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| .  lntrodue•on 

The chemistry of  rhodium has continued to attract interest in 1994, an SC| search 
revealing in excess of 10O0 references. Much of  the work in this field is "organometa[- 
tic" hi nature and since such compounOs are reviewed elsewhere in Coord Cicero. 
Rev., the treatment herein is restricted to those compounds which | feet will be. of  
particular interest to the coordination chemistry community. Such judgements are 
by their nature subjective, especially in a di~ipline with such ill-defined boundaries, 
and I apologise to all those research workers whose research does not feature here. 
While ignoring most compounds containing metal-carbon bonds, I have deliberately 
included the cyelometallated compounds of ligands containing pyridine units linked 
to potentially metallating aryt rings. The photophysics and synthesis of such species 
is inextricably linked to the continuing quest for tight-harvesting analogues of  
ruthenium polypyridyl species and as such is one of  the most active areas of  modern 
coordination chemistry. A notable feature of  this year's literature has been the 
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interest in the preparation and use of rhodium complexes in biological and medicinal 
situations; while these complexes are reviewed in the appropriate places in the text, 
readers are also guided to a review of the application of coordination compounds 
in chemotherapy which includes a review of some rhodium-based potential anti- 
cancer compounds [ 1 ]. 

The review follows the format established by the previous reviewer with di, tfi 
and polynuclear complexes separated into an individual section at the end. I hope 
that this account will continue to provide readers with a broad overview of the 
year's rhodium coordination chemistry. Searches of both the SCI and the Cambridge 
Structural Data Base have been used in the construction of this article. Several 
papers which were published at the end of 1993 but not incorporated into the SCI 
until 1S94 have been included in this review for the sake of completeness. 

1.1. Rhodium(IV) and (V) 

A UV-VIS spectroscopic study on RhF5 has been reported and the spectra of this 
intensely coloured compound assigned and interpreted [2]. The compound Claus' 
blue, previously believed to contain rhodium(iV), has been spectroscopically iden- 
tified as a rhodium(III) superoxo species [3]. 

1.2. Rhodium(III) 

1.2.1. Complexes with halide and pseudo-halide ligands 
The binding of rhodium(III) chloride with DNA has been investigated by circular 

dichroism [4]. The compound reacts with the DNA bases and induces conforma- 
tional changes in the double-helical structure. Small amounts of the rhodium complex 
stabilise the B conformation of DNA while at higher rhodium concentrations the C 
conformation is induced. 

1.2.2. Complexes with oxygen donor ligands 
A range of rhodium(III) superoxide complexes have beeI~ prepared from Claus' 

blue which was shown to contain a [Rh~(O2)] s+ core [3]. 

1.2.3. Complexes with sulfur donor ligands 
The chemistry of dimethylsulfoxide with rhodium(III) chloride has been reinvesti- 

gated and the anionic species cis-[RhC14(dmso)2]" isolated and structurally character- 
ised [5]. Both dmso molecules are S-bonded to the metal centre. Isomerisation of 
the complex to the trans isomer is promoted by light. This trans isomer is thermody- 
nalically uI~stable and in dmso solution reverts back to the cis isomer [6]. A crown 
thioether complex of rhodiv~(~II) with the ligand tetrathiocyclodecane has been 
prepared [7]. Completion of the coordination sphere with 9,10-phenanthrenequinone 
diimine gives a metallointercalator. 
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1.2.4. Complexes with nitrogen donor ligands 
Much of the reported chemistry of rhodium(IiI)  complexes with nitrogen donors 

is centred around polypyridine ligands and their analogues. Within this sphere 
Barton and co-workers have published a number of papers reporting their investiga- 
tions into DNA intercalatior~ by rhodium(Ill)  complexes [7-12,14]. Much of this 
work centres around complexes of the ligand 9,1O-phenanthrenequinoned~ine 
(phi) which is illustrated in (1). The cationic complex [Rb(NH3)4(phi)] 3+ has been 
prepared and its binding to a small duplex oligonucleotide strand (TGC_~CA)2 
monitored by 1D and 2D NMR spectroscopic techniques [8]. The NMR spectra 
support classical intercalafive binding in the major groove and this binding is 
associated with upfield shifts of the resonances corresponding to the aromatic protons 
on the phi ligand. Molecular modelling studies based on the NMR spectroscopic 
results implicate ~r-stacking interactions between the phi Iigand and the nuck:ofide 
bases together with hydrogen bonding interactions between the protons on the axial 
coordinated amines and guanine oxygen atoms on the nucleoside bases. In order to 
further probe the interaction of ancillary ligands with DNA, a range of cations of 
type [RhX4(phi)] s+ were prepared; X=(en)2, (tren), tetraazacyclododecane or 
tetrathiacyclododecane [7]. The cationic complexes [Rh(bpy)z(phi)] a+ and 
[Rh(bpy)(phi)2] 3+ and substituted derivatives have been prepared [9]. The com- 
pounds again bind to the major groove of DNA via the phi Iigand. On irradiation 
with UV light they promote DNa. strand cleavage. The precise shape of the metal 
complex governs the complex-DNA recognition event; the introduction of bulky 
groups on the bipyridyl ligands can be used to target the complex towards specific 
base sequences. The selecfivities are rafionatised in terms of unfavourable stefic 
interactions and favourable Van-der-Waals interactions. 

HN NH 

(1) 

These two approaches to obtaining additional interactions through designed ancil- 
lary ligands (hydrogen-bonding via amines and the introduction of steric substitu- 
ents) were combined in a survey of the compound shown in (2) and its isomers 
[ 10,1 t ]. Six isomers were prepared and purified by HPLC. A preliminary communi- 
cation of the binding studies suggests that, once again, steric clashes provide selectiv- 
ity in the binding [ 11]. Further control of sequence specificity has been achieved 
by attaching short, thirteen residue polypepfides onto a derivative of 
[Rh(phen)(phi)2] 3+ [12]. This complex binds via the phi ligand in the major groove 
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of DNA and acts as a UV photosensifiser promoting DNA cleavage, the polypepfide 
chain directing the complex to a specific DNA sequence. 

Mo 

(2) 

N N=phi 

Dichloro bisphena ,'.,: 'oline rhodium(III) and trisphenanthroline rhodium(III) 
salts have also been inves'~i~-ated by researchers at Purdue for use as a photosensifisers 
in the degradation and inactivation of infectious DNA from phages $31 and G4 
[13]. With both salts, only slight sensitisation is observed. 

In collaboration with the Barton group, Turro and co-workers have investigated, 
by luminescence quenching experhnents, photo-induced electron transfer between 
intercalated complexes [14]. The complex cations [Rh(phen)(phi)2] 3+ and 
[Ru(phen)2(dppz)] 3+ were prepared (dppz=dipyridophenazine, illustrated in (3)) 
and studied in the presence of DNA. Comparison with non-intercalative acceptor 
species suggests that electron transfer between the intercalators does indeed take 
place via the DNA helix. 

(3) 

The photophysical properties of rhodium(III) polypyfidyl species continue to 
attract attention and tris ligand complexes of the cyclometallating ligand ppyH has 
been prepared by treating the complex [RhL2CI]2 with silver(I) triflate in the 
presence of a thirty fold excess of HL at 110°C (L = ppy). Heating the mixture under 
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reflux for 24 hours gave the desired complex, which was purified on Sephadex LH20, 
in about 50% yield [15]. Mixed Iigand complexes were not prepared. The ligands 
are arranged about the me:al ion with the nitrogen donors in a f a c  arrangement as 
confirmed by solution ~H N M R  spectroscopic studies. The excited state properties 
were investigated at 9 K in polymethacrylate. The lowest excited state for the 
complex [Rh(ppy)z] is a tigand centred 3rc-z~* state. The short observed luminescent 
lifetime reflects mixing of CT character into the 3~r-r~* lowest excited states. 

Balzani and co-workers have incorporated the photo-active [Rh(ppy)z(bpy)] ÷ 
unit into a supramolecular, iight-harvest[ng dendfimeric system [16]. They have 
prepared tetranuclear systems in which three of  these fragments are arranged about 
a ruthenium(tI)  or osmium(II)  centre and linked together using the bridging Iigand 
2,3-bis(2-pyridyl )pyrazine. The complexes are shown in (4). The compounds contain 
four chiral octahedra! centres and the products are therefore obtained as a mixture 
of  diastereoisomers. On irradiation of both compounds, photoexcitafion leads to 
emission from the central atom (ruthenium or osmium). Energy is channelled from 
the rhodium centres into the centre of  the dendfimer. The absorption and electro- 
chemical properties of the complexes are also reported. 

(PPY) 2 {PPY}2 ,/"\.=_ 

N N ~  

/, "N--" 
M = flu or O~ ~ ~ / / -  

(4) 

Related bridging tigands such as 2,3-bis(2-pyfidyI)quinoxaIh~ine and 
2,3-bis(2-pyridyl)benzoquinoxalinine have been used by Brewer and co-workers to 
assemble heterotrhnetallic systems about a central rhodium centre [17]. The com- 
plexes (5) are prepared in high yield (95%) using a building-block strategy sknflar 
to that ad~pted by Balzani. The terminal ruthenium polypyfidyl units act as light 
harvesting units a~d the central rhodium centre as a reaction centre at which the 
harvested energy may be used to drive a chemficat reaction. On irradiation, one 
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(5) 

electron is transferred from each ruthenium(iI) centre into the bridging ligands. 
The central rhodium fragment may then be used to deliver these two electrons, 
stored on tile bridging ligands to a substrate. The properties of the supramolecule 
may be tuned by varying the bridging ligands. A simpler dimetallic complex (6) has 
also been reported. Irradiation of either chromophore leads to a Ru(I l I )Rh(I I )  
excited state [18]. Rate constants for the forward and reverse electron transfer 
processes have been evaluated. 

A general review of the work of yon Zelewsky in the area of ruthenium and 
rhodium polypyridyl complexes has also appeared [19]. 

Compounds of type [Rh(bpy)2Xz] 3+ bearing pyrrole substituents on the bpy 
groups have been incorporated into films by electropolymefisation of the pyrrole 
substituems [20]. 

Sauvage and co-workers have prepared a series of compounds in which 
rhodium(III) terpyridyl species are covaIently attached through the 4'-positions to 
porphyfins [21,22]. The photophysical properties of the systems with both free base 
porphyrins and their zinc complexes have been reported. Introduction of a phenylene 
spacer between the porphyrin unit and the rhodium(III) polypyridyl leads to a 
decrease in the electronic coupling and electron transfer rates. The compounds are 
proposed as multicomponent photosynthetic systems. Rhodium porphyrin complexes 
have also been used lbr the molecular recognition of nitrogen containing bases [23]. 

Haga and co-workers have investigated the chemistry of rhodium(IIi) with a bis- 
benzimidazole substituted bpy ligand (7) [24]. Both a mononuclear rhodium(III) 
and a mixed-metal dinuelear rhodium(III)/ruthenium(II) complex have been pre- 
pared and their electrochemical and spectroscopic properties reported. The effect of 
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(6) 

pH (i.e. altering the protonation state of the benzimidazole units) on the complexes" 
properties are described. In the complex cation [Ru(bpy)z(7)Rh(bpy),] 5+ no emis- 
sion is observed due to intramolecular electron transfer from the ruthenium excited 
state to the rhodium(III) centre, In contrast, the monodeprotonated complex emits 
on excitation of the ruthenium chromophore. Preferential deprotonation at the site 
adjacent to the rhodium(III ) centre leads to a negative potential shift in the reduction 
potential and the electron transfer does not take place. 

(7) 

The synthesis and charactefisation of rhodium(IlI)  complexes of  cryptate tigands 
(8) have been reported [25]. Metal centred phosphorescence was observed at 77 K. 

The rhodium(III) phthaloeyanine complex anion [Rh(pe)(OH)2]- has been pre- 
pared and its electronic spectrum reported [26]. The effect on the eIectronk: spectra 
of replacing the ardal ligands with phenolate, benzenethiolate and benzeneselenate 
ligands has also been reported [27]. An electrochemical investigation of a number 
of rhodium(III) phthaloeyanine complexes has been undertaken [28]. The first 
reduction process can be ligand or metal centred and this is determined by the two 
axial ligands that complete the pseudo-oc tahedra l  ccmrdination sphere of the metal 
centre. 

The ligand (9) reacts with rhoditun(III) to give a complex cation [Rh(9)Cl] 2+ 
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X = NH2 or NO2 

(8) 

in which the ligand behaves as a quinquedentate ligand [29]. In contrast, the ligand 
(1O) reacts with rhodium(III) to give a neutral complexfae-[Rh(lO)C13] which has 
been crystallographically characterised [30]. The ligand behaves as a tridentate 
ligand with the central three amines ee, ordinated and the terminal amines non- 
coordinated. Extended reflux over a period of weeks is required to effect conversion 
to a complex containing a quinquedentat~:~ ligand. 

CO2- 

~ N H  H N ~  

[ ~ , ~ ' " i N H  2 H2N v v H2N ~ N H  H N ~ N H 2  
(9) (10) 

Ligand (l  l )  exhibits a variety of coordination modes. The neutral amide ligand 
acts as a bis-didentate ligand giving oligomeric complexes with rhodium(III) while 
the doubly deprotonated ligand behaves as a tetradentate ligand giving complexes 
in which an octahedral coordination sphere is completed by two axial ligands [31]. 

Several X-ray crystallographic studies of rhodium(III) oxime complexes of type 
(12) have been undertaken. A comparison of the structures for X = p y  and Y = I  or 
CI reveals a more elongated rhodium-pyridine bond in the iodo compound [32]. A 
crystal structure of the compound with X=PPh3 and Y = E t  has also been 
reported [33]. 

Interactions of a range of 1,4-diimine Iigands (13) with a {Cp*Rh m} fragment 
have been investigated. The complexes have been characterised by X-ray techniques 
and their electrochemical and absorption properties reported [24]. 
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0 "~'H''''°'O 

HN ~O ~ _ 

t " I 
o . . . . . . .  H ~  0 

(l J) (12) 

R R 

HN NH 

R = H, Me, C| 

(13) 

1.2.5. Complexes with phosphorus donor ligands 
Phosphine dissociation rate constants for a range of rhodium(III) complexes have 

been determined [35], 

1.2.6. Complexes with ligands with mixed donor atoms 
A variety of complexes of rhodium(III) with amino acids have been prepared by 

Beck and co-workers such as those shown in (14) [36]. The same workers have also 
investigated the reaction of 2-(3-thienyl )glycine with rhodium(llI)  and have charac- 
terised a complex (15) containing the ligand in an N,O didentate bonding mode 
[37]. in the course of their studies these workers have also investigated compk~xafion 
of the ligand (16). This ligand acts as a tridentate N,O,S-bonded ligand and this 
bonding mode has been structurally characterised ha the cation [Cp*Rh(16)] + [38]. 

The behaviour of the llgand (17) (H2L) towards rhodium(III) species has been 
reported. The ligand can potentially act either as a neutral (HzL), monoank~rfic 
(HL') or dianionic (L 2") ligand. "Complexes" of  all three t~T~S have been reported 
and eharacterised, although in the case of the neutral ligand (HzL) there are no 
metal-ligand bonds and instead clathrates are formed. Similarly, in the complexes 
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iP" ~OH . 
.~.~ R h.===-- N i p 

c,li.- \ 

R = H, Me, CH2Ph 0 
(14) (15) 

OH 

HO 

(16) (17) 

containing the monoanionic ligand (HL') only one metal ion binds to the ligand 
and the other binding site, bearing the proton, is left uncoordinated [39]. 

Complexes of rhedium(III) with the ligands (18) and (19) have been prepared 
a,n~! characterised [40]. Ligand (18) behaves as a monoanionic didentate N. O donor 
while ligand (19) is a tridentate N20 ligand. 

0 

.NH2 H O ' ~  

(18) 09) 

A complex of formula [Rh(20-2H)(C4Hg)] has been structurally characterised 
[41]. The metal centre is in a square pyramidal environment with the ligand (20) in 
the plane and a butyl group in the axial position. This dark purple compound is 
stable in solution in the dark but is light ,~ensitive. Exposure to light in the presence 
of dihydrogen leads to the formation of a hydride species and the liberation of 
butane. 
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OH 

N 

(20) 

1.3. Rhodium(II) 

Mechanistic studies on the substitution of the water ligands in 
hexaaquarhodium(II) salts by salicytaldoxime have been undertaken. The reaction 
is first order in both [substrate] and [ligand]. The kinetic data support an associative 
mechanism [42]. 

1.4. Rhodium (I) 

1.4.1. Complexes with su~tr donor ligands 
The coordination chemistry of rhodium(I) with sulfur ligands has been dom2nated 

by the chemistry of maerocyclie Iigands. Schr~der and Halcrow have studied the 
reaction of a variety of rhodium(I) alkene starting materials with the potentially 
tridentate macroeycle 1,4,7-tfithiacyclononane (953) (21). The ligand binds in a 
facial capping manner presenting six electrons to the metal ion and might therefore 
he thought of as a neutral analogue of the c~clopentadiene class of ligands. Three 
complexes containing the metal in a five-coordinat~ environment were report~ and 
structurally character/red, in each case the macrocycle acts as an $3 chelating ligand 
and the two remaining coordination sites are filled by alkene i/gands [43]. 

(zO 

Jenkins and Loeb have investigated the chemistry of the related |igand (PhgS3) 
shown in (22). The chemistry appears to be structurally analogous and they have 
isolated and crystailographiea|ly identified a five coordinated species [44]. The phenyl 
ring restricts the movement of this macrocycle and this is reflected in the chemistry 
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of the complexes [Rh(L)(cod)] + (L=9S3 or Ph9S3). The related macrocycle 
Ph9S20 (23) was also prepared. This maeroeycle acts only as a didentate $2 ligand 
and the crystal structure reveals a four coordinate square p!e~nar rhodium(I) 
centre [44i. 

(22) (23) 

Rhodium(I) carbonyl complexes of thiourea, 1,3-diphenyl-2-thiourea and dithi- 
zone have been prepared [45]. 

1.4.2. Complexes with nitrogen donor ligands 
While the work on complexes with sulfur donors has centred around the theme 

of macrocycles, the chc~:listry with nitrogen donors has proved to be more varied. 
The reaction of rhodium (f) compounds with trispyrazolylboranes has been reported. 
The reaction proceeds with deg~:adation of the ligand to give a pyrazole/pyrazolate 
complex [46 ]. 

A wide variety of rhodium(I) carbonyl compounds with substituted pyridine 
ligands have been prepare,q~ [45]. The preparation of [RhCp*(LL)] compounds 
(LL = ~-diimine) has been investigated. These compounds are readily oxidised [47]. 

Transmetallation between a rhodium(I) compound and the lithio complex of a 
potentially tridentate NzC donor ligand (24) yields a square planar N, C coordinated 
species [RhL(cod)]. Substitution of the olefin ligand with monodentate carbon 
monoxide or phosphite ligands gives species which are fluxional in solution, the 
ligand switching between the didentate and tridentate modes [48]. 

(24) 

Square planar complexes, prepared via ligand exchange reactions, of a chelating 
didentate isonitrile have been characterised [49]. Square planar rhodium(I) com- 
plexes of NAsocyanodialkyhmines CNNR 2 (R = Et, iPr) have also been prepared 
and characterised [50]. Spectroscopic analysis [51 ] of the rhodium(I) complex ofp- 
methylphenylisocyanide (L) at room temperature implicates the presence of a mixture 
of oligamers of formula [Rh(L)4]~ +. 
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1.4.3. Complexes with phosphorus donor ligands 
Addition of pyfidine to Wilkinson's catalyst [Rh(PPh3)sC1] gives a se~es of 

compounds in which the pyridine molecules displace the chloro and/or phosphine 
ligand(s). These species have been shown to be effective catalysts for the reductive 
coupling of aldehydes [52]. Addition of triethylamine to the same " :)mpound gives 
compounds which are effective catalysts for 2-propanol dehydrogenation [53]. 

Phosphine addition to rhodium(I) 2-quinaldinate (quirt) complexes give complexes 
of type [Rh(quin)(Pgs)2] proceeds via a five coordinate intermediate in an agsociative 
mechanism [54]. A complex in which a diphosphine ligand is added to a rh~ ium(I )  
2-quinaldinate (quin) complex has been structurally characterised and reveals that 
the diphosphine bridges two metal centres [55]. 

1.4.4. Complexes with ligands with mixed donor atoms 
Rhodium(I) carbonyl complexes of anionic N,O-donor ligands have been pre- 

pared and evaluated as catalysts for styrene hydroformylation [56]. Rhodium(I) 
complexes of S,P-donor ligands perform the same function [57]. 

Phosphorus-nitrogen donor ligands have also been prepared and their coordina- 
tion chemistry with rhodiur:t.(I) investigated. The complexes o/" phosph/ne-imine 
ligands act as good a|kene h;gdrogenat~on catalysts but also promote isomer/sation 
[58]. Rhodium(I) complexes of the phosphinamido ligand (25) have also been 
prepared and character~sed [59]. 0>--, 

RN PPh 2 

(25) 

Complexes of the. potentially tridentate ligands (26) have been prepared and 
structurally characterised. The metal centre occupies a distorted square planar coor- 
dination environment and is bound to the three donor atoms of the ligand. The 
coordination shell is completed by a chloride ligand [60]. 

The coordination chemistry of the ligand (27) has been investigated. While  the 

n = 1 , 3 , 6  

(26) 
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ligand behaves as a facially coordinating tridentate ligand with octahedral metal 
ions with rhodium (I) a square planar complex [Rh (cod) (27)] + is obtained in which 
the oxygen atom is non-coordinated. Dimeric compounds in which the P and O 
donor atoms bridge the two metals have also been prepared [ 12a]. E,o  

(27) 

The bisrhodium complex [Rh2(CO)4L ] of the doubly deprotonated ligand (28) 
has been shown to behave as a calamitic mesomorphic material. The compound 
exhibits smectic A behaviour but has a smaller mesophase range than the analogous 
iridium compound [62]. 

HO (28) 

1.5. Di-, tri- and polynuclear compounds 

A rmmber of compounds containing a central Rhz(OAc)4 core with a variety of 
terminal ligands have been prepared. The complex with terminal ligands (29) has 
been structurally charactefised [63]. The terminal ligand binds in a monodcntate 
fashion via ~he imine nitrogen. Structural determination of a cempound containing 
O-bonded ethanol ligands has also been reported [64]. Substituent effects in these 
complexes have also been examined [65]. 

(29) 

The Rh2(OAc)4 core can also be incorporated into polymeric arrays by reaction 
with polynucleating multi-monodentate ligands. Thus reaction with 2-amino- 
methylpyridine [66] or tetracyanoethylene [67] gives rise to coordination polymers. 
The former compound is a linear polymer in which H-bonding between the amine 
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groups and the carboxylate oxygens is observed. The tetracyal, ethylene compounds 
contains infinite chains with iuterstitial sites in which organic solvent molecules 
reside. 

The carboxytate groups may also be replaced in the core. Reaction with bpy and 
phen [68] leads to a series of compounds of unknown structure of formula 
Rhz(LL)n (LL = bpy or phen). Reaction of guanine bases with the Rh2(OAc)4 core 
leads to the displacement of two adjacent acetate gro-aps [69], This compound has 
implications for potential anti-tumour drugs. Coordination of pyrazole derivatives 
[70] and ferrocene based N and P donor chelates [7I] have also been reported 
together with an investigation of the electronic structure of diimine containing 
compounds [72]. The catalytic hydroformylation activity of dhners contah~ing bridg- 
ing pyrazolato has been investigated. Increased activRy when compared te mono- 
rhodium compounds is observed [73]. Dimetallic compounds containing bridging 
imidazole ligands have also been reported [74]. 

Rhodium porphyfin compounds are often found as dimers and both homo rho- 
dium-rhodium and hetero rhodium-indium dimers have beea reported. The rhodium- 
rhodium dimer is tightly bound both through a rhodium (!I)-i hodium (II) interaction 
and rr-stacking interactions [75]. A new synthetic approach :o these compounds has 
also been reported [76]. The rhodium-indium bond is proposed, from its reactivity, 
to be polarised towards rhodium(I)-indium(III) [77]. Rhodium complexes of oeta- 
~thyltetraazaporphyrins have also been prepared [78]. 

The spectroscopic and photophysical properties of rhodium dimers containing 
diisocyanomethane ligands has been reported [79]. Molecular ca.~culations are u~.d 
to rationalise and predict the observed eclipsed and staggered conformations in these 
compounds. An investigation of the correlation between the metal-metal separation 
and force constant in dinuclear rhodium compounds has been undertaken [80]. 

A compound of formula [Rhz(30-H )4(MeCN )z] has been prepared [ 81 ]. Structural 
charactefisation shows the ligand to bind in an anionic bridging mode through the 
nitrogen and oxygen of the pyrrolidone moiety. 

[ - - 1  

0 

Me 

Isomefisation processes in a chloro bridged complex h a v e  been studied by NMR 
spectroscopy [82]. High yielding routes to dimeric chloro-bfidged rhodium phos- 
phine compounds have been described [83]. 

A wide range of phospbJne bridged rhodium(I) compounds have been prepared 
[84]. Rhodium-manganese dimers containing sulfide and thio~ato bridges have a l~  
been reported [85]. A range of trimeric rhodium containing systems with li~and (~), 
phenanthrenenquinonedihnine, have been synthesised and characterised [86]. 
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