixture of 

two products in which the added halide behaves as a terminal one electron ligand or a bridging three 

electron ligand, the heavier halides favouring the former. The parent (57) is inert to CO, but in the 

presence of halide insertion of CO into the Os-N bond takes place to eventually eliminate 

PhN=C=O and leave [Os3(CO)llC1]-. The oxygen of the intermediate (tx3-rl2-PhNCO) cluster is 

susceptible to electrophilic attack [108]. 

5.11.4 Clusters with additional O, S, Se or Te ligands 

The reaction of the clusters [Os3(CO)10(RC2R)] (R = Me, Ph) with EtOH at 80°C has been 

found to yield [Os3(CO)9(I.t-H)(tx3-rl2-RC2R)(I.t-OEt)] [109]. The reaction of 

[Os3(CO)10(CNR)(NCMe)] with propynoic acid (HC=CCO2H) in CH2C12 gives 

[Os3(CO)10(CNR)(~-OC(O)C~CH)] in which the carboxylate oxygen bridges an Os-Os edge 

[ 110]. The reaction of [Os3(I.t-H)2(CO)IOL] (L = NCMe, NCPh) with the radical (CF3)2NO yields 

[Os3(CO)I0(Ix-H)L{ON(CF3)2}] and (CF3)2NOH [111]. 
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Treatment of [Os3(CO)9(I.t-H)3(g3-CH)] sequentially with triflic acid and REO3H2 (R = Ph, 

E = P, As; R = Me, E = P) gives the clusters [Os3(CO)9(I.t-H)(Ix3-O3ER)] (58). Infra red and 13C 

NMR spectroscopic studies of the new species are reported [112]. 

R 
I 

H v H 

(58) 

The cluster [Os3(CO)9(g-H)2(l.t3-S)] reacts with dppm to give [Os3(CO)7(l~-H)2(l.t3- 

S)(dppm)] which has been characterised by X-ray crystallography. Thiols react with [Os3(CO)l 0- 
(dppm)] to give [Os3(CO)8(~t-H)2(l.t-SR)(dppm)]. Investigation of the sites of protonation and the 

mobility of the resulting hydrides was made [ 113]. 

The reaction of [Os3(CO)12] with [12]aneS3 {[(CH2)3S]3} gives [Os3(CO)ll([12]aneS3)] 

and the bridged butterfly cluster [Os4(CO)13([12]aneS3)] (59) [114]. 

(59) 

The reaction of 1,2,3-trithia[3]ferrocenophane (60) with [Os3(CO)12] yields a total of five 

Os2, Os3 and Os4 clusters in which the (C5H4S)2Fe ligand bridges Os centres in different modes. 

This reactivity is compared with that of [M3(CO12] (M = Fe, Ru) [115]. 

/ 
S Fe 

(60) 

A series of publications dealing with the reaction of small ring sulfur heterocycles with 

osmium clusters have appeared. Treatment of [Os3(CO)Io(NCMe)2] with trans-2,4-diphenyl 
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dithietane (61) leads to ring opening of the ligand and formation of cis- and trans- isomers of 
{Os3(COI0[~t-SCH(Ph)CH2CH(Ph)} (62) (Scheme 19) [116]. 

F~ I~.., H.., 

NCMe Ph 
trans- (62) c/s- 

Scheme 19 

The Os3 thietane cluster [Os3(CO)10)(kt-SCH2CH2CH2)] (63) undergoes ring opening 

addition of nucleophiles (Scheme 20) [117]. 

+ Nu- 

Scheme 20 

4 

-CO 

(6s) 

Scheme 21 

The thermal and photochemical transformations of Os3 clusters containing the bridging and 

terminal 3,3-dimethylthietane ligand have been investigated [118]. The structures of two of the 

products are reported along with further reactions with CO and PPh3 [119]. The reaction of 
[Os3(CO)9(bt3-S)] with thietanes promoted by Me3NO has also been investigated and yields the 50 

electron clusters [Os3(CO)8(lX3-S)(I,t-thietane)] with two Os-Os bonds which also undergo ring 

opening addition of nucleophiles [120]. The tetraosmium thietane cluster [Os4(CO)13(ll-3,3- 

dimethylthietane)] (64) also undergoes the ring opening with CI-. Subsequent protonation, or direct 



113 

reaction of (64) with HC1, generates the neutral cluster (65). Addition and elimination of CO are 

reported (Scheme 21) [121]. 

The reaction of [Os3(CO)10(NCMe)2] with RSeSeR (R = Me, Ph) gives [Os3(CO)I0- 

(I.tRSe2R)] which isomerises with Se-Se bond cleavage to give [Os3(CO)10(p.-SeR)2] which gives a 

number of minor products on thermolysis [122]. 

5.11.5 Clusters with additional halide ligands 

The reaction of [Os3(CO)10(~t-H)(~t-OCNHCHMe2)] (66) with halogens (X2) (X = Br, I) 

yields dinuclear cis-[Os2(kt-X)(CO)6)(~t-OCNHCHMe2)(X)2] (67). These are kinetic products 

and slowly isomedse to trans-isomers. The kinetics of this process were studied. UV photolysis of 

the complexes results in ejection of CO and gives [Os2([t-X)(CO)(I,t-OCNHCHMe2)X] (68) [123]. 

5.12 OSMIUM CLUSTERS CONTAINING OTHER TRANSITION METALS 

5.12.1 Groups 6 and 7 

Photolysis of [Os(CO)4(PR3)-M(CO)5]  (69) in C6F 6 leads to the trinuclear 

{ [Os(CO)3(PR3)]2M(CO)5} (70) (M = Cr, PR3 = PMe3; M = Mo, P = P(OMe)3; M = W, PR3 = 

PMe3). The reaction of (70) (M = W, PR3 = PMe3) with H2 gives [{Os(CO)3PMe3}2W(CO)4] 

(Scheme 22) [124]. 

0 0 
C 0 C I,.<C I ..cO 

,'" hv CsFs. Me3P ~ 0  
c !  -2M-Coc o 

0 0 

P M e 3 ( C O ) 3 0 ~ - ~  M(CO)5 

PMe3(CO)30 s 

(69) (70) 
Scheme 22 

Condensation of [Os(CO)4(CNtBu)] with [W(CO)5thf] yields [(CO)4(tBuNC)Os - 

W(CO)5] as the major product. In addition, a 20% yield of a 1:1 ratio of the trinuclear complexes 

[(CO)4(tBuNC)Os-Os(CO)3(CNtBu)W(CO)5] and [(CO)4(tBuNC)Os-Os(CO)4W(CO)5] are 

formed. The metal-metal bonds in these systems are regarded as dative [125]. Ab-initio 

calculations on the metal bonds in [(CO)5Os-M(CO)5] dimers (M = Cr, Mo, W) indicate the 

presence of dative M-M bonds as suggested experimentally. Calculated AHf energies are 20.9 and 

7.7 kcal mo1-1 for W and Cr respectively. Comparisons with the isoelectronic [M2(CO)10] dimers 

(M = Mn, Re) are made [126]. 

The reaction of the alkyne clusters [Os3(CO)10(I.t3-rl2-RC2R)] (R = tolyl, Me) with 

[LW(CO)3(~--CR)] (L = Cp, Cp*; R = Ph, tBu) gives a mixture of six WOs3 clusters four of which 

were characterised by X-ray crystallography. The structures and their interconversions are 
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described in detail [127]. Similarly, the reaction of [Os3(CO)10(~t-H)2] with [Cp(CO)2Mo-Ctol] 

gives three Os3Mo products which were characterised spectroscopically [128]. The reaction of one 
of the products containing a I.t-acyl ligand with H2/Me3NO is reported [129]. 

The synthesis and structure of [[(CO)3(PMe3)2Re(tx-H)}2{Os3(CO)10}] (71) has been 

reported (Scheme 23), the reasons for the hydride ligands bridging the Re-Os bonds are discussed 

[130]. 

C O E ~ 7  p,~ / ~ / H - , ,  I ,..c ° + 2[Re(CO)3(PMe3,2(H)] .Oc.. ' i 7 ~  "~ fl:] LpMe3 

COE i ~  ~pM% O0 8 
COE = cyclooctene C (7 ]) 0 

Scheme 23 

5.12.2 Groups 8, 9 and 10 

An investigation into the catalytic activity of [PPN][MRh4(CO)IS] (M = Fe, Ru, Os) for the 

carbonylation of nitrobenzene to methyl phenylcarbamate in the presence of MeOH has been 

undertaken. The addition of bpy enhances the rate and selectivity. Examination of the effects of the 

different metals revealed the Ru was most effective, but [Rhs(CO)IS]- and [Rh(CO)4]- were better 

still [131]. 

The acidification of [OsRh4(CO)lS] 2- (72) yields a 1:1 mixture of the octahedral 

[OsRhs(CO)16]- (73) and the tetrahedral [OsRh3(CO)12]- (74). Alternative preparations of (72) 

are condensation of Rh(I) derivatives with (72) or via a one-pot synthesis from [Os3CO)t2] and 

[Rh4(CO) 12]. The tetrahedral (74) may also be obtained by oxidative degradation of (72) with 12 

[132]. 

The ionic coupling of [Os5(CO)15] 2- with [ ( q - C 6 H 6 ) R u ( N C M e ) 3 ]  2+ or 

[Cp*Rh(NCMe)3] 2+ gives two isomers of [RuOs5(CO)IS(q-C6H6)] and three isomers of 

[RhOs5(CO)t5(Cp*)] respectively. The structures of one isomer of each cluster have been 

erystallographically determined and shown to consist of an Os5 trigonal bipyramid with a Os3 face 

capped by Ru0I-C6H6) or RhCp* thus generating the bicapped tetrahedral metal core [133]. 

The reaction of [Os3(CO)10(Ix-H)2] with [Cplr(CO)2] yields the tetrahedral cluster 

[CplrOs3(CO) 10(~t-H)2] [134]. 

The thermolysis reactions of [Os3(CO)10L2] [L = CpFe(rI-CsH4PPh2)], [Os3(CO)IoL-L] 

[L-L -- Fe(rl-CsH4Pipr2)2] and [Os3(CO)l ILl (L = PPhFc2) have been investigated. The products 

have complex structures in which Fe-Os bonds are present [135]. Similar direct Os-Fe bonds are 

present in the products obtained from the thermolysis of [Os3(COI1L] (L = PFcipr2, PEtFc2) 

[136]. 

The capped trigonal prismatic carbido cluster [Os3Ni4C(CO)13] 2- (75) is obtained from the 

condensation of the ketenylidene cluster [Os3(CO)9(CCO)] 2- with [Ni(CO)4]. Under CO (75) 

loses [Ni(CO)4] forming the octahedral [Os3Ni3C(CO)13] 2-- (76) [137]. 
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Os 
\ \ S CO-Ni(CO)4 

(753 (76) 

The pyrolysis of [Pt2Os3(CO)I0(COD)2] at 128°C under CO yields [Pt4Os6(CO)22(COD)] 

(77) (17%), [Pt5Os6(CO)21(COD)2] (13%) and [Pt4Os6(CO)la(COD)2] (9%). All were fully 

characterised by It, NMR and X-ray crystallography. A further new cluster [Pt7Os6(CO)21 (COD)2] 

was generated by reaction of (77) with Me3NO and two equivalents of [Pt(COD)2] [138]. 

5.12.3 Groups 11 and 12 

The reaction of trans-[Os(CO)3(PPh3)2] with [Ag(O2CCF3)] in thf followed by extraction 

with benzene yields [(CO)3(PPh3)2Os-Ag(O2CCF3)], an apparent intermediate in the Os(O)-Ag(I) 

electron transfer reaction. In CH2C12 metallic silver is generated and the Os(I) complex 

[Os(CO)3(PPh3)2] + was detected by ESR spectroscopy [139]. 

A number of papers detailing the synthesis and reactivity of high nuclearity Os/Hg clusters 

derived from [Os10C(CO)24] 2- (78) have appeared. The reaction of Hg(II) electrophiles with (78) 

provides either capped or linked products depending on the choice of mercury reagent (Scheme 24) 

[140]. 

[OsloC(CO)24(HgC Fs)]- 
~x... [Hg(O2CCFa02I l 

[Hg(CFa)(O2CCFs)] ~ / 
[Os100(00)24] 2" 

[Mo(CO)3Cp(HgCI~ ~ =  
~ [Fe(OO)2Cp(HgCl)] 1 

[OsloC(CO)24{HgMo(CO)3CP}] 

[OSloC(CO)24(HgO20C F3)]" [{OsloO(CO)24]zHg] 2- 

~OaSCFa)z] 

CI, Br, I) 

[OsloC(CO)24{HgFe(CO)2Cp}] [OsloC(CO)24(HgX)] 

Scheme 24 

The dynamic behaviour of Hg-capped [OsloC(CO)24(HgY)]- [Y = C1, Br, I, CF3, 

Mo(CO)3Cp] clusters in solution have been examined by variable temperature NMR spectroscopy. 

A high degree of mobility is observed and a model for the process is proposed [141]. A 

redox/photochemical cycle involving extrusion and reinsertion of Hg into the 

[Os18Hg3(C)2(CO)42] 2- cluster has been illucidated (Scheme 25). The redox-chemical results are 

reflected in cyclic voltametric studies [142]. 



116 

hv 
[Os18Hg3C2(CO)4212- = [OslsHg2C2(CO)4212- 

+Hg 

Ph2CO/Na 

Cp2Co o r  
Ph2CO/Na 

[OS18Hg2C2(CO)42] 4- ~ [OSlsHg2C2(CO)42] 3- =. 
Cp2Fe + 

Scheme 25 

REFERENCES 

1. J.C. Green, M.F. Guest, I.H. Hiller, S.A. Jarrett-Sprague, N. Kaltsoyannis, M.A. MacDonald 
and K.H. Sze, Inorg. Chem., 31 (1992) 1588. 

2. K.O. Christie and R. Bougon, J. Chem. Soc., Chem. Commun, 1056. 
3. R.L. Halterman and M.A. McEvoy, J. Am. Chem. Soc., 114 (1992) 980. 
4. J.H. Holloway, E.G. Hope, J.B. Raynor and P.T. Townson, J. Chem. Soc., Dalton Trans., 

(1992) 1131. 
5. A.L Rheingold, S.J. Geib and J.B. Strong, Acta Crystallogr., Sect. C., 48 (1992) 157. 
6. H-W. Lain, C-M. Che and K-Y. Wong, J. Chem. Soc., Dalton Trans., (1992) 1411. 
7. J.S. Huang, C-M. Che and C-K. Poon, J. Chem. Soc., Chem. Commun., (1992) 161. 
8. W.A. Herrmann, S.J. Eder and W. Scherer, Angew. Chem., Int. Ed. Engl., 31 (1992) 1345. 
9. W.A. Herrmannn and P. Watzlowik, J. Organometal. Chem., 441 (1992) 265. 

10. S.J. Eder, W,A. Herrmann and P. Kiprof, J. Organometal. Chem., 428 (1992) 409. 
11. W.A. Herrmann, S.J. Eder, P. Kiprof and P. Watzlowik, J. Organometal. Chem., 428 (1992) 

187. 
12. W.A. Herrmann and P. Watzlowik, J. Organometal. Chem., 437 (1992) 436. 
13. W.P. Griffith and S.I. Mustafa, Polyhedron, 11 (1992) 2997. 
14. W.P. Griffith and J.M. JoUiffe, J. Chem. Soc., Dalton Trans., (1992) 3843. 
15. Z-Y. Li, W-Y. Yu, C-M. Che, C-K. Poon, R-J. Wang and T.C.W. Mak, J. Chem. Soc., Dalton 

Trans., (1992) 1657. 
16. J.M. Hawkins, A. Meyer, T.A. Lewis, U. Bunz, R. Nulist, G.E. Ball, T.E. Ebbesen and K. 

Tanigayi, J. Am. Chem. Soc., 114 (1992) 9754. 
17. L. Eberson and M. Nilsson, J. Chem. Soc., Chem. Commun., (1992) 1041. 
18. P.A. Reynolds, C.D. Delfs, B.N. Figgis, M.J. Henderson, B. Moubaraki and K.S. Murry, J. 

Chem. Soc., Dalton Trans., (1992) 2309. 
19. A. Patel, A. Ludi, H-B. BiJrgi, A. Raselli andP. Bigler, Inorg. Chem., 31 (1992) 3405. 
20. P.A. Lay and A.M. Sargeson, Inorg. Chim. Acta, 449. 
21. J.A. Arrieta, G. Germain, M. Vlassi, D.G. Craciunesai, E.P. Iglesias and T. Debaerdemaeker, 

Acta Crystallogr., Sect. C., 48 (1992) 1305. 
22. W-K. Cheng, K-Y. Wong, W-F. Tong, T. F. Lai and C-M. Che, J. Chem. Soc., Dalton Trans., 

(1992) 91. 
23. C-M. Che, J-S. Huang, Z-J. Li, C-W. Poon, W-F. Tong, T-F. Lai, M-C. Cheng, C-C. Wang 

and Y. Wang, Inorg. Chem., 31 (1992) 5220. 
24. S. Bhattacharya and C.G. Pierpont, lnorg. Chem., 31 (1992) 35. 
25. S-P. Satsangee, J.H. Hain, P.T. Cooper and S.A. Koch, Inorg. Chem., 31 (1992) 5160. 
26. C.F. Edwards, W.P. Griffith and D.J. Williams, J. Chem. Soc., Dalton Trans., (1992) 145. 
27. H. Werner, B. Weber, O. Nfimberg and J. Wolf, Angew. Chem., Int. Ed. Engl., 31 (1992) 

1025. 
28. J. Clark, S.D. Robinson and D.A. Tocher, J. Chem. Soc., Dalton Trans., (1992) 3199. 
29. N.R. Chapness, W. Levason, D. Pletcher, M.D. Spizer and M. Webster, J. Chem. Soc., Dalton 

Trans., (1992) 2201. 
30. S.F. Gheller, G.A. Heath and R.G. Raptis, J. Am. Chem. Soc., 114 (1992) 7924. 
31. L.I. Denisovich, M.G. Peterleitner, M.I. Rybinskaya and A.Z. Kreindlin, J. Organometal. 

Chem. in USSR., 5 (1992) 296. 



117 

32. U. Turpeinen, A.Z. Kreindlin and M.I. Rybinskaya, J. Organometal. Chem., 441 (1992) 109. 
33. M.R.M. Bruce, E. Megehee, B.P. Sullivan, H.H. Thorp, T.R. O'Toole, A. Downard, J.R. Pugh 

and T.J. Mayer, Inorg. Chem., 31 (1992) 4864. 
34. J.R. Schoonover, C.J. Timpson, T.J. Meyer and C.A. Bignozzi, lnorg. Chem., 31 (1992) 3185. 
35. B.K. Roy, T.K. MaUick and B.K. Ghosh, Polyhedron, 11 (1992) 1829. 
36. J.A. Roberts, J.C. Bebel, M.L. Absi and J.T. Hupp, J. Am. Chem. Soc., 114 (1992) 7957. 
37. M.M. Richter and K.J. Brewer, lnorg. Chem., 31 (1992) 1594. 
38. J.-P. Collin, S. Guillerez, J.-P. Sauvage, L. De Cola, L. Flamigni and V. Balzani, lnorg. Chem., 

31 (1992) 3286. 
39. J.C. Chambron, C. Coudret and J.-P. Sauvage, NewJ. Chem., 16 (1992) 361. 
40. S. Serroni and G. Denti, Inorg. Chem., 31 (1992) 4251. 
41. G. Denti, S. Campagna, S. Serroni, M. Ciano and V. Balzani, J. Am. Chem. Soc., 114 (1992) 

2944. 
42. Z-Y. Li, J. S. Huang, C-M. Che and C-K. Chang, Inorg. Chem., 31 (1992) 2670. 
43. L.K. Woo and D.A. Smith, Organometallics, 11 (1992) 2344. 
44. J.P. Collman, P.S. Wagenknecht, J.E. Hutchinson, N.S. Lewis, M.A. Lopez, R.Guilard, M. 

L'Her, A.A. Bothner-By and P.K. Mishra, J. Am. Chem. Soc., 114 (1992) 5654. 
45. M. Hanack, A. Gill and L.R. Subramanian, Inorg. Chem., 31 (1992) 1542. 
46. S.L. Bommarito, S.P. Lowery-Bretz and H.D. Abrufia, lnorg. Chem., 31 (1992) 495. 
47. S.L. Bommarito, S.P. Lowery-Bretz and H.D. Abrufia, lnorg. Chem., 31 (1992) 502. 
48. S. Gould, K.H. Gray, R.W. Linton and T.J. Meyer, lnorg. Chem., 31 (1992) 5521. 
49. J. Barrera, S.D. Orth and W.D. Harman, J. Am. Chem. Soc., 114 (1992) 7316. 
50. T. Hasegawa. K.S. Kwan and H. Taube, lnorg. Chem., 31 (1992) 1598. 
51. T. Daniel and H. Werner, Z. Naturforsch., 47 (1992) 1707. 
52. T. Clark and S.D. Robinson, Polyhedron, 11 (1992) 993. 
53. K.L Lu, Y-C. Lin, M-C. Cheng and Y. Wang, Acta Crystallogr., Sect. C., 48 (1992) 33. 
54. M.A. Esteruelas, L.A. Oro and C. Valero, Organometallics, 11 (1992) 3362. 
55. E. Lindner, H. Rothfuss, R. Fawzi and W. Hiller, Chem. Ber., 125 (1992) 541. 
56. J.R. Dilworth, Y. Zheng and J.R. Miller, J. Chem. Soc., Dalton Trans., (1992) 1757. 
57. G. Albertin, S. Antoniutti and E. Bordignon, J. Chem. Soc., Dalton Trans., (1992) 1111. 
58. D.H. Farrar, P.A. Maltby and R.H. Morris, Acta Crystallogr., Sect. C., 48 (1992) 28. 
59. M.A. Esteruelas, F.J. Lahoz, J.A. Lopez, L.A. Oro, C. Schliinken, C. Valero and H. Werner, 

Organometallics, 11 (1992) 2034. 
60. M.A. Esteruelas, M.P. Garcia, A.M. Lopez, L.A. Oro, N. Ruiz, C. Schltinken, C. Valero and H. 

Werner, lnorg. Chem., 31 (1992) 5580. 
61. C.E.F. Rickard, W.R. Roper, D.M. Salter and L.J. Wright, J. Am. Chem. Soc., 114 (1992) 

9682. 
62. C.E.F. Rickard, W.R. Roper, D.M. Salter and L.J. Wright, Organometallics, 11 (1992) 3931. 
63. M.N. Bell, A.J. Blake, R.M. Christie, R.O. Gould, A.J. Holder, T.I. Hyde, M. Schr'oder and L. 

J. Yellowlees, J. Chem. Soc., Dalton Trans., (1992) 2977. 
64. A. Pramanik, N. Bag, G. Lahiri and A. Chakarovorty, J. Chem. Soc., Dalton Trans., (1992) 101. 
65. E.W. Abel, N.J. Long, A.G. Osborne, M.B. Hursthouse and M.A. Mazid, J. Organometal. 

Chem., 430 (1992) 117. 
66. M.K. Rottink and RJ. Angelici, J. Am. Chem. Soc., 114 (1992) 8296. 
67. T. Polzer, A. Ellebracht, W. Kiefer, U. Wecker and H. Werner, J. Organometal. Chem., 438 

(1992) 319. 
68. D.S. Glueck, J.C. Green, R.I. Michelman and I.N. Wright, Organometallics, 11 (1992) 4221. 
69. U. Wecker and H. Wemer, J. Organometal. Chem., 424 (1992) 199. 
70. B.R. Bender, J.R. Norton, M.M. Miller, O.P. Anderson and A.K. Rappr, Organometallics, 11 

(1992) 3427. 
71. M.E. Kopach, H.G. Hippie and W.D. Harman, J. Am. Chem. Soc., 114 (1992) 1736. 
72. W.H. Meyers, J.I. Koontz and W.D. Harman, J. Am. Chem. Soc., 114 (1992) 5684. 
73. E.Lindner, M. Pabel, R. Fawzi and M. Steimann, J. Organometal. Chem., 441 (1992) 63. 
74. L.Pu, T. Hasegawa, S. Parkin and H. Taube, J. Am. Chem. Soc., 114 (1992) 2712. 
75. L.Pu, T. Hasegawa, S. Parkin and H. Tanbe, J. Am. Chem. Soc., 114 (1992) 7609. 
76. R.U. Kirss, Organometallics, 11 (1992) 497. 
77. L. Song and W. C. Trogler, J. Am. Chem. Soc., 114 (1992) 3355. 
78. M.A. Bennett. I.J. McMahon, S. Pelling, M. Brookhart and D.M. Linoon, Organometallics, 11 

(1992) 127. 
79. P.K. Dorhout and J.D. Corbett, J. Am. Chem. Soc., 114 (1992) 1697. 
80. P.J. Bailey, L.H. Gade, B.F.G. Johnson and J. Lewis, Chem. Ber., 125 (1992) 2019. 



118 

81. D. Braga, F. Grepioni, S. Righi, B.F.G. Johnson, P. Frediani, M. Bianchi, F. Piacenti and J. 
Lewis, OrganometaUics, 11 (1992)706. 

82. W. Wang, F.W.B. Einstein and R.K. Pomeroy, J. Chem. Soc., Chem. Commun., (1992) 1737. 
83. B.F.G. Johnson, Y.V. Roberts and E. Parisini, J. Chem. Soc., Dalton Trans., (1992) 2573. 
84. M.A. Gallop, M.P. Gomez-Sal, C.E. Housecroft, B.F.G. Johnson, J. Lewis, P.R. Raithby and 

A.H. Wright, J. Am. Chem. Soc., 114 (1992) 2502. 
85. D. Braga, F. Grepioni, B.F.G. Johnson, E. Parisini, M. Martinelli, M.A. Gallop and J. Lewis, J. 

Chem. Soc., Dalton Trans., (1992) 807. 
86. M.A. Gallop, B.F.G. Johnson, J. Keeler, J. Lewis, S.J. Heyes and C.M. Dobson, J. Am. Chem. 

Soc., 114 (1992) 2510. 
87. R.D. Adams, G. Chen, X. Qu, W. Wu and J.H. Yamamato, J. Am. Chem. Soc., 114 (1992) 

10977. 
88. J. Lewis, A. Massey, M. Monari, B.F.G. Johnson, D. Braga and F. Grepioni, J. Chem. Soc., 

Dalton Trans., (1992) 249. 
89. A.J. Deeming and A.M. Senior, J. Organometal. Chem., 439 (1992) 177. 
90. L.V. Rubkin, E.. Petrovskaya, M.K. Dzhafarov, A.S. Batsanov, Y.T. Struchkov and N.A. 

Shteltser, Organometal. Chem. in USSR., 5 (1992) 332. 
91. R.D. Adams andG. Chen, Organometallics, 11 (1992) 837. 
92. R.D. Adams, J.E. Cortopassi and M.P. Pompeo, Inorg. Chem., 31 (1992) 2563. 
93. R.D. Adams, J.E. Cortopassi and M.P. Pompeo, Organometallics, 11 (1992) 1. 
94. D-Y. Jan, D.P. Workman, L-Y.Hsu, J.A. Krause and S.G. Shore, lnorg. Chem., 31 (1992) 

5123. 
95. A.J. Deeming, D. Nuel, N.I. PoweU and C. Whittaker, J. Chem. Soc., Dalton Trans., (1992) 

757. 
96. Y-W. Lin, H-M. Gau, Y-S. Wen and K-L. Lu, Organometallics, 11 (1992) 1445. 
97. R.D. Adams, Y. Chi, D.D. Des Marteau, D. Lentz and R. Marschall, J. Am. Chem. Soc., 114 

(1992) 1909; ibid, 10822. 
98. B.F.G. Johnson, F.J. Lahoz, J. Lewis, N.D. Prior, P.R. Raithby and W-T. Wong, J. Chem. 

Soc., Dalton Trans., (1992) 1701. 
99. D. Braga. F. Grepioni, B.F.G. Johnson, J. Lewis and J. Lunniss, J. Chem. Soc., Dalton Trans., 

(1992) 1101. 
100. C.P. Lau, C.Y. Reu, C.H. Yeung, and M.T. Chu, lnorg. Chem., 31 (1992) 21. 
101. H.G. Ang, B. Chang and W.L. Kwik, J. Chem. Soc., Dalton Trans., (1992) 2161. 
102. D. Osella, M. Ravera, A.K. Smith, A.J. Mathews and P. Zanello, J. Organometal. Chem., 423 

(1992) 255. 
103. S,P. Tunik, M.V. Osipov and A.B. Nikolsyki, J. Organometal. Chem., 426 (1992) 105. 
104. A.J. Amoroso, B.F.G. Johnson, J. Lewis, A.D. Massey, P.R. Raithby and W-T. Wong, J. 

Organometal. Chem., 492 (1992) 219. 
105. W.R. Cullen, S.J. Rettig and T-C. Zheng, Organometallics, 11 (1992) 928. 
106. R.D. Adams and G. Chem, Organometallics, 11 (1992) 3510. 
107. M. Day, W. Freeman, K.I, Hardcastle, M. Isomaki, S.E. Kabir, T. McPhilips, E. Rosenberg, 

L.G. Scott and E. Wolf, Organometallics, 11 (1992) 3376. 
108. D.L. Ramage, G.L. Geoffroy, A.L. Rheingold and B.S. Haggerty, Organometallics, 11 (1992) 

1242. 
109. D. Braga, D. Sabatino, B.F.G. Johnson, J. Lewis and A. Massey, J. Organometal. Chem., 436 

(1992) 73. 
110. K-L. Lu, C-J. Su, Y-W. Lin, H-M. Gau and Y-S. Wen, Organometallics, 11 (1992) 3832. 
111. H.G. Ang, C.H. Koh and W.L. Kwik, J. Organometal. Chem., 435 (1992) 149. 
112. G.R. Frauenhoff, J-C. Liu, S.R. Wilson and J.R. Shapley, J. Organometal. Chem., 437 (1992) 

347. 
113. K.A. Azam, S.E. Kabir, A. Miah, M.W. Day, K.I. Hardcastle, E. Rosenberg and A.J. Deeming, 

J. Organometal. Chem., 435 (1992) 157. 
114. A.J. Edwards, B.F.G. Johnson, F.K. Kahn, J. Lewis and P.R. Raithby, J. Organometal. Chem., 

426 (1992) C44. 
115. W.R. Cullen, A.Talaba and S.J. Rettig, Organometallics, 11 (1992) 3152. 
116. R.D. Adams and M.P. Pompeo, Organometallics, 11 (1992) 103. 
117. R.D. Adams and M.P. Pompeo, Organometallics, 11 (1992) 1460. 
118. R.D. Adams, J.A. Belinski and M.P. Pompeo, Organometallics, 11 (1992) 2016. 
119. R.D. Adams and M.P. Pompeo, Organometallics, 11 (1992) 2281. 
120. R.D. Adams and J.A. Belinski, Organometallics, 11 (1992) 2488. 
121. R.D. Adams, J.A. Belinski and M.P. Pompeo, Organometallics, 11 (1992) 3129. 



119 

122. A.J. Arse, P. Arrojo, J. De Sanctis, A J. Deeming and D.J. West, Polyhedron, 11 (1992) 1013. 
123. K.L. Lu, H. Lo, Y-C. Lin and Y. Wang, lnorg. Chem., 31 (1992) 4499. 
124. R.J. Batchelor, H.B. Davis, F.W.B. Einstein, V.J. Johnson, R.H. Jones, R.K. Pomeroy and 

A.F. Ramos, Organometallics, 11 (1992) 3555. 
125. R.J. Batchelor, F.W.B. Einstein, R.K. Pomeroy and J.A. Shipley, Inorg. Chem., 31 (1992) 

3155. 
126. H. Nakatsuji, M. Hada and A. Kwashima, Inorg. Chem., 31 (1992) 1740. 
127. Y. Chi, R-C. Lin, S-M. Peng and G-H. Lee, J. Organometal. Chem., 439 (1992) 347. 
128. J. T. Park, J-J. Cho, K-M. Chun and S-S. Yun, J. Organometal. Chem., 433 (1992) 295. 
129. J.T. Park, M-K. Chung, K.M. Chun, S-S. Yun and S. Kim, Organometallics, 11 (1992) 3313. 
130. W. Wang. R. J. Batchelor, H.B. Davis, F.W.B. Einstein and R.K. Pomeroy, Inorg. Chem., 31 

(1992) 5150. 
131. F. Ragaini, S. Cenini, A. Fumagalli and C. Crotti, J. Organometal. Chem., 428 (1992) 401. 
132. A. Fumagalli, S. Martinengo, G. Ciani, M. Maret and A. Sironi, lnorg. Chem., 31 (1992) 2900. 
133. R.K. Henderson, P.A. Jackson, B.F.G. Johnson, J. Lewis and P.R. Raithby, Inorg. Chim. Acta, 

393. 
134. L-Y. Hsu, W-L. Hsu, D.A. McCarthy, J.A. Krause, J-H. Chung and S. G. Shore, J. 

Organometal. Chem., 426 (1992) 121. 
135. W.R. CuUen, S.J. Rettig and T-C. Zheng, Organometallics, 11 (1992) 277. 
136. W.R. Cullen, S.J. Rettig and T-C. Zheng, Organometallics, 11 (1992) 3434. 
137. G.B. Karet, R.L. Espe, C.L. Stem and D.F. Schriver, lnorg. Chem., 31 (1992) 2658. 
138. R.D. Adams, J-C. Lii and W. Wu, lnorg. Chem., 31 (1992) 2556. 
139. L. Song and W.C. Trogler, Angew. Chem., Int. Ed. Engl., 31 (1992) 770. 
140. L.H. Gade, B.F.G. Johnson, J. Lewis, M. McPartlin and H.R. Powell, J. Chem. Soc., Dalton 

Trans., (1992) 921. 
141. L.H. Gade, B.F.G. Johnson and J. Lewis, J. Chem. Soc., Dalton Trans., (1992) 933. 
142. L.H. Gade, B.F.G. Johnson, J. Lewis, G. Conole and M. McPartlin, J. Chem. Soc., Dalton 

Trans., (1992) 3249. 


