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INTRODUCTION 

Separate reviews for the coordination chemistries of rhodiun and iridiun have 

been published this year since it i8 the author's opinicn that the erphasis in 

the work reported for each of tbe6e tm elements i.8 sufficiently different to 

justify their inclusion in different chapters. 'Ihe coordinaticn chemistry review 

0010-8545/84/$10.20 O1984ElsevierSciencePublishersB.V. 



of iridim covering the year 1980, of which this review is a continuation, is 

published in reference [l]. 

As with the ampanion review co rhodium (chapter 2), this manuscript places 

especial ernphasis upan the catalytic reactions of iridim where these are seen 

to involve aspects of amrdination chemistry. Work of an essentially 

organanetallic content has been mentioned if considered to bear any relevance to 

the coordination chemistry of the element. The annual surveys of the 

organometallic chemistry of iridiun have been published mvering the years 1979 

[2] and 1980 [3]. fie first major international mnference devoted to the 

chemistry of the Platinm Croup metals (Ru, OS, Rh, IP, W and Pt) to& place at 

Bristol in 1981. Ihe next conference on this theme is scheduled for July, 1984, 

at the Dniversity of Minburgh. 

3.1 IRIDIUM(V1) 

The redox reactions of IrFs have been studied. IrF6 is shod to be a stronger 

oxidising agent than ReFs or OsF6 towards a series of reductants, the products 

fran tiicfi are listed in Table 1 [4]. Not surprisingly, IrFg is also reduced by 

carbon monoxide at 200 'C md 200 bar to give IrF3 and 0DF2 [5]. The 

intercalatim of graphite by IrF6 gives the graphite salt C,+[IrF,]- [6]. 

TABLE 1 Products of theReactiousof IrF6 withVarious Reductants 

Reductant Reactim Product(s) 

PF3 Ir, PFg 

PF3 in HF IrF,,, PFg 

Asp3 IrF4.AsF5 

SbF3 IrFB, SbF, 

BiF3 No reaction below 100 'C 

a, m,+, SF, 

H2 Ir, HF 

H2m IrF5 

metal/KF/HF wrq 

3.2 IRIDIUM(V) 

3.2.1 Ptuotides 

IrFs ambines with CC at 260-280 'C to give a product that has the 
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stoicheiometry Ir(CO)2.5F2. &I further reaction with CO at 200 *C and at high 

pressure, a brown mxpound of formla, Ir(CD3)Fz is produced almg with a blade 

mnpound of formula Ir(CO)pFg [s]. 

3.2.2 Oxides 

Perovskites of the type Ba,MTrvO, are fcmd to be cubic (for MI’I = La, 

Nd, Sm, Cd, Dy or Y) or hexagcmal (for MI” = In). The powder patterns of the 

new series of ampounds of the type BajM1%rgOg (mean oxidation state of 

iridium = 4.5: MII1 = 3n, ELI, cd, Dy, Ho, Yb, SC, Y or In) reveal a he-al 

crystal structure of the BaTiO, type [ 71. A mdel for the magnetic behaviour of 

the pentavalent, perovskite-type iridium oxide, LaLiI Irl O3 has been 

proposed. The electrcn configuration of iridim in th!g 0x1 aticn state is ‘8 

(t,g)‘+(eg)o and the magnetic susceptibility has been calculated by assuming 

cubic symnetry of the crystal field and a Coulceb repulsion that is of the sme 

order as the spin-orbit coupling. Fitting of the experimental data gives a value 

of the single spin-orbit coupling constant as ca 3470 HI, which is close to 

that of previously examined iridium(V) canpounds [8]. 

3.2.3 Orgawmetallics 

Reaction of [Ir2(CSMs,).$14] with the methylating agent Al$4e, gives the 

iridium(V) mnpwnd. [Ir($-C$kes)Me4] (1). The structure has been described 

(1) 

as 

being similar to that of a four-legged piano stool. It appears to be the first 

exar+e of an organanetallic axrplex in this oxidation state [9]. 
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3.3 IRIDIUM(IV) 

The chlorinatico of iridiun in melts of KCl or KCl-LiCl results in the 

formation of Kp[IrCls] (and K3[IrC16]). The products, obtained in the omled 

melts, were identified by X-ray diffraction, and IR and W spectros~ [lo]. 

The infrared luminescence spectra of [IrC1,]2- and [IrRrs]2- have been recorded 

in the cubic crystals of Cs (M = Sn, Te or Zr; X = Cl or Br) and 

Iib2[snXs]. The Ij;(zT,g) + ? 

[MXJ 

7(2T2g) transition is cbserved at ca 5000 cm-1 [ll]. 

The kinetics of oxidatim of urahium(IV) by [IP&]~- have been studied in 

aqueous acidic chlorate(VI1) solution. The reaction is found to be first order 

in both [IrCl,]2- and uranium(IV) [12]. In the oxidatim of pyruvate im by 

[IrC1,]2-, the reaction is also found to be first order in both the substrate 

and iridim(IV) [13]. The kinetics of oxidation of ethanedioic acid by [IrC1,]2- 

in H[ClO,,] have been determined [14] and the recent development of a pulsed-flaw 

spectrometer has permitted the rates of oxidaticm of various copper(peptide 

complexes by [IrCl,] 2- to be measured [15]. Ihe rapid electron transfer is 

believed to occur uia the chloride bridged species (2). 

Cl 

Cl Cl \k 9 
,/i\ Cl 

(2) 

Rzactim of [NHqJ2[IrC16] with I-IL (3) in agueous solutim results in the 

formation of [ML~] [16]. 
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(3) 

[IrCl,,(L)] (L = (4)) contains the brucine ligand mordinated uia the carbonyl 

oxygen [17]. Cyclic voltametry studies of t~un8-[IrCl~(PMe~Fh)~] in M&N have 

(4) 

revealed a well-defined reduction wave consistent with the reduction process: 

te- 

tmn8-[IrClpMe*Eq.] =Stmn8-[IrC1pMe*Ph)2]- 

-e- 

[IrC14(PMeph)2] reacts generally with metallocenes to form salts of the type 

[M(rt5-C,H5)2][IrCl,+(PMegPh)2] (0.81 M = Fk or Ni). Addition of two equivalents 

of [IrCl,(PMe,Ph),] to a benzene solutim of [~t(c.p+)(P~$)~] resulted in the 

Precipitation of the fawn-mloured material (5) [18]. 



160 

L hleph J L PMe,Ph 1 

(5) 

3.4 IRIDIUM(II1) 

The ionic radius of Ir3+ in solid solutions of rutile is found to be 68 p 

[=I- 

3.4.1 Halide comptexes 

ullike Rbp[IrFs], which is relatively inert to aquation, Fb3[IrF6] undergoes 

aquaticn to form [IrF6_x(H20)x](3-z)- [19]. 

W irradiation of concentrated hydrochloric acid solutions of [IrCls]3- 

yields [IrCls]*- and dihydrogen. The reactive excited states are protmated 

species such as [HIrC16] *- that possess Cl + Ir charge-transfer character md 

the photoredox mechanism is said to involve the initial release of atanic 

hydrogen. Irradiation of [IrC16]*- in aqueous hydrochloric acid solution results 

in the formation of [IrCls] 3- and dichlorine [20]. [Ir(H,O)Cl,]- is mre active 

than [IrCls]3- towards the chlorination of ethane [139]. 

The crystal structures of the J'UC- and mm- ismers of [~rU,(p~e,Ph)~] have 

&en resolved. Both ampunds have mnoclinic crystal form and an approximately 

octahedral gecmetry around the metal [21]. [IrC13(CO)L2], [IrC13L3] and 

[IrHC12(CO)L2] (L = As(PhCX2)3} have keen examined by infrared spectroscopy in 

the metal-chlorine region. When [IrHC12(CO)L2] is treated with NaCMe, HCl is 

eliminated to form [IrC1(CO)L2] indicating that Cl is tmns to the hydride 

ligaud in the original iridium(II1) cunplex [22]. 
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3.4.2 Comptsxes with Croup VI donor tigands 

3.4.2.1 Comptexes tit? ojeygen donor ligcd8 

Thermogravimetry has teen used to establish the stoicheiometry of the 

reacticn of IrC13 with mixtures of molten alkali metal nitrites to form the O- 

bonded nitrito species [I~(NO~)~]~-. IrOq was formed at higher temperatures 

accompanied by the evolution of nitrogen oxides [24]. 

Na[IrCl(edtaH)].2H20 and Na[IrCl(pdtaH)].3H20 (pdtaH, = 

propylenediaminetetraacetic acid) have been prepared from IrCl,, and the sodiun 

salts of the correspcnding ligands. The hemihydrate of [Ir(edtaH)(H20)] was 

prepared fran Na[IrCl(edtaH)].2H20 [25]. 

Treatment of [IrC1(CO)(PPh3)2] with fluorosulphuric acid, HS03F, gives the 

hydride [IrC1(CO)(PPh3)(H)(R03F)]. The [SOaF]- group is displaced by chloride 

ion from [R~,,N] Cl, by brcmide ion frcnn [~h~~ep]~r and by [saU]- fran [NH,,][SCN 

[691- 

3.4.2.2 Comptexe8 with sutphup donor tigands 

The IR and Raman spectra of the sulphito amplexes [Ir(SO,)#X,,]~-, 

[Ir(SO,),(NH,),Cl,]+, [Ir(s03)3(NHg)3]3- and [Ir(s0,),Cl,]7- indicate that they 

contain iridiumsulphur bonds, unlike the iron amplex, [Fe(R4$)6]9-, which is 

ti to contain metal-oxygen bonds [26]. 

The sulphinato uxnplex, [Ir(PPh,),(CD)C1,(S02CXH2R)] (R = H, 4-HeCsH,, 01: 

4-O$X.Z6H,,) was prepared by reaction of RUi,SO,Cl with trane-[IrC1(CO)(PPh3)2]. 

An attempt to prepare the caxdinated sulphine by dehydrochlorination was not 

successful [65]. 

[IrL3] {L = (6)}, prepared fran agueous solution, is octahedral, diamagnetic 

Et\ _c4s 

c(” 0 
‘5 

Me 

(6) 
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and non-conducting, and forms a nonamaric species in which the dithiocarbamate 

acts as a bidentate ligand [27]. IrC1,.3H,O reacts with thianthrene (7) to give 

[IrC13(thianthrene)3] and with genoxathiin (8) to give [IrC13(phenoxathiin)3] 

(7) (8) 

[28]. [Ir(HL)$lg] {HL = (9)} contains the 6-methyl-2-thiouracil ligand 

bidentately bonded through the C(2)=S and N(3) positions '[29]. 

OH 

(9) 

Oxidative additim of C~F$SCl to tmne~[IrC1(CO)(PPh3)2] produces the 

octahedral ampound, [IrC12(SSC6F,)(CO)(PPh3)2]. This material is omsidered to 

be the first example of a transitim metal mmplex containing a mnodentate 

organoperthio group [58]. 

3.4.3 Comptexerr with nitrogen donor ligands 

The sulphato and selenato outer-sphere cunplexes of cis; [Ir(en)2C12]+ have 

been studied and their stability constants and associated thermodynamic 

parameters determined [30]. 

The highly-debated omplex which has frequently been formulated both as 

[Ir(bipy),(H,O)(v'-bipy)]Cl, and as a "covalent hydrate" 

[Ir(bipy)p{bipy(HgO)}]C13 has been re-examined using 13C IWR spectroscopy; the 



results were interpreted to suggest that it exists as the 

species (10) [31]. However, fran the crystal structure of 
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nmodentate bipyridine 

the &lorate(VII) salt 

N7 
N 

2. ,r ..R-++N I 
N' ‘0-H I 

N i 

iI _.-H 

(10) 

of “[Ir(biW),(H,0)(biW)]3+“, all of the three bipy ligands were showh to be 

chelated to the iridium(II1) but cne of the ligands is attached to the metal 

through the nitrogen atan of one ring and the C(3) carbcn of the other ring 

[32]. Ihere is no evidence of a xonodentate bipy ligand in the structure, and 

also no evidence of a covalently hydrated bipy ligand. !Ihe structure of the 

complex is ccmsidered by these authors to be consistent with that illustrated in 

(11) (compare with (10)). 

‘Ihe cyclcmatallated structure (11) contains six nxl-eguivalent pyridine 

rings, and would thus account for the ccsplex nature of the I3C NW qectrun 

reprted by the authors of [31] without the need of ptulating the nmodentate 

b&y of structure (10). Moreover, the observatim of cyclanstallatim is 

consistent with the recent cbservatim by C&stable and Seddm [32a] that the 

3,3’ protons of [Ru(bipy),]z+ are acidic. 
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!lbe luminescence, lifetimes and polarisation spectra have been measured for 

[ Ir(bipyaan)2C12]+ (bipyam = di(2-pyridylamine) in acidic, basic and neutral 

solution. The results are similar to those described for the analogous rhodium 

system described in section 2.2.4.2 [ 331. The photolmninescence of cis- 

[ Ir(phen)pC121 c1 a-d tied Ir(4,4’-Mez-2,2’-bipy)zClz]C1 have been investigated 

between 2 and 77 K. The shift of origin with change in solvent polarity, the 

emission decay time, and the spectral barxl shape indicate that the luninescing 

excited state of each species can be classified as metal-ligand charge transfer 

[34]. The luminescence, lifetimes, quantum yields and spectra of 

[ Ir(phen)2C1Z]+r [ IrWa9,Cl,]+, [ Ir(biEy-dB )$l,]+, [Ir(5,6+Ie2phen)2C12]r 

[ Ir(bipy)(5,6_Me2phen)C12]+, [ Ir(4,7-Fh,phen)2C12]+ and [ Ir(4,4’Fh,biW)2C12]+ 

in a variety of solvents at 295 K have been reported. ‘Vitro emission bands, 

originating fran dd* and h* or mixed dd*-rx*, are observed with him, &en or 

5,6-?$phen as the coordinating ligaruds whereas a single emission band, of dn* 

or mixed dx*-xx* origin, is observed when 4,7-$phen or 4,4’-Fh,bipy are 

coordinated [ 351 . 

3.4.4 Complexes with Group IV donor tigands 

3.4.4.1 Complexes with carbon donor ligands 

[ Ir(P!&+ )4]C1, upcn reaction with LiCH+!e~ at ro& temperature, produces 

(12). A similar reaction oo~rs with iridium(I) chloro oxxplexes containing 
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(12) 

arsine ligandsto produce analogous products 

he 

such as fac- 

[IrH(cH2cMe2cH2)(AsR3)3] [36]. Ihe thr ee-mekered ring metallocycle (13) is 

formed fran the treatment of mer-[IrC13(PMe2R)B] (R = !4 or Ph) with strcng 

bases (LiNCHMe*, LiJ3u or Li(CH2)5Li). Treatment with hydrogen &bride reverses 

the reaction. Reaction of (13) with Xp (X = Cl, Rr or I) gives 

(13) 

[IrClgX(PMepPh)2(PMePhCH,X)]. (% irradiation of ths mer- isomer of this ccaplex 

with visible light the fuc- isaner is formed [37]. 'I& tridentate ligand 

(E)-2+h,FC,H,M = CHCIi2C6H,,PPhZ-2 cm be dehydrogenated by [Ir(ccd)Cl], to give 

[IrC12(SPh2PC6H$H = CWlC6H,,PPh2-2)] [77]. 

!tVeatment of tmns-[IrH(FBFB)(CD)C1(PPh3)*] with ethene at -40 l C is reported 

to replace the weakly-coordinated [RP,,]- ion to give tmns- 

[IrH(C2H4)(~)Cl(~3)2][BF4]. 'Ih is material reacts with [*(C0)5]-to give 

[Ir(CCW1(PPh3)2] and [C2H5Rs(CW5] [38]. 

Reactim of EECOCZ (R- cH*c1,(H~aph,oDpEt,cH*cH*a)2Meo1:(HJco) with 

truns-[IrCl(Np)(PPhB)2] gave the coordinatively-unsaturated amplexes, 

[IrC12(OCR)(PPh3)2] [39]. Reaction of [I?TC~~(CCR)(PM~~P~)~] (R = Ma or.Et) with 



[MI,+][PP6] in air gives [Irr,C13(alR)2(pMe$h)4] [PF6]. The methyl derivative 

consists of a bioctahedral geanetry with each metal atan octahedrally- 

coordinated by ah ethanoyl group, two phosphine ligands and three bridging 

chlorine atoms. An unusual feature fran the x-ray structure determinatim is the 

finding of 1,2-dichloroethane in the unit cell. tie source of this material is 

reported to be unknown [40]. 

‘Ihe ccmpound previously described as having the formulation (14) has been 

shorn to be (15) by X-ray analysis. The geanetry of (15) consists of a distorted 

I(MeO),PlJ+lr r”rT 0 

1; = 

(14) (15) 

octahedron and contains P(OMe), ligands in the j%c- positions [41]. 

The ~-$‘-c,Me, iridim oxnplex [{Ir(C5Ha5)jnC1,] undergoes the reactions 

illustrated in Scheme I [42]. The catim in [{Ir(C+5)}2(OH)3][02CMe].141i20 has 

PMe, F I 

Ir-Cl 

\PMe, 

iWe, 

S&em3 I: Suns transformations of [{Ir(C,Me,)},Cl,J[42]. 
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the structure illustrated in (16) [43] and the related material 

(16) 

[{IrK5Me5)}2KW3]al: reacts with PhW, in the present of [PFg]- w giw 

[IIr(C,Me,)jp(~-~)(~~)2][PFg] (17) [44]. 

rpdl + 
I- I [ ] PF6 

H 

(17) 

3.4.4.2 Carbomne complexes 

[IrCl(PPh3)3] reacts with Na[1J-C2B,H12] to give 

[czo~o~,~-(PP~~)~-~-H-~,~,~-I~~B,H~] and with N~[~,~-(CH~)~-~,~~B~H~~] to 

give [cZO~O-~,~-(~~)~~,~-~PP~~)~~-H'~,~,EI~C~~H~]. Both cunplexes are 

inactive as catalysts for alkem hydrogenaticn or ismarisaticn [45]. 

Ccqlexes of the type [Ir(H)(AR.= CliR)(~-~arb)(cO)@Ph~)L] (L = WCN or 

PhCN; carb = -7<,H3-1,7-BI,,C2H1,,) are formsd in the reactim of 

[IrH2(e-carb)(CO)(PPh,)L] with alkynes. !4be amplexes are amsidered to ba 

reacticn intermediates in tbs hydrogenatim of substituted ethynes when 

catalysed by [Ir(u-carb)(CO)(PPh3)L] [46]. Dynamic IH and 31P {'H) IWR spectra 

have been recorded for the 12-vertex ctoeo-@ios@incmetallacarboranes; 

[IrL2H(carb)] (L = PPh,, PIIt3 or PHsph; carb = 1,2-, 1,7-, or 1,1,2- C2B9H1sR; 
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3.4.4.3 Comptexes &th silicon OP gemaniwn donor tiPnd8 

Oxidative addition of SiHl$ {RQ = F3, C13, F214, Cl@a, FMa,, ClMe2, Ma3, 

E&3, P$ or (OWB} to brxcy,Lpl (X = Cl UK Rr; L=PPh.J or AsPhs) or [ML*] 

{x= ClorB!z;L=m$,FAsPhJ,SbPhJ, P(eychJ3, P(gqMe-4J3 or pMeph2j gives 

the five-mordinate amplex, [1rt%(SiI$)I~]. !t'hess rrrrrplexes have keen found to 

undergo the reactions illustrated in Schema II. Introduction of an sdditimal 

neutral ligand (L' = Co, pF3 or ClWs) gives six-mordinate compounds of the type 

[Ir~3(03),,(Pph3)~] (n = 1,2; R = Me, Fh) 

Schema II: Sane reactions of [lWiX(SiI$)QJ [48]. 

[ 1rHx(SIR9 I (L' 1h,l in which L' occupies, prsdaninantly, the position tmna to 
the silyl group [48]. 

E(SU#j2 fE - 0, S or se) react with t7~28~1r(CD)I(PEt~)~] in bsnxene to 

give[Ir(a))HI(PEtj)2(SiI+XSiI+ )] m [{I~(CO)HI(PE~~)~(S~HZ)}~X]. Eaeaction 

b&wean ~w~~I~(CD)I(PR$)~] sad N(SiEE))3 givas 

[Ir(~)HI(Peg),iSi~N(Si~S)2~] and ~{Ir(cO)E1(Pet~)2(Si~)}2~iH3] 1591. 

[IrH(CO)(~)3] reacts with QX (E = Si or Ge and X = H, F, Cl, Rx or I; E = 

Si ad X = Si% ar Me) to give [TrI+(CO)(PPh~)a(RR2X)]. Ths gsmaniux amplexes 
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have predominantly *mm- geanetry relative to the @oqzhine ligands whereas the 

silane canplexes possess predaninantly cis - g-try [ 601. 

3.,4.4.4 Comptexee with tin donor tigads 

Iridium was extracted in the presence of SnCl, by 2-octylaminopyridine (L) 

aocording to scheme III [ 491 . 

[ IrCk13- + m[ Snc1,]- = [ Ir(Snc1, )p6_J3- + mcl- 

[ Ir(SnCg ),C16J3- + 4 LH]Cl = [ IrLx(SnclS )mxc16_x]3- + xH+ + xcl- 

+ x[a-q]- 

[ IrLx(aC13 ),xcl,,x13-(~). + u-x)[ r.ii]uwg). 

4 ml +x[ Ir$(SnU3 )mxC1S-nrx]x~3(arg). + (fx)cl-tag) . 

~ohem III: Extractim of iridiun [ 491. 

3.4.5 Hydride comptexe8 

The fuc- amd mep- isomers of [ IrE+ (CO)(P* )J have been prepared and the 

kinetics of their interconversion has been examined. The interoonversion occu~ss 

by a reversible reductive elimination/oxidatic seguence involving the species 

[ IrH(cO) (Pptg )2] as an internrediate [ 501. Puc_C Ir& (AsPhS )3] is obtained by 

reduotim of %[ IrcG] .6?+0 with AS% and M-1 in ethanol. my adjustment of 

pi aud chloride icm omcentraticn, the reaction of %[ Ircl,] .H~O with AsPh, in 

boiling MeocyCI&C+I gave [IrHzcl(A@hj)gl, [IrHc22(Rsphj)31r 0~ [IrU3(Asph3)31 
[ 511 . 

solvent exchange in [ Ir(w )2 (14sWz~l+, [ Ir(P$ )2(He,a>),~l+ and 

[ Ir{ P(oyoh)3} (mCN),~]+ (all amplexes containing M&N or ~e# trans- to 

hydrides) have been exanined. The pmpanme solvates are found to be more labile 

than the ethanenitrile omplexes owing to their lower AH* values [ 521. 

Dihydrogen reacts with [ Ir{ (ph2 P)2N-4-q $} *] cl .3%% in diohlorarethane to 

give ci8.4 IrQ{ (P$P)2N-4-I+Y,}2]C1.CI$C12. Oxidative additicm of HCl to the 

SE& solvate and reaction with MESP$] gave 

tmx8i Ir(H)(Cl){ (pSP)21V-4~y1]2][Bptb] [53]. 

1 Ir(H) (% )2 (q3-2,3-dimthylbutenyl)]+, derived fran the reaotion of 

[ Ir(H)p (pph3 )2 (q )2] with 2,3-dimethylbutadiene, has been identified in 

CqC$ solution from its proton md 3lP tWR Spectra. A ml C-H....Ir(III) 
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interaction has been revealed which undergoes facile hydrogen transfer between 

the metal and the hydrocarbon. The cation (18) is known to activate C-H bonds 

(18) 

Oxidative additicn of HX (dHF,,], CF3SZ$H or C,+F9qH) to tmns- 

[ (% P)* WLWI (L = 03 or I$ ) gives the highly reactive 

[ (Ph3P)21r(L)(C1)(H)(X)]. The anion, X, can be readily substituted for cr- and II- 

donor ligands. In the dinitrogen azmplex, [ (P~P)21r(N2)(C1)(H)(FHFB)], both Np 

and [HF~] are readily replacad by valinate, diethyldithiocarbmnate or tertiary 

phosphines [ 551 . @ HFb ] add s oxidatively to [ Ir(CD)Cl(PPh3 )*I to give tmns- 

[ IrH(FHF3 ) (CC)Cl(Pq )2], containing a weakly-bound [ HF,+]- ion [ 381. 

[ Ir(Pph3 )2 (CC) (Cl) (H)(X)] (X = SCN or SeCN) were prepared fran 

[Ir(P~)2(CO)(Cl)(H)(~S4)1 and [Ir(PPh3)2(00)(C1)(H)(BPq)1r respectively. 

The thiccyanate ligand is S-bonded and the selencqanate ligand is obtained as a 

mixture of linkage Leaners. [ Ir(P% )2 (Co) (Cl)(H) (SCN)] reacts with 

[ Ir(P% )2 (CO)(C~)(H)(HF’ )] to give a mixture of stereoisomers of 

[ (Pphs )2 (~)(C1)(H)Ir(~)Ir(H)(C1)(CO)(PPh3)21[BFq1 [561. 

3.5 IRIDIUM(I1) 

Iridium(I1) fluoride canplexes, derived fran the reduction of IrF5 with 

carbon nrnoxide, have been described in Section 3.2.1 [5]. ’ 

The absorption spectrun of CiS-[ IrC12 (pher~)~] was obtained fran excitation by 

a 306 ran sub-picrwecond pulse and shuwad the presence of a precursor (p) of the 

lowest triplet (T1 ) state: The isosbestic wavelength of P and T1 is located at 

590-570 nm [ 571 . 
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3.6 IRIDIUM(I) 

3.6.1 Hatide comphxes 

The reaction enthalpies for the oxidative addition of RI (R = I, H, Me, Et, 

Pr, I+-+CR, M&D, Pho3 or Phq) to the Vaska-type cceplex, 

tmna -[ IrCl(a) (p~9 )*I have been determined in 1,2_dichloroethane [ 611. 

Oxidative addition of l?XZl (R = Me, Pr or Me2CH) to [IrC1(PMe2Ph)3] gives 

[ IrClp (CCR) (pMe;!Ph)j] [ 621. 

[ RhCl, (Co) (PMezPh)p] reacts with tmns-[ IrCl(C0) (PMegph)q] to produce 

[ RbCl(C0) (p~e~~h)~] and [ IrCla (CO) (PMezPh)p]. The analogous PRtzPh species react 

similarly but more slowly [ 631. 

The He(I) photoelectron spectnm of [ Ir2C1,(PF3),,] has been recorded [64]. 

3.6.2 Compts~s with oxygen donor tigands 

The first-order rate constant for the reaction of [ Ir(CfI)(C0)(PPh3)2] with 

CO2 in CI$Clg to give the bicarbonate species, [ Ir(OCD2H)(CC)(PPhS )*I, is 

estimated to be 2 x lOa s-l [ 661 . 

[ Ir (acac) (cod)] has a monoclinic crystal structure with a square planar 

configuration about the metal [ 671. [ { Ir% (tfa)},] (L = cyclooctene) when 

treated with benzene and tfaH gives [ Ir$(n+%)][~(tfa)~]. Disprcportionation 

of the cyclooctene ligand oco.zs when [ [Irk (tfa)}P] is dissolved in CH,Cl,. 

Cyclooctane and [ Ir(cod)(tfa)] are formed [ 681. 

The lbelectron axnplex [ Ir(cod) (0-8-&n)] adds phosphines, phosphites or 

alkenes irreversibly to give the pentacoordinate [Ir(cod)(CM-guin)L] {L = PP~,, 

P(OPh)3, tcne or maleic anhydride}. Reaction of [ Ir(cod) (+8-guin)] with dppe 

gives [ Ir(O-8-guin) (dppa)] . 03 displaces ad to give [ Ir(O-S-quin) (CD)2] or 

[ Ir(W8-guin) (CC)L] , the latter undergoing oxidative addition with S&l,+, 

hSiC1, MqSnCl, MeI, ally1 branide, PhcoCl, WaCClCl, Cl,, 13r2, TlCl~ or HCl 

1701. 

Reaction of [ { Ir(OU+ )(cod)},] with bidentate Schiff bases derived fran 

salicylaldehyde gives aqlexes of type (19) [ 711. 



172 

(19) 

3.6.3 Complexes with Group V donor ligands 

3-6-3.1 Con&exe8 with nitrogen donor tigande 

[IIr(~~l)(cod)IPl reacts with (P$P)2NR (R = Me, ph, &-I&,) to give the 

ionic, square Planar complexes [Ir{(%P)2Nk}2]C1.nSHg (in benzene) and 

[Id (P$P)2MJ2]Clmthf (in thf). Reaction of these manplexes with ~a[=,,] gives 

[Id(phzp)2d2] [ph+] [72]. [ Ir(oD)BC1] reacts with LiCH(qH41+4)2 (R = H, 

Me, Mea, Cl or F) to give (20) [73]. The triazenido cc@ex (21) has been 

t! R\Nq--p/R co 
OC\,,/ ‘I/ 
oC/~;N+_@<~‘CO 

H 

synthesised fran {A9(qR’)jn (R = Me, Et or 4-tolyl), HgCl, and ({IrCl(cd)}*] 

[741. 
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(21) 

[IrCl(l'+,+,C4,)(PPfS)~lr prepared fran the reaction of [I~c~(cc)(PI~~)~] with 

tetrachlorodiazocyclopentadiene, contains the N,qCl, molecule bound to iridim 

via the singlpbent linkage (22). The reaction of diaaofluorene with 

(22) 

[IrC1(l$)(pphj)2] gives fluorencne ketazine but no qlex containing 

diasofluorene. The instability of the hypothetical [IrC1(diazofluorene)(pphJ)2] 

is believed to be electronic in origin [75]. 

The oxidation of [Ir(phen),]+ has been exanined by cheniluminescence: C&T- 

[Ir(phen),~Q]+ was the emissim product [76]. 

3.6.3.2 COt4itrSXf38 with phosphorus donor ~i$PKi8 

[ IrCl(L-L-L)] (L-GL = phpI(Ci$)3pph2j'2) was derived fran the reaction of 

[{ Ir(qY,, )*}J aud LA.,-L. Reaction with 00 gives the five-coordinate 

[I~c~(cc)(GLL)] aud [I~(oD),(LGL)]c~ containing a trigcnal bipyramidal 

geanetry with equatorial CO ligands. Wacticm of [IrCl(L-LL)] with HCl gives 

[IrHq(L-LL)] and, similarly, reaction of the iridiun(1) ccnplex with 

dihydrogen gives the dihydride, [Ir%Cl(L-L)] [78]. pHF'* and 
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*mm-[ WCWIPE~ I*] react in toluene at low texperature to give the 
pentamordinate [Ir(a))I(PRQ )2(PF2H)] which, on warming, rearranges to the 

hexamordinate [Ir(CO)I(PQ &(PF*)H]. Similarly, PF2X reacts with tmxa- 

[ Ir(CWX(PEtJ I21 t o give the five-coordinate [Ir(CO)X(PEt3)2(PF2X)] when X = Cl. 

when x = or, the mncentraticn of the pentamordinate species is small and ncne 

of the pentamordinate species is detected when X = I. Hcuever, NMR signals were 

observed for all three hexacmrdinate qlexes, [Ir(CO)X2(PEt3)2(PF2)] (X = Cl, 

Br, I) [791. 

The phcsphine amplexes of iridium(I) with [P~~PC(E)NR]- and with 

[PbP(Q)C(S)NR]- (E = S, 0, NR; Q = S, 0) have the structures illustrated in 

(23) and (24) and react with carbon monoxide by displacing the 

m3p\ /pq3 

ph3p/lr\E/=NR 

(23) (24) 

tripktenylphosphine ligand that is under the lowest tmns- influence [80]. 

Ccqmmds of the type illustrated in (25) {L = P(~H,+I+2)3; R = H or Me} 

react with tertiary pbsphine ligands {LO = -R1, PMeP$ or P(CMe)Phg} to 

produce [Ir(~-C)(cmd)(L')]. 'Ihe cod ligand is displaced by 0.3 to give 

(25) 

cis_EIr(P-C)(CD)~L] which isanerises to the tmns- gecsketry in hot almholic 

solution [Bl] . 
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The emission spectrum and lifetimes of [ Ir$][ Cl%] 

{L = &a-l ,2-bis(diphenylphosphino)ethene} have been determined and the 

following parameters recorded: AE = 143 m1 ; s (lower) = 999 us; z (higher) = 

1.54 us [89]. 

3.6.3.3 Complexee uith arsenic donor ligande 

The pentacoordinated cationic mnplexes, [Ir(UJ)xL5_x]X (x = 2,3; L = 

tribenxylarsine; X = [ Clc~]-, [ BPh,]‘) h ave been prepam_l by firstly passing CC 

through a stream of [ IrCl(CO)%] to give [ Ir(CC)),G]+. Passage of further carbon 

monoxide then gives [ Ir(CC),%]+ and the manplexes isolated as the perchlorate 

or tetraphenylborate salts [ 821. [ Ir% (Co)%] (L = tribanxylarsine; X = Cl, 

Br), upon treatment with Na[o~e] in methanol gave tmm-[ IrX(C0)L2]. Reaction of 

[ IrHBr2 (CO)%] with t&I gave [ IrI(CC)$] [ 831. 

3.6.4 Complexes with Group IV donor ligande 

3.6.4.1 Complexeces oith carbon donor ligande 

Reaction enthalpies have been determined for the oxidative addition of 

ethamyl chloride to tmns-[ IrCl(CO)%] (L = PMe3, PMe$h, PMePhp, 

pph2 (4-tolyl), PBt3 I P(CH7Ph), I P(CMe3 )P$ or P(oph), ) and the results 

correlated as a functicm of the electronic and steric parameters of the 

phcsphine ligand. In addition the enthalpies of oxidative addition of ROJCl 

(R = Me, Et, Pr, CMezH, CMq, -Cl, CHCll or Ph) to tmna-[IrCl(a))(PWpPh)2] 

were determined. ‘Ihe bond dissociation energy of Ir-CCCH3 was calculated to be 

205 f 46 JGJ ml” [ 841. 

[ Ir(cod)$][ BP,,] adds dihydrogen when L is an electron-accepting ligand such 

as q or alkenes but not when it is an elect ron-dmating ligarrl such as 

widine. !lhe 13C NYR spectra of the complexes containing various addition 

ampomds (%, HCl, HBr, HI or Clp) leads to the conclusion that the reaction 

with dihydrogen should be properly called a reductive addition [ 851. 

[{Ir(md)Cl}2] reacts with meso-l,3-diisocyanooyclohexane (L) to produce 

[Ir2h+lC12 [861. 
The molecular structures of cis- and tmns-[ (2,4,6-Me3C,H,)Ir(CO)(PH3)2] have 

been determined by X-ray diffraction. The c&3- isaner shows a degree of 

tetrahedral distortion because of steric mmdirq. The carbony ligamd is 

reported, cm the basis of the intermolecular distances, to exert a stronger 

tmns- effect cm Ir-P than the aryl group [ 871. 
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$.6.4.2 CaT, bo~,ane complexes 

The ten-vertex iso- nido- iridacarbadecaborane 

[[ IrC(OH)B8% (OMe)} (~ H%PPh2 ) (PPh 3 )], has been isolated from the combination of 

t~ans~ IrCI(CO)(PP~ )2] with closo-[~oHlo] 2- in methanol solution [88]. 

3.7 IRIDIUM(0) 

[ (triphos)Co(p-P 3 )Ir(tri~hos)][BF~] 2 .CH2CI 2 has been prepared from 

[ (triphos)Ir(p-P 3 )] and [Co(H20)6][BF~] 2 in the presence of triphos [90]. 

[{Ir(CO)3 (PFn3)}2] reacts with EtO2CC~CCO2Et to produce (26) [91] and with 

ocj>o EtO~O~Et 
Et02C" ~ "C02Et 

/ ' \  
OC CO 

(26) 

PhC~CH, in boiling dichloromethane, the dinuclear iridium complex 

[{Ir(CO)2(PPh 3 )}2-~-(HC2Ph) ] is formed. %his latter species is reported to have 

approximately C s symmetry containing a quus/-tetrahedral { Ir2C2} grouping [92]. 

3.8 IRIDIUM CARBONYL CLUSTERS 

$.8.1 T7,imer.io oZu8t~e7".8 

N~Ir(CO)~] reacts with CH3CCI3, PhCCI3, Cl3SiMe or CI3GeMe to form the new 

cluster cc~nds; [Ir 3 (CMe)(CO)9], [It3 (CPh)(CO)9], [It3 (SiMe)(CO)9] and 

[ Ir 3 (GeMe)(CO) 9 , respectively. These materials are believed, on the basis of the 

infrared spectra, to be isostructural with [003 (P3-CMe)(CO)9][93]. 

The reaction of [ Ir(CO) 2 (3-toluidine)Cl] with t~uns-Ph2PCH = CHPPh 2 in the 

presence of zinc and carbon monoxide gave the triangular cluster, 

[Ir 3 (CO)7{p-(ois-pPhcS = CHPPh2)}]. The eis-P~ = CHPPh 2 portion acts as a 

tridentate ligand [ 94]. 
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Onplexatim of [ (P- Cs& Ir(p-C, F6 ) (CO&] with CF3CECCF, gave the trinxzic 

carbony cluster species [ (_Cq 1q (Cw5 &Fs )J [ 951. 

3.8.2 Tetrameric clusters 

[ Iq bg -ppfi) b2-W3 (W3 CpS ),I is formed fran the reaction of [Ir4(CC),,] 

with PPb in toluene [ 961 . In order to stabilise the cluster against 

fragmentatim, [ Irb(03)12] was treated with the “tripod” ligzmd RC(F@-I~)~ to 

give [ It-,, (CD), (~-cc)~ [ RC(PP$ )J] [ 971 . Treatment of [ Irq (~0)~ *] with alcoholic 

solutions of alkali metal a&oxides under Co gives the anions [I~,+(CD)~~(CD~R)]’ 

(R = Me, St). Alcoholysis occurs with RtOIi or Me~CI-KXi, whereas treatment with 

thf in acids gives a quantitative conversion to [ Ir,, (cc)~~]. ‘Ihe anions are 

formulated mre precisely as [ Ir,, (p,-(?o)3 (CD)e (coOR)]- [ 981. ‘Ihe substituted 

ismitrile clusters, [ Ir4 (03) ,2_x(IWC)x] (x = 1-4; R = Me& or Me), have been 

prepared fran the reaction of [ Iq (C0)12] with &CNC OT MeCN. The axnplexes 

have structures related to [ Iq (a))l 2] ccntaining only terminal carbcnyl group 

[ggl- 
‘he decaqzositim of [ Iq (cYJ)~~] to metallic iridiun has keen exanined by 

thenmgravimtry and IR spectroscopy. l’be KE3r discs used in the study were noted 

to give a matrix effect whi& increased the decanpcsition temperature of the 

cluster [ 1001 . The temperature programned demepositicn of [ Iq (CC),,] sqzported 

upn y-+4 under a flow of dihydrogen has shown the highest methane: metal 

canplex ratio of sixteen assorted mononuclear, dinuclear and cluster amplexes 

[ 1011. 

Substitution of L = P(C+I-+ )3, P(Sy )3, N-I-+ )3 or As(GI+ )3 for carbon 

mcnoxide in [ I$ ( C0)1 *] between 30 ad 125 "C has been shc+n to follow the rate 

law: 

Inthe&hoqhascnapandsthe e term mntributes over 95% of the 

total rate. ‘Ihe $ term represents nuclecphilic attack at iridiun whereas the k, 

term involves 03 dissociation. The reaction products and degree of substitution 

are a function of the nature ‘of the ligand and the reaction amditicns [ 1021. 

[ Iq (CC)* (p~ej ),,I ccnsists of a distorted tetrahedral array of metal atans 

possessing three symetrical edg&xAdging carbcn mnoxide groups (~1 me 

triangular faca with each iridiun atan attached to a pMe3 ligand. lbe carplex 

reacts with 03 to give [ Irk (a))s (- )3] through the dissociative process: 
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[ I4 KW8 (pme3 h+] + a3 - [ Ir4(Wg We3 I31 + We3 

This reaction is oonsiderably slower than the analogous reaction involving the 

sterically more demanding PEt3 [ 1031: 

[ I4 (W8 (Pm3 h+l + co * [ Iq (Wg (Pm3 I31 + PEtj 

The X-ray crystal structure of the tetrahedral cluster species 

[*I[ IrbBUpcO)J (W81 has been -M [ 1041. 

3.8.3 HeXWWriC dU8teP8 

‘Ihe dianian [ IrG (CO)~~]~- may be protonated to give [HIrs(CO),,]- and may be 

reacted with ally1 chloride, % = CHCI$Cl, to give [ Irs (CC)14(C3Hg)]-. &action 

of iodine with [ Irs (CC),,]*- gives [ IrG (cc),,I]-. the acyl derivative, 

[ Ir6 (CC)15 CCC%% )] -, was produced fran [ 14 (CJ)16] and this species is found to 

react with X- (X = Cl, Br or I) to give [ Ir6(CO)15X]- [ 1051. 

3.8.4 Octamwic CtU8teP8 

Reaction of [ Ir,, (CC)12] with KB in 1,2_dimethoxyethane under an inert 

atmosphere affords the species [ Ir* (CO)22]2- consisting of a double cluster of 

tm tetrahedral Irk (cO)ll group joined by a metal-metal bond. This single Ir-Ir 

bond cleaves readily with, for exanple, PPh, , F’eC13, Ii2 or I2 to give 

[ Irk (CC) ,2_x(P% Ix1 b = 1, 2 or 3), [Irq(CO)12]r [Irq(CC)llH]- and 

[ Irk ((?o)1 1 IA’, respectively [ 1061. 

3.8.5 Mixed-metal dusters 

‘Ihe pseudo-tetrahedral, mixed-metal clusters, [ (cp)~~r, (CD),,] [ 107,108] and 

[ (~p)~%Ir~ (czo)~~] [ 1071 have been synthesised and their molecular structures 

reported. The structures are analogous to that of [ Ir+ (CO)12] with one and two 

{ Ir(CO)j} units, respectively, replacad by the isoelectronic { (cp)W(CO)2} 

groups. When Gpregnated onto y-almrina fran cyclohexane solutions and 

B by heating in flowing dihydrogen, nrxst of the coordinated 03 is 

hydrogenated to methane rather than being released intact [ 1071. 

Ihe dianion, [ RuIr,+ (cc)~~] *- has been prepared by the reductive carbonylation 

of [ Ir4 (CO,),,] and “RuCl, .qO” mixtures. The [ (%P)*N]+ salt was characterised 

by X-ray diffraction and found to contain an elongated trigonal bipyramidal 
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array of metal atans in which the ruthenium atan occupies au apical position 

[log]. 

3.9 IRIDIUM NITROSYLS 

The reactions of %q with [ IrCl(o3) (Pph3 )J , [ Ifl(a3) (Pa, Is], 

[IrCl(W(Sq)(PptS12] or [IrC1(CW(H2S1(PPh312] gave 

1 IrCl(aJ) (No) 0.q 1 (ppt5 121 , [ Ifl(o3) (No) Pq 1 (PPh, ,] , [ IrCl(co) (ND) (NDg ) (PPha) *I 

or [IrC1(C3D)UW(q)(PP~121 , respectively. [ IrCl(CO) (No) (NO2 ) (PPh3 )*I reacts 

with dioxygen to prcduce [I~C~(O)(IK+)(IK+)(PP~~)~] [llo]. 

3.10 IRIDIUM CATALYSTS 

Ihe chemistry of iridimcatalysed carbmylatim and their applications to 

commercial processes has been reviewed by Forster [ill] as has the mechanistic 

pathways in the catalysis of alkene hydrocarboxylatim by iridium carglexes 

[ 1121. The heterolytic activation of dihydrogen by iridium arrplexes has been 

dismssed [ 1401. 

3.10.1 Hydmgenation 

3.10.1.1 Alkenes 

The silica-bound tetrairidium clusters, [ Ir,, (CO)I l (PPh, I]-{SiOp} and 

[ Irk (cO)10 C% I]-ISi%] , h ave been identified using FT IR spectrosccpy [113]. 

These catalysts were examined for their activity in the hydrogenation of ethene 

and the kinetic results fitted to the empirical equation: 

rate = k P&&P%’ 

The polymer-bamd tetrairidim carbmyl cluster, [Irq(C0)12_x(PPh3)x], has also 

been found to catalyse the h@ogenaticm of ethene. The Ir,, frmewmk is 

reported to provide the catalytic sites for hydrogenation by reversible Ir-Ir 

bomd breaking to farm coordinatively-unsaturated metal centres [ 1141. 

In the catalytic hydrogenation of. 1-heptene in dichlorcmethane using 

[ IrCl(cod)(~ ,] (R = 4-R’%%; R’ = IWO, Me, H, F 011 Cl), the maxinun activity 

was obtained for PI$ : Ir = 1; the h&qenat ion rate was oorrelated with 

phosphine basicity [ 1151. Hydrogenation of l-heptens is also catalysed by 

[Ir2C12(tddx)] (tddx = (27) ) dkh is said to fotm species of the type 
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% 
P-CH s’ 

P@2 
CH2- _ 

\ @2 

(27) 

[ Ir2C12t4, (tddx)] fran which transfer of hydrcgen to the alkene can occur. ‘Ihe 

reaction is reported to be first order in catalyst concentration and fractional 

order in substrate axlcentration [ 1161. my a similar process [ Ir$l,(tddx) ] also 

catalyses the hydrogenation of cyclohexene [116] as does the dinitrogen ccnplex, 

[ (pph3 J21r(% )Cl(H) (FBF3 )I [ 551 and the polymer-bound species, 

[ IrHC12 (PPh3 )3] catalyses the hydrogenation of geraniol (a mixture of cia- 

and tmns- Me2C=CH(CH2)2C(Me)=CHCIi0) to give Me2CH(CH2)3CHr4e(M2)20H and 

-C=CH(q )zCIi(Me) (CI$ )*CEi, both of whi& are formed through a comrrln 

intermediate. The catalysis is reported to be accelerated by addition of H202 

and retarded by addition of Rt3N [ 1171. 

[ Ir(cyclooctadienyl)(py)(PR2)][PFs] (R = cyclchexyl) is an efficient catalyst 

for the hydrogenation of unsaturated steroids and alicyclic carpounds fran the 

a-face without a camnpanying reduction of the ketone groups, carbon-halogen bonds 

or cyclcprcpane rings [ 1181. 

3.10.1.2 Carbon monotide 

A quantitative investigation of the [ Ir,, (cD)~ 2] -catalysed hydrogenat ion of 

carbon mcnoxide to methane has been reported. ‘Ihe rate of methane formatian is 

enhanced by the addition of trimethyl phcsphite, and isotopic labelling has 

shcun that the methane is derived largely fran the phcspbite methyl groups. ‘Ihe 

mechanism is therefore considered to involve methyl group transfer from the 

phosphite to iridium and hydrogenolysis of the 1r-C bond to give methane. ‘Ihe 

hydrogenation rates in this reactian, carried out in a sealed tube at 

160-180 ‘C, are very low [ 1191. Catalytic hydrogenation of carbon mnoxide by 

[ Ir,, (CO)12] in a NaCl-A1C13 melt takes place under flow conditions at 

awpheric pressure and, preferably, 17@-180 ‘C. Under the cptimum conditions 
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the following yields were obtained: isobutaue, 54%, propane, 17%; neo- and 

iscpentane, 17%; methylcyclopentane, 6%; butane, 2%; methane, 1.5% and ethane, 

1.5%. The infrared spectrum of the guenched catalyst was examined following its 

exposure to the reaction conditions. !Ihis revealed the presence of new iridium 

carbonyl species - probably containing Ir-CUAl bonds [ 1203. 

3.10.1.3 Alcohol8 and ketones 

[ IrI+ (PPh3 )3] , [ IrI-+ (Ppt5 )J , [ IrC13 (PhPR$ )a1 or [ IrRCl(PhpMe2 131 cataM= 
the hydrogenation of %COH. In trifluoroethanoic acid the reaction is 

considered to proceed via the transfer of H fran the catalyst [121]. 

In the presence of soluble iridim catalysts, prepared by amplexaticn of 

WC&, with P(CMS)~ or dmso, (28) is reduced in aguecus solutions of isoprcpanol 

to (29) (R1 =HorOH;% = ai or Ii) [ 1221. 

(28) (29) 

[Ifl@&&l d [IrH5mgl are also reported to catalyse the hydrogenation 

of ketones iu a tfaH medium. The mechanism is understood to involve hydride 

transfer fran the amplex to the protonated ketone [ 1231. 

3.10.1.4 Nitro and imino derivatives 

[RR+]~[I~c~], when associated with &loranilic acid, .is reported to behave 

as an efficient hmogeneous catalyst in the hydrogenation of PNB2 to RNH2 (R = 

2, 3 or 4-C1~$; 2, 5- or 3,4-C12SH, ). Yields of 99.7-99.9% are claimed for 

this prcmess [ 1241. 

[ (Ppt5 )3 IrI-+Cl] catalyses the hydrogenation of PhCR=NPh with qua1 

effectiveness in ethanoic acid or trifluormthamic acid solutions. Hydride is 

said to be transferred fran dihydrogen to protonated axunethines [ 1251. 

3.10.1.5 Hy&ide tran8feP 

Iridium ozmplexes containing nitrogen donor ligands are known to be active 
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catalysts for the hydrogen transfer fran alcohols to ketones. [Ir(chel)ccd]X 

(chel = 2-widinalmethylimine, 2-pyridinali sopropylimine, S-2- 

pyridinalphenylethylimine or R-2-pyridinalphenylethylimine; X = [PPs] or [UO,,]) 

has been reported to catalyse hydrogen transfer fran 2-propan to 

cyclchexanones [ 1261 and the kinetics of the [ Ir(3,4,7,8-Me,,phen)(cod)]Cl - 

catalysed hydrogen transfer between 2-propanol and rl-C+cyclohexanone have been 

studied [127]. Catalysts of the type [Ir(cod)(L-L)]Cl (L-L = 4,4’-bipy; @en; 

4,4*-Mezbipy; 4,7-Me*phen; 3,4,7,8+&,phen or 4,7-Ph2phen) have also been used 

to reduce ketones by means of hydride transfer fran 2-propanol. ‘Ihe catalytic 

scheme is illustrated in Schema IV [ 1281. 

( N\ RONc, N”’ 
CH, 

H’ 'CH, 

Scheme IV: [ Ir(cod)(GL)]+-catalysed reduction of ketones [ 1281. 

[ Ir(SbPh, )3C1] catalyses the homogeneous hydrogen transfer fran 2-propanol to 

cyclchexanone but is not as effective as many of the ruthenium amplexes tested. 

For exmnple, using equivalent catalyst ark3 reactant concentrations, at 100 ‘C 

and a reaction time of 13.5 h, the yield of cyclchexanol was 0.8% with the 
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[Ir(SbPh3).$1] but 86% with the five-coordinate [KuC12(dpptp)s] 

(dpptp = diphenyl-p -tolylphosphine) [ 1291. 

3.10.2 Iaomerisation 

Agueous solutions of K,[IrC16] have been employed for the iscanerisatim of 

water-soluble allylic mmpounds, e.g. CH2 = CHCH,Ph and CH, = cHCH,OPh. With the 

aid of quaternary OT phosphoniun salts, the catalyst is extracted into the 

organic phase and returned to the aqueous layer by lipcphilic anions after 

mnpletim of the catalytic process [ 1301. 

The dinitrogen amplex, [Ir(PPh3)p(N2)(Cl)(H)(I?PF3)] catalyses the 

isomerisaticn of cod [SS]. 

[IrC1(CO)(PPhB)2] is found not to catalyse the photo-assisted mversion of 

nkd (30) to guadricyclene (31) [131]. 

(30) (31) 

3.10.3 Carbonylation 

[11Xl(a3)(PP$)~], [IrClH2(PPhj)3] or [IrH(CO)(PPha)3] catalyse the 

carbonylation of nitrobenzene in methanol to give PhNHCX&,Ma in a yield of abut 

10% [132]. 

3.10.4 Water gas-shift r&lCt7k 

The water gas-shift reacticn (H20 + 03 + 0, + Hz) has been reported to be 

catalysed by cunplexes of the type [Ir(md)L,]+ (L2 = (PPh,),, (PMePh2)2, dppe, 

phen or substituted phen). These catalysts are reported to be mre active than 

[Rh(CO)212]--but not as active as [Ru3(cO)12] [133, 1341. 

3.10.5 Oxkiation 

[Ir(H,O)Cl,]’ has been found to be a mu& mre active catalyst than [IrCl,]*- 

in the axidaticn of propane and isobutane by agueous solutions of H2CY20, [ 13.51. 
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However, unlike their ruthenium(N) analogues, these iridium(IV) chloride 

oxnplexes were discovered not to he active for the oxidation of saturated 

hydrocarbon using a P/M@ heteropoly acid [136]. 

3.10.0 Hydrosilylation 

[IrX(CD)L2], [IrCl(N2)(PPh312], [{IrC1K,H1,)2}2] or [IrC1L2] W = halide, 

L = tertiary Fhosphine or arsine) catalyee the readions of HSiR3 (R = Ph, Et or 

OEt) with methanol or ethanol. ?he mechanism of the readion with [IrX(CO)L*] is 

believed to involve the intermediate formation of XSiR, by elimination fran the 

silyl ccxnplex [IrHX(SiR,)(CO)L,] [137]. 

3.10.7 Polymerisation 

Radical polymerisation of styrene ooours in the presence of [Ir(CO)C1(PPh3)2] 

and MeBcoOH. Ihe overall aotivation energy was found to he 68.6 ICI m01-1 

aqared to the value of 150.2 kJ mol-1 obtained in the absence of the iridium 

complex [138]. 
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