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\hilst being essentially a continuation of the 1979 Review of rhodium and 

iridium, written by Dr. Cole-Hamilton and published in this journal in 1981, 

there has been an inevitable change in emphasis and style as a result of the 

change of author. The majority of the articles covered in this review lvere 

published in 1980, although many fran 1979 are also included. The papers 

coincide, therefore, with Volumes 92 and 93 of Chemical Abstracts. 

Although the review concentrates predominantly upon the coordination 

chemistry of rhodium and iridium, special anphasis has been placed upon the 

catalytic properties and uses of these metals. 

5.1 RH~IUbi(V) and (IV) 

El-ntal rhodium reacts with a mixture of molecular fluortie and nitrosyl 

fluoride to give [KO]2[RhF6]. This material has also been prcduced frcm the 

reaction between [OZ][R-IFS] and NOF at about 50 OC. [NO][FUIFB] was isolated 

when a large excess of fluorine was used relative to nitrosyl fluoride, and 

this canpound was also prepared by the direct oxidation of NO with [~hf661. Both 

[Nol[RbF~l and [NO]Z[R~FG] have been characterised by m spectroscopy cl]. 
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5.2 RHODIUM(II1) 

5.2.1 HaZide conplezes 

The species [RhF6_,(H20)n]n-3 (E = O-6) are formed by reaction of [R~F~]~- 

with aqueous HF solutions_ In the presence of Cl- ions, aquation of [R~F~]~- 

occurred with the subsequent formation of aqua-chloro species, but no mixed 

chloro-fluoro species were observed by lgF NMR or electronic spectroscopy [2]. 

XPFS has revealed that the substitution of F- by Cl- in K~[FUYF~] leads to a 

decrease in the ionisation potential of all the molecular levels of the complex. 

This effect is less for substitution of Cl- by Br- [3]. 

FoIlnation of bIj[RhC16] (bl = Na or K) by the thermal chlorination of rhodium 

(in the presence of NaCl or KCl) has been studied. Chlorination of rhodium in 

the presence of blclz (M = big, Ca, Sr or Ba) results only in the formation of 

Rhc13 [4]. Dehydration of FfhC13.3H20 in air is complete at 230 OC (RhC13.HzO 

being stable up to 210 OC); anbydrcus F&Cl3 is gradually transformed by 

ataoepheric oxygen into F&O3 at 640-880 OC [5]. 

5.2.2 Complexes tiish oxygen donor Zipnds 

5.2.2.1 Ox-ides ami aqueous c;Zemissry 

The canpmnds h~[l?h~O,,] (bI = bfg, Zn or Cd) have been examined by electrical 

conductivity, X-ray diffraction and IR spectroscopy and shown to possess a 

cubic spinel-type structure [6]. The vibrational spectra of L~[R~o~] (Ln = La, 

Fr, Gd or Lu) have been examined [7]. 

The acid dissociation constants have been determined for [Rh(H20)2(N02)4]-, 

[Rh(H20)(s0,)(N02),]2- and [R~I(H~O>(NO~>~]~- [ES]. The cis- and truns-isomers 

of [17b(NH~)4(H20)2][C104]~.have been synthesised and their acid dissociation 

constants have also been measured, along with those for other aquaami ne complexes 

(Table 1) [9]_ 

5.2.2.2 Carbonate azd nitrate conpZexes 

The new carbonate canplexes, trm2s-IRh(en)2(~02)(~,)lIclo,l and trms- 

~Rh(en)~(OCOp)~]- have been prepared fran trans-[Rh(en)2(OH)(OHz)][C104]2 and 

[HC&]- or [CO,]'- and the rate p ararneters for acid-catalysed decarboxylation 

have been determined. Tmns-[Rh(en)2(0H)(OH2)12+ and trans-[Rb(en)2(OC02)(OR)] 

take up CO2 to produce the Wane isomers of [Rh(en)2(CKD2)(OH2)]+ and 

CRh(en)2(ocO~)21-. respectively ClOl. The kinetics of the acid-catalysed 

decarboxylation of [Rb~(u-OH)~(u-CO~)(l,4,7-triazacyclononane)~]2+ [ll] and 

the production and rates of decarboxylation of trans-[Rh(en)2(OC02)X], (X = Cl, 
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TABLE1 

Acid Dissociation Constants [9]- 

[RWW~(HPO)]~+ 6.93 

~G&U-I(NH&(H~O)~]~+ 6.4(l), 8.32(2) 

trans-[Rh(NHs)4(H20)213+ 4.92(l), 8.26(2) 

cis-[Rh(NHs)s(H*0)C112+ 7.84 

tram-[R~(NH~)L,(H~O)C~]~+ 6.75 

c~s-[R~(NH~)~(H~O)B~]~+ 7.89 

trans-[Rh(NH3)5(H*0)Br12+ 6.87 

* Measured at 25 OC in 1.0 M NaCClOb]. 

Br Or I) have also been studied [12]. 

The molecular structures of the nitrate cunplexes, [Rh(u5-C&e,)(N0,),(PPh~)] 

(1) and [Rh(q5-C5Mes)(N0,)z] (2) have been determined [13]. 

5.2.2.3 SuZphoxide and ketone complexes 

Addition of dmso to rhodium halides gives [~b~e+(dra.so)~]~-~ (n = l-5, X = Cl; 

n = 2-5, X = Br) and [EU~$r&!mo)]~-. Both oxygen and sulphur bonded isaners 

are said to co-exist in solution 1141. Mm-[RhC13L3] (L = dmso, tetramethylene 

sulphoxide, bkSOIJh or (R)-Methyl-4-tolyl sulphoxide) and [RhCls(R&O)2]- (R = Me 

or Pr) have also been obtained [15]. The cation in the dmso species trans- 

[H(b~zS0)*][RhC1,(EIe2S0)2]-~vas found to contain the hydrogen bonded entity 

[b&30... .H....CSMe~] [16]. 

The ccmpounds, [RhLaCla].HzO, [~bL~Br~].Zli~0 and CR~L~I~I (L = <3)), have 

been prepared and characterisecl and shown to involve the meridio~Z configuration 

about the metal [17]. 

5.2.2.4 CarboxyZates 

Electronic absorption and CD spectra have been reported for the Six-coordinate 

canplexes, trrms-(OS)-[Rh(edda)]-, trmzs-(O@a)-[Rh(edda)]-, and b--(05)- 

[Rh(S,S-e&Is)]- (ecida = ethylenediamine-~,llr'-diacetate-N,N'~-S-propionate; 

S,S-Idle = (S,S)-ethylenediamine-N,N'-dikuccinate) [18]. Structures for 

[Rh30(02~e)6(H20)3][C10s].~n0 (n = 1 or 2) have been determined and no 

evidence for direct metal-metal bonding has br?en_found [19]. 

5.2.2.5 CompZexes with oxygen-nitrogen donor tigands 

Hydrated RhC13 reacts with 3-aminopropanoic acid to form [R~(NH~(R~c&coo)~].~H~O 
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I 
(1) 

in which the ligand is bidentately-coordinated through the N and 0 atom. The 

camplex reacts with HCl to give [Rh(NH2~2CH2COOH)(M12M2CH2COOH)zC1].H20, 

[~(~*~~~~~)~(~~~~(31I~coO)Cl~] .H20 and [Rh(NH2CH2C‘H2COOH)3Cl31 [201. 

k series of hydroxyimino-B-diketone cauplexes of the type [FW,~] (L = 

R'~(OHICO%; R' =Me,CMe,CEt, PhNH orMeCsHoNR)havebeenexamined and 

theirstNcturesassignedfranIRandNMRspectroscopicstudies_ The ligands 

are Coordinated to rhodium through the keto-oxygen and nitrogen atars of the 

hydro+mino groups C211. 
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(3) 

5.2.3 CompZexes with sulphur or suZphu_r-nitrogen donor Zigands 

The octahedral amplexes [RhLs] (L = (4) or (5)) have been synthesised and 

characterised using magnetic measurements and IR and electronic spectroscopy. 

The PIaCenent of these ligands in the spectrochem.ical and nephelawcetic series 



Et 

(4) 

has been assessed [22]. 

The wnpounds [RhL~Cl].W~O and [I&C&] have been prepared frcm solutions 

containing piperazine dithiocarbmate (L = (6)) and piperazine bis(dithiocarbmate) 

(6) (7) 

(Q = (7)), respectively 1231. IR, electronic spectroscopic and magnetic studies 

indicate that [RhZ(th)B] ith = (8)] has an octahedral coordination about the 

SH 

HS SH 

(8) 

metal atan 1241. The He(I) excited photoelectron spectrum of [Rh&P(CEt)2)1] 

has been reported [25]. 

The trithiaveratrylene ("Vn3S3") rhodium complex [Rh(~Op)l(Vn-~Sa)].3(3I3C(3N(CH3)z 

has been found to contain the expected octahedral coordination 1261. The canplex 

[R~(Q)~c~(H~o)].~&o (HQ = quinazoline-2-thione-4-one) has been prepared and 

its structure (9) tentatively assigned on the basis of spectroscopic and magnetic 

measurements [27]. [Rh(l-imino-3_thioisoindoline)3] has been prepared 1281 and 

a triasoline thione ample__ of rhmiium(II1) has been characterised spectra- 

scopically [29]. 
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5.2.4 Complexes uizh r;eZZuriwn donor Zigands 

The aryl telluride canplexes of rhodium(II1); [(PhzTe)3RhCls], 

[(PhnTe)2RhCl~(CO)], [(Ph~Te)dthCllW(CO)I, [(PhzTe)aC112(CWI, 

[(PhzTe)2RhCl(CN3)2(CO)], [(PhzTe)2EMZ(TePh)], [(Ph~Te)~RhCl(CO)(TePh)] and 

[Rh(TePh)3] have been prepared [30]. 

5.2.5 CcmpZexes with nitrogen donor ligazds 

5.2.5.1 Amniine, amine, diimine and isonitrize complexes 

[ELh(NH3>5X][NOJ]2 (X= Cl, Br or N03) has been studied by simultaneous light 

anission and differential thermal analysis [31]. L&and-field excitation of 

aqueous cis- or trans-[Rh2(en)2XIln+ (X = I. NHp or H20) leads in general to 

the formation of trans-[Rh2(en)2(H20)I]2+. However, cis-[Rh(en)2(NJI,)I]2' 

gives both trans- and cis-[Rh(en)2(NH3)(H20)]3~ as photoproducts [32]. The 

cisjtlans and trans/cis photoisanerisation of sane rhodium(II1) tetraamnine 

complexes (e.g. [Rh(NH~)+(H~O)~]3+) has also been examined [33]. The photo- 

physical and photochemical~properties of [Rh(NH1)5Cl]2' in a variety of non- 

aqueous solvents have been reported. The identity of the ligand labilised fran 

the ligand-field excited states is a function of the solvent medium: chloride 

ion substitution is prevalent in aqueous and fox-awnide solution and aarnonia 

substitution predaainates in dmf, datso and bM%i solutions [34]. The energy 

and electron-transfer processes of [Rh(phen)s]3+ have been investigated 

quantitatively [35] and the canpounds cis-rRhC12(bipy)2]C1 and cis-[RhBr~(bipy)2]13r 

have been studied bv sub-picosecond laser spectroscopy [36]. 

Nap[RhC16] reacts with 3- or 4nitroaniline to give [RhL1(H20)C13] and 

[RbL&13] (L = nitroaniline). The IRspectrareveaItbattbe3-nitroaniline 

canplex contains three facial groups whereas the 4nitroaniline canplex has the 

chloride groups in the mer-pcsitions. Decomposition of [4NO$Z!6HJWB]n[FW1~] 

at 130 OC gives [FlhL3C13] [37]. Octahedral cunplexes of rhodium(II1) with 12-, 

13, 14,X5-, and16-rnenheredmacrocyclictetrami.n es have been prepared contain- 

ing Cl- or [PFs]- counter ions. The molecular geanetries (cis or trans) of the 
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canplexes have been assigned on the basis of their W-VIS absorption spectra 

and the values for 10 Ikl have been estimated 1381. The reaction of RhCl~.3H~O 

in dmo with 1,4,7-triazacyclononane (L) in MeOH gives [R~LZ]~+ or [RhLclj], 

depending upon the aro1a.r ratios used. Treatment of [RhI_C13] with Ag[ClO,,] 

produces CR~~L~(OH)I~(~OH)~~~+, which at a higher pR foms [WI~L~(P-OH)~]~+_ 

m-&(OHn)kl-m)J4+ reacts with hkC02H to give [Rh2L2(FI~)2(~~zchfe)]3+ and, 

at pH'8.5, IRh2L2(~)2(u-OW~l 2+ is produced Mich reacts with [C0,12- to form 

[~h~L~(~-chi)~(w~O~)l~+ 1391. The crystal structures of cis- and trmrs- 

CF?h(C12)(en)21[N031 have been reported 1401. 

The canplexes [HB(3,~Melpzl)~RhC12(~)] and [HB(Pz~)sR~C~Z]Z have been 

synthesised. These materials may be used as starting materials for a multitude 

of derivatives, since many neutral donor ligands displace the coordinated 

solvent molecules 1411. [Rhx~(AsRPh~)B] (X = Cl or Br; R = ?Je, Et or Pr) react 

with 4-tolylisocyanide (L) to give [RhXs(AsRRhz)ZL] 1421. 

5.2.5.2 Thiosemicarbazide and shiosemicarbazone compZexes 

Acrystalstructure det ermination of [Rh(thios)s]C13 (thios = thiosemicarbazide. 

HzNC====z) has revealed that the metal atan is octahedrally coordinated in a 

fncarrangexient by three sulphur atans and three hydrazinic nitrogen atans of 

the thios ligands [43]. [Rh(HL)t]Cl (HzL = H~NC==SNHN=CR~R~; R~=CH~C?IKO~H. 

RZ = COIH) reacts with HBr to give [RUMBA] and addition of Na[OzChk] to 

&?WIL)tlC1 gives [Rh(RL)Ll. [R~(HQ)~~c~ (H>Q = P~MIC--STJH=CR~R~; R~ = 

CHZCH~C~~H, RZ = COzH) has been produced from the reaction of RhC13.31&0 with 

H2Q 1441. Cunplexes of the type [RhQ2Xz]X (Q = H2NNHC=.WBNHC(T_3_py or 

IkCC~H~CH~C==~h; X = Br or Cl) have been characterised by IR and UV 

spectral and magnetic susceptibility data [45]. 

5.2.5.3 Oxime complezzes 

[FEILC~~(H~O)~] (HL = a-furilmmosime or a-furildioxime) is fomeci by 

ccmplexation of Fth(II1) with oxides in the absence of ethanoate ion, but 

[RhL2(H20)(02CMe)] is formed in the presence of ethanoate ions [46]. 

5.2.6 CompZexes with phosphorus donor Zigands 

5.2.6.1 Phosphine and diphosphine compZexes 

Benzoyl chloride reacts with [Rh(dppp)l]C1 to form the five-coordinate canplex, 

[RhClz(C=W(dllpp)], containing a square pyramidal structure with the PhCO group 

occupying the apex 1473. The structure of [RhCl~(bdpps)] (10) has been 

evaluated 1481 and large-ring and cyclanetallate compleves of Rh(II1) with 

a,m-diphosphines have been reported [50]. 

It has been observed that the Rh(pPhB)2 fragment can be readily transferred 
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qyjp 

P -Rh- P 

Ph, 

/I 

Ph, 

(10) 

Cl- I 
Cl 

between carbaborane cages [49]. 

5.2.5.2 Complexes with phophoncs-oxygen or phosphorus-suZphur donor 'Zigands 

R~C~S.~HZ.O carbines with the B-ketophosphine, P(CNe3)2(CH2COPh). to give 

[RhCl2E(Chle,)*WI=C(O)Ph}IP(Chie3)2(CH2C(SPh))] (11) in lchich both phosphine 

Cl 

(11) 

ligands are bidentate and the ketegroup is strongly coordinated, the latter 

not being displaced by treatment with carbon mnoxide [51]. 

The reaction of [RhCl(PPh3)3] with Ph2PSC(NC6H4-4-Me)!NHC6H4-PMe) or 

Ph&iOXHPh in the presence of base produces [Rh(PPh3)2(SPPh2)] which contains 

a side-on coordinated n2-PhzPS grouping. This canpound may also be prepared 

fran interaction of [RhCl(PPh3)3] and Ph&8H_ [Ffh(PPh3)2(SPPh~)] reacts with 

PhNCS to give [Rh(PPhp)(P~C)(P~~2)(Ph2P~h)] 1521. 
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5.2.7 CompZexes with Group IV donor ligands 

5.2.7.1 Complexes with carbon donor ligands 

Reaction of (Rh(c~)(C~H~)(Phle~)~]x with [Ph&]X (X = [PF6] or 1~~~1) gives 

[Rh(cp)(C2H‘)(Pbiea)2lX2. The ethylene ligand is easily attacked by nucleophiles, 

N, to give canplexes containing F&-CZH~IV moieties [53]. The rates of hydro- 

genation of the coordinated olefin (acrylonitrile or styrene) in 

[Rh(H2)X(olefin)(PPh3)21 (X = Cl, Br or I> have been twasured [%I. The crystal 

structure of [Rh2(~-1)2(1)2(~'-C5bIeqEt)21 has been determined 1.551. 

5.2.7.2 Complexes with tivz donor Zigands 

The crystal structure of Csl,[Rh{SnFP(H20)2)2(Sn,FIS)].4H20 has been determined; 

these rhodium atans have been found to be octahedrally coordinated to six tin 





dnf, etc.) have been recorded [64,65] and the cmplexes [Rh2(02CR)~L2] (R = H, 

Me or CF2; L = H20, Py, NH3, urea, tu, Mao, MeNH2, Etch or PPhp) and 

M&h2(02CR),,X2] (M = Na. K or guanidinium; X = Cl, Br, I or NOZ) have been 

examined by IR spectroscopy 1661. Rhodium(I1) carboxylates are reported to 

coordinate with dmso to produce compounds having the general formula 

[~h~(O~~~),+(dmso)2] (R = C2Hs or CF3); when R = C2H5, coordination is Aa the 

sulphur atan of dmo but when R = CF3, coordination is via the oxygen atan [67]. 

Ccmplexes of general formla, H4[Rh2L4Q2] (H2L = salicylic acid; Q = NH3, 

PY,.P~RR~, en, urea, MeCSNR2 or JN2H,) have been examined. Their structures 

are considered to be analogous to those of the corresponding ethanoate or 

rnethanoate dimeric canple__es [68]. 

5.3.1.3 CompZexes with oxygen-suZpb&r donor Zigands 

The thiocarboqrlate cmple_es; [&(RCC6)&2] (R = H, hle, Ph, Ccl,, (33, 

etc.; L = H20, py, cimso, tu, hi&N, dmf, etc.) have been examined by APES 1651. 

5.3.1.4 CompZexes with oxygen-nitrogen donor Zigands 

[Rh2(6_methyl-%oxqpyridine)k] (13) has been synthesised and its structure 

established by X-ray crystallography; He-1 and He-11 6WF.S indicate the 

presence of a metal-metal single bond 1691. 

MC 
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5.3.1.~ Comwlexes with oxygen-phosphorus donor Zigands 

Treatment of the six-coordinate rhodim(III) ccmplex, 

[RhC1~{(~le~),~~(0)Ph~~P(cble~)2(~~coPh)~ with sodiummethoxide proceeds 

rapidly to produce an intense blue coloured material &ich appears to be the 

rhodium(I1) umplex, fimrs-[~{(Chies)2WI=C(O)Ph}2] 1511. 

S-3.2 ZompZezes titk nitrogen donor Zigands 

5.3.2.1 Amine compZexes 

Thecrystsl structureof 

determined [70]. 

[Rhn(B-dlan~e)4(H,0),][C10e]1,.2H20 has been 

s..3.2.2 CorzpZezes wish nitrogen-containing keterocycles 

The crystal structures of [Rh~(OSble)k(theophyllinelnl and [Rh2(02ChIe)4(caffeine)2] 

have been detemined [71]. Both of the bases are coordinated via N(9) {see (14)) 

0 
R 

M 
\ 

/ 
N 

N 

Ak) 

I 
/ 

0 
N 

I 

(91 

MC 

(14; R = H, theophylline; R = Me, caffeine) 
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to the dirhodium tetraethanoate nucleus at the axial positions. 

The preparation of the adenosine triphosphate canplexes, [R~(H~ATP)(H~o),,]c& 

and ~~(H~ATP)(NH~)~].zH~o have been reported [72]; the purine ring is bound to 

the metal by the N(7) atan (15). The interactions of the rhodium(I1) ethanoate 

ciimer with the monophosphate nucleotides of guanine, cytosine, adenosine and 

uracil have been studied by Rams difference spectroscopy [73]. 

5.4 RHODIuhi(1) 

5.4.1 CompZexes with Group VI donor Zigands 

5.4.1.1 Complexes with oxygen donor Zigands 

New dioxygen canplexes of rhodium have been prepared by the reaction 

illustrated in Schme I r74]. 

SCHENE I: Preparation of rhodium dioxygen canplexes. 

Carbon dioxide interacts with coordinately unsaturated rhodium(I) canplexes 

containing dppe. Thus, CO1 and [Rh(C6Hs>(dppe)] in acetone solution at 90 OC 

yield the benzoate canplex, [Rh(OOE&)(dppe)]. This material was also 

prepared fran the reaction of [Rh(dppe)(n6-EPh,,)] with CO2 1751. The dimeric 

nature of [R~z(OCCH)~(CO)~] has been indicated by its mass spectrm and the 

mnaner-dimer equilibria has been studied in methanol-benzene solutions [76]. 

Amino acid cuaplexes of the type [(xY)llh(CO)~] (XYH = amino acid) have heen 

prepared frm [Rh(O~CbIe)(cai)~] by carhoxylate ligand exchange and treatment 

with carbon nonoxide. The complexes have square-planar geanetry with cis- 

carbonyl groups 1771. 



The He-I and He-II photoelectron spectra of a series of square-planar Rh(1) 

caqdexes have been published [78]. The spectra of the canplexes (16) and (17) 

"\ 

R‘ 

C 
\ 

/ 
_____-y/" A_--2 

‘\i 
----a’ \ 

c I \,,/I’ 

\ 
\ ----- 

‘0 i 

-0 / 

R \Ir 
(16) (17) 

(R.R’ = tle,Me; CFa,Me; CF3,CF3; CMe3,CMe3) 

have been assigned on the basis of the intensity differences of the bands derived 

from the ixo energy sources, fran hD calculations, and by canparison with the 

corresponding spectra of related canpounds. 

The canplex (18) has been characterised fran single crystal X-ray diffraction 

studies [79]. 

C I 
\ 
AN 

(18) 

The ccorpounds bhCl(PhSWCdI~t, 12, [RhCl(ckn~~)~]~ and [RhCl(dios)~]~ (dios = 
(~,3R)-2.~isopropylidene-2,3-dihydroxy-l,Pbis(methyl~p~yl)butane) have 

been synthesised fran [ElhC1(CeHg )*I [15]. The structure of [Rh(tfba)(cod)l 

Ctfba = (19)) has been determined by X-ray crystallography; the geanetry about 

the rhodium atan is essentiallysquareplanar andthebondlengthsobtained 

indicate that the oxygen atan nearest to the phenyl ring has the largest static 
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0 0 

II II 
‘\ /‘\,J’ 

C a 

‘I ‘0 0 

F 
F 

(19) 

tram-effect [80]_ 

5.4.1.2 CompZezes with suZphur or r;eZ2uriwn donor ligands 

Sulphoxides of the type, [Rh(CO)X(R&))2] (X = Cl or Rr; R = hle, Pr or Ru) 

and sulphides of the type, [Rh(CO)X(R$3)] (X = Cl or Rr; R = hle, Et or CRMe2) 

have been prepared. The IR stretching frequencies of the S-O bond in the 

sulphoxide canplexes indicate that coordination is through the sulphur atan 

[81]. The thio-bridged canplexes (20) (R = MezCH, Ru, b&C, Ph, 4-tolyl or 

P-C~C~HI,) have been synthesised by replacing the SR group for the bridging 

chloride in the corresponding di-u-chloro ampound [82]. khCl(Phz=V&h= 

also been prepared and shown to involve coordination uia the sulphur atans [15]. 

Reaction of CS2 with [R~(c~)(c~H~)(PR~)~ (PR3 = PNe3 or PMe2Ph) produces 

the canplex [Rh(cp)(PR3)(CS2)] in which the C& ligand is q2-bonded. 

C~h(cp)(p~e~)(c~p)] reacts with [Cr(CO)s(thf)] and [Mn(cp)(CO)z(thf)] to give 

bfh(c~)(PMe3)WSXr(cO)51 and ERh(cp)(PMe3)(SCS)~n(CO)z(cp)l, respectiveb; 
the CS2 molecule bridges the IJUO metal atans in these cunplexes. The reaction 

of [Rh(cp)(CzHr)(Pk3)] with CS2 can also give another product, 

[Rh(cp)(Pbk3)(C2&)], which contains a fivered RhSCSC heterocyclic ring [83]. 

[Rh(th,),Cl] (th3 = (8)) has been tentatively postulated to possess a square 

planar geanetxy on the basis of IR and UV-VIS spectral and magnetic studies [24]. 

The telluri~rhodium(1) bonded canplexes, [(PhzTe)nRh(CO)Cl], 

[(Ph2Te)Rh(CO)(~S)], [(PhzTe)sRhCl] and [(PhzTe)2RhCl]2, have been synthesised 

and characterised by IR spectroscopy, thermal analysis and molecular mass 
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The caqxmmls [EIhEX-C(Z)-Y~(PPhs)2] ({X-C(Z)-YI = (21)) react with an excess 

I I 
f’h Ph 

I 
Ph 

of -2 to give the thiocarbonyl complexes I~fX-C(Z)-Y)(CS)(PPh3)]. The initial 

Step in the reaction is believed to be side-on coordination of CS2 through one 

of the C-s double bonds. IRhCl(~Z-CS2)(PPh3)(py)21 (22) can be formed by 

PY 

=I\ I =HS 
/RhT 

I 
// 

Ph,P 

PY 

/ 
Me,N PPh, 

(22) 

(23) 
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addition of pyridine to a solution of [RhCl(PPh3)3] in benzene that has been 

treated with CS3. In the absence of pyridine and with an excess of PPh3, 

[RhCl(cS)(PPh3)3] is fommzl 1841. [(Ph3P)3Rh(CO)Cl] reacts with (A&NCS)PS to 

give the kinetically-stable product, ~(Ph3P)Rh(r12-C-8N&)(SzCNWn)(CO)]X (X = 

Cl or [PFsI). This canplex in solution slowly transforms into the the- 

dynamically stable product [(Ph3P)Rh(n2-CSNMe3)(S3~¶e3)Cl] (2% [85] _ The reaction 

of [Rh(cp)(PhIe3)(C3HI.)] and CSSe gives [Rh(cp)(Phle3)(n2-CSSe)], which undergoes 

reaction with Ph3P to give [Rh(cp)(CS)PbIe3)] [86]. 

5.4.2 CompLexes vith nitrogen donor Zigands 

5.4.2.1 Ox&e and nitric oxide complexes 

The neutral, square-planar canpounds, [Rh(CO)3(L-L)] (L-L = salicylaldoxime, 

2-0%1C6H3CR(~CR), a-benzoin oxime, C6H3M(CH)C(SJW)C~H3, a-furil dioxide, 

C4H~C(=~~)C4H4C(=N~), a-benzil dioxime, C3H&(=NCH)C3H3C(=NOH), dimethylglyoxime, 

CR3C(=N~)M3C(=NCEI) or cupferron, C3H3N(NO)QWI,) have been prepared. These 

ciicarbonyls react with PPh3, AsIJh3 and SbPh3 to give aonocarbonyl derivatives 

\\hich form 1:l adducts with tcne [87]. Reduction of [RhCl(dng)(PPh3)] with an 

excess of Na[FIH,,] gives [BH3Rh(dmg)3(PPh,)].. The degree of oxidation in this 

canplex and in [(PPh3)Rh(d&z], ~(OPPh3)Rh(dw)3]303. H\Rh(cb@Cl3], 

[HRh(dmg)z] and ~PhNRCIM?h(dmg)3] hasbeen examined by XI%S [88]. 

Rb[RhCl.(dmg)P].H30 has octahedral coordination about the rhodium atan with two 

&&I ligands in the equatorial plane [89]. 

[Rhcl(PPh3)3] and [Rh(CO)Cl(PPh3)2] react with N203 in dichloranethane to 

produce solvated [Rh(NO)(N02)C1(PPh3)3].~Rh(CO)C1(AsPh3)3] and [RhH(CO)(PPh3)3] 

combine with N303 in dichloranethane to give [Rh(NO)2(N02)(AsPh3)2].1.EG12C12 

and ~Rh(~)~<No~)(pPh3)2].0.5cHzC1~, respectively. The rezction of 

[Rh(CO)(O3CMe)(PPh3)3] with N303 produces [Rh(NO)(N02)2(PPh3)2). N303 carbines 

with RhCl3.8R3O to give [Rh(NO)C13(PPh3)3], in the presence of triphenylphosphine 

and CRh(NO)Cl3(AsPh3)3)], in the presence of triphenylarsine. The IR spectra of 

these canplexes indicates that the nitric oxide is coordinated as NO- 1901. 

5.4.2.2 Diim-ine complexes 

[Rh(cd)(L-L)]+ (L-L = phen or bipy) reacts with [IrX2(CO),]- to give 

[Rh(CO)3(LL)][IrX2(C0)2] which has been characterised by IR and diffuse 

reflectance spectroscopy [91]. Addition of a monodentate (e.g. 8-methylquinoline) 

or bidentate (e.g. phen) ligand, L, to [Rh(CO)(PPh3)3(CR3COM3)][Cl01.] produces 

ccmpleves of general formula ~Rh(CO)(PPh3)3L][ClO~]. hlonodentate coordination 

is favoured by replacing triphenylphosphine with P(C3Hu )3 and bidentate linkage 

is favcured by using AePh3 or FMe2Ph. By increasing the size of the 8- 

substituent and, especially, by the further introduction of a 2-methyl group, 



270 

the equilibria constants for cleavage of [Rh(CO)2C1]2 by substituted quinolines 

are reduced in the reaction [92]: 

cRh2c12(co)to1 + s3.l -2[Rhc1(co)2Ll 

The structure of the polypyrrole macrocycle (24) has been detexmined (R = 

Me, R' = H; R = H, R' = Me) [93]. 

Me 

Me 

(24) 

5.4.2.3 Diazenide complexes 

The four coordinate rhodium wnnlexes, [R~c~(N~cGG,)(PR~)~~ (x = cl or EW; 

R = Ph, Ch&H, 41C6H,, or CT&) have been generated as short lived intermediates 

c941- The bidentate, diazadiene ligand, (CiB&)CE-N~-CH=N-CR(CRb&) = dad, 

combines with [Rh2(CO)&12] to give [Rh;!(dad)(CO)&l,]. An X-ray crystal 

structure of this material reveals that it should be fonmlated a~ [Flh(da.d)(CO)t,]+ 

[Rh(CO)2C12]-; both cation and anion contain four-coordinate, square-planar 

geanetries [95]. 

5.4.2.4 IsonitriZe complexes 

Planar, four-coordinate polymers containing rhodium(I) areprodmed franthe 

reaction between the bridging ligands, 1,4- or 1,S-diisocyanonaphthalene 

(= bridge) with [Rh(CO)&1]2; these polycrystalline solids analyse as 

CcRh(bridge),]Clln CSSI. Similarly, coordination polymers containing 1,4- 

diisocyanobenzene or 4,4'-diisocyanobiphenyl bridging ligands have been produced 

CW] and polymeric canplexes of the type, [RhL2C1.xH20], (x = O-S), with L = 

1,3diisocyanobenzene, 2,4-diisocyanotoluene or 4,4'-diisocyanocliphenylmethane, 

havebeen synthesised 1981. An X-ray crystallographic analysis of the salt, 

H,[Rh4(1,3-diisocyao~e)sC1][Cd=14]4.nHp0, has been obtained. The cation 
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consists of tw [Rh,(bridge),+]3+ units linked by a Rh-Rh bond, the chloride ion 

bridging these [Ffhr,(bridge)8]6+ units to foxmaninfinitepolymer chain. The 

oxidation state of rhodium in this material is formally 1.5 [w]. Crystal 

structure analyses have been carried out on [Rh2(1,3-diisocyanopropane)4][HPhr]*.bleQU 

and [Rhp(2,~thyl-2,~diisocyanohexane)~]~PF~]~.2ble(N; both canpounds are 

found to contain l&and-bridged, binuclear cations and the coordination geanetry 

about the metal atams is app roximately square-planar [loo]. 

Irradiation (A>520 nm) of [{Rhz(bridge>k)2]6+ (bridge = 1,3-diisocyanopropane) 

in concentrated HCl solutions at roan temperature produces [Rbn(bridge)&1~]2+ 

with the evolution of dihydrogen. Controlled reduction of [CRhl(bridge)1,)2]6+ 

in sulphuric acid solution produces the hexanuclear cation, [{2h2(bridge)~1~]8+ 

(which can dimerise) and the octanuclear species, 
lO+ 

[IRhz(bridge)hl,,] . In 6 M 

hydrochloric acid solutions photogenerated [Rhp(bridge)4]2+ is trapped by 

[il%(bridge)~12]6+ to give [{2hp(bridge)rr>B]8i; in 12 M solutions, [Rhz(bridge)r,12+ 

reacts with the HCl to prcduce dihydrogen [101,102]. 'Ihe energy-transfer and 

electron-transfer processes involved in the 
3A27A 

excited states of [Flhp(bridge)4]2+ 

cunplexes havebeen examined (bridge = 1,3_diisocyanopropane or 2,5-dimethyl- 

2,5_diisocyanohexane [103]. 

5.4.2.5 Complexes with nitrogen a?xi other donor atom ligands 

The reactions of [ERh(C0)2C1)2] with the ligand (kl-rnathyl-2-quinolylmethyl)di- 

t-butylphosphine (mqp) are described in scheme II [104]. 

+2mqp -2C0 

1 

cRh2c12<do>3o4P>l ‘-“c”o” - 2bhc1(co)bwp)l 
C-1 (26) 

SCEEblE II: Preparation and reactions of caqlexes containing mqp. 

Cunplexes containing the tris(Zpyridyl)phosphine ligand, such as 

[Rhcl(cO)EP(py)312] and [RhCl(cod)EP(py)31], have been described. Incertain 

cases, as in [F&CICP(py)z)~], the nitrogen atan of one of the pyridyl groups 

is believed to be able to act as a donor,to produce a phosphorus-nitrogen chelate. 
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(25) 

(26) 

The diphenyl-%oyridylphosphine caqxmn d, kfhH(CO)@Ph2(py)~3] has also been 

prepared 11053. During the thermal decunposition of [l?h(cO)L~Cl] (L = 2-[2-( 

diphenylphosphino)ethyl]pyridine) in air at temperatures below 170 OC, the 

phosphine ligand is oxidised to the phosphine oxide, L', and [Ph(CO)L;Cl] is 

formed, the coordination being through the nitrogen of pyridine rather than 

the phosphorus atan. At 190 OC. CO is eliminated and [F&L',+C12] is produced 

which is chloride bridged. When [Rh(CO)L2Cl] is decanposed in helium, hw.vever, 

CC is evolved with the resulting formation of (RhL&l], in which L is now 

bidentate and coordinated through both the phosphorus and nitrogen atans [106]. 

The synthesis and structures of [FUrz(Ph#py)2(u-CO)C12] (27) and 

II 

ph\ 
Ph - 

P -Ph 

\ Ph 

c27) (28) 



273 

khPd(PhzPpy)2(CO)C13] (28) have been described 11071. 

Reaction of [Rh(C~HQ)~C1]~ with 2-allylaniline (L = (29)) gives the dimsr 

NH2 

CH,CH =CH2 b 0 

(29) 

rm112, in which the ligand is coordinated to the metal through both the 

nitrogen atan and the alkene group. Reaction of [EI~(CZH~)~CL]~ with !:I- 

allyaniline = Y = (30) produces [k?hzCl~Y~] [108]. 

5.4.3 Con;pZexes with phosphorus and arsenic donor ligands 

5.~f.3.1 Phosphine complexes 

[~CUPPh,),] decaopos es above 140 'C in both the solid state and in solution 

to yield biphenyl; rhodium complexes with 4-substituted PPh3 ligands foxm 4,4'- 

disubstitutcd biphenyls. The mechanism of these ring connections is believed 

to occur by dissociation of [RhCl(PPhl)] into PPh3 and solvated [RhC1(PPh3)2], 

follcmed hy the oxidative addition of PPho to the latter to form a phenyl- 

rhodium intermediate [log]. The high-resolution, solid state 31P NMR spectrum 

of RbC1(PPh3)3 has ken recorded. The pm=tex-s found for the solid cunplev 

are in reasonable agreeTlent with those derived fran the solution spectrum in 

dichloranethane [llO]. The crystal structure of square-planar truns- 

[PhC1(CO)(PPh9)2] has heen resolved [ill]. 

The preparation and cbaracterisation of the following trimethylphosphine 

canplexes have been described; [2h(PMe~)&l], [Ffhcl(PMe~)~], [R~(P!v&)~]X 

(X = [PFs], kPhr]), bth&Wfe~)~1Cl. bhCl(CO)(PMe~)~I and bhWe3)3(~~C12)1C1. 

Crystal structures determined for [Rh(Ph&)~]Cl and [9hCl(Phk~)~] dmnstrate 

that the meta.l is in an environment which is approximately square planar but is 

significantly distorted towards a tetrahedral gcanstry [112]. The X-ray 

structure of the sterically-cmded complex [WIH{P(CHM~~)}~] has heen determined 

and it possesses a strictly planar coordination about the metal. The flurcional 

behaviour of this canpound and of [RhH(lJEt~)~] and [FfhH(PEtJ)4] have ken 

reported [113] _ ~H{P(CHM~~):,IBI and [Rhl(Hp)(~-N2)CP(cych)3)41 undergo 
oxidative additon of H20. The preparation of [FUI(H)~(~~)~IP(CHM~~)~I,]X (X = 

OH or [Who]). [Rh(H2)(py)21P(cych)~)2][HPhr], CEUI~(CgFg)2(N2)iP(cych)g}4].ZPMIe. 

[Rh(CsFs(CO)~(cych)3)2] and kh(C6F5(PhCN)IP(cych),12] have been reported 11143. 
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The structure and properties of trrnzs-[RM=l(CO)CP(2_CsH~N):,}2] have been 

described [ll~] and the He-I and He-11 UVPE8 of [R~~C~Z(PF~),,] have been recorded 

1116-j. Displacanent of ethene fran [Rh(cp)(CzH4)2] by (PXNR)z = {L = (31)) gives 

the canplexes [Rh(L)((P$NR)212] (R = CRb!ez or CM+). Displacement of ethene 

fran [RhC1(CzH1,)2]2 by L (R = C&S, X= F or Cl; R = CRMe2, X = Cl) gives 

[RhC1(PXNR)2]n; [RhClC[~~l~(cbIe~)]~1~]~ can be isolated from the analogous cod 

orbutadieneprecursors. The intermediate cmplex, [RhCl(n-C~H~ )CPCIN(CT.TQ))~] 

ms characterised by 31P NMR spectroscopy. [~UIC~(PXNR),]~ (X = F, R = C&e,> 

reacts with CO to give [R~CI(CO){PEN(C~~S~)~~] and ring displa cementoccurswith 

dppe to give [RhCl(dppe)2] 11171. Polymer-bound canplexes of rhodium(I) have 

also been s-died by =P NMR spectroscopy 11183. 

Treatment of [Rh(CO)~c1]2 with P(Chk3)2(C&COEt) (R = Ph or C&J) gives 

srans-IRhc1~co~cP~~~~~~cII~coR~~~l. Reaction of these products with sodium 
, a 

methoxide gives [Rh(CO)E(~,>2~~(0)R)CP(~e,)2(~zCOR>>] [51]. 

5.4.3.2 Dipkospkine and related compZexes 

The '*A-frame'* complex, [Rhn(C0)2(~-Cl)(~~p~)2][BPh*] (32) undergoes reaction 

with sulphur dioxide to nroduce (33). Treatment of (33) with excess of sulphur 

dioxide in the presence of chloride ion generates (34) and reaction of (32) with 

carbon nonoxide produces-(35) 11191. The X-ray crystal structure of <34) has 

been determined. The asymmetric species [RhzBr(~~)(CO)(~~p~)2]Br (36) has 

been produced fran the reaction of tran~-[Rh~C!l~(CO)~(u-dIqn)~] with sodium 

bromide. The former species loses carbon nonoxide in solution to give the 

"A-frame" canplex, [Fth2Br2(n4K))(n-dppn)2] (37). WhenKI isusedinplaceof 

NaBr, kh~I(CO)(wZO)(u-dppn)2] is formed. Both the bm andiodo- species 

react with CO and with Sop to give [Rhp(CO)2(~-L)(u-X)(n-dppn)2]X (L = CO or 

SOn; X = Br or I). [Rh~Cl~(n-CO>(u-dppn>21 is prepared by heating trans- 

[Rh~Cl~(cO)~(u-dppn)~] under reflux in toluene. ExcessofCOcanbineswith 

the chloxw and b raw-rmnocarbonyl species to give CKh~(c0)~(~~0~~~-X~~~-d~pn~~lX 

(X= ClorRr),whereasS02 produces equzhwlar m.Knlnts of CRh2X2(l.AOn)<~-dPPn)J 

and ~R~~(CO)~(~SO~)(~-X)(~~P~)~]X [12Ol. (37) is found to have an unusually 
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(321 oc (34) 

<36) (37) 

low carbonyl stretching frequency (1745 m-l), a low-field 13C chemical shift 

(227.5 ppn). and a short rhodium-carlxmyl distance. This information suggests 

a high degree of back-donation fran the metals to the CO l&and 11211. 

Dioxygen cakines with [Rh(L-L)z]+ (L-L = dppn, dppe or dppp) to yield cis- 

[Rh(L-L)zOz]+ and the binding is reversible for dppe. Dihydrxen reacts with 

[EIh(L-L)2]+ to give cis-[H2Rh(&L>]+(~-L = dppp or diop). Addition of gaseous 

HI31 to kh(GL)Cl] (L-L = dppo, dppe or dppp) gives [HRh(L-L)C12] [122]_ 'The 

new canplexes E~~z(~+Y)(CO)Z(I.I-~PP)~ lc2-@+ are famed fran the reaction of 

[FUI~CL~(CO)~(~-~~)~] with ?- = S2-, Se2- or W(cych)-. The sulphide species 

has an "A-frame" structure and reacts with SOz to yield 

CR~P(US>(~~,)(~O)P(~-~~)~I ami WMI @NC to give CEUIZ<IJ-S)KNW)~(II-~PP~)~~ 
1x231- 

The reaction of CO with [Rh(dppb)nl+ gives the dimeric products [Eth2(dppb)g(CO),] 
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(t=2, 3or4). The chemical and 31P NMEl properties of [Rh(dppn)2(CO)]+ and 

[Rh(dppp)2(CO)l+ and the crystal structure of [Rh(dppn)2(CO)l[B~c] (38) have 

been reported [124]. 

(36) 

The canplex, [(bdpp.s)RhCl].C%Cl 2, containing the tridentate chelating ligand 

bdpps, (m), hasbeen prepared and its structure determined. The geanetry of the 

complex was found to be app roximtely square planar with the phosphorus grcX.lps 

occupying tram sites (481. 

Rhodium cQqlexe~ of Ph$NRPPh2 (L-L) have been prepared (Scheme III) and 

characterised by IR, Raman and NMR qxctrcsaqy [x?.5]. 
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CRhCL-LI21X 
Q 

- IRhau-L)2lx 

(X = Cl or [PFs]) (Q = CO, p or &I 

Scheme III: preparative routes to PhJ%HPPh,(L-L) canplexes of rhodium(I). 

The ligand, tdack (40) reacts with [I?hC1(CO)(PPh3)2] in benzene solution to 

give [Rh2C12(tdadx)], which canbines with dioxygen to form [FthzC12(tdadx)(02)2] 

and with carbon monoxide to form [Rh2C12(tdadx)(C0)k]. The ligand tddx 

(40) 

(phosp&rus substituted for the arsenic atons of tdadx) behaves similWlY: 

[Rh2ciz(tddx)l giving [RhK12(tddx)(02)21 and kM.Xz(tdd~)(CO)4~ with dioxygen 

and carbon nanoxide, respectively [126]. 

CW~NC @NC) reacts with [Rh2(CO)2Cl(~-(GL>),]X (L-L = dppm or dpm; X = 

[B(c~H~)~] or [PF~]) to give ~41). <42), (43) or (44), depending won the 

(41) (42) 
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(44) 

relative amunts of isonitrile used. The use of an excess of the isonitrile 

and Na[BPhrl gives (451, which CanbineS with CO or with So2 to give 

tRhn(~-L)(CMe3NC)4(GL)21[BPh*'J (L =CO or =z) [l!W]. Thesquare-planarcmplex, 

~P~YZS-[FUIC~(CO)(L'-L' >I IL’-L’ = (46)) has been prepared and characterised [128]. 

I 
AsPh, 

(46) 
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5.4.4 Complexes with Croup IV donor Zigands 

5.4.4.2 Complexes with carbon donor Zigands 

The methylene-bridging cunplex (47) reacts with dry HCl or HEW to produce 

near quantitative amounts of the halo(mthy1) canplex (49) via (48) [129]. 

(47) 

<48) 

1 
0 

(49) 

Reaction of the macrocyclic tetraamine (50) with HC(0hk)~Nble~ gives (51). 

'I'reatment of (51) with CRh~Cl~(cod)~] gives (52) or (53) upon oxidation. 

Reaction between (52) and carbon nonoxide gives the chelating dicarbene species 

<54) c1301. The IR and Raman spectra of khKl~(cod)~] 11311 and IRh&12(ntxl)2] 

[132] have been recorded and an improved synthesis of [Rh&12(CO),,] has been 

developed by passage of CO through saturated solutions of [Rh$l~(cod)~] or 

[Rh&l,(nbd)~] in n-hwane 11331. 'Ihe He-I and He-II UWFS of [Rh&lz(C0)1,] 

have been recorded [134]. 

“‘9th NMR chemical shifts for [R~(~)~(~o)~~IBF~~. ~Rh(acac)(CO)pl, 

I~~u~l[~hCl~(c~)~l, IRh&la(C0)1+], CNQ.ICIIR~B~Z(CO)Z] and CRh$W(CO)b] have 

been measured by employing a double-resonance 13C-lmRh technique 11351. 

The cunplexes, tims-[Rh(CO)X(L)2] (X= F, Cl, Ek, I, CN, m, SeGJ. NOZ. 

No3 or c104; L = AsPh3 or ShPh3) and their adducts with SO2 and tcne were 
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n 
i” “7 

NH HN 

U 
(50) 

(52) 
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prepared and the l&and influence on the carbonyl stretching frequency was 

determined [136]. kh(CO)C1(SPPh~)21. kh(CO)Cl(PPh~)~l, bthKOICl(PPh~)~(SPPh~ >I, 
IRh(CO)Cl(AsPhB)2(SAsPh3)1, [Rh~(CO)zClz(SAspph~)~l, [~(CO>(~P(PPh,>~l and 

[Rhz(COS)nC12(SbPh3)2] have been prepared by the reaction of one of a variety of 

rhodium canpounds with cat-bony1 sulphide in the presence of PPhB, AsPh3 or 

ShPhp. In most cases it can be seen that Cffl acts as a carbonylating agent, 

although sans SPPhs and SAsF'h3 complexes (such as [RhKl~(SPPhe)d and 

[Rhc13(Asph3)(SAsI=h3)J) have also been produced [137]. [R~(co)~(R~wI~)~cR~][PF~~ 

(R = Ph; R' = hleCRzPRz) reacts with liquid aaxxonia at roan temperature to give 

[Rh(CO)(C~2)(R2W12)PCR'] which, at 100 OC in liquid annonia, forms 

[(n-CO)zRh(R$CFIz)3CB']2_ [Rh(CO)(C~2)(R2~2),~'] reacts with &CR to give 

[Rh(CO)(COzbIe)(R2~2)sCR'] [138]. The platinum canpound 

[(Ph3P)(4-tolylNC)Pt{C(Obk)~~(4-toly1)2] (- L) acts as a bidentate ligand in the 

ccmplex [Rh(CO)2ClLI c1391. 

The crystal and rrpleculax structure of the 13-electron, de complex. 

[Rh(ArO-n5)(lJPh3)2] has been determined; ArO = (55) and bonds to the metal in 

Me& CMe, 

(55) 

this molecule via the aruratic ring and not through the oxygen atan (as occurs 

in [Ti(Aro)(cp)2]) 11401. The decomposition of [Rh(CO)(PPhs)(N03)] has heen 

examined by thexnr$Iravimetry [141]. 

bkchanistic studies using spin-trapping species have been carried out on 

several rhodium(I)-alkyl halide oxidative additions [142]. The cZoso- 

hydridorhodacarborane, 3,3-(EtlP)2-~H-3,1,2-RhC2B9Hll , has heen prepared 

in situ fran the PPh3 analogue and investigated by I'B NMR spectroscopy [143]. 

5.4.6.2 Complexes with tin donor ligands 

Ph$SnX (X = Cl or Br) adds oxidatively to (Rh(bie,CNC)s][CIOs] to give cis- 

[Rh(Ph3Sn)X(Me3C?Wo][C10r] 11441. The preparation and properties of the 

five coordinate carplexes, {Rh(SnCls)(diolefin)(L)2] (diolefin = cod or nbd; 

L = WhxEt a_=) and [Rh(SnC13)(diolefin)(GL)] (I.-L = dppe, dppp, dppb, diop 

or a similar bidentate ligand have been described [145]. 
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ScHEblE IV: Decaqmsition of hydride camlexes. 
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5.4.~ Corrptexes with mercury donor Zigands 

Reaction of [Rh2L2C12] (L = cp or nbd) with HgCNW~‘Iz (y = H; R = R’ = 

m2; R = &, (HM~~ or 4-MeChHr; R' = 4-h@C~,Hcr and y = bfe, R = R' = 4-hle&H,,) 

gives the cmplexes of general formla [L{R(NC)~'1zRhHgCl], iahich are mmxners 

in solution and dimxs in the solid state. The complexes contain a rhodim 

mercury bond [146]. 

5.4.6 Hydride compZexes 

Protonation of the metal-metal bond in [(u_CO)((Rh(cp)(C0)1~] with [HBFb].RtzO 

gives [(v_co)(u-H){Rh(cp)(CO)2~][BF~] in quantitative yield. Deprotonation of 

this cunplex is effected by kO]Na. Reaction of [(u-CO)iRh( cp)(CO)1, I with 

[HEJF,,].H~O in thf produces the complex [Rh3(cp)~KO>~1 which has molecular C,,, 

symnetry l3471. 

If the enamide cunplex (56) is prepared under a dihydrogen atmosphere at 

0 
Ph 

+ 
"r' 
Ph 

CC>'+ 
Rhl NH 

co,R 

(56) 

-78 'c and then allowed to warn slowly by 25 OC, the new Species (57) is form& 

which has been character-is& by 13C and a1p NhIR spectroscopy (R = H or h3e) 11481. 

Stoicheianetric dihydrcgen evolution occurs as indicated in Sche IV (L = 

p(CH?de~)~; X = [J3Ph,] or OH) 11491. 

x-ray and neutron diffraction data have revealed definitive structures for 

[H~R~~{P(~X&)~~~] and [H&ha {PUMe131~ I [159,151]; the latter is report& 

to consist of a triangle of rhodium atoms each bonded to txo P(Cble)-~ groups and 

two bridging hydride ligands. 

5.5 RHCDIuM(0) 

The rhcdium(0) species, [~hp(~~)~(u-dppn)~l (58) has been generated by 

reduction of [Rh#.X~(cO)~(u-dppn)~] with Na[F3Hs] and its IR spectrum wan found 

to contain a single carbonyl stretching band at 1915 cm-'. Sane reactions of 



(I 
OC-Rh - Rh -co 

U (58) 

(5% (61) 

(60) 

this canpound are illustrated by the formation of (59, 60 and 61). The 

structure of the cation contained in (60) has been detennined by X-ray 

crystallography [123] and this canpound is reported to be a strikingly active 

catalyst for the water gas-shift reaction (CO + Hz0 -CO2 + Hz). Also 

solutions of (58) in toluene are reported to catalyse the hydrogenation of 

ethyne to ethane. [Rh(dppe)p] activates bonds between hydrogen and a tetra- 

hedral carbon atcxn by hydrogen atan-abstraction forming [RhH(dppe)z] 11521. 
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5.6 FfHODIUM(-I) 

The rhodium(-I) canplex, [Rho,]-, has been examined by %-%h double 

resonance spectroscopy. The very high field shift obtained [6(mRh) = -644 ppn] 

is consistent with the rhodium in the anion having a low fomal oxidation state 

11351. 

5.7 FMcD1uMcAEEmYL CLIJSIERS 

It is often envisaged that carbonyl metal clusters should possess potential 

catalytic properties that are intermediate between those of the mononuclear 

complexes and those of metal surfaces. It should be possible, therefore, to 

take advantage of the systems' metal-like qualities (such as mltiple bonding 

of reactants through more than one metal centre) and its canplex-like properties 

(such as modification of reactivity by choice of ligands). Although many of 

the reported examples of catalysis involving metal clusters are questionable, 

a few conclusive examples are know. one of the moSt important of which is the 

high-pressure conversion of synthesis gas into ethane-1,2-diol using 

mu (co)3012- L1531. A few examples of catalysis using rhodium carbmyl 

clusters are discussed in Section 5.8 but most of the current work on these 

ccmpounds is concerned with the elucidation of their structure and fluxional 

hehaviour. 

The mixed-metal cluster cmplex, [F~~(~,~CgH4N~4)(~2~O)(CO)~(r15_C5H~)- 

(Q'-C~H~)], has been synthesised and its structure confir&d by X-ray diffraction 

methods [ES]. [RhFe4C(CO)Ir.]-contains a nearly-square pyramidal arrangement of 

metal aim-as with the rhodium atan in the basal plane; a CO ligand bridges the 

rhodium and one of the basal iron atm. The carbide carbon is displaced by 

19 pn fmn the basal plane away fran the iron atan that occupies the apical 

position [155]. 'l'he mixed-metal trimethylphosphite clusters, 

0 
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C~3wq2_n {WMe)3~nI and b2Rh2(W12_n CP(Oare),I,l (n = 1-3) have been 

prepared [156]. Thermal demmpos ition of [F#hH(CO)(PPh,)a] in nonane at 120 OC 

gives the triangular cluster [Rh3(u-PPhl)3(CO)S(PPh3)2] 11573. The bonding in 

the trinuclear cauplex (62) has been examined [I581 and the crystal. structure 

Of the cation alkylidyne-trirhodium cluster cunplex (63) has been determihed [159]. 

<63) 

Variable-t emperature NMR studies of [R~,,(CO)B(P(CX?~)~},] have shown that the 

same structure persists in solution as in the solid state at low temperature. 

At higher temperatures the CO ligands are found to exhibit fluxional bebaviour 

(1601. The phosphide-bridged tetrarhodium clueter, [Rh,,(CO)~<u-PPhs)5], has 

been prepared and found to possess au umchno structure with PPhz- groups as 

the only bridging ligau& 11611. 

The mixed-metal carbido carbonyl cluster, [cU~Rh~C(cO)~~(NcMe)~].O.SM~, 

prepared by the reaction of Kz[R~&(CO)E]. 3thf with [Cu(NCbk)r][~~l in 

methanol solution, is cunposed of a prima of rhodium atans that is capped on 

each triangular face with linear Cu(NCb¶e) portions, the carbonyl ligands having 

the same geanetry as found in the parent anion. The idealised symnetry of the 

unsolvatedmoleculeis D andtheCu-Rh, Ph-FIh andRh-carbidemea.ndistances 

are 266, 278 and 213 pn,3kspectively [162]. C~suml6 1, supportedon a 
zeolite, may be decarbonylated by dioxygen, or in Z)CZCUO at 100 OC, without 

appreuable loss of the cluster structure. These results suggest that zeolite 

is a suitablesupporttostabilise snallclusters. By contrast, on alumina, 

[R&.(CO)~~ ] is readily fragmnted, the zerovalent rhodium being oxidised by 02 
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and Hz0 to give Rh(I) which, upon carbonylation, gives Rh(I) dicarbonyl canplexes 

Cl631 - Similarly, IR spectroscopy has revealed that catalysts prepared by 

chemisorption of [RhG(CO)16 ] onto ligand-mdified SiO2 do not contain Rh6 clusters 

but only mnonuclear surface species, such as LnRh(CO>2 and LmRh(CO), where L 

represents surface-attached ligands such as -&FI~)#H(CH~)~NH~ and the values of 

nandmareunknown[1641. 

A %h NblR study of [RhsP(CO)~l 12- and [Rh17Sz(CO)z 13- provides evidence for 
charge separation and rhodium atom fluxicmality in this class of molecules 11651. 

The species [Rh12(CO)_34]2- has bees re emulated as [F@,(CO)~S]- and can be f 

prepared fran [Rhr(co)lz] and E~h(co)s]-: 

CRhs(CO)l2 1 + E~KO)J~ rRhs(mlls I- + co 

The metal atans of the (RbS(cO)15]- anion in the crystalline state form a 

trigonal-bipyramidal structure containing ten terminal Co ligands and five up- 

bridging CC ligands. khs(CO)lo (u40)5] slowly decanpas es in thf solutions 

under dinitrogen and gives the equilibrium [166]: 

6[Rh5(CO)r5]- ++ 21Rh12(‘33)30 12- + b.s(CW~s 12- +1x0 

The structure of [Rh12(CO)ao]2- in solution, studied by "C and lmRh NMR 

spectroscopy, has been found to be consistent with that found in the solid state 

11671. 

The X-ray crystal structures of [Rh14(u-CO)15(CO)n 12- I1681 and 

[RhtrH(u~O)15(CO)lo]3- [169] have been determined and fluxional behaviour has 

been observed in the tetradeca-nuclear species, [FI~~~(CO)~~]~- and [Fthll,(CO)2~H]3- 

[170]. The synthesis and X-ray characterisation of the anion, 

kb~(u~-C0)7<~~)~~ (CO)= 14-, in the [NEtnPr]+ salt has been reported [171]. 

5.8 RHODIUN NI- 

The reaction of Noel and PPha with RhC13.3H20 gives [Rh(N0)2C1(PPh3)2] which 

undergcesthennaldecunpos ition to produce [Rh(NO)C12(PPho)2]. The corresponding 

reaction with AsPha produces [Ffh2(NO)$Z15(AsPh3)k] and [Rh(NO)Cl~(AsPh,)~].CH~Cl~ 

and the reaction of NOEk and L (L = AsPho or PPhs) with RhCls.3R20 gives 

[Rh(NO)ClBrL~] [172]. 
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5.9 RHODIUM CATALYSTS 

5.9.1 Synthesis Gas Chemistry 

S.9.1.i Carbcn rconoxide hydrogenation 

CO hydrogenation is currently one of the most important aspects of catalytic 

research. Apart fran the well-established hydrcgenation of carbon mxmxide to 

methanol and the continuing research on Fischer-Tropsch chemistry in which CO 

is converted to hydrocarbons, the selective hydrogenation of CO to ethane-1,2- 

diol, ethanol and vinyl acetate also have potential technological importance. 

The carbonyl canplexes; [F&(CO)u], [Rh(CO) 2~112, andNa~[Rhu(CO)~~ I, in 
conjunction with aluminium and aluminium branide, catalyse the reaction of CO 

with dihydrogen to give aliphatic hydrocarbons [173]. The catalytic activity 

for hydrogenation of CO to alcohols using [Rh(CO)~(acac)], [ELh&(CO)~~12-, 

m3P(CO)zl 12- and [Rh1,S2(CO)n 13- has been assessed. It is believed that the 
encapsulated heteroatans enhance the catalytic effectiveness of the complexes. 

The high pressure infrared spectra of these uxnplexes has been described 11741. 

An IR spectroscopic study of rhodium carbonyl complexes, involved in the 

synthesis of ethane-1,2-diol and derivatives, has been undertaken at high 

pressure and at temperatures below that required for optimrm catalytic activity. 

Under these milder conditions, starting fran [Rh(CO)z(acac)], the only detectable 

species appear to consist of the [Rhs(CO)l5 ]- and [Rh(CO)4]- anions [175]. 

5.9.1.2 AXtrobensene reduction 

Synthesis gas may be used as the reducing agent for the conversion of nitro- 

benzene to aniline, in the presence of [R&(CO)m I as catalyst, according 

to the reaction PhNO2 + X0 + HP -PhNH2 + X02 [176]. 

5.9.1.3 CarbonyZasion of aromatic nitro compounds _ 
The conversion of aranatic nitro canpounds into their corresponding isocyanates 

has been carried out traditionally by hydrogen reduction to the amine, followd 

by Phosgenation of the amine to the isocyanate accunpanied by the resulting loss 

of hydrogen chloride. Avarietyof rhodiumcatalysts have been found to catalyse 

the direct reductive carbonylation of arauatic nitro canpound~, as 

ArNo2+3Cu -ArNCO+xzO2. [RhH(CO)(PPh3)3] catalyses this reaction at 

25 OC and 80 atmospheres pressure, in the presence of bhcls as a co-catalyst. 

Selectivities ware found to be in the range 92-lOWZ, and conversions of reactant 

(Ar = Ph, 2-, 3-, or 4-tolyl) wre B-10@% [177]. The carbonylation of PhNO1 

toPhNCOhasalsobeen examined using [Rh(CO)2C1]2 11781 and in the presence of 

py-HCl as a co-catalyst. [pyH][Rh(CO)aC12] and [(py)Rh(CC)aCll were also 

examined in this system [179]. In the presence of [F&(CO)u 1 or [R~s(CO)X 1, 
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nitroarenes, CO and C6H6 carbine to give FEsHIINHBz (R = 4-C%, 4-(X, 4-Me, H, 

4-NC, 4-C(CMe), 4-C02Me, 3-b& or 2-S), via the reductive carbonylation of 

nitroarenes and subsequent addition of C6H6 to the aryl isocyanate [180]. 

5.9.1.4 Decarbonytation of aldehydes 

Rhodium(I) complexes containing chelating diphosphine ligancis have been studied 

as catalysts for the decarbonylation of aldehydes. The catalytic activity is found 

to be a function of n, the number of C& groups, in the ligand Ph2P(CH2)nPPh2, 

and to be a maximum for n = 3 [lSl]. 

5.9.1.5 HydroformyZation 

Vapour-phase hydrofonnylation of ethene and propene has been found to proceed 

at 25-180 OC and atnospheric pressure over the metal oxide supported canplexes 

[Rhb(CO) 12 1, i%-e.(CO> x I, [R~zCOZ(CO) K 1 and bM& (CO) u I [I821 - The hd.m- 
formylation of CH&IbkCO~bk has been studied in the presence of [RhH(CO)(PPh3)3] 

and its polymer anchored analogue [183]. This catalyst, in the presence of 

chiral phosphines, has also been used to convert IJ-vinylsuccinimide and I?- 

vinylphthalimide into optically active aminoaldehydes [184]. 

[FWi(CO)(PPh3){P(py)3)2] acts as a selective catalyst for the hydrofonnylation 

of hex-l-ene to heptanal [105] and [Rh(CO)z(cp)], supported upon a highly cross- 

linked styrene-divinylbenzene copolymer, catalyses the hyclrofozmylation of 

pent-l-ene to hexanal at 50 OC 11851. The ccqlexes, [RhCl(CO)(GL)], 

[Ffh(L-L)(CO)(NeCN)][PF~], [R~C~(C~HI,)(GL)] and [Ffh(L-L)z+], containing the 

bide&ate ligand L-L = (64), have been examined for their activity as alkene 

hydroformylation catalysts [186]. 

(64) 

5.9.1.6 Water gas-shift reactXon 

A catalyst systan based on rhodium carbonyl-iodide canpkxes is effective in 

the water gas-shift reaction (Hz0 + CO -H2 + C02) at law teznperatures 

and pressures [187]. The proposed mechanisns are outlined in Schane V. 

The catalytic properties of the cunplex [Fu11(~-H)(~-CO)(CO)2(dppn)2][PFs] 

have been mentioned briefly in Section 5.5. 
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SCHEME V: Proposed mechanisms for the water gas-shift reaction using rhodium 

carbonyl iodide catalysts. 

5.9.2 Reamions of AZkenes 

5.9.2.1 Hydrogenation 

The canpounds CtIRhiP~wIMe~)~l~l~, [HRhlP(~fe)~l~l~, [HdWP(~fe~)~l, ad 

b-M%IP(W) 3 11 clf381, ~~WCOIGL)l, bW~L)WO)WCWl b’Fs1, 
khCl(C2H1,)(GLj1 and cWG-L)2Cl1 (L-L = (64)) 11861 and [IWX’3%(wQpQ~l+ 
[189] have been examined for catalytic activity in alkene hydrogenation. 

cRh(cP)(co)21. supportedon astyrene-divinylbenzenecopolymer, hasbeen found 

to catalyse the hydrogenation of cyclohexane [1851. Attempts to hydrogenate 

alkenes using [RhCL{P(pyj3>21 and [Rh(cod)EP(py)s}21[PFs] were not successful 

11051. [Rh((2R,3R)-Ph ,PCXMeCWePph2)(nbd)][C10,] has been found to catalyse 

the asymmetric hydrogenati;on of RCH=C(NRCCR')CO2H (R = H, Ph, Me2UI, 4XsH4(OH)2, 

or 3,4-(bkO)(AcO)CsH2, R' = Me; R = Ph, 3,4-(Me0)(OH)C~H2, R' = Ph) to give 

(S)-RCR2~(NHCOR')COzH [190]. The rhodium anisylphosphine canplex (65) has 

been found to catalyse the asymnetric hydrogenation of enamides and 

Me02CC(=CH2)CR2C02Me, with the production of different: optical isaxmrs as 

canpared to those produced by using rhodium complexes of the phosphine ligand 

(66) 11911. 'I'he rhodium(I) canplex (67) is said to be an excellent catalyst for 

the asymnetric hydrogenation of pmchiral ~&acylamino) acrylic acids or esters 

c1921. 

The mxhanism of the asymmetric hcnmgeneous hydrogenation of dehydroamino 

acids by cationic rhodium canplexes containing chiral biphosphines related to 

dppe, hasbeen examined by 31P and % NMR spectroscopy 11931. The hydridozLLQ1 

rhodimn(II1) intermediate (68) has ken detected during the haxgeneous catalytic 
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(65) 

(66) 
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Rh 

(68; S = MeOH or XeCN) 

hydrogenation reaction of PhCH=C(MEOHe)(COOMe) [194]- 

The cunplexes, [(cod)FIb(ppfa)]X (X = [COOL]. b~t+l or [E@ht+l>, 

[(nbd)Rh(ppfa)][C104] and [Rh(COICl(ppfaIl (ppfa = (69)) have been fcmd to 

c---. 
\ , Q .-- 

Fe (69) 

NMe2 

catalyse the asyxmatric hydrogenation of PhCH=C(COCiH)(NHCCR) and 

CHz=C(CCOH)(mCOw. The X-ray structure of [(nbd)Rh(ppfa)l[PF~l has been 

determIned and indicates that (69) is bidentately coordinated to rhodium through 

both the phosphorus and nitrogen atoms of the ligand [195]. 

Ab in-hi0 IEAO-hSSCF calculations have been performed on the cuaplexes; 

b?hc1.~~1, [H~F~~cI.L~I, DwwI.L~I, bf2~~~2(~2~4)l and DEW.WGH~)I G = 
Ph3), which are possible intermediates involved in the hydrogenation of alkenes 

catalysed by Wilkinson's catalyst [196]. [Rh(py),Clz]C1 with en or 1,3-pn ware 

effective for the Na[E%,] reduction of 1,3-cvclohexadiene, cyclohexene and 
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1-hexene [197]. 

5.9.2.2 Isomerisatim 

[Rh(CO)2C1]2 is catalytically effective for the isamrisation of ally1 alcohols 

to carbonyl compounds; for example, treatment of a solution of C!H~=CRC'R(OH)C3H~ 

in dichloranethane at roan temperature results in the formation of high yields 

of C~HSCCC~H~ [198]. 

Ccmplexes of the type [RhCILn], where L represents a tertiary phosphine ligand, 

were prepared in situ fran [RhC1(C8H14>2]n and used to catalyse the hydroacylation 

of 4,5_unsaturated aldehydes to the corresponding cyclopentanones [MS]. The 

mechanism involved in the [F?hC1(PPhB)B]-catalysed cyclisation of 4-hexenal to 

Zmethylpentanone have been investigated by using deuterium labelling [200]. 

Rhodium(I1) carboxylates (e.g. [Rhz(cH3CCD)41) have been found to be efficient 

catalysts for the cyclopropanation of alkenes by diazo esters 12011. 

5.9.2.3 OZigomerisasion 

[Rh(SnC1,)2C1,]3-, imnobilised on an anion-exchange resin (AV-17-8) is found 

to be a highly active catalyst for the formation of cis- and trans-but-2-ene 

fran ethene [202]. 

5.9.2.4 Hy&osiZyZar;ion 

The rhodium carborane cunplex, (3,3-(l?Ph3)2-4-CsH+3,1,2-RhC2B$m >, in thf 

solutions, bns been found to catalyse the hycirosilylation of styrene with 

PhSib&H, to give PhCRMeSihle2Ph-PhCH2M2SiMe2Ph. Under similar conditions 

PhC&R gives cis- and trans-PhCIiXRSfile2Ph 12031. 

5.9.2.5 Benzene-ethene cozpZing 

[Rh*WO)u I, . under carbon nonoxide, catalyses the reaction 

C6H6 + 3CR2=CH2 +CO -C6H&H=CH2 + CI&CH#XCH~CH~ betwen ethene :md 

benzene to produce styrene and pentan-3-one. The reaction was carried o:lt at 

220 'C for 7 hr. to give a yield of styrene (based on a rhodium atan) of 91.7% 

[Rha(CO)& ] showed a similar degree of catalytic activity in this reaction but 

[Rb2(CO)&12] showed lesser activity [204]. 

5.9.3 Odation 

[RhCl(PPh3)3] and [F&C&(cyclooctene),] have been found to catalyse the 

oxidation of phosphines by CO2 according to Scheme VI (R = Ph, 8uPh2 or Et) 

[205]. 

The molecular dioxygen cunplexes [Rh02Lr][A] (L = AsPh3 or Asl?hble2; A = 

ClO,, or PF6) oxidise temrin al alkenes to the corresponding methylalkyl ketone 
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.SCHlSE VI: Catalytic oxidation of phosphines. 

under air-free conditions. %-labelling experiments indicate that the ketonic 

oxygen is derived fran the canplexes. Reaction of 02 with [Rh(l,7_octadiene),][A] 

gives l-octen-7-one catalytically [206]. The yield of carboxylic acid produced 

by the [Rh6(CO)E ]-catalysed oxidation of cyclohexanone with diaygen is found 

to increase with increasing partial pressure of CO [207]. Apartfranbeingan 

effective catalyst for converting ketones to the corresponding acids, 

[Rh6(CO)16] can catalyse the oxidation of cyclic alcohols to carboxylic acids 

using dioxygen: thus, cyclohexanol was oxidised to hexanedioic acid via CYC~O- 

hexanone [208]. 

5. G-4 Reactions of aZdehyde 4 ketones 

The half-sandwich cunplexes, ~Rh~(n5-C&e5)2(CXI)3]Cl and CR~~(~~-C&%)~C~CI 

are found to catalyse the disproportionation of ethanol into ethanoic acid and 

ethanol, according to 2CH&HO + Hz0 -CH3CH2c%I+CH3COOH. Other aldehydes 
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are found to behave in a similar way [209]. 

Reaction of benmthiazole (C,HsSN) with [Rh~(cod)2C12] and [F&I~(C~H,,)&~Z] gives 

kh2(md)z(C,HSSN)2Cl~] and ~Fb(CdWiN)&L~, respectively. The four complex was 

found to catalyse the hydrogenation of Me&O to M~zCHCM and the latter ccmplex 

was found to pramte the dimerisation of Me&O to diacetone zilcohol and mesityl 

oxide, Me2 C=cxmMe [2101. 

5.9.5 Reactions of nitrogen-containing compounds 

Various rhodium(I) canp1exe.s; RhC13.3H20, [RhC1(PPhs)*]2,[RhC1(C2Hr)2]*, 

~Rhcl(cod)l2, [FfhCl(PPh3)3], [RhCl(cod)(PPh~)] or khCl(CO)(PPh,)2], have been 
found to catalyse the reaction of amines with anthraquinone to give the l- 

auOr1 aminoanthraquinones and mrall amounts of the 1,4-alkylamino-derivatives [311]. 

Catalytic azunts of EIhC13.3R20 are reported to accelerate the reaction betwen 

certain amines and esters (for example, BuNHz + EtCOzR -EwHcQEt+ROH) 

12121. The reductive amination of cyclohexanone has been examined over 

H[Rh(m)2C&] in the presence of Na[B%+] [X3]. @hC1(PPhz)]was found to 

catalyse the reduction of azobenzene by b&CHOH to give aniline [214]. 

5.9.6 Hydride trmsfer 

[FfhC1(PPh3)3] has been found to catalyse hydrogen transfer fran h&CHOH to 

PhNHNHPh to give h!eSO and PhNH2 12151. 

5.9.7 PhotocataZytic dihydrogen production 

Under the influence of UV radiation at room temperature, [RhC1(PPha)3] has 

ken employed as a catalyst for hydrogen production fran methanol and water 

as, C&OH + H20 h" cata1yst,C02 + 3Hz [ZlS]. 

5.9.8 Reactions of siZicon hydrides with siZanoZs 

Solutions of the rhodium(I) canplexes; [RhC1(PPh9)3], [RhH(CO)(PPh3)3] and 

CRhCl(CO)(mh3)2], and their silica-supported analogues have been found to be 

very effective and selective catalysts for the reaction of simple silanes with 

organosilanols: 

e. g_ F@iOH + R&Hz -R2HSiC6iRj + H2 

<R$ = Eta. ble2Ph. Prs OI- Pha; R2 = Etz. Pr2, Phz or MePh) 

and for the reaction of oligazric hydridosiloxanes with organosiloxanediols (2171: 
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been prepared and characterised. Ligand-field parameters have been assigned on 

the basis of the solid-state electronic spectra, and the far IR spectra of the 

caqlexes are consistent with mer-g-try [17]. 

5.11.1.2 SuZphide complexes 

The structures of the diethyl sulphide carplexes (70) [225] and (71) [2261 

(70) (71) 

have been determined and the photolysis of mer-[I&l~(~tz)~] in benzene Or 

toluene solution gives rise to a mixture of [Ir2(wCl)Kl~(Et2S)~] and 

CIr2C15(~-Cl)(~-Et2S)(Et2S)~l [2n1. 

S-11.2 Complexes with nitrogen donor Ligands 

5.71.2.1 Ammine, amine, diimine and isonitriLe comptezes 

The photochemkal properties of [Ir(NR3)5X12+ (X = Cl-, Br- or I-), 

IIrWH3)5L13+ (L = NH3, HzO, M&N or PhCN), trans-[Ir(NH3)412]+ and trans- 

[Ir(NR~)~(H20)I]2+ have been investigated in aqueous solution 12281, as has 

the photochemistry of cis- and trans-[Ir(en)zXY]+ (X = Y = Cl-, Br- or I-; X = 

a-, Y = cl- [2291. The solvent dependence of the rate of chloride substitution, 

by H20, bkQR, &nf or MeCN, has been determined for the excited states of 

[IrC12(bipy)2]+ [230] and cis-[IrClz(phen)z]Cl by sub-picosecond laser 

spectroscopy [36]. 

[Ir(H3ATP)(H20)4]Cll has been prepared. Bonding of the metal to the purine 

ring of the ATP molecule is through the N(7) atan (14) [72]. 

Cun~lexes containing the ligand LH = RB(3,5-b1e~pzl)s have been prepared; 

[LIrCl&aPh(hle)Z], [LIrCl(acac)] and [LIr(CF$.T02)2(H20)] are formed fran the 

reaction of [LIxC~~]~ with A&~&Z, acac and A&CCF'~, respectively [41]. 

5.11.2.2 CompLexes wish nitrogen-phosphorus donor Ligands 

A mixture of [Ir2C12(C~Hr,)4] (CeHr, = cycloctene), nqpR <72), and pyridine-d5 

in hexane produces the cunplex [IrClR(nqp)(NCsDs)2]. Although the netal-hydride 
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P N &Bu, 
Me 

(72) 

-1 
stretch can be easily identified in the IR spectrum at 2180 an and the NMR 

spectrum indicates that the p_yridine ligands are mutually cis, it is not clear 

to which of the remaining possible six-coordinate isaners the 

11041. 

5.11.2.3 CompZeres with nitrogen-carbon donor Zigands 

2-(2-thienyl)pyridine (2-thpyH) reacts with hydrated IrC13 

canplex [IKl(2-thpy)2]z<73). This material canbines readily 

structure belongs 

to give the orange 

withL(L=Pma, 

(73) (74; L = PBu3, py or dmm) 

py or dmo> to give CIrCl(L)(Zthpy)~l. The spectroscopic properties of these 

ccmplexes are consistent with structure (74) [231] _ The bromide and iodide 

analogues of [IrClGBu3)(~thpy)~] were prepared by halide exchange reactions. 
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5.11.3 CompZexes with phosphorus donor Zigands 

5.11.3.1 Phosphine and diphosphine complexes 

[Ir(cod)Cl]z reacts with PhfezPh in b&CN to give the red species [Ir(PMe2Ph),,]+, 

which will react with dihydmgeh to give cis-[IrH~(?Me~Ph)~]‘C. In the absence 

of dihydrogen and after prolonged heating under reflux, 

cunplex, fat-[IrH(PMe&Hr)(PbkzPh)]+is produced 12321. 

(75) 

the cyclanetallated 

The cunplex (75) has a 

distorted octahedral coordination gearetry about the central iridium atan [2X3]. 

The mixed-metal cunplex [(Ph~P)~Pt(u-Cl)~Ir(PMe~Ph)Cl~]+ [IrCl~(pMe~ph)~]- 

has been synthesised 12341. [(bdpps)ClsIrl (bdpps = (39)) has a similar 

structure to its rhodium analogue [48]. 

5.11.3.2 CompZexes with phosphorus-oxygen donor Ziga& 

The reaction between iridium(II1) chloride and (CMe~)2(CH$BR) (R = Ph or 

Chle,) gives [Ilc12((CbIe3)2~~(0)R)IP(CMe,)(~,~))]. These cmplexes react 

with sodium ethoxide to produce purple, five coordinate hydrides, possessing 

the square-pyramidal geanetry (761, which take up carbon monoxide reversibly to 

give colourless hydridocarhonyls (77) [51]. Carhonylation of Naz[IrC16], 

co, 

-x- 

(76) (77) . 
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followed by addition of (CM~~)~(CHZCQP~) gives [1rH(Cl)(CO){(cMe~),~(0)Ph}- 

{p(CMeS)~(CREOIJh)~]. in &ich one of the keto groups is uncoordinated. Addition 

of sodium methoxide gives a mixture of (77) (R = Ph) and -CPU-TLS- 

[IrCl(CO)CP(CbIe,)2(~2~h))2]- Similarly, addition of P(C%e~)~(CR#X?&) to a 

carbonylated solution of [Iz-C~~]~- yields the six-coordinate canpound 

[IrHClz(CO)EP(CbIe3)2CH2~3}2], containing aonodentate phosphine ligands [51]. 

5.ii.C Complezzs risk Group I'/ donor Zigands 

5. II. L. I CorzpZezes lJith carbon donor Zigands 

[IrIEC(bIe)Sble)(PPh,)(cp)] (78) has an approxinmtely tetrahedral geunetry and 

contains the methyl(methylthio)carbene ligand. The bonding of the C(Me)Sble 

group indicates that the canplex should be formulated as a C(Me)=S& ccmplex 

of iridium(II1) (2351. 

Reaction between paraformaldehyde, (CH20)n, and [Ir(Ph&),,][PFs] in tbf at 

roan temperature produces the new cationic formyl complex, [IrH(cHo)(PbLe~)~][PFs]. 

Similarly, [IrClR(CHO)(PbIe3)r] and [IrH(&)(CRO)(Pbie~)~] can be prepared from 

paraformaldehyde solutions in thf with [IrCl(CeHlr)(~Me3)3] and [Ir(Me)(P&3)4], 

respectively. The foxmyl grouping in the [IrH(CXSB)(PbIe~)~] cation may be 

reduced to methyl with, for example, borane 12361. RXICl(R=bIe, Et or-h-) 

reacts with [IrCl(PMePh~>~] (79) (or [Ir&12(C~H111)9] + PMePhz) to produce six- 
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<79) (80) (81) 

coordinate alkyliridium cunplexes, cis-[IrC12R(CO)(P~~ht)21 (80). Solutions 

of these canplexes equilibriate rapidly with the five-coordinate species (81). 

Species <80) is reported to isanerise at rcm~ temperature into the trcms-isomer 

(with respect to the phosphine ligahds) 12371. 

The carbon dioxide canplex [Ir(cimpe)~Cl(CO~)] reacts with hIeFsos to give the 

methoxycarbonyl species, [IrCl(COnbk)(cimpe)~][FSO~]; its structure has been 

confirmed crystallographically [238]. The single crystal absorption spectrum 

of [Co(Nk)6][Ir(CN)6] has been examined 12391. 

5.11.4.2 Carbopane complexes 

Several eighteen-electron, iridium(III)-carborane canplexes have been 

produced 12401 and carborane canplexes containing the C2BsHu,- and C2BgHll-anions 

are discussed in Section 5.15.2. 

5.13.4.3 CompZexes with tin donor Zigands 

On addition of [MeIe4N]Br. K2[IrBr6] reacts with SnBrz in aqueous solutions 

containing HBr to give [~Ie4N]B[IrBrl,(SnBr~)2].[hIe4P;]~[IrBr(SnBr3)5] is reported 

to hyclrolyse to give H~[Ir{Sn(CdI)S1sBr].HBr [241]. 

5.11.5 Hydride complexes 

Reaction of trm.s-[PtR(b!cCH)(PEt~)2]+ (R = Ph, H) with [IrH5(PBt~)2], 

followed by addition of Na[BHr] gives the dibydrid+bridged cunplexes (82) and 
PEt3 - 

I 

- 
(82) 

PEt, 

(83) 
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(83) which were characterised by NMR spectroscopy 12421. X-ray and mlecular 

structures of [Ir;zHs(dppp)][DFr] and [IrzH~(dppp)][9F+]2 have been reported, 

along with their dynamic NMR properties 12431. 

5.12 IRIDIUM(I1) 

5.12.1 Halide comptexes 

The electron irradiation of [IrC16]3- in a NaCl matrixproduces aparamgnetic 

species assignable to [IrCl~l~-, on the basis of EPR mxsurments [249]. 

Oxiciative addition of IP xo (84) (where L = CO, P(oMe)s, PMenPh or PMe3) 

L 

I 

OC--'i-_jCMes 
Me&S -IIF -co 

I 
L 

(84) 

gives <as) [245]. 

(85) 

5.12.2 AZkyZ thiot comptexes 

[Ir(+SCbIe3)(CO)2]2 canbines with hexafluorobut-2-yne to give 

[Ir3(~-3)3(CO)6(~-C,F6)]. In this canplex tua of the iridium atans are 

considered to be in the +I1 oxidation state and the rexmining iridium atan 

in the +I state. Dimethylacetylene dicarboqlate reacts similarly to give 

IIr3(~~~3)3(~~2(C0,Me)2CCO)6)1. Ho==-. CIr(~~3)2(CO){P(~)3}s12 

reacts with hexafluorobuk!-yne to produce the dinuclear 

CIr2(~~3)2(ll-CqF6)(CO)2{P(~~)3}312, with C2(C02bk)2 to produce the 

tetramclear [Ir2(FL~3)2(u~=sFS)(C0)2EP(OMe)3}3]2, and with C2(C02kW2 to 

Produce [Ir2(~~,)2{(11--C2(C02b~)2)(C0)2CP(OMe)s}21. The structure of the 

trinuclear fluorobutyne species has been determined and is described as 

possessing a crown-like structure 12461. 

5.13 IRIDIm(I) 

5.13.1 Halide compZexes 

The w( Ir-Cl) stretching frequencies, along with the "P chemical shifts, in 
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trc.ms-[IrC1(PPh~)ZL] cauplexes. (L = CO, Cs, Nz, C2H4, PPha, NO+, N&r+, MesaC, 

N2C5Cls or N2C5Brb) have been correlated in order to assess the tram-influence 

of the ligands L [247]. 

Bridation of [(4-CH3C~HJ!i~)Ir(CO)~C1], with an excess of 1~ in dichloro- 

methane, produces the six-coordinate canplex, [(4M3CsH4~2)Ir(CO)nCl121. The 

electronic spectrum of a mixture of these two cmplexes in CXZC~Z reveals an 

absorotion band at 490 nm that is not present in the spectra of the individual 

canponents. The adduct [(4-CHaCsH~NH2)21r~(CO)&121~], containing Ir(I) and 

Ir(II1) atans is said to he foxmed, and has been isolated as diamagnetic green 

crystals fran solutions containing equiaolar quantities of both canplexes [24S]. 

Eathalpy changes in the oxidative addition of RI (R = H, Me, I, CR&O, Pr, Et, 

CBMe2 or GHsCH~) to tram-[IrC1(CO)(PMes 121 were measured in 1,Zdichloroethane 

12491 and the changes in stereochemistry. which occur at carbon during 

oxidative addition of au al.&1 halide to [IrCl(CO)L2] (L = tertiary phosphine), 

have bees examined by NBR spectroscopy [250]. Spin-trapping experiments for the 

oxidative addition of &I, PhC&Br and Ph2CRBr on tram-[Ir(CO)Cl(PPhs)2] have 

been monitored by EPR spectroscopy 12511. 

I 

( 
II I O-O 

>< 
II I N 

N -J 

SCBE~IE VII: preparation and Reactions of Iridium-peroxo complexes. 



304 

5.13.2 CompZexes with Group VI donor Zigands 

5.13.2.1 CompZexes with oxygen donor Z+pnds 

Dioxygen reacts faster with the five-coo rdinate canplex [(cod)Ir(phen)Il 

(861, than with the four-coordinate cunplex [(cod)Ir(phen)lCl, to form the 

Ir(II1) peroxide species [(cod)Ir(phen)(Oz)lX (X= Cl o= I) k521. me 

oxygenation of (86) may occur &a the IIWA~.ICSII S~OIVII in SChe VII. 

Square planar Ir(1) canplexes of general fomnila C(LL)IrLII (LL = Wiketonate 

derivative, L'= CO or ethene) have been examined by UVPES 1781. The studyms 

made in conjunction with that on a similar series of rhodim cuX@ZXeS diScUsSed 

earlier in this review (Section 5.4.1.1). 

5.13.2.2 CompZexes with suZphur donor Zigands 

Reaction of [Irz(CO)4(pPh9)2(~~1)2] with para-substituted aryldiazonim 

salts gives [IrZ(CO)r(PPha)2(~-N2CsH~R)(~SOz)][BFI,]. Treatment of the 

substituted diazo complex with H[aF+] gives the protonated species 

[Ir2(CO)r.(PPhs)2(~-N=MICsHoR)(~-SOz)] [BF~I and alkyl halides give the halogen- 
bridging [Ir2(CO)2(PPha)2(~-X)(11~2C6H4R)(llS01)] 12531. Addition of PRs 

(Pblep, PM+Ph, P(Nhkz)3, PPh3 or P(C&Ie)3) to [Irz(~-SCW3)2(CO)41 gives 

[Ir,(~~,)2(C0)2(PR3)21 k=41. (Me2NCS)2S reacts with [(Ph3P)Ir(CO)C1] to 

give [(Ph~P)Ir(~2-CSNNe2)(S2CNW~)(CO)]X (X = Cl or [PFs]) [85]. 

~Ir-1(~-S)(CO)2(~-dppn)~l is formed fran [IrKl(CO)s(wdppn)21+ ~IIC~~(CO)Z~- 

and sulphide and reacts ttith CO to form (87). containing the CO ml&ule in the 

erdo-pocket. 

Oxidative addition of HZ to [Ir2(11-S)(CO)2(~-dppn2)] gives 

CIrzH2(~S)(C0)2(~-dp~)21 r-2551. [Ir(S2CPPh3)(CO)(PPhs)2][BFs] consists of a 

distorted trigonal-bipyramid of donor atans about the metal, containing the 
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bidentate zwitterion PhsP+CSz-, the sulphur atans of which occupy an axial and 

an equatorial position; the CO ligand occupies the remaining axial position and 

the two phosphine groups the remaining equatorial positions 12561. 

5.13.3 CompZexes with Group V donor Zigands 

5.13.3. 7 coTZe;ees with nitrogen dmmr Zigmds 

[Ir(NO)(phen)(PPh3)2][PFs]z contains the metal atan in a trigonal-bipyramidal 

environment with the NO and phen ligands occupying the equatorial positions; KO 

is present as [NO]' [257]. The six-coordinate cation in [Ir(NCMe)S(NO)(PPhl)2][PFs]2 

contains a loosely-bound Am ligand (truns- to the NO group) relative to the 

other two ethanenitrile ar&zcules [258]_ 

The square-planar, tetrahalodiazocyclopentadiene complexes, [I~C~(N$JSXI+)(PR~)Z] 
(X = Cl or Br; R = phenyl, 4-fluorophenyl or 4-tolyl) have been prePW?d and 

characterised b;r IR, Raman, IH and 31P NMR spectroscopy. [IrC1(N2C5C14)(PPh3)~] 

reacts with P&x, Pb&Ph, PMePhz, hk$XC or NO+'to form a five-coordinate 

ccmplex, and cunbines with HCl to form an oxidative addition product [94]. 

[IrC1(N&Clb)(PPh3)2].C,H8 has been shown to possess a square-planar gecmetry 

with trazs PPhB ligands 12591. Similarly, the 1,3-diaryltriazenido anion 

4-CH&H,,N2=NC6H&H=H3-4 (dtt) has been shown to be monodentate and trans to the 

carbonyl group, in the square-planar canplex [Ir(CO)(dtt)(PPhx)z] [260]. 

5.13.3.2 Coniplexes with nitrogen-phosphorus donor Zigands 

The new ccmplexes (88) and (89) have been prepared: 

PEN ph\ / 

( 

Pl- co 

E 

Ir 

/\ 

(88) 

rv& 
Cl 

L$r c lJc0l.J 4 LiCl + CO 
Pha 

PPN C ‘\ /” /‘\ (89) 
kg 

Cl 

The crystal structure of the canplex <so) has been determined and the IR 
and 'IP NMR spectral data sugg est that all three CanplexeS (88, 89 and 90) 

possess the same stereochemistry [261]. 



(90) 

Me Me 

5.13.3.3 CompZexes with phosphorus, arsenic or phosphorus-arsenic donor 

Zigands 

RSNHPR2 (R = Ph) reacts with [(u-C1)zIr2(CBH12)2] to give ~Ir(R&NRPR,)~]Cl, 

which reacts with CO to produce [I~(CO)(R$NHJ?RZ)~]C~ and which is also formed 

fraa the canbination of [Ir(CO)(PPh3)sCl] and [Ir(CO)~(4-H~NC~H&R~)Cl] with 

R&¶'IHE'Rz. Oxidative addition of 02, CS2, 12 or (SCN)2 to [Ir(R~XWPR2)]Cl 

yields ~Ir(Oz)(RA%RPR2)z]Cl, b(~2-CS2)(R2FiWPR2)1C1, [WI~l(RpPMBR2)21C1 

or [Ir(SCN)Z(R#NHPR2)2]C1, respectively [262]. 

Tram-[IrCl(CO)(GL)] has a square-planar g-try and contains the trans- 

spanning ligand L-L <46) 11283. [IrC1(CO)(PPh3>~] reacts with sexacientate 

tdadx (40) to produce [Ir(tdadx)]Cl, which reacts with dihydrogen to fom 

[IrH2(tdadx)]Cl and with carbon monoxide to form [Ir(CO)(t&dx)]Cl. Reaction 

of [Ir(tdadx)]Cl with nitric oxide gives the nitrosyl canplex [Ir(td&x)(NO)]Clz, 

in which the nitrosyl ligand has been formally assigned as [NO]-, on the basis 

that the IR spectrum is similar to those of other iridium(II1) ccarplexes 

containing the [NO]- group. The analogous ligand, tddx (which contains 

phosphorus atons in place-of the arsenic atons of <do). has also been studied. 

[IrKl2(tddx)] uxnbines with dihydrogen to produce CIrK&(tddx)H~], with 

dioxygen to produce [Ir2C12(tddx)(02)~], with CC to give [Ir2C12(tddx)(C0)4] 

and with NO to give [Ira(tddx)(N0)2]Cl+ [126]. 

5.13.4 CompZexes with Group IV donor Zigands 

5.13.4.1 CompZexes with carbon donor Zigamis 

Tcne reacts with [Ir(+X?de,)(CO)(PR,)]2 (R = Me, Ph or OMe) to give the x- 

bonded 1:l adducts, ~Ir(u-SCbIe3)(CO)(PR3)(tcne)]2 12631. [Ir(nbd)$l],, 

obtained fran the reaction of [Ir2(ccd)2Cl2] with an excess of nbd, undergoes 

the reactions shown in Schane VIII 12641. 

The crystal structure of [Ir(CO)$l] has been deternrined [X5]. The reactions 
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[Ir(C7Hs > 3 G’Me3 )Cll 

CIr(nbd)B CO1 2(PPh3)cl] A3 k~Ir(nbd)3(PPhMc~)Cl] 

s(ltIEbIE VIII: Sane reactions of IIr(nbcU3Cllz. 

of [Ir(CO)31] are discussed in Section 515.1. The pentacoordinated mmplexes 

[Ir(SnC13)(md)(L)a] (L = PR3) undergo~carbonvlation to give [Ir(SnCl,)(CO)2(L)z] 

[266]. The canplexes [Ir2(C0)3(Me~NC)Cl(L2)23X. CIr2(CO)2(Me3NC)2Cl(L-L)2]X 

(L-L = dppa, x= [Bph,,]; L-L = dpm, x = [BFsI) and CIrz(CO)(~IesNC)5(GL)z][BPhl,]z 

have been obtained fran the reactions of bSe3NC with the A-frame cmplexes, 

IIr2(CC)sCl(LL)~lX 12671. [Ir(cp)(CO)n] combines with CJ?GCCF'~ to produce 

both cis- and tram-isanxs of the u-bridging alkyne canplex, 

tIr2(CP)2(C0)2(CF3C2CF3)1. Other, less well-characterised, cunplexes ~?re also 

produced fmn this reaction. The reaction between tIr(cp)(CO)z] and CRGCC% 

produces (91) and a SndLl quantity of Cables [262]. 

<Ql) 

5.13.4.2 Carbonme complexes 

The oxidative addition of HCl, RRr, HI, Cl2 and BXT~ to square-ply de 

carboranfz-iridium(I) cunplexes, tmm-[Ir(u-carborane)(CC)L~] (L = pPh3 or 

PM&h*) has been investigated in the solid state and in solution; six-coordinate 

compounds were obtained. The HCl, Hl3r and HI adducts, [IrRX(c-carborane)(cO)L~]. 

undergo reductive elimination of the carborane [269]. Reactions of 



[Ir(cod)(PR~)2][nido-7,8-C2B9H12] are discussed in Section 5.15.2. 

5.13.5 Mercury compZexes 

The formation of qlexes of the type IIIr(CO)C1(PPhB)zl,Hg][C1Oq]z (n = 

1-3) and [~Ir(CO>C1(PPh,>,~#g(C10~)x][C10~]2_x has been observed spectra- 

smpically and polarographically. [IIr(CO)Cl(PPh~)~}JIg][ClO~]~ has also been 

identified [270]. 

5.14 IRIDIUM cmBmYLlmw 

An improved synthesis and the X-ray crystal structure of [~e3cH2Ph]2[Ir6(CO)15] 

(92) has been obtained 12711. The carbonyl clusters [Irs(CO)~ 1 and 

CIr,(CO) l,_,(Wh,)Z] (x = l-3) are discussed in Section 5.15-l. 

2- 
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5.15 IRIDIUM CATALYEZS 

5.15.1 Carbonylation CasaZysis 

The hamgemous, rhodim-based, process for the carbonylation of methanol is 

employed on a large scale umnercially for the production of ethanoic acid. 

Although iridium caqxxmds are also kuown to act as efficient catalysts for this 

system, the reactions are believed to involve mre canplicated mechanisms than 

those displayed in the rhodium-catalysed process. 

A mechanistic scheme, Scheme IX, hae been described for methanol carhonylation 

.5CHEhE IX: hlechanistic schane for the iridium-catalysed carbonylation of methanol. 

using iridium halide precursors, in the presence of a methyl iodide prumtor 

[272]. TKI main cycles are in operation, involving either neutral or anionic 

canplexes, and both lead to the reductive elimination of ethanoyl iodide, the 

hydrolysis of which is kuown to be rapid. [Ir(CO),I], which is featured in the 

reaction scheme, has been generated in situ in dichloranethane and is found to 

react slowly with methyl iodide at man temperature to produce two new species 

that are considered to be intermediates in the iridiumcatalysed carbonylation 

of methanol. The major product has two strong carbonyl stretching bands at 

2118 and 2977 or-' and is fomulated as [IrMe(CO)212]_ The minor product 

(v(C0) = 2125, 2090 and 1710 on-') has been tentatively formulated as 

CCIrWCXle)KO>,I,lnl (n = 1 or 2) 12721. 
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5. is. 2 Ily&ogenar;ion CataZysis 

[Ir(cod)CP(~~2)~)(py)l[PFsl. [Ir(md)(PMePhz)zl[PF61 and [Ir(cod)(PPhs)~1[PF~l 

exhibit high activity in alkene hydrogenation [273]. [Ir(SnC13)(CO)2(L)I U-J = 

phosphine derivatives) undergo hydrogenation to give [Ir(SnCla)(H)2(L2)l, which 

catalyses the hydrogenation (and isaner isation) of hept-l-ene; the rates of the 

reactions fall with decrease in the basicity of the phosphine ligand [266]. The 

A-frame =q~lerc, cIrz(u--s)(CC)z(u-dppn)z], in the presence of ciihydrogen, 

catalyses the reduction of ethyne, ethene and propene to the corresponding 

saturated hydrocarbon. The iridium species shows a greater activity towards 

hydrogenation than its rhodium analogue [255]. The cationic catalyst, 

[Ir2Cl(CO)s(~~p~)21+, was also found to be active in the hydrogenation of 

alkynes and alkenes [MS]. The iridium analogue of the alkene hydrogenation and 

isanerisation catalyst, cZoso-3,3-(PPhs)2-3-H-3,1,2-RhC2B9Hu, has been prepared 

[274]. The cmplex and related materials may be prepared as shown in Scheme X. 

(R = Ph or p-tolyl) 

ScHEnlE X: Preparation of iridim+carboborane catalysts. 

[Ir2(CC)12] has teen used as a catalyst in the synthesis gas reduction of 

nitrobenzene to aniline 11761. The "hydrogenation" of ethanal to ethanol in the 

disproportionation reaction 2RCRC + Hz0 -RCH&H + FKQH, is catalysed by 

[Ir2(C&e5)2C1,,] [ZOS]; other aldehydes (R = H, Et, Ph or MeCB=CH) behave 

sinlilarly. 

5.15.3 Heterogenised cataZysts 

Clusters analogous to [Ir4KO)12_~c(PPh3)rl (I = 1-3) have been anchored to 

phosphine-functionalised poly(styrene-divinylbenzene) and their catalytic 

activity for ethene and cyclohexene hydrogenation has been examined in a flow 

systan [nsl. Silica-anchored, tetranuclear iridium clusters, analogous to 

CXr,KO) 12_,WPh,),], have also been prepared by adding chlorobenzene solutions 

of [Ir~(CU)u (PPhx)] or [Irb(CO)10 (PPha)2] to silica containing attached 

Ph$CHKH&H2- groups. The attached clusters were identified as 
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h+(cO)lo G’Ph)G’hSCH2~2C.%-)l “d ~Irl,(CO)s(~h3)z(Ph2WI2CH2CH2)1, 
respectively, by their carbonyl IR spectra 12763. 
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