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INTRODUCTION 

This chapter surveys the coordination chemistry of rhodium published during 1990. 

Complexes have been organised according to the oxidation state of the rhodium atom(s) and each 

section is arranged with respect to the donor atom(s) of the ligand. The final section of this chapter 

includes selected homo- and heterometallic rhodium clusters. Compounds which are strictly 

organometallic by nature have not been included in this review. The reader will find several cross 

references to the previous chapter in which the coordination chemistry of iridium has been 

described. I express my thanks, as always, to the Cambridge Crystallographic Data Base for 

allowing access to coordinates for structural figures redrawn for this review. (Hydrogen atoms 

have been omitted from most figures for clarity). 

Of general interest is a review (439 references) by Steel [l] which covers transition metal 

(including rhodium) complexes incorporating aromatic N-heterocycles as bridging ligands; section 
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headings are azines, azoles, bipyridyldiazines, 2,2’-bipyrimidines, ligands incorporating 2,2’- 

bipyridine units, tridentate chelates and mixed denticity ligands. 

5.1 RHODIlJM(VI), RHODIUM(N) 

The synthesis of dark red Rh&j by the fluorination of RhF5 canied out at 220’C and under 

30 atm pressure has been reported along with the infrared spectral properties of the hexafluoride 

isolated in nitrogen or argon matrices and the UV-VIS spectrum in a nitrogen matrix. [2] 

In the presence of dioxygen or trimethylamine oxide, RhClj(tht)3 reacts with neopentyl- 

lithium or magnesium bromide to give the diamagnetic rhodium(W) complex [(Me$ZCH2)3Rh]&- 

0). Structural characterisation of this complex confirms a linear Rh-0-Rh arrangement; Rh-0 = 

1.900 (44) and 1.882 (44) A. In the infrared spectrum of [(Me$JCH2)3Rh]#-O), VRho = 802 

cm-l. [3] 

5.2 RHODIUM(III) 

5.2.1 Complexes with nitrogen donor ligands 

The salt [Na][NH&[Rh(NO&] has been prepared from [Nal3[Rh(NOz)61 and NI%Cl; 

the iridium analogue has also been reported (see Chapter 4). An X-ray structural determination of 

[Na][NIQ]2[Rh(NO&] illustrates an octahedral anion; Rh-N = 2.11 (8) A. [4] In related work, 

the recrystallisation of [Na][NHq]2[Rh(NO2)6] from NaN02 and N&Cl solutions leads to 

complexes with varying ratios of cations. Structural data are presented. 151 The reaction of 

Na3[Rh(NO2)6] with phosphoric acid has been investigated by spectrophotometry, TGA and 

infrared spectroscopy over a range of temperatures. The nature of the phosphate complexes SO- 

formed is dependent upon temperature. Redox properties of the complexes have been reported. [6] 

The synthesis of Rh(N0)(02CMe)Z(PPh3)2 has previously been described but it has now 

been shown that recrystallisation of this complex from dichloromethane yields, instead, 

Rh(NO)Cl(Q$Me)(PPh3)2; the rhodium atom is trigonal bipyramidal with Rh-N = 1.91 (1) A, 

Rh-Oacetaa = 2.051 (1) A, Rh-P = 2.368 (4), 2.377 (4) A, LRhNO = 130 (2)‘. [7] 

The reaction of aqueous rhodium(II1) chloride with an excess of ArNNNAr (Ar = C&-4- 

X, X = H, Me, Cl) and triethylamine in boiling ethanol leads to red-orange tris(triazenido) 

complexes which have been characterised by elemental analysis, and vibrational and NMR 

spectroscopy. [8] 

The irradiation (366 nm) of cis- and trans-[Rh(NH3)Cl(en)#+ leads to loss of chloride ion 

and, in the case of the rrans-isomer, ammonia. [9] Some complexes incorporating the tmed ligand 

have been prepared from [Li(tmed)3][RhMeh]: e.g. fat-RhMej(tht)(tmed), (l), and fac- 

RhMej(CO)(tmed). Both complexes have been crystallographically characterised. The intra- 

chelate angle is independent of the ligand L (L = CO or tht), LNRhN = 81.2 (3)“; in (l), Rh-N = 



2.322 (8) and 2.295 

and 2.28 I (6) A. 131 

(8) A , Rh-S = 2.460 (4) A and in&-RhMe3(CO)(tmed), Rh-N = 2.266 (7) 

193 

For H2L = (Z), the complexes s-cis- and uns-cis-[RhLCl+ and [RhL(en)]+ have been 

prepared and characterised by infrared, IH NMR and electronic absorption spectroscopy. [lo] 

Ho2C(CH2)3N(H)* N(H)(CH2)3C02H 

(2) 

Bright yellow crystals of [N%][fruns-Rh(HL)212], where H2L = glyoxime, have been the 

subject of an X-ray diffraction study. The octahedral coordination sphere exhibits, as expected, an 

equatorial (HL)2-unit with O--H---O interactions (O----O = 2.713 A). The franr-IRhI units form 

zig-zag chains running &ought the &plane with weak intermolecular I----I interactions (4.010 A). 
[l l] The kinetics of axial ligand exchange in LRh(Me)(dmg)z (summarked in Table 1) have been 

investigated under pseudo-first order conditions (excess L’) at 25’C and in CH2C12. The data are 

consistent with a dissociative mechanism. [ 121 

Iable 1 Combinations of L and L’ in the reaction: 

LRh(Me)(dmg)z + L’ + L’Rh(Me)(dmg):! + L 

L tmtu PY PY N-Meimid PPh3 

L PPh3 PPh3 N-Me&id PPh3 N-Meimid 
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The mixed rhodium(II)/rhodium(III) complex Rh$-L)4CI (HL = 2-NHPh-py) reacts with 

NaR or LiR (FIR = HGCH, HC=CPh, HCkCC5Hl1, HC=C-C4H&=CH) to yield Rh2(p-L)4R. 

Structural characterisation of this complex for R = C&H confirms the bridging nature of the four 

L- ligands and the presence of one terminal R- group. The orientations of the bridging ligands are 

such that each Rh centre exhibits a cis array of Npy and Nmh donor sets; pertinent distances are 

Rh-Rh = 2.439 (1) A, Rh-N ml, = 2.017 (7), 2.006 (7) 1.999 (7), 2.007 (7) A, Rh-Nu, = 2.058 

(7), 2.047 (7), 2.041 (7), 2.053 (7) A. The results of IR, ESR, NMR, UV-VIS spectroscopic, 

mass spectrometric and electrochemical studies are also reported. [ 131 

The preparation of ligand H7.L (3) has been reported as well of that of two related ligands 

H2L’ and H&” (denoted as (13) and (14) respectively in the preceding Chapter). The air stable 

Rh(II1) complexes [RhLR].HZO (R = Me, Et), Na[RhL’C$], [RhL’(py)z][C104], RhL’(py)Cl, 

RhL’(PPh$Cl, [RhL’(PPh3)2][C104], Na[RhL’(CN)zJ, [RhL’R].H20 (R = Me, Et, iPr, 

CHMePh), Na[RhL”C12], Na[RhL”(CN)z], [RhL”R].H20 (R = Me, Et) have been prepared and 

characterised by lH NMR, IR and electronic absorption spectroscopy. Their electrochemical 

behaviour is typified by a reversible one electron oxidation. The structure of the complex 

[RhL’(py)z][C104] has been confirmed by a single crystal X-ray diffraction study; the py ligands 

occupy axial coordination sites and pertinent distances are Rh-N,, = 2.064 (3), 2.056 (3) A, Rh- 

NL’= 2.094 (3), 2.091 (3), 1.971 (3), 1.971 (3) A. [14] 

The preparation, spectroscopic and electrochemical properties and molecular structure of 

[Rh(bpy)2(ppy)][PF& (Hppy = 2-phenylpyridine) have been described. The complex cation 

exhibits a one-electron reduction at -1.59 V and a two-electron feature at -1.83 V (with respect to 

F&c+). Structurally, the cation suffers from a 6-fold disorder; the ppy ligand is a C,N-donor and 

the geometry of the dication is similar to that of [Rh(bpy)#+. [15] The luminescence spectrum of 

the related monocation [Rh(ppy)z(bpy)]+ ( in nitrile glass) exhibits lines that are 100-200 cm-t 

wide. A comparison of the spectra of [Rh(ppy)2(bpy)]+, [Rh(ppy)z(en)]+ and [RhLz(bpy)J+ 

(HL = thienylpyridine) illustrates that L- rather than the bpy ligand is involved in the lowest energy 

excited state. [ 161 

The dimetallic complex (4) has been synthesised and the results of electrochemical studies 

have been reported. A single reversible wave at 1.27 V (vs. SCE) is assigned to Ru(II) + Ru(III) 

oxidation. An irreversible wave at -0.7 V is assigned to the reduction of the rhodium(III) centre. 

Intramolecular electron transfer in the excited state complex is also discussed. [ 171 
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N-N = bpy for Ru(II) and bpy or phen for Rh(III) 

(5) (6) (7) (8) 

The complexation of ligands L = (5) to (8) to rhodium(II1) to give the cations [RhLzBrz]+ 

has been reported; related reactions involving iridium(II1) are also described (see Chapter 4). The 

structural characterisation of [RhLzBrz]+ for L = (7) confirms a cis arrangement of the bromide 

ligands. The conformation of (7) alters upon ligation with rotation about one interannular C-C bond 

to permit coordination; important distances are Rh-Npy = 2.027 (lo), 2.031 (10) A, Rh-Npz = 

2.083 (9), 2.071 (9) 8, and the trends in these distances are consistent with the weaker o-donor 

ability of the pz versus py nitrogen atoms. [18] The rhodium(II1) complex cations 

[Rh(phen)2(NH3)Cl12+, [WphenMNW2CU3+ and [Rh(phen)2(CN)2]+ have been isolated as 

their hexafluorophosphate salts. Differences in the photophysical behaviour of the complexes as a 

function of the monodentate ligands have been assessed. [ 191 

Elegant work has illustrated enantioselective cleavage by [Rh(phen)2(phi)13+ (phi = 9,10- 

phenanthrenequinone diimine) of DNA, the cleavage occurring at the propeller-twisted sites. The 

propeller twist at the S-pyr-pur-3’ site in DNA permits intercalation by A-[Rh(phen)2(phi)13+ only. 

Probing the cleavage has been possible after the resolution of [Rh(phen)2(phi)]3+ into A- and h- 

enantiomers. [20] The preparation of [Rh(phen)z(phi)] 3+ from [Rh(phen)2Cl$ has been 

separately reported along with the molecular structure of [Rh(phi)2(bpy)][BF4]; pertinent distances 

are Rh-Nphi = 2.002 (3). 2.010 (4) A, Rh-Nhpy = 2.071 (4) 2.076 (4). 2.055 (3), 2.054 (3) A. 
WI 
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Ligand L, (9), has the potential to be tetra-, quinque- or sexidentate with respect to 

rhodium(II1) centres. The complex cation [RhL]3+, (lo), is one of a series of related species 

synthesised and characterised. As the perchlorate salt, (SO) has been structurally characterised; Rh- 

N = 2.045 (3), 2.042 (4), 2.055 (3), 2.033 (4), 2.055 (3), 2.058 (4) A. [22] 

The reaction of the macrocyclic l&and L, (II), with RhC13.3H20 in methanol (Xo”C, 2 hr) 

followed by treatment with NaBF4 leads to [RhLClz][BF4]. The 92% yield of this product 

compares with 96% for the tetraphenylborate and 90% for the hexafluorophosphate salts 

respectively. Structural analysis of the tetraphenylborate salt has been carried out. The chloride 

ligands are mutu~ly cis, each lying tram to a pyridine N-donor. Impo~ant bond parameters are 

Rh-NpY = 1.958 (5), 1.960 (5) A, Rh-NNMe = 2.094 (S), 2.099 (5) A, Rh-Cl = 2.353 (2), 2,349 

(2), LNpyRhN,, = 85.8 (l)“, LN,,RhNNM, = 82.9 (1) 83.4 (2), 82.7 (2) 82.5 (2)“. [23] 

Me Me 

Treating hydrated rhodium(II1) chloride with 2-mercapto-1-methylimidazole, L, leads to 

RhLCl3 (65% yield). The infrared spectrum of the complex exhibits absotptions at 465,425 and 

190 cm-t; compared to the spectrum for the free ligand, the loss of an absorption at 2470 cm-t 

(VSH) upon coordination implies that it is the thione form of the ligand, (12), that predominates. 

1241 

The chair conformation adopted by the Rh2N4-core in [Cp*RhCl@-L)]z, (13) (HL = 

pyrazole), has been confirmed crystallographically. A change to a boat-form occurs upon reaction 

of the complex with AgBF4 to give the cation (14). The closure to a “boat” leads to a significant 

shortening in the Rh---Rh distance from 4.059 (2)A in (13) to 3.588 f2)A in (14). The reduction 

of (13) to rCp*Rh(~-L)]z has also been studied; the Cp analogue of [Cp*Rh(~-L)]2 has been 

synthesised by a parallel route and has been structurally characterised. The RhZNq-core adopts a 
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“folded-boat” conformation and a further shortening of the Rh--Rh distance to 2.657 (3)A is 

observed. [25] The preparations of the complexes Cp*M(p-L)(p-I)zRhI(COZR)(CO) (HL = 

pyrazole; M = Rh, R = Me or Et; M = Ir, R = Me) have been reported. An X-ray diffraction study 

for M = Ir confirms the bridging mode of the pyrazolate ligand. Each of the Rh and Ir atoms is in a 

distorted octahedral coordination environment; Rh-N = 2.081 (9) %, and Ir-N = 2.095 (8) A. [26] 

t 

e=N l =Me 

(13) (14) 

(15) (16) (17) 

(18) 

The coordination of nucleobases to rhodium(II1) porphyrin complexes RhL or RhLX has 

been described where H2L = octaethylporphyrin, TPP, 5,15-trans-bis(2-hydroxy-1-naphthyl) 

octaethylporphyrin and X = Cl, CH2COMe. The products are 1:l complexes with tightly bound 
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axial nucleo-bases for (15) to (17); however, for 1-methylthymine this is not the case. lH NMR 

and absorption spectroscopic data are presented. [27] In related work, it is reported that RhLCl 

(H2L = 5,15-rruns-bis(2-hydroxy-l-naphthyl)octaethylporphyrin) forms stable 1:l adducts with l- 

NH2-2-C@Me-C!.& and l-NH2-4-COzMe-C&. 1H NMR spectroscopic data confii amine to 

rhodium(m) coordination and also illustrate the formation of a hydrogen bond between the C&Me 

and the hydroxy substituent of the porphyrin ligand. Related complexes are also described and 

results are assessed in terms of amino acid transport. [28] 

The corrole H3L, (US), reacts with [Rh(C0)#1]2 in benzene under conditions of reflux and 

in the presence of PhgAs to give Rh(AsPhg)L in 75% yield with Rh(C0)2L as a byproduct. The 

molecular structure of Rh(AsPh3)L has been determined; the corrole ring is essentially planar and 

the Rh atom lies 0.26 %, above the plane of the ring, pulled toward the arsenic donor. Pertinent 

distances in the complex are Rh-Ncorrole = 1.956 (lo), 1.960 (lo), 1.930 (lo), 1.932 (11) A, Rh- 

As = 2.311 (2) A. Infrared and electronic spectral data are also presented. [29] 

5.2.2 Complexes with phosphorus and arsenic donor ligands 

Amongst complexes of rhodium(II1) containing simple phosphine ligands is fuc- 

RhMe3(PMe3)3. The latter has been synthesised from PMe3 and [Li(tmed)$[RhMeg], an air and 

thermally stable complex. RhMej(PMe3)3 has been structurally characterised and Rh-P distances 

are 2.321 (5). 2.325 (5) and 2.322 (6) A. [3] The reaction of the related rhodium(II1) complex 

RhMe3(PMezPh)3 with HBF4.0Et2 leads to the elimination of methane and formation of 

RhMe2(FBF$(PMe2Ph)3. The molecular structure of the analogous iridium(III) complex shows a 

coordinated tetrafluoroborate ion; (see Section 4.2.3 of the previous Chapter). The reactions of 

ethene and carbon monoxide with RhMe2(FBF$(PMe2Ph)3 are discussed and compared with those 

with IrMe2(FBF3)(PMe2Ph)3. [30] 

I 
HzC-N a ’ \ 1 

+ 
I I Cl - 

n = 1,2,3 

(19) 

o-0 = P-diketonate P -P = P(CH,),P 
n = 1,2,3 

(20) 



The potential for ligand (19) to function as a chelating and a bridging ligand leads to an 

interest in its being used to synthesise heterobimetallic complexes. Initial studies have involved the 

preparation of mononuclear complexes of the type RhLL’ where L = (19) and L’ = P-diketonates 

(acac or 2,2,6,6_tetramethylheptanedionate). Analogous complexes in which the bis(phosphine) 

ligand, L, is dppm, dppe or dppp have also been studied; they undergo oxidative addition with 

CH2C12 to give both cis- and truns-Rh(Cl)(CH$Zl)LL’. However, in the reaction of CH2C12 with 

RhLL’ where L = (19), quatemisation occurs and the products are (20) and its cis-analogue. The 

latter has been structurally character&d for OW = 2,2,6,6-tetramethylheptanedionate and n = 2 in 

(19); Rh-P~ans-Cl = 2.206 (1) A, Rh-P,i,.Cl = 2.261 (1) A, Rh-0 = 2.093 (3), 2.149 (2) A, L 

PRhP = 83.63 (4)” and LORhO = 87.99 (9)‘. [31] The reaction of [Cp*RhI2]2 with P(OMe)3 

leads not to simple complex but to Cp*Rh(I)(P(O)(OMe)2) (P(OMe)j) which, upon treatment with 

NaI, gives Na[Cp*Rh(I)(P(O)(OMe)2)2]. Replacement of sodium by thallium(I) gives a dimexic 

complex with a central Tl2O4-core supported by bridging oxygen atoms. Each rhodium(II1) centre 

is tetrahedrally coordinated and Rh-P = 2.265 (2) and 2.262 (2) A. [32] Other related complexes 

have also been reported. [33] 

The preparation of [Rh(p-Cl)(C&)3]22- and its reactivity with a range of ligands (W, P-, 

and As- donors) including PPh3 or with AgC104 in the presence of (for example) P(OMe)3, PPh3 

and PEt3 have been described. The structure of Rh(C6F&(PEt& (from the previous reaction) 

confiis a distorted square based pyramidal rhodium(II1) atom with the PEt3 ligands occupying 

mutually trans-sites in the basal plane; Rh-P = 2.407 (5) and 2.400 (5) A. The analogous complex 

Rh(C&)3(AsPh& has also been structurally characterised: Rh-As = 2.477 (2) and 2.480 (2) A. 

[341 

The diarsine ligand Me2As(CH2)3AsMe2 (As-As) reacts with RhC13.3H20 to yield both 

tram- and cis-[RhC12Lz]+. Molecular structures of orange trans-[RhC12L21[C104], yellow cis- 

[RhClzLz][PF6] and yellow cis-[RhCl2L2][CF$i03] have been determined. For the truer-complex 

cation, pertinent distances are Rh-As = 2.454 (4), 2.442 (4), 2.442 (4) and 2.447 (4) A and intra- 

chelate angles are LAsRhAs = 89.1 (1) and 89.9 (1)‘. The detailed structure of the c&isomer is 

anion dependent. For the hexafluorophosphate salt, both chelate rings are in a chair conformation 

whereas in the tciflate salt , one ring exhibits a distorted skew conformation; important distances are 

given in Table 2. [35] 

Table 2 Selected bond parameters in cis-[RhC12L2][PFg] and cis-[RhC12L2][CF$Q] 

cis-[RhCl2L2][PF6] cis-[RhC12L2][CF$O3] 

Rb-Astrans-c~ IA 2.385 (3). 2.370 (4) 2.387 (4), 2.367 (5) 

Rh-Ascis_~~ IA 2.345 (4), 2.484 (6) 2.441 (lo), 2.389 (10) 

fiS~%m-chelate / ’ 90.2 (2), 93.9 (1) 92.3 (3). 91.5 (3) 



200 

The synthesis of some novel complexes incorporating both the [P313- ligand and l,l,l- 

rris(diphenylphosphinomethyl)ethane, L, have been reported. Reaction of LM(P3) (M = Co, Rh, 

Ir) with Ph3PAuC1, Me3PAuCl or ClAu(Ph2P(CH2),PPh2]AuCl (n = 1,2) in the presence of 

TlPF6 gives [(LM(P3))2Au][PF6]. All three complexes have been structurally characterised and 

are isostructural (see structure (24) in Chapter 4). In the rhodium complex, Rh-P@s) = 2.371 (3)- 

2.439 (4) %, and Rh-P@hosphine) = 2.286 (4)-2.310 (3) 8, and the Spiro twist at the gold(I) atom is 

51.1’. [36] 

5.2.3 Complexes with oxygen donor ligands 

The atomic radial distribution method has proved successful in the determination of the 

structures of two rhodium(II1) sulphates formed upon treatment of Rh203.xH20 with sulphuric 

acid at 28o’C. The sulphates are formulated as Rh30(HSO&(S04) and [Rh30(SO&]tt- (isolated 

as the hydrated potassium salt). In both, Rh3-triangular arrays are capped by ~3-0 atoms and edge 

bridged by sulphate ions; the Rh---Rh separations are 3.28 A and 3.36 8, in Rh30(HSO&(S04) 

and Ktt[Rh30(SO&] respectively. [37] 

The reaction of [Cp*RhCl2]2 with Hg(C&ktN02-2)2 or Hg(C,$%tN02-2)Cl in the presence 

of excess Me4NCl leads to complex (21). The molecular structure of (21) has been determined 

and is described as possessing a pseudo-octahedral Rh(III) centre. Selected bond parameters are 

Rh-0 = 2.142 (3) A, LCpaRhO = 77.6 (1)” and LORhCl = 86.2 (1)“. The reactivity of the 

complex with PPh3, py and bpy in the presence of AgC104 has been investigated. [38] 

l = Me 

(21) 

+ 

(22) 

The rhodium(III) complex (Me3P)gRh(Br)[ CH2CMeZ(OH)] is obtained upon treatment of 

Rh(PMe3)sCl with Me2C(OH)CH2Br. An X-ray structure for the complex confirms a mer- 

arrangement of phosphine ligands and shows that the terminal organic fragment is involved in an 

intramolecular hydrogen-bond with the coordinated chloride ion. Reaction of (Me3P)3Rh(Br)- 
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[ CHZCMe2(0H)] with [(MejSi)ZN]K results in loss of Cl- and ring closure to give a 

metallaoxetane complex which has also been structurally character&d (Rh-0 = 2.099 (8) A). [39] 

The coordinatively unsaturated complex cation (22) has been isolated as both the 

hexafluorophosphate and tetraphenylborate salts. The electrochemical behaviour of complex (22) 

has been studied, it undergoes electron transfer reactions resulting in both changes in oxidation 

state of the rhodium atom and oxidation levels of the quinoid ligand. Cation (22) reacts with 

dioxygen to give an rlt-02 coordinated ligand; oxygen transfer reactions are discussed. [40] 

Work relating to the complexes Rh(NO)(O2CMe)2(PPh3)2 and Rh(NO)Cl(O$Me)(PPh& 

is described in Section 5.2.1. [7] Complexes of rhodium(II1) containing both P-diketonate and 

phosphine ligands have been discussed in Section 5.2.2. [31] 

5.2.4 Complexes with sulphur donor Iigands 

The reaction of HL, (23), with RhC13(PnBu3)2 leads (55% yield) to the cyclometallated 

product LRhCl2(PBu3)2. An analogous bromo-derivative may be produced in 72% yield. 3lP and 

l3C NMR and infrared spectroscopic data are presented giving evidence for S-coordination (and 

thus an octahedral Rh(II1) centre) and cis-halides. Related Pd(II), Pt(I1) and Ru(I1) complexes are 

also reported. [411 

Ph 

S CpRh< 

MezN 
‘Ph 

(23) (24) (25) 

The reaction of RhCls(tht)3 with MeLi in tmed and diethyl ether leads to 

[Li(tmed)g][RhMecj] which may then be used to prepare the tetrahydrothiophene derivativefac- 

RhMeg(tht)(tmcd), (1); see Section 5.2.1. [3] It has been shown that insertion of quadricyclane 

into the Rh-S bond of (24) occurs when the two compounds react together under reflux. The 

product of the reaction is complex (25); it is photoreactive and on irradiation it regenerates (24) 

with elimination of norbomadiene. However, norbornadiene itself does not react with (24). IH 

NMR and UV-VIS spectroscopic data are presented. [42] Cleavage of the heterocycle (26) occurs 

upon reaction with CpRh(cod) to give (27); the product has been characterised by elemental 

analysis, mass spectrometric and NMR and IR spectroscopic data. Related cobalt chemistry is also 

reported. [43] 
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The cubane-like compound [Cp*RhW(O)(p-S&t-S)&, has been reported along with its 

iridium analogue. Full structural details for the latter were given in Section 4.2.4, see structure (29) 

in Chapter 4. [44] 

NC CN 

NC CN 

CpRh< 
sxcN 
S CN 

(26) (27) 

5.2.5 Complexes with tellurium donor ligands 

The tellurium containing heterocycles (28) to (34) react with hydrated rhodium(II1) chloride 

to yield orange, red or brown complexes of formula L3RhC13. Complex characterisation is by 

elemental analysis, conductivity measurements and IR and UV-VIS spectroscopy and it is proposed 

that each product has a mer-configuration and that the heterocycles function as Te-donors. The 

complex [RhL(PPh3)C1]2 (L = 29) is also reported. [45] In related work by the same authors, 

ligands (29) and (32) are included in a study of the thermal stability of L3RhC13, and of 

Rh(cod)LCl for L = (28) and (29) and of RhC$(CO)L2 for L = (28). It is observed that loss of 

two tellurium-donor ligands occurs for L3RhC13 and RhC13(CO)L2 while for Rh(cod)LCl, loss of 

L results in the formation of the dimeric [Rh(cod)Cl]z. [46] 

Te 

3 

(28) 

‘CH=CClPh 

(32) (33) (34) 
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5.2.6 Complexes with mixed donor sets 

This section deals with Rh(II1) complexes containing ligands with N,O-, O,P-, OS- and 

N,S-donor sets. In [ (Rh( T12-C61%t-2-PPh2) ( Tj2-P(2-Cl-C6~)Ph2]#-salen)][SbF&, the salen 

ligand is bidentate with respect to each rhodium(III) atom and bridges between the two metal atoms. 

Important structural data are Rh-P = 2.231 (3), 2.298 (3) A, Rh-Cl = 2.527 (3) A, Rh-0 = 2.075 

(11) A and Rh-N = 2.111 (10) A. [47] A series of optically active complexes containing 

octahedrally coordinated rhodium(II1) or iridium(II1) atoms with a-amino acidato ligands @IL = L- 

proline and L-analine) have been reported; see Section 4.2.6 in Chapter 4 for structural details of 

Cp*IrCl(L-Pro). [48] Related to this work is a report of the reactions of Cp*ClM(p-C1)2MClCp* 

(M = Rh or Ir) with various a-amino acidato ligands; see details in the previous Chapter. The 

structure of Cp*ClRh(L-azetidine-2-carboxylate) is reported. [49] 

The oxidative addition of diphenylphosphinoacetic acid to rhodium(I) gives rise, first to 

RhCl(H)(Ph2PCH2C02-O,P) (Ph2PCH2C02H-P)2 and then tofac-Rh(Ph2PCH$ZOz-O,P)3. 

Structural determinations for the two complexes have been carried out. The hydride ligand in 

RhCl(H)(Ph2PCH#O2-0,P) (PhZPCH2C02H-P)Z has not been located but a vacancy in the 

otherwise octahedral coordination sphere implies that it lies truns to the chloride ligand; Rh-Pkrma 

= 2.244 (7), 2.396 (7) A, Rh-Pp,g = 2.359 (7) A, Rh-Op,g = 2.13 (2) A, Rh-Cl = 2.488 (7) A. 
Infuc-Rh( PhzPCH2C02-O,P)3 pertinent distances are Rh-P = 2.294 (3), 2.296 (3), 2.293 (3) A 
and Rh-0 = 2.100 (6). 2.074 (6), 2.076 (6) A. [50] 

Both O,S- and N&coordination is observed in the products resulting from the reaction of 

H3RhCle with cysteine (H2L): Rh4(HL-O,S)2(HL-N)&L-O&CI2.H20, Rh(HL-O,S)(HL- 

N,S)Cl(HzO).HzO, [Rh(HL-O,S)(HL-N,S)C1]2.nH20 (n = 2,3,4) and [Rh(HL-N,S)C12 

(H20)]2.H20. Complexes have been characterised by XPS, IR spectroscopy and TGA. In those 

complexes in which the cysteinato ligand coordinates via an N,S-donor set, a betain form is 

present. [51] The crystal structure of Rh(MeC(S)CHC(O)CF&? has been described. Afuc- 

configuration is confirmed: Rh-S = 2.256 (2), 2.254 (2), 2.259 (2) A, Rh-0 = 2.091 (4), 2.073 

(5), 2.081 (4) A, LSRhO. inna r e ate = 94.95 (14), 96.17 (14), 96.40 (14)‘. 1521 _ h 1 

N H 
‘N’ 

X=HorPh 
S A m 

(35) (36) 
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The ligands (35) are N,N,S-donors in the bis(chelate) complexes Rh2LCl(H20)2 and 

[RhL2][Cl04]. The complexes have been characterised by elemental analysis, IR and electronic 

spectroscopy. In the electronic spectra, the bands are intense thereby implying that the N,N,S- 

donor atoms are in a mer-configuration. The biological activity of both the ligands (35) and their 

rhodium(II1) complexes have been assessed by observing their in vitro antibacterial activities 

towards E. c&i. [53] The reaction of aqueous Rh(II1) ions with the macrocyclic ligand H2L, (36). 

under reflux in aqueous methanol for 12 hr leads to [RhL]3+ isolated as the hexafluorophosphate 

salt. Single crystal X-ray diffraction data have been presented; the ligand encapsulates the 

rhodium(III) atom with the N-donors mutually rruns as would be expected. Bond distances in the 

coordination sphere are Rh-S = 2.3289 (14), 2.3416 (14), 2.3353 (14), 2.3349 (14) A, Rh-N = 

2.083 (4). 2.101 (5) A. [54] 

5.3 RHODIUM(II) 

5.3.1 Complexes with nitrogen donor ligands 

The rhodium(I1) dimer [Cp*Rh(p-Cl)]2 has been synthesised from [Cp*Rh(pCl)Cl]2 by 

reduction with Na/Hg. After the addition of hexane, the rhodium(I1) complex is isolated as blue- 

black crystals in 65-75% yield. A single crystal X-ray diffraction study reveals the presence of 2 

independent molecules in the unit cell: for molecule A, Rh-Rh = 2.617 (1) 8, and for molecule B, 

Rh-Rh = 2.628 (1) A. The highly reactive Rh-Rh bond leads to some interesting chemistry. For 

example, with PhNO complex (37) is formed. The structure of (37) is disordered with 2 molecular 

orientations being observed. For the major orientation, Rh-Nhridged by 0 = 2.016 (4) A, Rh- 

Nunbridged = 2.083 (6) A, Rh-0 ~0 = 2.020 (5) A, LRhNO = 69.4 (3)“, LRhON = 69.1 (3)‘. A 

related complex is obtained when [Cp*Rh(p-Cl)]2 reacts with dioxygen. [SS] 

l =Me 

The reaction of the mixed rhodium(II)/rhodium(III) complex Rh,&-L)&l @IL = 2-NHPh- 

py) with various acetylides to yield Rh2@-L)4R was described in Section 5.2.1. [13] The 
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substituted pyridine ligands (38) and (39) coordinate to Rh(I1) centres in the new complexes cis- 

RhCl(PPhg)2L.OEtz and [RhCl(CO)[L-H}]2 (in which L = (38) and [L-H] represents the 

cyclometallated ligand) and cis-RhCl(CO)&’ (where L’ = (39)). Structural data for all three 

complexes are available. In cis-RhCl(PPh3)2L.OEt2 and cis-RhCl(CO)$‘, coordination is via the 

pyridinium nitrogen atom and Rh-N = 2.113 (3) A and 2.120 (3) 8, respectively. In the dirhodium 

complex, cyclometallation occurs through the phenyl substituent of (38). The l&and bridges 

between the two rhodium atoms, offering an N** (pyridine) donor to one rhodium atom and an 

N*,C*-donor set to the second rhodium. Relevant distances in [RhCl(CO)(L-H)]2 are Rh-N = 

2.26 (l), 2.09 (1) A and Rh-Rh = 2.639 (2) A. [56] 

OMe 

I 

** / * see text 

(38) (3% 

5.3.2 Complexes with phosphorus donor ligands 

The complex trans-Rh(PPh3)2Cl2 is one of the few fully characterised rhodium(I1) 

monomeric species. The Rh(I1) atom is in a square planar environment with Rh-P = 2.323 (2) A 

and Rh-Cl = 2.428 (4) A. In the EPR spectrum, two lines are observed (g = 2.19 and 2.05). In 

the far infrared spectrum of trans-Rh(PPh3)2Cl2. an absorption at 310 cm-l is assigned to vRhC1 

and bands at 406,423,444 and 454 cm-l are assigned to vRap modes. [57] 

The oxidation of the rhodium(I) complex [Rh ( ltL-?ls-C5H4PPh2) (CO)]2 generates the 

corresponding dication. Analogous complex cations with py or P(OMe)3 replacing CO have also 

been reported and for [Rh( pL-~s-CsH4PPh2) (py)]z2+ a full structural determination has been 

carried out. The Rh2-framework is supported by two bridging q5-CSH4PPhz ligands, each 

functioning as a ferrocenyl ligand to one rhodium atom and as a P-donor to the second. Each 

rhodium atom carries a terminal py ligand. The observed Rh-Rh separation of 2.7796 (9) 8, is 

short, particularly when compared to that in the Rh(1) starting material, viz 4.3029 (6) A. The 

observations underline the flexibility of the phosphinoferrocenyl ligand. [58] 

A novel group of complexes involving the bis(difluorophosphino)methylamino ligand has 

been synthesised and structurally and electronically characterised. The reaction of [RhCl(PF3)2]2 
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with MeN(PF& leads to the Rh(0) species Rh2 (MeN(PF2)2] 3(PF3)2 under reducing conditions. 

Under oxidising (Clz) conditions, the Rh(II) complex Rh2( MeN(PF2)2)$4, (4O), is formed. The 

molecular structure of (40) has been determined; three bridging MeN(PF& ligands are observed 

(Rh-P = 2.277 (2), 2.226 (2), 2.184 (2) %, and Rh-Rh = 2.707 (1) A) and there are two terminal 

chloride ligands per rhodium atom. If the synthesis described above is carried out under stringent 

(non-reducing or non-oxidising) conditions a mixed Rh(O)-Rh(I1) complex is obtained in which 

Rh-Rh = 2.785 (1) A. The two coordination environments are octahedral Rh(I1) and trigonal 

bipyramidal Rh(0). [59] 

l =Cl 

l =F 

(40) 

5.3.3 Complexes with oxygen donor ligands 

Homochiral rhodium(II) carboxylates, (41) and (42), have been shown to catalyse carbon- 

carbon bond forming reactions of a-diazoketones. This is the first time that such rhodium(I1) 
complexes have been utilised thus. [60] 

R = bezenesulphonyl 
or I-naphthalenesulphonyl 

(41) (42) 
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A report has appeared of the convenient use of the Raman spectroscopy as a method of 

investigating solid-liquid crystal phase transitions in dirhodium(I1) alkanoates. Complexes of the 

type Rh&-@CR)4 are mesogens. The vnmh band maximum and halfwidth vary as a function of 

temperature and exhibit inflection points which correspond to mesophase transitions. [61] The 

resonance Raman spectra of the one electron oxidised products of Rh&-L)&‘2 (HL = MeC@H, 

CD$02H, MeCONH2, CF3CONH2; L’ = PPh3, AsPhg, SbPh3) have been presented. The band 

assigned to the vRh_Rb mode occurs between 264 and 302 cm-l and the vRb_L band appears in the 

range 258 to 366 cm-l. The observed shifts in bands upon oxidation are discussed. [62] An 

interest in potential multifunctional anti-cancer complexes has prompted an investigation of the 

species Rh&-02CR)4L2 (R = Me, Et, MeOCH2; L = N-[2-(dimethylamino)alkyl]acridine-4- 

carbox-amide in which the alkyl group is ethyl, butyl or hexyl). For the hexyl derivative, a 

structural characterisation of Rh2(pL-@CMe)4L2, (43), reveals that the acridine units stack through 

the crystal. [63] 

(43) 

The ligand H2L, (44), has been prepared and its reaction with Rh2(02CMe)4 leads to the 

complex anion [Rh@$ZMe)3L]- the structure of which is represented schematically by (45). The 

anion has been character&d by ‘H NMR, UV-VIS spectroscopy and electrochemically. In the 

UV-VIS spectrum exhibits MLCI absorption bands. [64] 
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(44) (45) 

The reaction of Rh(NO)CiZ(PPh3)2 with Na(SZCNR2) (R = Me, Et) in benzene under 

reflux for 4 hr is reported to lead to the square planar rhodium(l1) complexes Rh(SZCNMe2)2 

(orange, 83% yield) and Rh(S&!NEt2)2 (yellow-orange, 74% yield). When the same reagents are 

combined in benzene at room temperature and stirred for 6 hr, square pyramidal 

Rh(S2~NRz)2(PPh~) (R = Me, Et) is formed. An axial site for the phosphine ligand is proposed. 

Infrared, electronic, ‘H NMR and ESR spectroscopic data are reported for the complexes. 

Magnetic moments have been measured: peff = 2.10, 2.02, 2.08 and 2.12 3.M. for 

Rh(S@ZNMe2)2(PPh3), Rh(&CNEt&(PPh$, Rh(S2CNM& and Rh(S2CNEt2)2 respectively. 

[651 

5.3.2 Complexes with mixed donor sets 

The reaction of ~h2(~-02~Me)4(MeO~)2 with ~~~~(2,4,6-~methoxyphenyl)phosphine, L, 

yields complex (46) in which oxidative addition of one O-C&e bond of L has occurred to give an 

O,P- bridging ligand. The mode of coordination has been confirmed crystallographically; selected 

distances are Rh-Rh = 2.4228 (3) A, Rh-Ornetattated = 2.048 (2) A. Resticted by the metallocyclic 

unit, the phosphorus atom exhibits significant angular distortion. Electronic and tH and 3tP( 1 

H)NMR spectroscopic data for (46) are reported in addition electrochemical results. [66] 

Dependent upon the molar ratio of reagents, reaction of PhCH2SCH2PPh2, L, with 

[Rh(CO)$& generates either the Vaska-type rhodium(I) complex trans-RhCl(CO)(L-P} or the 

ionic species [Rhz(p-CI)(CO)#-L)][RhC!12(C0)2]. The tetraphenylborate salt of [Rh#- 

Cl)(CO)&-L)]+ is produced by treating [RhCQ(CO)2]- with an equivalent of L in the presence of 

Na[BPh]. In the presence of HCI, Rh$&(CO)&-L)2 is formed. The latter has been structurally 

characterised and exhibits two c&bridging ligands; Rh-Rh = 2.733 (3) A, Rh-S = 2.390 (3) A, 

Rh-P = 2.291 (1) A. 1671 
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Me0 
. = 

0 
0~0 Me 

(46) 

5.4 RHODIUM(I) 

5.4.1 Complexes with nitrogen donor ligands 

The kinetics of the displacement of the Cl04 group in Rh(C104)(CO)(PPh$ by RCN (see 

Table 3 for R) have been investigated; a mechanism for the reaction has been proposed. The 

reaction is first order with respect to each of the rhodium(I) substrate and the incoming nitrile; 

kinetic data are surnmarised in Table 3. [68] 

Table 3 Kinetic data for the reaction of Rh(Cl04)(CO)(PPh3) with RCN (k = overall rate 

constant at 1o’C) 

R k/M-@ AH+ /kcal mol-1 ASS /cal deg-lmol-1 

Me 395 f 32 11 f 1.4 -8.7 + 1.4 

CHz=CHCHz 564 * 5 1 11 f0.9 -8.4 rf: 0.4 

CHz=CH 4900 f 420 4.4 f 0.3 -26 zb 1.0 

CHz=CMe 5370 rf: 620 4.6 + 0.2 -25 f 0.8 

MeCH=CH 10010 flOl0 2.4 f 0.2 -32 f 0.8 
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The rhodium(I) dimer [Rh(C0)$!1]2 or the rhodium(II1) complex [Cp*RhCl& reacts with 

C-allylglycine esters to give 4-coordinate rhodium(I) or rhodium(II1) complexes with chelating 

organic ligands. The structure of the tetrafluoroborate salt of [Cp*IrCl(rl2,o-CH2=CHCH2CH 

(COzMe)NH#)]+ was described in Section 4.4.1 of the preceding Chapter. Addition of HCl and 

P(OMe)3 to (47) occurs regiospecitically and stereoselectively to give a dimeric species (48), the 

structure of which has been confiied crystallographically for R = Et and R’ = Me; Rh-Cltc.~ln~ = 

2.330 (3) A, Rh-Clu = 2.363 (2) A, Rh-N = 2.133 (7) A, Rh-P = 2.233 (3) A. [69] 

oc 
I.32 

\ ,N-CHC02R 

> 
,l/Rh\/CHR 

R=Me R’=H 
R=Et R’=Me 

(MeO)aP H2N 

(47) (48) 

Members of a series of complexes incorporating bridging imido or amido group in A-frame 

dirhodium complexes have been prepared and characterised. Rh2(C0)2Cl&-L)2 (L = dppm or 

dmpm) reacts with LiNHR (R = Me, Ph, 4-MeO-C6H4, 4MeGjH4, 2Me-C&% 2,6-Mez- 

Q,H3, 4-F-C&H4, 4-Br-C6H4, 4-NO2-C6H4) to yield Rh&-NR)(CO)zLz, its tautomer Rh&- 

NHR)(C0)2L(L-H) or an equilibrium mixture of the two depending upon the electronic properties 

of R. The hydrolysis of these species leads to the corresponding oxo-bridged complexes. 

The structures of Rh&t-N(4-NO2-C&kt)(C0)2(lt-dppm)2, Rh2WL-NHMe)(CO)2(lt-dppm)lu- 

(dppm-H)) and Rhz(p-O)(CO)&dppm)2 have been determined crystallographically; each 

rhodium atom in each complex carries one terminal carbonyl ligand and the two ligands per 

complex are mutually cis. In going from Rh2(u-N(4-NOz-C6H4)(C0)2(~-dppm)2 to Rhz(/t- 

NHMe)(CO)&-dppm)(p-(dppm-H)], the Rh-N distance lengthens from 2.042 (2) A to 2.098 (5) 

A. [70] Results from the same authors describe the addition of CH2Cl2 or Me1 to the phenyl 

substituent of the bridging N-donor ligand in the tautomers Rhz(u-N(4-Me-CgH4)](CO)&- 

dppm)2 and Rhz{ ltL-NH(4-Me-C6H4)) (CO)&t-dppm) (p-(dppm-H)). For example, in CH2CI2, 

[Rh~(~-N=(4-Me-4-CH2Cl-C&))(CO)~(~-dppm)~][Cl] forms slowly. This ionic complex has 

been character&d both by NMR spectroscopy and by single crystal X-ray diffraction. Selected 

bond parameters are Rh-N = 2.05 (l), 2.04 (1) A, N-Clpsc = 1.29 (2) %, and LRhNRh = 97.3 (4)“. 

[7ll 

Treatment of the dirhodium(1) hydride (49) with a variety of aldimines or with ketimine or 

isoquinoline gives products with bridging amido groups. For example, when the reacting aldimine 
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is PhCH=NPh, the product contains a p-NPh(CH2Ph) group. Synthetic work is complimented by 

NMR spectroscopic data for the products and kinetic data for their formation. [72] 

R2 R2 

p\a,H\Rh’p 

P’ \H’ ‘P I 

R2 R2 

(49) 

R=‘ProrO’Pr 

Twenty-seven new rhodium(I) complexes containing N-iminophosphorane ligands have 

been prepared by the reaction of [RhL2C1]2 (L2 = cod or L = CO) with RsP=NR’ (various 

substituents). In solution and for L2 = cod, a given product lies in equilibrium with its respective 

precursors; values of K depend upon R and R’. The structure of Rh(cod)Cl(Et3P=N(C&-4-Me)) 

has been determined and perinent bond parameters are Rh-N = 2.142 (3) A, N-P = 1.608 (3) A, L 

RhNP = 121.0’. [73] 

N~CH=N~OCHI(CH,I,CHI 

n = 6-8,10,12 

(SO) 

The complexes RhCl(cod)L in which L = (SO) have been synthesised and character&d by 

infrared and IH and 31P NMR spectroscopy. Treatment of RhCl(cod)L with carbon monoxide 

results in exchange of the cod ligand for two CO ligands. The RhCl(CO)TL complexes exhibit 

mesogenic properties and these experimental results illustrate the formation of liquid crystalline 

materials which are produced by the coordination of a ligand which itself is non-mesogenic. [74] 

RhCl(cod)L for L = l-NMe2-3-R-4-NO-C6H3 (R = H or Me) has been reported. lH and 13C 

NMR spectroscopic data are presented to compliment a structural study of the complex, (Sl), for R 

= Me; selected structural data are Rh-N = 2.050 (4) A, LRhNCipse = 124.5 (3)‘, LRhNO = 117.1 

(2)‘. The NMR spectroscopic data have been used to determine dissociation constants K for the 

reaction in equation (i); for R = Me, K259 K = (3.03 f 0.15) x 10-j mol-l/2 kg-l/2 while for R = H, 

the high stability of the complex precludes the determination of K by an NMR spectroscopic 

method. [75] 

K 
RhCl(cod)L V 1/2 [RhCl(cod)h + L (i) 
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R=H;Me 

(51) 

Substituted pyridines, 2-, 3- or 4-R-py, HL, in which R is carboxaldehyde react with the 

rhodium(III) complex Cp*RhMez(Me$SO) to give Cp*Rh(Me)(CO)(HL). Further reaction with 

[Rh(CO)2Cl]2 leads to a mixed Rh(I)/Rh(III) complex. In this, the pyridine molecule bridges 

between the two rhodium centres being C-bonded to rhodium(III) and N-bonded to rhodium(I). A 

structural study of Cp*Rh(Me)(CO)(L)Rh(~O)~~l (HL = 3-R-py); Rh-N = 2.110 (4) and 2.104 

(15) A for two inequivalent mofecules in the unit cell and Rh-----Rh = 5.89 A. [76] [Rh(c~~Cl]2 

reacts with LiL (i.iL = 2-Me-dCHzLi-py) and generates complex (52) in which the ~rhodium~) 

framework is supported by two bridging iigands, each C,N-bonded. (An analogous iridium 

complex has also been described; see the previous Chapter). Complex (52) has been structurally 

charactetised and selected distances are Rh-N = 2.118 (2) A and Rh---Rh = 3.6806 (3) A. [77] 

The reaction of the iridium(I) complex IrCl(CO)(PPh3)2 with KL where L- = (53) was 

described in Section 4.4.1 of the previous Chapter; the analogous rh~iurn(~ complex has also 

been synthesised along with r~~~-~h3P)2R~(CS). [7S] 
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The heterometallic complexes (Ph3P)2(CO)(H)M(~-L)2M’(dialkene) (M = Ru or OS; M’ = 

Rh or k, H2L = 2,2’-bi-imidazole or 2,2’-bibenzimidazole; dialken = cod or tetrafluorbenzo[5,6]bi- 

cyclo[2.2.2]octa-2,5,7-triene) have been synthesised by the reaction of M(I-I)(CO)(HL)(PPh& 

with [M’(dialkene)(l.t-OMe)]2. For H2L = 2,2’-bi-imidazole, the complex (Ph3P)2(CO)(H)Ru(lt- 

L)zM’(cod) has been structurally characterised. The rhodium(I) atom is in a square planar 

coordination environment; the two bi-imidazolate rings arc mutually twisted by 2.6 (2)‘. Important 

distances are Rh-N = 2.127 (5) and 2.134 (5) A, Ru-N~,~.H = 2.283 (5) A, Ru-N~~,_cI-J = 2.180 

(5) A, Rh---Ru = 5.579 (2) A. [79] 

5.4.2 Complexes with phosphorus donor ligands 

The bis(triphenylphosphnine) rhodium(I) complex rrans-Rh(CO)(I)(PPh3)2 has been the 

subject of a single crystal structure determination. For the square planar rhodium atom, Rh-P = 

2.336 (2) and 2.316 (2) A and Rh-I = 2.683 (1) A. [80] 

The oxidative addition of Me1 to Rh(Sacac)(CO)(PX$ has been investigated for X = Ph, 

4-Cl-CeH4, 4-MeO-CeH4 or c-C6Hlt. The reactions follow second order kinetics and it is 

proposed that the path goes via a rhodium(II1) alkyl derivative before forming the final acyl 

complex. The reaction rate is influenced by the solvent and by the steric and electronic properties 

of the phosphine or phosphite ligand. For PPh3, values of k&s as a function of solvent are 

collected in Table 4. [81] The flash photolysis of RhCl(CO)Lz (L = PPh3, P( 4-Me-CgH4)3 or 

PMe3) is reported to lead to a tricoordinate complex RhClL2. The reactivity of this intermediate 

has been investigated. [82] 

Iable 4 bhs for the reaction of Me1 with Rh(Sacac)(CO)(PPhg) as a function of solvent 

Solvent b,,s x 104 M-ts-1 

toluene 

ethylacetate 

chlorobenzene 

acetone 

1,Zdichloroethane 

acetonitrile 

2.17 (4) 

5.47 (5) 

8.36 (6) 

30.1 

56.0 (7) 

82.7 (7) 

The preparation and characterisation of RhX(PlP&(CNR) (X = Cl or I; R = Me3CCH2 or 

2,6-Me&&t) and cis-Rh(Cl(iPr2CH2CH2PiPr2)(CNCH2CMe3) have been reported. Catalytic 

studies of the isocyanide insertion into aromatic C-H bonds have also been described, it has been 
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noted that the rate for the chloro complex is greater than that for the iodo complex and the presence 

of the chelating bis@hosphine) inhibits the reaction. [83] The results of a 3tP( 1H) DNMR 

spectroscopic study of truns-(tBuzPhP)zM(CO)Cl (M = Ir or Rh) has been reported. The spectra 

show decoalescence of each complex into four diastereomers; details were summarised in Section 

4.4.2 of the previous Chapter. [84] The complex [(Ph3P)2Rh(CO)(NCMe)][HC(SO#F3)21 has 

been crystallographically studied; Rh-P = 2.340 (l), 2.336 (1) A and Rh-N = 2.048 (3) A. [85] 

The reaction of [(Ph3P)3Rh(CO)][HC(SO$F&] with [XMl2O40]“- (M = W, MO; X = Si, P) in 

an acetonitrile-ethanol solution generates rrans-[(Ph3P)2Rh(CO)(MeCN)]n[XMt~O4~] which, upon 

heating, loses acetonitrile. The oxometallate complexes have been character&d by IR, NMR and 

X-ray absorption spectroscopy; the cations [(Ph3P)2Rh(CO)(MeCN)]+ or [(Ph3P)2Rh(CO)]+ 

respectively are stabilised within the metallate lattice. The activity of the complexes as catalysts for 

alkene isomerisation and hydroformylation reactions has also been investigated. [85] 

An interesting dirhodium(1) complex in which the Rh2-unit is bridged by a zirconium 

containing ligand has been described. The complex (~-Cp”~Zr(CH~PPh2)2)Rh2(CO)~{~-StBu)2, 

(54), has been prepared by the reaction of Cp”2Zr(CH2PPh& with Rh2(CO)4( jt-StBu)z (Cp” = 

$-tBuC&). A related complex cation [Cp”2Zr(CH2PPh&Rh(cod)]+ has also been synthesised. 

The molecular structure of (54) confirms the expected square planar nature of each rhodium(I) 

atom; the zirconium atom resides in a pseudo-tetrahedral coordination sphere. Pertinent bond 

parameters are Rh-P = 2.277 (l), 2.275 (1) A, Rh-S = 2.356 (l), 2.394 (l), 2.408 (l), 2.365 (1) 

A, L RhSRh = 80.28 (3), 78.68 (3)‘. Complex (54) has been assessed for its catalytic activity in 

the hydroformylation of hex-1-ene; a high selectivity of conversion has been achieved. [86] 

o =‘Bu 

. = Ph 

Rhodium(I) complexes of type Rh(acac)(CO)L where L = (55), (56), P(NEt2)3 or 

P(NEt2)(0Eth have been prepared and characterised by 3tP NMR spectroscopy; the chemical shift 

of the 3tP NMR spectroscopic resonance is a function of the electronegativity of the P-substituent. 

A single crystal X-ray analysis of one complex Rh(acac)(CO)L for L = (55) and X = NEt2, Z = 

NEt, Z’ = 0 has been carried out. [87] 

Reactions of the functionalised phosphine ligands (Me$H)2PCH$H2R (R = NMe2 or 

OMe) with [RhCl(CgH14)]2 leads to the square planar complexes RhCl[ (Me$H)2PCH$HZR)2 

in which one phosphine ligand is in a chelating mode and one is monodentate. The reactions of 
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RhCl ( (M~~CH)~P~H~CHZR 12 with carbon monoxide, ethene and alkynes have been described. 

1881 The dinuclear complex Rh2(CO)&12 reacts either with two equivalents of P(CH$!H$N)3, 

L, in dmf or ethanol to give Rh(CO)C!lL2 and [Rh(CO)ClL2]a or with one eqivalent of L to yield 

[Rh(CO)2L2][Rh(C0)2C&]. In Rh(CO)C!IL2 and [Rh(C0)2L2J[Rb(CO)$J12], the ligand is P- 

bonded whereas in [Rh(CO)CB&, bodr N- and P-coordination are observed. 1891 

X = OEt; NEtz 2 = OEt; NEta x=NEt* 

Z=Z’=O;NEt 2 = NEt; Me&N Z=NPh 

E 

X-P< I 
X=OEt x=NEta 

E 
E=0;NEt E=NEt 

The dppe containing complex [Rb(dppe)a][BF4] catalyses the oxygenation of alkenes and 

alkanes using oxidants such as perchlorate ion. [90] The phosphine substituted ferrocene ligand 

dppf chelates to rhodium to give the red complex [Rh(dppf)zlEBF4]; the preparation, structure and 

solution properties of the analogous iridium complex were described in Chapter 4. Under 

conditions of reflux in CH2CWEtOH solution, the red complex transforms to a yellow species. The 

red and yellow complexes are proposed to be dimorphic forms of the same compound. [9l] 

2 

Rhodium(I) complexes incorporating the chiral ligand (57) have been shown to catalyse the 

isomerisation of diethylger~ylamine or diethylne~lamine with high enantioselectivity. A 

mechanism for the process has been proposed. [92] For the enantioselective hydrogenation of 

cinnamic acid derivatives (low pH in aqueous HBF4), an active catalyst is [ (MeCHP(HMe2N-4- 

C&I&CH$HF’(C&-4-NMe2H)2Me)Rh(nbd)]5+ (nbd = norbomadiene). Quatemisation of the 
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MezN-substituents by pmtonation allows the design of a recyclable catalyst; a mechanism for the 

catalytic cycle has been proposed. [93] The rhodium(I) complexes (-)(58), (--X59) and (+X59) 

have been prepared and the impregnation of barium sulphate, cellulose, silica gel, aluminium oxide, 

silver nitride and charcoal supports with these complexes produces catalysts which are active for the 

hydrogenation of (Z)-a-N-acetamidocinnamic acid in aqueous sodium hydroxide. The activity 

decreases after repeated use of the catalysts. [94] 

n = nbd 

The cationic complex Rh(R,R-L)(MeOH)z]+ (L = Ph(QJQ-2-OMe)PCH2CH2P(CgHq-2- 

0Me)Ph) is an asymmetric hydrogenation catalyst for enamides. It reacts with methyl(Z)-ppropyl- 

a-acetamidoacrylate, L’, to give [RhLL’]+ for which the binding constant has been determined 

(1.4 x 104 M-l at 25’C). The tetrafluoroborate salt of the adduct has been structurally characterised 

and pertinant bond parameters are Rh-P = 2.272 (6), 2.239 (6) A, Rh-Or = 2.108 (13) A, LPRhP 

= 83.1 (2)‘. [95] 

The reaction of [Rh(cod)Cl]z with ligand (60) leads to complex (61) via C-H activation of 

the cyclohexyl ring. Complex (61) reacts with CO with loss of the Rh-Cring bond. The complexes 

have been characterised by NMR and IR spectroscopy. [96] 

Ph2PCH2 
CH2PPh2 

(60) (61) 

Cl 

The Iigand (Me20PO)zH incorporates an acidic hydrogen atom bound between two oxygen 

atoms. It can thus function as a bidentate P-donor. This is confirmed after determination of the 

structure of ((Me2OIQH]2RhPPh2Me; the complex has a square pyramidal array of donor atoms 

with the PPh2Me ligand in the axial site with the phenyl rings in non-equivalent positions. The 
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conformations of the two chelating ligands are not equivalent and this is explained in terms of the 

steric requirements of the unique phosphine ligand. [97 ] 

The A-frame complexes Rh#-NR)(CO)zLz (L = dppm or dmpm; R = Me, Ph, 4-MeO- 

C&t, 4-Me-Q&t, 2-Me-C&Q, 2,6-Me2-C&I3, 4-F-Cd-Q, 4-Br-C&t, 4-NO2-C&t) and its 

tautomer Rhz(p-NHR)(CO)zL(L-H) were described in Section 5.4.1. [70] The related species 

Rhz Ip-N(4-Me-W) I (COW-dppm)z and Rhz] p-NH(4-Me-C&t)] (COhWdppm) ] p-(dppm- 

H)) were also discussed. [71] The reaction of Mo(C0)3(N,N*-bpy)(dppm-P) with [RhCl(nbd)]2 

has been investigated. A blue-violet complex results for which, based on IR and slP NMR spectro- 

scopic data, structure (62) is proposed. [98] The A-frame complex Rh2(CO)&-dppm)&-S) 

reacts with 1,2-(O)&$!kt to give complex (63) which has been structurally characterised. The 

Rh-Rh distances in (63) is 2.966 A compared with 3.154 8, in the starting complex. [99] In related 

work, the complexes Rh2(CO)&-dppm)&-X) . m which X = S, SO or S@ have been prepared 

by insertion of X into Rh2(CO)&-dppm)2. The products have been characterised by 3IP( rH) 

NMR spectroscopy and for X = SO, 2D-(3lP,3lP) COSY results have been reported. [ 1001 The 

reaction of RSiH3 with Rh2(CO)&t-H)$p-L)2 (L = dppm or Ph2AsCH2AsPh2; R = V,$Ir3, Et, 

Ph) gives the complexes Rhz(p-SiHR)2(CO)2(p-L)2 which have been characterised by 1H and 3lP 

NMR and IR spectroscopy. The molecular structures of Rh2(p-SiHPh)2(CO)&-dppm)2 and 

Rhz(p-SiHEt)2(CO)#-dppm)z have been presented and for the ethyl derivative relevant distances 

and angles are Rh-Rh = 2.814 (1) A, Rh-Si = 2.354 (2), 2.342 (2) A, Rh-P = 2.363 (2) 2.367 (2) 

A, LRhSiRh 73.62 (6) A. [loll 

Ph*P- PPh 

I I 

2 

Cl(OC)Rh ----_Mo(CO)~ . _ 
‘C’ \ 
0 I 

%? 

l =Ph 

o=o 

(62) (63) 

The dication [Rh2L2(p-dppm)2]2+ (L = 2,5-diisocyano-2,5_dimethylhexane) has been 

synthesised and its optical spectral properties reported. An intense absorption at 595 nm has been 

assigned to the ~AI~[(&*)~] + lB~,[(&,*)l(pG)l] transition; fluoresence (677 nm) eminates from 

the %lU excited state. Mechanisms of the photoreactions are discussed. [ 1021 

The reaction of Rh&C1)2(C0)4 with (Ph0)2PCH2CH2P(OPh)2 generates a trinuclesr 

complex Rh$-C1)3(C0)4( p-(Ph0)2PCH$ZH2P(OPh)2) for which the results of a single crystal 
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X-ray diffraction study have been reported. The Rhg-framework is triangular with three bridging 

chlorine atoms supporting the unit; Rh-Rh distances lie in the range 3.2023 (3) - 3.4627 (4) A, the 

differences being due to the fact that one edge is also bridged by the bis(phosphine) ligand. The 

structure is compared with that of Rh2(l.&l)(CO)~(~-dppm)z in which one dppm ligand is replaced 

by a Rh(CO)#2-unit. [103] 

A series of dimetallic RhM-complexes has been described in which, in a formal sense, a 

M--&h dative bond may be drawn. For example, in Rh(CO)Qt-dppm)2Re(CO)3, oxidation states 

of Rh(1) and Re(-I) are assigned. This complex reacts with H2S, HSEt or HSPh to give 

Rh(CO)(CI-dppm)z(~-S)Re(C0)3, Rh(CO)(l.t-dppm)2(l.t-H)(~-SEt)Re(CO)3 or Rh(CO)Wdppm)z 

(u-H)(l.t-SPh)Re(CO)3 respectively. Spectroscopic data for the complexes have been reported 

along with the molecular structure of Rh(CO)(u-dppm)&-H)(u-SEt)Re(C0)3; pertinent distances 

are Rh---Re = 2.9697 (8) A, Rh-S = 2.521 (3) A, Re-S = 2.505 (3) A, Rh-P = 2.287 (3), 2.299 

(3) A, Rh-H = 1.4 (1) A and Re-H = 2.1 (1) A. [ 1041 Related to this work is a study of 

RhIrCl2(CO)#-dppm)2 in which an Ir(-I)+Rh(I) bond is assigned. Reduction with NaB& 

yields RhIrH(p-H)(CO)&-dppm)2 while reaction with carbon monoxide gives RhIr(CO)$- 

dppm)z (64); the two new products may be interconverted by treatment with CO or Hz 

respectively. The stepwise diprotonation of RhIr(CO)3(u-dppm)? has been described. The 

molecular structure of (64) illustrates a distorted A-frame type complex with the desire for the 

rhodium(I) and iridium(-I) atoms to adopt square planar and tetrahedral geometries respectively 

causing the observed structural perturbation; Rh-P = 2.312 (2), 2.295 (2) A, Ir-P = 2.309 (2) 

2.321 (2) A, Ir-Rh = 2.7722 (7) A. [105] A general method of preparing A-frame M(-l)+Rh(I) 

containing complexes from Rh2C12(uL-dppm)2 has been established. The systems characterised, 

two structurally, are RhCo(CO)&-dppm)2, RhMn(CO)&dppm)2, (the Rh-Mn distance has been 

determined to be 2.8428 (8) A), RhRe(CO),&-dppm)2, (Rh-Re = 2.7919 (6) A), Rh(CpFe)(u- 

CO)W-dppm)z, RhFe(u-H)(C0)3Wppm)2, RhRuW-H)(COW-dppm)z, RhOs(V-H)(CO)s(u- 

dppm)z, RhCr(~-H)(C0)4(~-dppm)2, RhW(W)(CO)&dppm)2 and Rh(CpMo)(CO)(@O)(u- 

dppm)2. 11061 

l = Ph 1 

(64) 

The reaction of hydrated rhodium(II1) chloride with cobalt(E) chloride and dppm under a 

flow of carbon monoxide followed by treatment with NaBa leads to Rh(CO)(u-CO)(l.- 
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dppm)2~(~) which is isostructural with its dirhodium analogue. The reactivity of the mixed 

metal complex with CHC13, HgCIZ, 12, S8 PhzPH and H+ has been investigated. [ 1071 

The structural characterisation of (MeC(CH2Pl?h2)3]RhCl(Qh) has been carried out. The 

alkene ligand occupied two sites of the octahedral coordination sphere; Rh-P = 2.222 (7), 2.352 

(6), 2.371 (6) A. Related complexes have been synthesised and a detailed investigation of alkene 

hyd~genation and hy~fo~yla~on reactions discussed. [ 108 f The reaction of the rh~ium(I~) 

complex (MeC(CH2PPh&)RhMe3 with carbon monoxide leads to (McC(CH2PPh2}3)Rh(CO)Me 

and the concomitant formation of Me2CO. Further treatment with CO results in methyl migration 

and the formation of (MeC(CH2PPh2)3)Rh[ C(O)Me) (CO). The rris(phosphine) ligand is 

restricted to a mer-configuration and this has been confirmed crystallographically for 

~MeC(~2PPh2)3}~(~)Me. The carbonyl ligand lies in the equatorial plane of the trigonal 

bipyramidal array of donor atoms; Rh=P = 2.3683 (12). 2.3446 (14). 2.3135 (14) A. 

LPequatRhPcquat = 90.80 (S)“, LPaxlalRhPeqnat = 87.14 (5)‘, LPequatRhPequat = 89.28 (5)‘. [109] 

For the ligand L = N( CH2CHZPPh2)3, reactions of the complex cations [LRh=C=CRR’]+ (R = 

Ph, C02Et; R’ = H. Me) with a variety of nucleophiles and hydride donors have been described. 

Redox chemistry has also been studied. [llO,l 111 The same authors have reported the reactions of 

{MeC(CH2PPh2)3)~~)3 with alkenes and also the molecular structure of {MeC(CH2PPh2)3)Rh 

(H)(t12-L) where L = dimethyl fumarate. [ 112,113] 

The complexation of a series of related ligands containing both P- and N-donors with Rh(1) 

has been investigated. Rh2(CO)qCl2 reacts with PhzPCH2NPh2 or Ph2NCH2P(Ph)CH2NPh2, L, 

to give trans-RhLZ(CO)Cl the structures of which have been determined. Both ligands are P- 

bonded; for L = Ph2PCH2NPh2, Rh-P = 2.331 (l), 2.325 (2) A and for L = Ph2NC~2P(Ph)- 

CHZNPhZ, Rh-P = 2.299 (2) and 2.307 (2) A. The ligands Ph2PCH2N(Ph)CH2PPhz and 

(Ph2PCH2)2NCI-I2CH2N[CH2PPh2)2 have also been prepared and studied. [114] Another P,N- 

ligand is MeN(PF2)2 and the reaction of this with Rh2(CO)4C12 leads to the dark red-orange 

trinuclear complex Rhs(p-C1)3{ ~-~2P)2NMe}3 in which each Rh-Rh edge of the triangular frame 

is bridged by both chloride and MeN(PF& ligands, the latter as a P,P’-donor. Structural 

characterisation of Rh3(@!1)3{ p-(F2P)2NMe)3 shows that the chloride ligands all lie on one side 

of the Ru3-unit and similarly for the phosphorus ligands; Rh---Rh = 3.1180 (4), 3.0956 (4), 

3.0755(4)~~dRh-Plieintherange2.128to2.136(1)~.[115] 

R = Me, Et, ‘Pr n=2or3 

(65) (66) 
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The chiral phosphine ligands R,R-(65) and R&-(66) have been prepared and used in the 

syntheses of cations [Rh(cod)L]+ where the ligands are represented by L. For L = R,R-(66) and n 

= 2, the crystal structure of the rhodium(I) complex has been reported; Rh-P = 2.258 (2). 2.276 

(2) A. It has been shown that the new complexes are efficient precursors for the enantioselective 

hydrogenation of unsaturated reagents such as methyl acetamidocinnamate or dimethylitaconate. 

[ 1161 The complexation of related ligands bis(dioxaphospholane) ligands has also been reported. 

Ul71 

5.4.3 Complexes with oxygen donor Iigands 

The reaction of Rh2Q.(C0)4 with LiO-C&-2,6-Ph2 leads to Rh2(CO)&-0-C6H3-2,6- 

Ph&. Structural characterisation of the complex confums square planar rhodium(I) centres; Rh-0 

= 2.083 (3), 2.101 (3) 2.063 (3). 2.067 (4) A. Related iridium species were discussed in Section 

4.4.3 of the previous Chapter. [ 1181 

An interesting complex (67) results after the treatment of Rh2(cod)$12 with Tl2Sn(OEt)e. 

‘H and l3C NMR spectroscopic data illustrate that (67) is fluxional on the NMR timescale even at 

193 K. However, replacement of the cod ligands by CO generates an analogous complex in which 

the fluxional process may be frozen out at -80°C. Complex (67) has been crystallographically 

charactetised and pertinent bond parameters are Rh-0 = 2.059 (4), 2.082 (4), 2.063 (5), 2.065 (4) 

A, LORhO = 74.4 (l)‘, 74.6 (2)‘. [119] 

0 = oxygen 

(67) 

The phenoxy derivative trans_Rh(OPh)(CO)(PPh3)2 has been prepared and structurally 

characterised. As expected, the rhodium(I) environment is square planar; Rh-0 = 2.044 (2) A and 

LRhOCpa = 125.52 (19)“. The reactivity of Me1 and Ph2CHC(O)Cl towards tram-Rh(OPh)(CO)- 

(PPh& has been discussed. [120] The coordination of cyclopropenones to rhodium(I) has been 

the subject of study. Complex decarbonylation leads to 1-rhodacyclopentene-2,5-diones as well as 

cationic o-oxygen complexes. The structure of (68) has been determined; Rh-0 = 2.086 (7), 

C&,-O = 1.24 (1) A, La = 128.3 (8)‘. [121] 
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tBu 

Rh-co 

I 
PPh, 

(68) 

The salicylaldehyde derivative Rh(O-C&I&HO)(CO)(Ph~~ has been studied along with 

related iridium complexes described in the previous Chapter (Section 4.4.3). [122] An 

investigation of the kinetics of the oxidative addition of Hg(CN)z to RhL( P(OPh)3)2 in acetone 

solution where HL = benzoylacetone, dibenzoylmethane, trifluoroacetylacetone, trifluorobenzoyl- 

acetone or hexafluoroacetylacetone. The results are consistent with the rate equation given in equ. 

(ii). The proposed mechanism for the reaction involves an octahedral intermediate with an 

Rh(I)(NC-HgCN} interaction. [123] 

-d[Rh@-ketonate)(P(OPh)j]d / dt = k[Rh@ketonate)[P(OPh)3)2J[Hg(CN)2] (ii) 

The trigonal bipyramidal rhodium(I) complex rmns-Rh(CO)(PPhg)2( ON=N(O)Ph-00) 

has been crystallographically characterised. Relevant bond parameters are Rh-0 = 2.147 (8), 

2.339 (9) A, N-N = 1.30 (1) A, LONO = 124 (l)‘, 114 (1)’ and LORhO = 69.6 (3)‘. [124] The 

oxo-complexes [Cp2M=O_M’(PPh3)2(CO)]+ (M = MO, W, M’ = Rh, Ir) have been prepared from a 

combination of Cp2M=O and [M’(CO)(PPh3)2(NCMe)] +. tH NMR spectroscopic studies of the 

complexes in CD3CN solution show that they undergo rapid chemical transformation with the 

solvent and with excess CpzM=O. The cation [CpzMo-0-Rh(PPh&(CO)]+ has been structurally 

characterised, Rh-0 = 2.034 (6) A, Mo-0 = 1.78 (6) A, LMoORh = 167.1 (4)‘. [125] 

5.4.4 Complexes with sulphur or selenium donor ligands 

The reaction of [Rh(cod)z][BF4] with CppTi(SMe)z in the presence of P(c-hexyl)3 yields 

Rh2(cod)2(p-SMe)2. 3IP NMR spectroscopic data suggest that the initial part of the reaction 

involves the coordination of the phosphine ligand which is then displaced by the thiolate ligand. 

Rh2(cod)2&-SMe)2 has been structurally characterised; Rh-S = 2.338 (2), 2.353 (2), 2.340 (2) 

2.363 (2) A, Rh-Rh = 2.948 (1) A. [126] Related complexes are Rh2(CO)&t-L)2 in which I-IL = 

HSC&, HS-4-C$4H or HS-4-C&P. Their preparation and the structural characerisation of 

Rh2(CO)&r-S-4-C&F)2 have been reported. The two thiolate bridges lie cis-to one another and 

the two aryl substituents face down towards to carbonyl ligands; for two independent molecules, 

important bond parameters are Rh-S = 2.353 (4), 2.367 (5), 2.364 (5), 2.360 (4) 8, and 2.350 (4), 
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2.377 (4), 2.363 (4), 2.350 (4) A, Rh-Rh = 3.076 (2) 8, and 3.070 (2) A. The role of derivative 

complexes as catalyst precursors is assessed. [127] 

The oxidation of MeZNCSZRhLZ is reported to give the octahedral complexes 

Me2NC&RhL2&02) with L2 = cis- (PPh3)2 or dppe. In the presence of CO, oxidation yields 

Me2NCS2RhL2(03CO). However, for L = PPh3, oxidationfollowed by treatment with CO leads to 

the formation of rrans-Me2NCS2RhL2(@CO) which isomerises in the presence of PPh3 at 7o’C in 

a sealed tube to the cis-isomer. The molecular structure of rruns-Me2NCS2RhL2(02CO) has been 

determined; Rh-S = 2.347 (3), 2.346 (3) A, Rh-0 = 2.083 (8) 2.071 (8) A, Rh-P = 2.356 (3), 

2.398 (3) A. [128] The synthesis and crystallographic characterisation of (cod)Rh(p-SPPh2)2Pt- 

S2CNEt2 has been reported. The Rh$P#-unit adopts a “boat’‘-conformation; Rh-S = 2.370 (4) 

and 2.328 (4) A. The iridium analogue was described in Section 4.4.4 of the previous Chapter. 

[1291 
The reactivity of some singly and doubly selenium bridged complexes has been 

investigated. Cp*2Rhz(CO)@Se) reacts with SO3 to give the unusual complex Cp*ZRh2(C0)2(p- 

SeSOj), the molecular structure of which has been determined. Important distances are Rh-Rh = 

2.769 (2) A, Rh-Se = 2.417 (2), 2.440 (3) A, Se-S = 2.301 (6) A. The analogous complexes 

Cp*zRh2(C0)2@-S) and Cp*2Rh2(C0)2@-Se) disproportionate in solution, one product being the 

cluster species Cp*3Rh3(p3-CO)(p3-X) (X = S or Se). Upon warming, Cp*2Rhz(CO)2(p-Se) 

dimerises with loss of CO to yield Cp*4Rh&3-Se)4. [130] 

5.45 Complexes with mixed donor sets 

The donor sets to be discussed in this Section arise from N,O-, N,P-, P,O-, NJ- and 

P,As-ligands. 

The preparation of the complexes (69) has been reported and the products have been 

characterised by 1H and 31P NMR and IR spectroscopy. [ 13 l] An N,O-donor set is also observed 

upon complexation of the ligands L2- to rhodium(I) where H2L = 2,5-pyrazinedicarboxylic or 2,3- 

pyrazinedicarboxylic acid. The complexes which have been characterised are RhzL(cod)z, 

Rh2L(C0)2(PPh3)2 and Rh2L(C0)2(P(OR)3)2 (R = Me, Ph) along with some iridium(I) 

analogues. In each case, the ligand bridges between the two rhodium(I) centres being N,O-bonded 

to each metal. [ 1321 

L = P(OR), 

L’ = P(OR), or CO 

R = Me, Ph. Pr 

(69) 



223 

n=l,2,3 

The reaction of Rh$.ZO)4Q with two equivalents of P(CH$H2CNf3 (L) in dmf or EtOH 

leads to [~~CO)C~2]~ in which the ligand binds through both phosphorus and nitrogen atoms. 

Related complexes were described in Section 5.4.2. [89] Complexes of the type LRhCl have been 

prepared from Rh2(CO)&12 and L for L = bis( 3-(diphenylphosphino)propyl]amine or bis( 4 

(diphenylphosphinobutyl)benzyl)amine). The ligands are coordinated to the square planar 

rhodium(I) via a PzN-donor set. The catalytic activity of the complexes with respect to 

hy~ogenation reactions has been addressed. [ 1331 Ligands of type (70) have been designed so as 

to exhibit a cis-P2N2-donor set. The ligands have been produced as equimolar mixtures of the 

meso- and rat-forms. The complexation of (70) to rhodium(I) has been studied and the molecular 

structures of (rut-Lnzt>Rh2(CO)2Cl~ and the rhodium@) complex cation [(meso-Ln,3)2Rh$Z12]2+ 

have been determined. In the fomer complex, the ligand bridges between the two Rh atoms being 

an NPZ-donor to each met&, the Rh----Rh separation is 3.093 (1) A, Rh-P = 2.212 (2), 2.219 (2) 

A and Rh-N = 2.134 (5). 2.148 (5) A. In the latter, the complex is supported by a Rh-Rh bond 

(2.650 (1) A) and the diihodium unit is bridged by two ligands, each coordinated via a P,P-donor 

set to one rhodium atom and an N,N-donor set to the other metal atom; Rh-P = 2.244 (3), 2.261 

(2) A and Rh-N = 2.193 (6), 2.185 (7) A. 11343 

A single crystal X-ray diffraction study of Rh2Cl2(CO~z(M~CCCC~Me~(Ph2PC5~N~2 

and of the related iridium complex cation [Ir2(CO)2(C~~)(CNtBu)(~-MeO2CCCCO~Me)(~- 

dppm)2]+ (see Section 4.4.2 of the previous chapter) has been presented. In the dirhodium 

complex, the Rh-Rh distance is 2.6528 (5) A and the Rh2-unit is bridged by two 2-(PPh2)-py 

ligands; Rb-N = 2.171 (7),2.148 (8) A and Rh-P = 2.259 (4),2.244 (4) A. [1351 

(71) R=HorEt (72) 

The hydrospirophosphoraues (71) react with Rh2(C0)&12 to give complexes (72) which 

have been characterised by infrared and 3tP and t5N NMR spectroscopy. [136] The ligand 
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Pr2P(CH2)2OMe (L) binds to rhodium(I) in [Rh(cod)Lz]+ in an rlt-P-mode. Displacement of the 

cod ligand by carbon monoxide gives a complex which readily eliminates CO to give [Rh(CO)(ql- 

P-L)($-P,O-L)]+. The oxidative addition of Me1 to [Rh(CO)(ql-P-L)(q2-/‘,0-L)]+ and the 

kinetics of this reaction have been investigated. The ability of L to rearrange from an nt-P- to $- 

P,O-mode promotes acyi formation after the initial addition of the methyl iodide. [ 1371 In related 

work, the reaction of Rh2(CO)4l2 with Me$i(CH&P(Ph)(CH2)2OMe, L, gives tmns-LzRh(CO)I 

in which L functions as a monodentate P-donor. The oxidative addition of Me1 occurs and, as in 

the previous case, closure of L to an $-P,O-mode promotes acyl formation. [ 1381 

+ 

Treatment of cis-[RhL’2(Me$O)x]+ with [Rh(p-L)L’2]2 (HL = 2-HS-py or benzothiazole- 

2-thiol; L’2 = (CO)z, (CO)(PPh$, cod, norboma-2,5diene or tetrafluorobenzo[5,6]bicyclo[2.2.2]- 

octa-2,5,7-triene (tfbb)) has been shown to give the trirhodium complexes [Rh3(p-L)2&‘2)3]+. In 

particular, the method gives a controlled route to a single isomer of [Rh3@3-C7H4NS2)2 

(CO)2(PPh+&‘2]+. All the complexes have been characterised by lH and 3lP NMR and UV-VIS 

spectroscopy. The structures of [Rh3(p-2-S-py)2(CO)#, (73), and [Rh&-2-S-py)2(C0)2 

(tfbb)(PPh3)2]+ have been determined. In (73), pertintent distances for the two independent 

molecules are Rh-S = 2.407 (6), 2.366 (5), 2.388 (6) 8, and 2.401 (5), 2.365 (5), 2.378 (5) A, 

Rh-N = 2.106 (13), 2.085 (14) A and 2.080 (14) 2.088 (13) A, Rh----Rh = 2.891 (15), 2.907 (4) 

A and 2.927 (5), 2.920 (4) A. [139] 

The complex dication [Rh(CO)Cl(Atq(Ph2PCH2As(Ph)CH2PPh2)2)12+ has been prepared 

from ClAu(Ph2PCH2As(Ph)CH2PPh2)AuCl and Rh2(C0)4Cl2. A structural determination of the 

complex confiis that the rhodium atom is centred within an Au2PqAs2-macrocycle but bonded to 

two Au and two As atoms with axial chloride and carbonyl ligands; for two independent molecules 

distances are Rh-Au = 3.028 (2), 3.006 (2) 8, and 3.034 (2), 3.074 (2) 8, and Rh-As = 2.406 (5), 

2.418 (5) 8, and 2.418 (5), 2.414 (5) A. [140] 



225 

5.5 CLUSTERS CONTAINING RHODIUM 

5.5.1 Homometallic clusters 

The cluster anions [Rbs(CO)t&]n- (X = Cl, Br, I, SCN and n = 2; X = PPh3, n = 1) have 

been synthesised from Rh4(C0)12 and X-or PPh3. The molecular structures of [PPN] 

[Rhs(CO)&t-CO)e(PPh$] and [PPN]2[Rh5(CO)&.l-CO)&CN)] have been determined; each 

anion has a trigonal bipyramidal core, elongated as expected for a cluster with 76 valence electrons. 

The PPh3 or SCN- ligands are terminally bonded and attached to the apical rhodium atoms; Rh-P = 

2.382 (3) 8, in [Rh5(CO)&_t-CO)6(PPh3)]- and Rh-S = 2.582 (5) A, LRhSC = 105.5 (8)’ in 

[Rh5(CO)&l-CO)6(SCN)]2-. The clusters are stable under an atmosphere of CO but decompose 

under nitrogen. [ 1411 

Variable temperature solid state t3C NMR (magic angle spinning) spectral data have been 

gathered for Rh4(CO)l2 and [Me3BzN]2[Rhe(CO)l5C]. In both cases the results are consistent 

with the solid state staitc structures determined by single crystal X-ray diffraction. The l3C NMR 

spectrum of Rh4(C0)12 exhibits eight resonances in the carbonyl region although some signals are 

overlapping. The spectrum for [Rh6(CO)lgC]2- shows five signals, one assigned to terminal 

carbonyl ligands and four assigned to bridging CO ligands. [ 1421 

The results of a study of the acidity of the interstitial H atoms in Rhlx-clusters have been 

presented. For [H3Rht3(C0)2412- in MeCN solution, the pKa corresponding to the removal the 

first proton is 11.0, and for the second is 16.5. However, the deprotonation step 

[H3Rht3(CO)&- to [H2Rhl3(CO)& using aniline as the base has an activation barrier of 21.3 

kcal mol-l and deprotonation is therefore slow despite the low pKa values. [ 1431 

5.5.2 Heterometallic clusters 

Two tetrahedra linked via Me$?-bridges are present in (HRuRh3(C0)9)2(p-SMe2)3, (74). 

n 
= Ru(CO)s 

0 =Rh(CO)a 
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The preparation and structural determination of compound (74) have been reported. The dimethyl- 

sulphido unit is a four electron donor and provides a flexible bridging unit; LRhSRh = 125.1 (I) 

A. The two Rhg-triangles are eclipsed in (74). [ 1441 

It has been shown that ketenylidene clusters are useful precursors to heterometahic systems. 

For example, the reaction of [Ru~(C@JCC~]~- with Rh2(C0)4C12 in thf gives the carbido cluster 

[Rh3Ru3(CO)lS]-. The observation of *o3Rh-I3C spin coupling (J = 23 Hz) lends supporting 

evidence for the presence of the three rhodium atoms. [ 1451 Treatment of HzOs3(CO)lo with 

CpRh(CO)z in toluene at 90°C yields a mixture of CpRhOsZ(CO)g, H2CpRhOs3(CO)ro and 

H#pRhO&CO)r3. The molecular structures of HzCpRhOs3(CO)lu and H$ZpRhOs4(C0)13 have 

been determined. The metal core (7.5) of H2CpRhOs3(CO)Io is a tetrahedron as expected for a 

cluster with 60 valence electrons; the core (76) of HzCpRhOs4(C0)13 is an edge bridged 

tetrahedron consistent with its 74 valence electrons. Under hydrogen, the same preparative route 

(again in toluene) leads to H3(q6C&I5Me)RhOs3(CO)g as the major product. The interconversion 

of some of the new rhodium containing clusters is discussed. [146] 

(75) (76) 

A method of metal exchange, rhodium for iron, has been used to synthesise the alkyne 

containing cluster H(CpMo)RuRh(CO)&Me2. Other heterometallic cluster species also reported 

include Rh&!o2(CO)I&MeR (R = Me, Ph). [ 1471 The preparation, spectroscopic and structural 

characterisation of the paramagnetic clusters (Cp*M)(CpCo)2(CO)2 and (Cp*M)$pCo)(C0)2 for 

M = Rh or Ir have been reported. Each cluster is a 46 electron species. A detailed examination of 

the structures provides an insight into the cluster bonding. It appears realistic to describe the 

molecules in terms of a dinuclear species interacting with a single metal centre. The 

paramagnetically shifted lH NMR spectra of the clusters are discussed. [ 1481 

REFERENCES 

1. P.J. Steel, Coord. Chem. Rev., 106 (1990) 227. 
2. A.K. Brisdon, P.J. Jones, W. Levason, J.S. Ogden, J.H. Holloway, E.G. Hope and G. 

Stanger, J. Chem. Sot., Dalton Trans., (1990) 715. 
3. R.S. Hay-Motherwell, G. Wilkinson, B. Hussain-Bates and M.B. Hursthouse, Polyhedron, 9 

(1990) 2071. 
4. S.A. Gromilov, I.A. Baidina, V.I. Alekseev, A.B. Venediktov and S.P. Khranenko, Zh. 

Neorg. Khim., 35 (1990) 682. 
5. S.A. Gromilov, S.P. Khranenko, A.V. Belyaev and V.I. Lisoian, Izv. Sib. Otd. Akad. Nauk 

SSSR, Ser. Khim. Nauk, (1990) 19; Chem. Abstr., 113 (1990) 107998k. 
6. N.N. Chalisova and O.G. Leonova, Zh. Neorg. Khim., 35 (1990) 638. 
7. R.B. English, Polyhedron, 9 (1990) 1589. 
8. S.F. Colson and S.D. Robinson, Polyhedron, 9 (1990) 1737. 



227 

9. P. Moore and L. Monsted, Acfu Chem. Scand., 44 (1990) 574. 
10. M.J. Jun, C.W. Park and S.R. Choi, Bull. Korean Chem. Sot., 11 (1990) 248. 
11. M. Megnamisi-Belombe and B. Nuber, 2. Nuturforsch, Sect. I?, 45 (1990) 1508. 
12. R.D. Garlatti and G. Tauzher, Polyhedron, 9 (1990) 2047. 
13. :;;3”; Yao, K.H. Park, A.R. Khokhar, M.-J. Jun and J.L. Bear, Inorg. Chem., 29 (1990) 

14. S.-T.‘Mak, V. W.-W. Yam, C.-M. Che and T.C.W. Mak, J. Chem. Sot., Dalton Trans., 
(1990) 2555. 

15. E.C. Constable, T.A. Leese and D.A. Tocher, Po~y~~on, 9 (1990) 1613. 
16. M.G. Colombo, A. Ziiian and H.U. Giidel, J. Am. Chem. Sot., 112 (1990) 4581. 
17. M. Fume. M. Hirata, S. Kinoshita, T. Kushida and M. Kamachi, Chem. Len., (1990) 2065. 
18. SC. Rasmussen, M.M. Richter, E. Yi, H. Pace and K.J. Brewer, Znorg. Chem., 29 (1990) 

3926. 
19. M.T. Indelli and F. Scandola, Inorg. Chem., 29 (1990) 3056. 
20. A.M. Pyle, T. Morii and J.K. Barton, J. Am. Chem. Sot., 112 (1990) 9432. 
21. A.M. Fyle, M.Y. Chiang and J.K. Barton, Irwrg. Chem., 29 (1990) 4487. 
22. P.V. Bemhardt, G.A. Lawrance and T.W. Hambley, J. Gem. SW., Dalton Trans., (1990) 

983. 
23. H. Sakaba, C. Kabuto, H. Horino and M. Arai, Bull. Chem. Sot. Jpn., 63 (1990) 1822. 
24. M.Z. Wi~niews~, W.J. Surga and B. Lenarick, Tr~~~t~on Met. Chem., 15 (1990) 63. 
25. J.A. Bailey, S.L. Gnmdy and S.R. Stobart, Org~~met~ili&s, 9 (1990) 536. 
26. D. Carmona, F.J. Lahoz, L.A. Gro, 3. Reyes and M.P. Lamata, J. G-tern. Sot., Dalton Trans., 

(1990) 3551. 
27. H. Ogoshi, H. Hatakeyama, K. Yamamura and Y. Kuroda, Chem. Left., (1990) 51. 
28. Y. Aoyama. M.Asakawa, A. Yamagishi, H. Toi and I-I. Ogoshi, J. Am. Chem. Sot., 112 

(1990) 3145. 
29. T. Boschi, S. Licoceia, R. Paolesse, P. Tagliatesta, M.A. Tehran, G. Pelizzi and F. Vitali, J. 

30. 

31. 

32. 

33. 

34. 

35. 

:: 
38: 

39. 
40. 

41. 
42. 
43. 

44. 
45. 

:;: 
48. 

49. 
50. 

51. 

Chem. Sot., Dalton Trans., (1990) 463. 
E.G. Lundquist, K. Folting, J.C. Huffman and K.G. Caulton, Organometallics. 9 (1990) 
2254. 
P.J. Fennis, P.H.M. Bubzelaar, J.H.G. Frijns and A.G. Orpen, J. Organometal. Chem., 393 
(1990) 287. 
M. Valderrama, M. Scotti, P. Campos, 111. Werner and G. Mtiller, Chem. Ber., 123 (1990) 
1005. 
M. Valdenama, M. Scotti and J. Cuevas, Bol. SOC. Chil. Quim., 35 (1990) 317; Chem. 
Abstr., 114(1991) 24162~. 
M.P. Garica, M.V. Jimenez, F.J. Lahoz, L.A. Gro, A. Tiripicchio and J.A. upez, J. Chem. 
Sbc., Dalton Trans., (1990) 1503. 
K. Simonsen, M. Hamada, N. Suzuki, M. Kojima, S. Ohba, F. Galsbel, Y. Saito and J. 
Fijita, Bull. Chem. Sot. Jpn., 63 (1990) 2904. 
M. DiVaira, P. Stoppioni and M. Peruzzini, J. Chem. Sot., Dalton Trans., (1990) 109. 
V.I. Korsunskii, N.N. Chalisova and O.G. Leonova, Zh. Neorg. Khim., 35 (1990) 1156. 
J. Vincente, J.A. Abad, F.J. Lahoz and F.J. Plou, J. Chem. Sot., Dalton Trans., (1990) 
1459. 
A.A. Zlota, F. Frolow and D. Milsten, J. Am. Chem. Sot., 112 (1990) 7247. 
C. Bianchini, P. Frediani, F. Laschi, A, Meli, F. Vizza and P. Zanello, Inorg. Chem., 29 
(1990) 3402. 
M. Nonoyama, Transition Met. Chem., 15 (1990) 366. 
M. Kajitani, Y. Eguchi, R. Abe, T. Akiyama and A. Sugimor, Chcm. L&t., (1990) 359. 
M. Kajitani, R. Gchiai, R. Kikuchi, M. Okubo, T. Akiyama and A. Sugimor, Folyhedron, P 
(f990) 1123. 
Y. Ozawa, Y. Hayashi and K. Isobe, Chem. L.&t., (1990) 249. 
A.Z. Al-Rubaie, Y.N. Al-Obaidi and L.Z. Yousif, Polyhedron, 9 (1990) 1141. 
A.Z. Al-Rubaie, Y.N. Al-Obaidi and L.Z. Yousif, Thermochim. Acta, 162 (1990) 409. 
P. Lahuerta, J. Latorre and R. Martinezmanez, Itwrg. Chim. Acta, 168 (1990) 149. 
D. Carmona, A. Mendoza, F.J. Lahoz, L.A. Oro, M.P. Lamata and E.S. Jose, J. 
Organometal. Chem., 396 (1990) C17. 
R. Kr&ner, K. Polbom, H. Wanjek, I. Zahn and W. Beck, Chem. Ber., 123 (1990) 767. 
A.;gorov, J. Podlaha, J. Podahova and F. Tur&ek, J, Chem. Sot., Dalton Trans., (1990)’ 

A.E.~~anova, T.P.Sidorova, G.A. Razgonyaeva, A.V. Chuvaev and L.K. Shu~h~n, Zh. 
Neorg. Khim., 35 (1990) 2003. 



228 

52. 

53. 

54. 
55. 
56. 
57. 

58. 

59. 
60. 

61. 

64. 

65. 
66. 
67. 

28. 
70: 
71. 
72. 

;:: 

75. 
76. 

77. 
78. 
79. 

::: 

:;. 
84: 

85. 

88. 

;;: 
91. 

92. 

93. 
94. 

L.W. Tari, G.A. Stem, J.B. Westmore and A.S. Secco, Acta Crystallogr., Sect. C, 46 (1990) 
197. 
S.K. Chattopadhyay, M. Hossain, S. Ghosh and A.K. Guha, Transition Met. Chem., 15 
(1990) 473. 
A.J. Blake, G. Reid and M. Schrijder, Polyhedron, 9 (1990) 2925. 
P.R. Sharp, D.W. Hoard and CL. Barnes, J. Am. Chem. Sot., 112 (1990) 2024. 
D. Dowerah, L.J. Radonovich, N.F. Woolsey and M.J. Heeg, Organometallics, 9 (1990) 614. 
C.A. Ogle, T.C. Masterman and J.L. Hubbard, J. Chem. Sot., Chem. Commun., (1990) 
1733. 
X. He, A. Maisonnat, F. Dahan and R. Poilblanc, J. Chem. Sot., Chem. Commun., (1990) 
670. 
J.I. Dulebohn, D.L. Ward and D.G. Norman, J. Am. Chem. Sot., 112 (1990) 2969. 
M. Kennedy, M.A. McKervey, A.R. Maguire and G.H.P. Poos, J. Chem. SOC., Chem. 
Commun., (1990) 361. 
0. Poizat, D.P. Strommen, P. Maldivi, A.-M. Giroud-Godquin and J.-C. Marchon, fnorg. 
Chem., 29 (1990) 4851. 
S.P. Best, R.J.H. Clark and A.J. Nightingale, Inorg. Chem., 29 (1990) 1383. 
D.M.L. Goodgame, C.A. O’Mahoney, C.J. Page and D.J. Williams, Inorg. Chim. Acta, 175 
(1990) 141. 
J.-P. Collin, A. Jouaiti, J.-P. Sauvage, W.C. Kaska, M.A. McLaughlin, N.L. Keder, W.J.A. 
Harrison and G.D. Stucky, Inorg. Chem., 29 (1990) 2238. 
K.K. Pandey, D.T. Nehete and R.B. Sharma, Polyhedron, 9 (1990) 2013. 
S.J. Chen and K.J. Dunbar, fnorg. Chem., 29 (1990) 588. 
Y. Fuchita, Y. Onta, K. Hiraki, M. Kawatani and N. Nishiyama, J. Chem. Sot., Dalton 
Trans., (1990) 3767. 
C.S. Chin, S.-N. Choi and K.-D. Kim, Inorg. Chem., 29 (1990) 145. 
I. Zahn, B. Wagner, K. Polbom and W. Beck, J. Organometal. Chem., 394 (1990) 601 
Y.W. Ge, F. Peng and P.R. Sharp, J. Am. Chem. Sot., 112 (1990) 2632. 
Y.-W. Ge and P.R. Sharp, J. Am. Chem. Sot., 112 (1990) 3667. 
M.D. Fryzuk and W.E. Piers, Organometallics, 9 (1990) 986. 
P. Imhoff, C.J. Elsevier and C.H. Stam, Inorg. Chim. Acta, 175 (1990) 209. 
M.A. Esteruelas, E. Sola, L.A. Oro, M.B. Ros, M.Marcos and J.L. Serrano, J. Organometal. 
Chem., 387 (1990) 103. 
G. Matsubayashi and T. Tanaka, J. Chem. Sot., Dalton Trans., (1990) 437. 
F.P. Fanizzi, G.J. Sunley, J.A. Wheeler, H. Adams, N.A. Bailey and P.M. Maitlas, 
Organometallics, 9 ( 1990) 13 1. 
D.E. Chebi, P.E. Fanwick and 1.P Rothwell, Organometallics, 9 (1990) 2948. 
J. Cartwright, A. Harman and A.F. Hill, J. Organometal. Chem., 396 (1990) C31. 
M.P. Garcia, A.M. Lopez, M.A. Esteruelas, F.J. Lahoz and L.A. Oro, J. Chem. Sot., Dalton 
Trans., (1990) 3465. 
S.S. Basson, J.G. Leipoldt and A. Roodt, Acta Crystallogr., Sect. C, 46 (1990) 142. 
J.G. Leipoldt, S.S. Basson and L.J. Botham, Inorg. Chim. Act, 168 (1990) 215. 
P.C. Ford, T.L. Netzel, C.T. Spillett and D.B. Pourreau, Pure Appl. Chem., 62 (1990) 1091. 
W.D. Jones and E.T. Hessell, New J. Chem., 14 (1990) 481. 
C.M. DiMeglio, L.A. Luck, C.D. Rithner, A.L. Rheingold, W.L. Elcesser, J.L. Hubbard and 
C.H. Bushweller, J. Phys. Chem., 94 (1990) 6255. 
A.R. Seidle, W.B. Gleason, R.A. Newmark, R.P. Skarjuie, P.A. Lyon, C.G. Markell, K.O. 
Hodgson and A.L. Roe, Inorg. Chem., 29 (1990) 1667. 
R. Choukrooun, F. Dahan, D. Gervais and C. Rifai, Organometallics, 9 (1990) 1982. 
E.E. Nifant’ev, A.V. Shishin, A.T. Teleshev, A.R. Bekker, M.Yu. Antipin and Yu.T. 
Struchkov, Zh. Obshch. Khim., 60 (1990) 2072. 
H. Werner, A. Hampp, K. Peters, E.M. Peters, L. Walz and H.G. von Schnering, Z. 
Naturforsch, B: Chem. Sci., 45 (1990) 1548. 
L.I. Danilina, A.V. Iretskii and T.S. Rosyanova, Koord. Khim., 16 (1990) 1390. 
M. Bressan and A. Morvillo, Inorg. Chim. Acta, 166 (1990) 177. 
Yi9ytellato, B. Corain, R. Graziani, B. Longato and G. Pilloni, Znorg. Chem., 29 (1990) 

S. Inbue, H. Takaya, K. Tani, S. Otsuka, T. Sato and R. Noyori, J. Am. Chem. Sot., 112 
(1990) 4897. 
I. T&h, B.E. Hanson and M.E. Davies, J. Organometal. Chem., 396 (1990) 363. 
H. Brunner, E. Bielmeier and J. Wiehl, J. Organometal. Chem., 384 (1990) 223. 



229 

95. y3gyCulloch, J. Halpem, M.R. Thompson and CR. Landis, Organomefullics, 9 (1990) 

96. H.A.‘Mayer and W.C. Kaska, Chem. Ber., 123 (1990) 1827. 
97. A. Varshney and G.M. Gray, J. Organometal. Chem., 391 (1990) 415. 
98. M. Cano, J.A. Campo, P. Gvejero and J.V. Heras, Inorg. Chim. Actu, 170 (1990) 139. 
99. A.L. Balch, V.J. Catalano and M.M. Olmstead, Inorg. Chem., 29 (1990) 1638. 

100. A. Neher, 0. Heyke and I.-P. Lorenz, 2. Anorg. Allg. Chem., 578 (1990) 185. 
101. W.-D. Wangrand R. Eisenberg, J. Am. Chem. Sot., 112 (1990) 1833. 
102. C.-M. Che, W.-M. Lee, H.-L. Kwong, V.W.-W. Yam and K.-C. Cho, J. Chem. Sot., Dalton 

Trans., (1990) 1717. 
103. R. Kumar, R.J. Puddephatt and F.R. Fronczek, Inorg. Chem., 29 (1990) 4850. 
104. D.M. Antonelli and M. Cowie, Inorg. Chem., 29 (1990) 3339. 
105. R. McDonald and M. Cowie, Inorg. Chem., 29 (1990) 1564. 
106. D.M. Antonelli and M. Cowie, Organometallics, 9 (1990) 18 18. 
107. D.J. Elliot, G. Ferguson, D.G. Holah, A.N. Hughes, M.C. Jennings, V.R. Magnuson, D. 

Potter and R.J. Puddephatt, Organometullics, 9 (1990) 1336. 
108. C. Bianchini, A. Meli, M. Peruzzini, F. Vizza, P. Frediani and J.A. Ramirez, Organometallics, 

9 (1990) 226. 
109. E.G. Thaler, K. Folting and K. Caulton, J. Am. Chem. Sot., 112 (1990) 2664. 
110. C. Bianchini, A. Meli, M. Peruzzini, F. Zanobini and P. Zanello, Organometallics 9 (1990) 

241. 
111. C. Bianchini, A. Meli, M. Peruzzini, F. Zanobini, C. Bruneau and P.H. Dixneuf, 

Organometallics, 9 (1990) 1155. 
112. C. Bianchini, A. Meli, M. Peruzzini, F. Vizza and P. Frediani, Organometallics, 9 (1990) 

1146. 
113. C8B3ianchini, A. Meli, M. Peruzzini, F. Vizza and A. Albinati, Organometallics, 9 (1990) 

114. A. B&h, M.M. Olmstead annd S.P. Rowley, Inorg. Chim. Acta, 168 (1990) 255. 
115. J.T. Mague and M.P. Johnson, Actu Crystullogr., Sect. C, 46 (1990) 129. 
116. M.J. Burk, J.E. Feaster and R.L. Harlow, Organometullics, 9 (1990) 2653. 
117. D.J. Wink, T.J. Kwok and A. Yee, Inorg. Chem., 29 (1990) 5006. 
118. D.E. Chebi, P.E. Fanwick and I.P. Rothwell, Polyhedron, 9 (1990) 969. 
119. T.A. Wark, E.A. Gulliver, M.J. Hampden-Smith and A.L Rheingold, Inorg. Chem., 29 

(1990) 4360. 
120. K.A. Bernard, M.R. Churchill, T.S. Janik and J.D. Atwood, Organometullics, 9 (1990) 12. 
12 1. L. Song, A.M. Arif and P.J. Stang, Organometallics, 9 (1990) 2792. 
122. A. Sahajpal, S.D. Robinson, M.A. Mazid, M. Motevalli and M.B. Hursthouse, J. Chem. 

Sot., Dalton Trans., (1990) 2119. 
123. G.J. van Zyl, G.J. Lamprecht and J.G. Leipoldt, Transition Metal Chem., 15 (1990) 170. 
124. S.S. Basson, J.G. Leipoldt and J.A. Venter, Acta Crystallogr., Sect. C, 46 (1990) 1324. 
125. R.S. Pilato, D. Rubin, G.L. Geoffroy and A.L. Rheingold, Inorg. Chem., 29 (1990) 1986. 
126. T.A. Wark and D.W. Stephan, Can. J. &em., 68 (1990) 565. 
127. C. Claver, A.M. Masdeu, N. Ruiz, C. Faces-Faces, F.H. Cano, M.C. Apreda and L.A. Gro, 

J. Organometal. Chem., 398 (1990) 177. 
128. Y. Wakatsuki, M. Maniwa and H. Yamazaki, Inorg. Chem., 29 (1990) 4204. 
129. tik2Blake, J.D. Fotheringham and T.A. Stephenson, Acta Crystallogr., Sect. C, 46 (1990) 

130. H. B*mnner, N. Janietz, J. Wachter, H.-P. Neuumann, B. Nuber and M.L. Ziegler, J. 
Organometal. Chem., 388 (1990) 203. 

131. &Gopinathan, S.A. Pardhy, I.R. Unny and C. Gopinathan, Inorg. Chim. Actu, 169 (1990) 

132. J.C. Bay&t, G. Net, J. Real and P.G. Rasmussen, J. Organometal. Chem., 385 (1990) 409. 
133. D. Breuer, Th. G&m and H.-J. Haupt, J. Mol. Catul., 61 (1990) 149. 
134. P.H.M. Budzelaar, J.H.G. Frijns and A.G. Grpen, Organometullics, 9 (1990) 1222. 
135. J.T. Mague, Polyhedron, 9 (1990) 2635. 
136. E.E. Nifantyev, K.N. Gavrilov, G.I. Timofeeva, A.T. Teleshev, S.N. Krasnokutnovsky, 

E.Y. Zhorov, V.A. Pavlov and E.I. Klabunovsky, J. Organometal. Chem., 397 (1990) 245. 
137. E. Lindner and H. Norz, Chem. Ber., 123 (1990) 459. 
138. E. Lindner, E. Glaser, H.A. Mayer and P. Wegner, J. Organometal. Chem., 398 (1990) 325. 
139. M.A. Ciriano, J.J. Perez-Torrente, F. Viguri, F.J. Lahoz, L.A. Oro, A. Tiripicchio and M. 

Tiripicchio-Camellini, J. Chem. Sot., Dalton Trans., (1990) 1493. 
140. A.L. Balch, E.Y. Fung and M.M. Olmstead, Inorg. Chem., 29 (1990) 3203. 



230 

141. A. Fumagalli, S. Martinengo, D. Galli, C. Allevi, G. Ciani and A. Sironi, Inorg. Chem., 29 
(1990) 1408. 

142. B.T. Heaton, J. Sabounchei, H. Nakayama, T. Eguchi, S. Takeda, N. Nakamura and H. 
Chihara, Bull. Chem. Sot. Jpn., 63 (1990) 3019. 

143. R.T. Weberg and J.R. Norton, J. Am. Chem. Sot., 112 (1990) 1105. 
144. S. Rossi, J. Pursianen, M. Ahlgren and T.A. Pakkanen, Organometallics, 9 (1990) 415. 
145. M.P. Jensen, W. Henderson, D.H. Johnston, M. Sabat and D.F. Shriver, J. Organometal. 

Chem., 394 (1990) 121. 
146. A. Colombie, D.A. McCarthy, J. Krause, L.-Y. Hsu, W.L. Hsu, D.Y. Jan and S.G. Shore, J. 

Organometal. Chem., 383 (1990) 421. 
147. T. Albiez, H. Bantel and H. Vahrenkamp, Chem. Ber., 123 (1990) 1803. 
148. C.E. Barnes, M.R. Dial, J.A. Ovis, D.L. Staley and A.L. Rheingold, Organometallics, 9 

(1990) 1021. 


