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INTRODUCTION

Separate reviews for the coordination chemistries of rhodium and icidium
been published this year since it is the austhor's opinion that the emphasis
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the work reported for each of these two elements is sufficiently different to
Jjustify their inclusion in different chapters., The coordination chemistry review
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of iridium covering the year 1980, of which this review is a oontinuation, is
published in reference [1].

As with the companion review on rhodium {chapter 2}, this manuscript places
especial emphasis upon the catalytic reactions of iridium where these are seen
to involve aspects of coordination chemistry. Work of an essentially
organometallic content has been mentionmed if considered to bear any relevance to
the ooordination chemisery of the element. The annual surveys of the
crgancmetallic chemistry of iridium have been published covering the years 1979
2] and 1960 [3]. The first major international conference devoted to the
chemistry of the Platinum Group metals {Ru, Os, Rh, Ir, Pd and Pt} took place at
Bristol in 1981. The next conference on this theme is scheduled for July, 1984,
at the University of Edinburgh.

3.1 IRIDIUM{VI)

The redox Teactions of IrF, have been studied. IrF, is shown to be a stronger
oxjidising agent than ReF, or OsF, towards a series of reductants, the praducts
fram which are listed in Table 1 [4]. Mot surprisingly, IrF, is also reduced by
carbon monoxide at 200 °C and 200 bar to give IrF; and COF, [5]. The
intercalation of graphite by IrP, gives the graphite salt C*{IrF¢]~ [6].

TRBLE 1 Products of the Reactions of IrF; with Various Reductants

Reductant Reaction Product({s)
PP, Ir, PPy

PF, in HP IrP,, PFy

ASF3 IrPk.ASFs

SbF, IrF., SbP,

BiF, Mo reaction below 100 °C
cs, CF,. SF,

H, I, HF

H,/HF IrF,

metal/KF/HF K[IxF]

3.2 IRIDIOM{V)
3.2.1 Pluowridsa

IrF. combines with (O at 260-280 “C to give a product that has the
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stoicheiometry Ir(C0},.cF,. On further reaction with 00 at 200 °C and at high
pressure, a brown compound of formula, Ir{C0,)F, is produced along with a black
compound of formula Ir{CO},F, [5].

3.2.2 Oxides

Perovskites of the type BaM l1r O, are found to be cubic {for M1l = Ia,

i, Sm, Gd, Dy or ¥) or hexagonal (for MIII = In). The powder patterns of the

new series of compounds of the type BasrlIHIrzog {mean oxidation state of
iridium = 4.5; M1 = an, Eu, @3, Dy, Ho, Vb, Sc, Y or In) reveal a hexagonal
crystal structure of the BaTiO, type [7]. A model for the magnetic behaviour of
the pentavalent, perovskite-type iridium oxide, Lali; Ir; O, has been
proposed. The electron configuration of iridium in this oxflation state is
(tzg}"{eg}ﬂ and the magnetic susceptibility has been calculated by assuming
cubic symmetry of the crystal field and a Coulomb repulsion that is of the same
order as the spinmorbit coupling. Fitting of the experimental data gives a value
of the single spin-orbit coupling constant as ca 3470 cml, which is close to
that of previously examined iridium(V} compounds [8].

3.2.3 Organometallics

Reaction of [Ir,(CgMeg),Cl,] with the methylating agent Al,Me, gives the
iridium{V) compound. [Ir{n°<CoMe;)Me,] (1}. The structure has been described as

Me © Me
Me Me
oy |
"W e

{n

being similar to that of a four—legged piano stool. It appears to be the First
example of an crganametallic complex in this oxidation state [9].
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3.3 IRIDIDM{IV)

The chlorination of iridium in melts of KCl or KC1-LiCl results in the
formation of K,[TeCl.] {and K [IrCl.]}. The products, obtained in the cooled
melts, were identified by X-ray diffraction, and IR and W spectroscopy [ 10].
The infrared lLuminescence spectra of [IrCl, ]2~ and [IrBr,]2~ have been recorded
in the cubic crystals of Cs,[MX;] (M= 5n, Te or Zr; X = C1 or Br) ad

Eb,{snX ], The 3(2'1‘29) + [z(Zng) transition is observed at ca 5000 am~! [11].

The kinetics of oxidation of uranium{IV) by {Irt‘.lé]z‘ have been studied in
aquecus acidic chlorate(VII) solution, The reaction is found to be first order
in poth [IrCl.]? and uwraniun{IV) [12]. In the oxidation of pyruvate iom by
[1rCi, ]2, the reaction is also found to be first order in both the substrate
and iridium({Iv} [13]. The kinetics of oxidation of ethanedioic acid by [TIrCl, ]2~
in H{C10,] have been determined [14) and the recent development of a pulsed-flow
spectrameter has permitted the rates of oxidation of various copper(II)-peptide
complexes by {TrCl 12~ to be measured [15]. The rapid electron transfer is
believed to ocour via the chloride bridged species {2).

Cl

=

x

N

z\ /
Oovvoreaeones

=
(5

A

(2)

Reaction of [NH, ],[IrCl, ]} with HL (3} in aguecus solution results in the
formation of [ML.] [16].
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{3}

[IrCl,({L)] (L = (4}} oontains the brucine ligand coordinated »fa the carbonyl
oxygen [17]. Cyclic wltametry studies of trans-{IrCl,(PMe,Ph),| in MeCN have

]

CH

CH

4

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

tom
trans -| IrCl, (PMe ,Fh) ] === trane-| IrCi, (FMe,Ph), |~

-

[IrCl, (PHe Ph), ] reacts generally with metallocenes to form salts of the type
[MinS~CcHo ), ][ IxCl, (P¥e,Ph),] {e.g. M = Fe or Ni). Addition of two equivalents
of [IrCla(P!bzph)z] to a benzene solution of [Pt(CQHk)(Pms)z] resulted in the
precipitation of the fawn—coloured material (5) [18].
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PMe,Ph ® PMe,Ph 1°
=Ny ./CI\ _-PPh, Ny /c1
Pt ]
a1’ |\c:/ Neph, | [e | Na J
PMe,Ph PMe,Ph

&

3.4 IRIDIUM{III)

The icnic radius of Ir3t in solid solutions of rutile is found to be 68 pm

[23].
3.4.1 Halide complezes

Unlike Rb,[IrF,], which is relatively inert to aquation, Fb;[IrF.]| undergoes
aguation to form [IrE‘ (Hzo) ]( 3=x)- [19].

UV irradiation of cancentrated hydrochloric acid solutions of |IrCl J3-
yields [IrCl.]2" and dihydrogen. The reactive excited states are protonated
species such as [HirCl, |2 that possess Cl + Ir charge-transfer character and
the photoredox mechanism is said to involve the initial release of atomic
hydrogen. Irradiation of [IECIE]Z_ in aqueous hydrochloric acid solution results
in the formation of [IrCl,]®" and dichlorine [20]. [Ir(H,0)Cl;]™ is more active
than [1rCl )3~ towards the chlorination of ethane [139],

The crystal structures of the fao- and mer- iscmers of [IrCl,{PMe,Ph);] have
been resolved. Both oarpounds have monoclinic crystal forms and an approximately
octabedral geometry around the metal [21]. [IrC1,{CO}L,}, [IrCl;L,] and
[IrECl,(CO)L,] {I = AS{Ph(H,);} have been examined by infrared spectroscopy in
the metal-chlorine region. When [IrHCI,(OD)L,] is treated with NaOMe, HC1 is
eliminated to form [IrCl{CD}L,] indicating that Cl is $rans to the hydride
Ligand in the original iridium{III} complex [22].
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3.4.2 Complezes with Group VI donor ligande

3.4.2.1 Complerss with otygen donor ligands

Thermogravimetry has been used to establish the stoicheiometry of the
reaction of IrCl, with mixtures of molten alkali metal nikrites to form the O-
bonded nitrito species [Ir{N0,)]3. Ir0, was formed at higher temperatures
accompanied by the evolution of nitrogen oxides [24].

Na[ IrCl{edtaH} ] .2H,0 and Na[IrCl(pdtaH)].3H,0 (pdtad, =
pPropylenediaminetetraacetic acid) have been prepared from IrCl, and the sodium
salts of the corvesponding ligands, The hemihydrate of [Ir(edtaH)(HZO)] was
prepared fram Naf IrCl{edtan)].2H,0 [25].

Treatment of [IrCl{CO)(PPha)z] with fluorcsulphuric acid, HS0,F, gives the
hydride [IrCl{CO)(PFh,)(H}{SO,F}]. The [SD,F]~ group is displaced by chloride
ion from [Bu,N] Cl, by bromide ion from [Ph MeP]Br and by [SCN]™ from [NH, )[SCN]
[69].

3.4.2.2 Complexes with eulphur donor ligands

The IR and Raman spectra of the sulphito complexes [Ir(S0D,),C1,]57,
[Ir(90,),(N,},CL, 137, [Ir(S0,) (M) )3~ and [1r(S0,),C1,)7" indicate that they
oontain iridium-sulphur bonds, wnlike the iron complex, [Pe{S0;).]¥", which is
known to contain metal-oxygen bonds [26].

The sulphinacto oomplex, [Ir{PPhs}z((D)ClztmzmzR)] {R = H, +MeC,H, or
4-0,NC,H,) was prepared by reaction of RCH,SO,Cl with truns—{IrCL{CO){PPhy),].
An attempt to prepare the coordinated sulphine by dehydrochlorination was not
successful [65].

[1rL,]) {L = (6)}, prepared fram aquecus solution, is octahedral, diamagnetic

Et

/
QA

—C

{6}
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and non-corducting, and forms a monomeric species in which the dithiocarbamate
acts as a bidentate ligand [27]. IxCl,.3H,0 reacts with thianthrene (7} to give
[IrCl,(thianthrene},] and with phencxathiin (8) to give [IrCi,{phenoxathiin},]

-

€7} €8}

[28]. [Ir{HL),Cl,] {HL = (9}} contains the é-methyl-2-thiouracil ligand
bidentately bonded through the C(2)=S and N{3) positions [22].

sjz/';l\ OH
1
/N =
H
CH,

{9)

Oxidative addition of C.PSSCl to tmane—[IrCl{CO)(PFh,),] produces the
octahedral compound, [IrClz(SSCGFE){CO)(PPhajz]. This material is considered to
be the [irst example of a transition metal complex containing a monodentate
crganoperthio group [S8].

3.4.3 Complezas with nitrogen domor ligands

The sulphato and selenato outer-sphere complexes of cie- [Ir(en),Cl,]* have
been studied and their stability constants and associated thermodynamic
parameters determined [30].

The highly-debated complex which has frequently been furmulated both as
[Ir(bipy) ,{H,0)(n'~bipy) JC1; and as a "covalent hydrate®
[Ic(bipy},|bipy(H,0}}]C1, has been re—examined using 13C NMR epectroscopy; the
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results were interpreted to suggest that it exists as the monodentate bipyridine
species (10) [31]. However, fram the crystal structure of the chlorate{VII} salt

~
N N
™ Ir/
N/ \O’—H
N

(10}

of "[Ir(bipy),(H,0){bipy}]3", all of the three bipy ligands were shown to be
chelated to the iridium(III} but one of the ligands Is attached to the metal
through the nitrogen atom of one ring and the C{3) carbon of the other ring
[32]. There is no evidence of a monodentate bipy ligand in the structure, and
also no evidence of a covalently hydrated bipy ligand. The structure of the
complex is omsidered by these authors to be consistent with that illustrated in
{i11) {compare with {10)}.

The cyclometallated structure {11} ocmtains six norequivalent pyridine
rings, and would thus account for the camplex nature of the 13C NMR spectrum
reported by the authors of [31] without the need of postulating the monodentate
bipy of structure (i10). Moreover, the cbservation of cyclometallation is
consistent with the recent cbeervation by Omnstable and Seddon [32a] that the
3,3" protons of [Ru(bipy},]2* are acidic.
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The luminescence, lifetimes and polarisation spectra have been measured for
[ irtbipyam),C1,]* (bipyam = di{2-pyridylamine} in acidic, basic and neutral
solution, The results are similar bo those described for the analogous rhodium
system described in section 2.2.4.2 [33]. The photoluminescence of cis-
[ Ir{phen},Cl,]Cl ard ois- Ir{4,4'-Me,~2,2'-bipy),Cl,]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 band shape indicate that the luminescing
excited state of each species can be clasgified as metal-ligand charge transfer
[34]. T™e luminescence, lifetimes, quantum yields and spectra of
[ Te(phen),Cl,]*, [Ir(bipy),Cl,]*, [Ir(bizy-dy},Cl,1%, [Ir(5,6-¥e,phen} Cl,],
[ 1r{bipy)(5,6-4e, phen)CL ]+, [ Ir(4,7-Phyphen),C1,]* and [ Ir(4,4Ph,bipy),Cl,]*
in a variety of solvents at 295 K haye been reported. Two emission bands,
originating fram dd* and de* or mixed dd*-nx*, are chserved with bipy, phen or
5,6-Mo, phen as the coordinating ligands whereas a single emission band, of ds*
or mixed dr*-nn* origin, is observed when 4,7-Ph,phen or 4,4'-Ph,bipy are
coordinated | 35].

3.4.4 Complexes with Group IV donor ligarnds
3.4.4.1 Complezes with carbon donor ligands

[ Tr(PMe,; ), ]C1, upon reaction with LiCH,(Me, at room temperature, produces
{12}. A similar reaction cccurs with iridium{I} chloro ocomplexes containing
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(12)

arsine ligands to produce analogous Iproduct.s such as faos-

{ ICH(CH, (Me,,(H, }{ASR,} ;] {36]. The three-membered ring metallocycle (13) is
formad fram the treatment of mer-[IrCl,(PMe,R);] (R = Me or Ph) with strong
bases (LiNCHMe,, LiBu o Li{CH,)} Li). Treatment with hydrogen chloride reverses
the reaction, Reaction of (13) with X, (X = C1, Br ar I) gives

!
RMqP\ /CH Me

RMe,p” lr\man

{13)

[Ircl, X(PMe,Ph),(PMePhCH,X) ]. On irradiation of the mer— isomer of this camplex
with visible light the fae- iscmer is formed [37]. The tridentate ligand
{E)~2-Ph,PC¢H, G = CH(H,C H,PPh,-2 can be dehydrogenated by [Ir{cod)Cl], to give
[TeC1,(2-Ph,PC,H, CH = CHCHC H, PPh,~2) ] [77].

Treatment of trans-| ICH(FEF,){C0)C1(PPhy),] with ethene at —40 °C is reported
to replace the weakly-coordinated [BF, |~ ion to give trans-—
[IcR(C,H, ) (CO)CL{PFh,},][BF,]. This material reacts with [Re(00) ]~ to give
[Ir(CO)C1(PPh;),] and [C H Re(CO) ] [38].

Reaction of ROOCL {R = (H,C1, (4,0Ph, CO,Bt, CH,CH,CO,Me or C(H,CO) with
trana-[ IcCL{N, ) {FPh,),] gave the cocrdinatively-unsaturated complexes,
fIrCl,(OCR) (PPhy),] [39]. Reaction of [IrCl,(OCOR)(PMe,Ph);} (R = Me or Et) with
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[N, }(PF.] in air gives [Irzcls(CDR]?{Hbzﬂl}“] [PFe]. The methyl derivative
ooneists of a bioctahedral geametry with each metal atom octahedrally-
coordinated by an ethanoyl group, two phosphine ligands and three bridgimg
chlorine atoms. An unusval feature from the X-ray structure determination is the
finding of 1,2-dichloroethane in the unit cell. The source of this material is

reported to be unknown [40].
The conpound previcusly described as having the formulation {14) has been
shown to be {153) by X-ray analysis. The geometry of {15) consists of a distorted

Me [(M aO),P] Hir e
[(MsO}]J'llr d
Me Me

{14} €15}

octahedron and contains P(OMe), ligands in the fae- positions {4i].
The n5-C Me; iridium complex [{Ir{C.Me;)}.Cl,] undergoes the reactions
illustrated in Scheme I [42]. The cation in [{Ir(CgMey)},(QH};][0,CMe].14H,0 has

ﬂl /"‘"\| § _PMe, @__ r—CI

AgO.CCH,

(o

PMe,

Scheme I: Some transformations of [{Ir{(CgMeg)},c1,][42].
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the structure illustrated in (16) [43] and the related material
3\_\_
et

{16)

[{Er(CeMeg)},0H) . JOH reacts with PhMH, in the presence of [PF]~ to give
[{Ir(CoMeg) |, (PR} (y=0H) , I[BF,] (173 [44].

-S4 ]

¢

3+4.4.2 Carborane complexes
[TrC1(PPh;) ;] reacts with Na[1,3-C,B.H,,] to give
[ eZoso-6,6-(PPhy) ,~6-H-6,2,3-IrC,B,H, ] and with Ma[1,3-(Q,),=1,3-C,B,H,,] to
give {closo-2,3~(CH,},~6,6-(FPh;),~6-B-6,2,3-IrC,B;H,]. Both complexes are
inactive as catalysts for alkene hydrogenation or iscmerisation [45].
Complexes of the type [Ir(H}{c-CR = CHR}{c—carb}(C0){PPh;}L] (L = MeN or
PhCN; carb = -7-CgHg—1,7-B,(C,H, o) are formed in the veaction of
[IrH, (o—carb) {00} (FPh,)L] with alkynes. The complexes are coneidered to be
reaction intermediates in the hydrogenation of substituted ethynes when
catalysed by {Ir{s-carb}(CD){FPh;)L] [46]. Dynanic 1H and 3!p {!R} NMR spectra
have been recorded for the 12-vertex sipso-phosphincmetallacarboranes;
[IrL,H(carb}] (L = PPh,, PEt; or PMe,Ph; carb = 1,2-, 1,7, or 1,12~ C,BH,  R;
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R=H, M, Ph ar Bu) { 47}.

3.4.4.3 Complezes with silicon or gemmanium domor ligende

Oxidative addition of SiHR; {Ry = By, Cl;, F Me, Cl,Me, PMe,, CiMe,, M2y,
Etg , Py oc (OBt);} to [ Irk(N,)i,] (X = C1 or Br; L = PPhy or AsPh;) or {IrXi,]
{X = Cl or Br; L = PPhy, AsPh,, Sbeh,, P{cych);, P(GH, Me—4),; or PMePh,} gives
the five-coordinate cemplex, | ITHK{SiR; }I,]. These complexes have been found to
wdergo the reactions illustrated in Scheme IT, Introduction of an additional
neutral ligand (L' = 0O, PF; or (Me} gives six-coordinate campounds of the type

HCL
SiCAR; + [ IrH, C1{PPh, ),]
(B~ o IT7)
/ —w- [ IYHY(SiRy )Ly ]
SiHR
/ =| IXHX{SiR; *)L, ]
[ IrHX(SiR; )1, ]
Wi
= [ TXHC1{SiR, ) (PMePh, )3 ] (R = OBt)
|
\ ~{ 7e1(Q0) (PPhy },] (n = 1,2; R = Me, Ph)
L‘

o IrHX{SiR, J(L')L,] (L' = FF;, QM)
Scheme II: Some reactions of [ IrEX{SiR )L,} [48].

[ IR (S8R }{L' )Ly ] in which L' ocoupies, predaninantly, the position trans to
the silyl group [ 48].

B(SIHy }, {E = O, § or Se} react with trana-{ Ir{CO}I(PEty},] in benzene to
give [ Tr (QO)HI{PEL, ), {Sif, #5ily )] or [{ Ir{COMMI(PEY, ), (SiH,)},X]. Reaction
between trans-{ Ir{ODYI{PEL, ),] and N{Sily); gives
{ Te{OD)HI(PEY, },{ SiB,N(5ily ),} ] and { { xr(CD)BI(PEY, ), (SiR, )], N8iH, ] {59].

[ IxH{D){(PPhy };] reacts with BRRX (E=Sior Ge and X =8, F, Cl, Br or I; E =
Si and X = SiH, or Me} to give { Ixi, (C0) (PPhy ), (EH,X}]. The germanium complexes
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have predominantly trans— gecmetry relative to the phosphine ligands whereas the
pilane complexes possess predaminantly sig- geometry [60] .

3.4.49.4 Complexes with tin domor ligonde
Iridium was extracted in the presence of SnCl, by 2-octylaminopyridine (L)
according to Scheme III[49).

[2eC) ]~ + mf SnCY )~ == [ Eriancly) €1 13- + mei

+ xit + xC1~
+ xsnC15])"

[ Ir(snCly ) ClG-mP_ + % LH] ci "_‘[Iﬂ‘ {SnCly }m-x G—m—xla_

[ IrL, (snCly) —(aq). + {3-x){ LR]Ciforg}.

]3
rn-x S-rn-x
={ 1], [ rer sncly ) Cle o 1% P (org). + (3-x)C17(aq)
Scheme III: Extraction of iridium[49].

3.4.5 Hydride complexes

The fac- and mar- isomers of [ Iri, (CO)(PPhy };]| have been prepared and the
kinetics of their interoconversion has been examined, The intercomversion ocours
by a reversible reductive elimination/cxidation sequence involving the species
[ Ira{co) (PPhy ),] as an intermediate [50]. Faed IrH, (AsPh,),] is obtained by
reduction of Nay{ IrCl, ] .68,0 with AsPhy and Na[ BH,] in ethanol. By adjustment of
P and chloride ion concentration, the reaction of Na,[ IrClg].H,0 with AsPh, in
boiling MeOCH, CH,0H gave [ IrB,Cl{AsPhy )y], [ ICiCl, (AsPhy )3 ], or [ IrCl,{Asihy),]
[s1].

Solvent exchange in [ Tr(PPh, ), (MeQN), B, 1%, [ Ir(PPh,), (Me,00),H,]t and
[ 1] P{cych)y} (MetR), B, ]+ (211 complexes containing MeQN or Me,@ trans - to
hydrides) have been examined. The propanone solvates are found to be more labile
than the ethanenitrile complexes owing to their lower an* values [52].
Dihydrogen reacts with [ Ir{ (Ph, P),N-4-MeCGR,} ,]CL.3G R, in dichloromethane to
give cisy Irt,{ (Phy P),N-4-MeG R, },]CL.CR,CL, . Oxidative addition of HCl to the
G R, solvate ad reaction with Wa BPh,] gave
trane { Ir(#)(CL}{ (Ph, P),N-4-MeG 14, }, ) B, ] [53].

| Ix{H)(PPh, }, (n®-2,3-dimethylbutenyl}]*, derived from the reaction of
{ Ir(A); (PPhy ), (OMe, },] with 2,3-dimethylbutadiene, has been identified in
D, Cl, solution from its proton and 31P MR spectra. A novel C-H....Ie{111}
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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

[54].

(18)

Oxidative addition of HX (H BB, ], CP;SO,H or G, FyS04H) to trans-
[ (Phy P}, Tr¢L)C1] {L = OO o N,) gives the highly reactive
[(Phs P), Ir{L){Cl)(H)(x)] . The anion, X, ¢an be readily substituted for o- and x-
donor ligands. In the dinitrogen complex, [ (PhyP),Ir{N,}{Cl){H}(FBF;)], both N,
and [ BE,] are readily replaced by valinate, diethyldithiocarbamate or tertiary
phosphines [ 55] . H BR, ] adds oxidatively to [ Ir{C0)C1{PPh;),] to give trane-
[ TrH(FBRE ){O0)C1 (PP, ),], containing a weakly-bound [ B, ]™ ion [38].
[ Tr(PPhy 3, (OO}(CL}{H}{X)] (X = SO or Se(N) were prepared fram
[ Ir¢pPhg ), {CO){CL}{H)} (G 50y )] and [ Ir{PPhy ), (D) (C1)(H)(BR,)], respectively.
The thiccyanate ligand is 5-bonded and the selenocyanate ligand is cbtained as a
mixture of linkage isamers. [ Ir(PPhy ), (00}{C1){H}(SCN)] reacts with
[ 1r(PPhy ), {COM{CL}{H) (B, }] to give a mixture of stereoiscamers of
[ (PPhy ), (00} (C1) {H) Ir{SeCN) Ir{H)}(C1) {(C0) (PPhy ), }[ BR, ] [56].

3.5 IRIDIUM{II}

Iridium{II} fluoride complexes, derived from the reduction of IrFg with
carbon monaxide, have been described in Section 3.2.1 [8].

The absorption spectrum of oie-| IrCl, (phen),] was obtained from excitation by
a 306 mm sub-picosecond pulse and showed the presence of a precursor (p) of the
lowest triplet (T, ) state: The isosbestic wavelength of P and T; is located at
590-570 rm [ 57] .
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3.6 IRIDIUM{I)
3.6.1 Halids eomplezes

The reaction enthalpies for the oxidatiwve additiom of RI (R = I, H, Me, Et,
Pr, Me,(H, Me(0, PhOD or Ph(H,) to the Vaska-type complex,
trans - IrC1(CO} (PMe, ),] have been determined in 1,2-dichloroethane [61].
Oxidative addition of ROOC1 {R = Me, Pr or Me,CH) to [IrCl(PMe,Ph);] gives
[ 2rcl, (OOR) (PMe,Ph); ] [62].

[ RhCL, (00} (PMe, Ph),] reacts with ¢rans-{ TrCL{CO){PMe,Ph),] to produce
[ RhC3(CO) (PMe, Ph),] and { IrCl, (CO){PMe,Ph),]. The analogcus PEt,Ph species react
similarly but more slowly [63].

The He(I) photoelectron spectrum of [ Ir,Cl, (PP ), ] has been recorded [64].

3.6.2 Complexes with oxygen donmor ligawnds

The first-order rate constant for the reaction of [Ir{(!l}(COHPPhﬂz] with
00, in GH,Cl, to give the bicarbonate species, [ Ir(0C0,H)(C0){PPh3),], is
estimated to be 2 x 10~ s [é6].

[Ir(acac}(cnd)] has a monoclinic crystal structure with a square planar
configuration about the metal [67]. [{TeL,(tfa)},] (L = cyclooctene) when
treated with benzene and tfaH gives [ Irf, (n—CgHg)][H(tfa),]. Disproportionation
of the cyclooctene ligand occurs when [ { Itk (tfa},] is dissolved in CH,CI,,
Cyclooctane and [ ir{cod}{tfa)] are formed [68].

The 16-electron complex [ Ir{cod}(0-8—quin}] adds phosphines, phosphites or
alkenes irreversibly to give the pentacoordinate [ Ir{cod}{0-8-quin}L] {L = PPh,,
P{OPh}; , tane or maleic anhydride} . Reaction of [ Ir{cod}(0-8—quin)] with dppe
gives [ Ir(0-8-quin)(dppe)] . CO displaces cod to give [ Ir(0-8-quin}{00),] or
[ Tr(0-8~quin} (00JL], the latter undergoirg oxidative addition with snl,,

Me; SiCl, MeySnCl, MeI, allyl bromide, PhOOCI, MeOOC1, Cl,, Bry, TICl, or HC1
[ 70].

Reaction of [{Ir(ocH, )(cod}},] with bidentate Schiff bases derived fram

salicylaldehyde gives complexes of type {19) [7i].
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3.6.3 Complexes with Group V donor ligands

3.8.3.1 Complexea with nitrogen domor ligande

[{Irs—C1)(cod)},] reacts with {Ph,P),NR (R = Me, Fh, 4-MeCiH,) to give the
ionic, square planar complexes [ Ir{ (Ph,P),N&},]Cl.nCeH, (in benzene) and
[ Ir{ (Ph, P}, NR} , ] C1.thE {in thf). Reaction of these cumplexes with Na[&¢h,] gives
[ ef (P, P),NRl ;] [BPh,] [72]. [ Ir(00);C1) reacts with LiCH(NCGE,R-1), (R = H,
Me, Meo, Cl or F) to give {20) [ 73]. The triazenido camplex (21} has been

SN c\n\ <o

~N- p / "~
OC/R/N\‘\" '/N\R co
H

€20)

synthesised from {Ag(RYR')} (R = Me, Et or 4-tolyl), HgQ, and ({1rci{cod}},]

(74} .
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(2n)

[ TrC1(N,C;CL, ) (PPy, 3,] , prepared from the reaction of [IrCi{C0)(PPhy},] with
tetrachlorodiazocyclopentadiene, omtains the N;C;Cl, molecule bound to iridium
viag the singly-bent linkage {22). The reaction of diazoflucreme with

€0,

{22)

[ IxC1(N, }(PPhy },] gives fluorenone ketazine but no complex containing
diazofluorene. The instability of the hypothetica! [ IrCl(diazofluorene) {PPhy),]
is believed to be electronic in origin [ 75].

The oxidation of [ Ir(phen),]* has been examined by chemiluminescence: cia-
[ 1r{phen), C1,]+ was the emission product [ 76].

3.6.3.2 Complexes with phosphorus donor ligands

[ IrCUL~L-L)] (L-L-L = PhP{ {CH, };FPh,}, ) was derived from the reaction of
[{IriGH, },};] ad L-L-L. Reaction with CO gives the five-coordinate
[ IrCL{COML~L-L}] and [ Ir(CO), (L-L-L)]Cl containing a trigonal bipyramidal
geametry with equatorial CO ligands. Reaction of [ IvCl{L-L-L}] with HCl gives
[ zeHClL, (L-L-L)] and, similarly, reaction of the iridium{I) complex with
dihydrogen gives the dihydride, [ Irf,C1(L-L}] [ 78]. PHF, and
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trans - Ir(OD)I(PEL, },] react in toluene at low temperature to give the
pentacoordinate [ Ir{QD)I(PEY, ), (PR, H)] which, on warming, rearranges to the
hexacoordinate [ Ir{QO)I{PEt, }, (PF, ] . Similarly, PF,X reacts with trans-
[ Ir¢cOIX(PBt; },] to give the Five-coordinate | Fr{CO}X{PEt,},(PF,X}] when X = Cl.
When X = Br, the concentration of the pentaccordinate species is small and none
of the pentaccordinate species is detected when X = I, However, NMR signals were
observed for all three hexaccordinate complexes, [Ir((!)}xz {PEta}z(PFz)] XxX=a,
Br, I} [ 79].

The phosphine oamplexes of iridium{I} with [ Ph,PC(E)NR]~ and with
[P, P(QIC(SINR]~ (E =S, O, NR; @ = S, 0) have the structures illustrated in
{23) and {24) and react with carbon monoxide by displacing the

PhyP re P{h‘z—NR P‘I"SP\.,/‘S ~NR
PP NE PhiP ~Q—PPh,
(23) (24}

triphenylphosphine ligand that is under the lowest trane- influence [80].
Compounds of the type illustrated in (25) {L = P{OCcH,R-2);; R = H or Me}

react with tertiary phosphine ligands {L' = PMe,Fh, PMefh, or P{OMe)Ph,} to

produce [ Ir (P=C) (cod) (L*)] . The ood ligand is displaced by (D to give

L\l /cocl
@j@c.ﬂ.n—z),

(25)

eig{ Ir(P=C) (0D, L] which iscmerises to the trana- geametry in hot alcoholic
solution [ B1].
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The emission spectrum and lifetimes of [IrL,][clq,]
{L = ¢ig-1,2-bis(diphenylphosphino}ethene] have been determined and the
following parameters vecorded: AE = 143 onrl; t{lower) = 999 ps; t{higher) =
1.54 us [ 89].

2.6.3.3 Complexes with arsenic donor ligands

The pentacoordinated cationic camplexes, [Ir{(0) L. JX (x = 2,3; L =
tribenzylarsine; X = [C1Q,]~, [BPh,]~} have been prepared by firstly passing 0O
through a stream of [IrCl{o:)}[.a} to give [Ir(o:)}zl.a]*. Passage of further carbon
monoxide then gives [ Ir{CD);L,]* and the camplexes isolated as the perchlorate
or tetraphenylborate salts [82]. [IriHX,{00)L,] (L = tribenzylarsine; X = Cl,
Br}, upon treatment with Naf OMe] in methanol gave trans| IrX(CO)L,). Reaction of
( 1zHBr, {QO)L,] with Kal gave [ IrI(CO)L,] [83].

3.6.4 Complezes with Group IV domor ligande

3.6.4.1 Complezes with carbon donor ligands

Reaction enthalpies have been determined for the oxidative addition of
ethanoyl chloride to trans< IrCl(C0)L,] (L = PMe;, PMe,Fh, PMePh,,

PPh, {4-tolyl}, PEt;, P(CH,Ph};, P{(Me,)Ph, or P{oph),) and the results
correlated as a function of the electronic and steric parameters of the
phesphine ligand. In addition the enthalpies of oxidative addition of ROOC1

(R = Me, Et, Pr, CMe,H, (Mo, (,Cl, CHCl, or Ph) to trana-{ IrC1(CO) (FMe,Ph), ]
were determined. The bond dissociation energy of Ir-COXH; was calculated to be
205 £ 46 kT mol™! [84].

[ Ix(cod)r, ][ BF,] adds dihydrogen when L is an electron-accepting ligand such
as Frhy or alkenes hut not when it is an electron—donating ligand such as
pyridine. The 13C ¥MR spectra of the complexes oontaining various addition
compourkds (B, , HCl, HBr, HI or Cl,) leads to the conclusion that the reaction
with dihydrogen should be properly called a reductive addition [85].
[{Ir{cod)Cl},] reacts with meso-1,3~diisocyanocyclchexane (L) to produce
[Ir,1,]c1, [96].

The molecular structures of cie- and trane-{ {2,4,6-Me;CgH, }Ir(CO){PH,),] have
been determined by X-ray diffraction, The cia- isomer shows a degree of
tetrabedral distortion because of steric crowding. The carbonyl ligand is
reported, on the basis of the intermolecular distances, to exert a stronger
trana- effect on Ir-P than the aryl group [87],
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3.8.4.2 Clurborana complezee

The ter—vertex igo~ nide- iridacarbadecaborans
[ { TeC(oM)By H (OMe)} (G B, PPh, ) (BPh; 3], has been isolated from the combination of
trana- IrC1{C0) {PPhy ),] with cloao~[ B gHp)?” in methanol solution [88].

3.7 IRIDIUM(O)
[ (triphos}Co(u~P; yIr(triphoa) ][ BF, ], .(H,Cl, has been prepared from

[ (triphos)Tr(u-p;)] and [Co(H,0),][BF,], in the presence of triphos [90].
[{Ir{CO), (BPhy)},] reacts with EtQ,0C=CCD,Et to produce (26) [91] and with

oc ri'Pn, o
N €
EtQ O, Et
EtO CO,Et
Ir
oc/ \co
(26)

PhC=CH, in boiling dichloramethane, the dimnclear iridium complex
[{1r(c), (PPhy )}, u-(HC,Ph)] is formed. 1his latter epecies is reported to have
approximately C, symmetry containing a quasi-tetrahedral {1r,c,} grouping {92].

3.8 IRIDTUM CARBONYL CLUSTERS
3.8.1 Trimeric oclusters

Na Ir{C0),] reacts with CH,0Cl;, PhCCL;, Cl3SiMe or Cl,GeMe to form the new
cluster compounds; [ Trs {CMe) (D)), [Try (CPR)(COY,], [Iry (SiMe) (D)) and
[ 1r; (GeMe)(CD)y, rempectively. These materials are believed, on the basis of the
infrared spectra, to be lsostructural with [Co; (uy—CHe}(CD)4][93],

The reaction of [ Ir(C0), {3~toluidine)Cl] with trane-Ph,PCH = CHPPh, in the
presence of zinc and carbon monoxide gave the triangular cluster,
[ Iry (g [n—(oie~PPhcH = CHPFh, )} ]. The eis-PPh(H = CHPFh, portion acts as a
tridentate ligand [ 54].
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Complexation of [ {p-!lea CS}3 Trp—C F )((I)}s] with CF,(SCCF, gave the trimeric
carbonyl cluster species [ (Me,CS), Ir, {00 (C,F ), ] [95].

3.8.2 Tetramerie cluaters

[ 1x, (5 -PPh){s,-00); (D}, (PPhy ), ] is Formed fram the reaction of [Ir,(C0},,]
with FPly in toivene [96] . In order to stabilise the cluster against
fragmentation, { Ir, ((0};,] was treated with the "tripod® ligand HC{PPh,}, to
give [ Tr, (C0)g (n—00%; { BC(PPh, 35} § [97] . Treatment of [ Ir, (CO};,] with alcoholic
solutions of alkali metal alkoxides under (D gives the anions [ Ir,(0D),; {CO,R}]™
(R = Me, Et}. Alcoholysis ococurs with EtOH or Me,CHOH, whereas treatment with
thf in acids gives a quantitative conversion to [ Ir, (00);;]. The anions are
formulated more precisely as [ Ir, (u-00D), (00)g (COOR)]~ [98]. The substituted
isonitrile clusters, | Ir, (00}, (RNC)] (x = i-4; R = Me;C or Me}, have been
prepared from the reaction of [ Ir, {0D);,] with Me,ONC or MeCN., The complexes
have structures related to [ Ir, ((0);,] containing only terminal carbonyl groups
[99].

The decomposition of { Ir;, {CO)“_,] to metallic iridium has been examined by
thermogravimetry and IR spectroscopy. The KBr discs used in the study were noted
to give a matrix effect which increased the decomposition temperature of the
cluster [ 100] . The temperature programmed decomposition of [Tr, (C0),,] supported
upon Y-AlL, 0 under a flow of dihydrogen has shown the highest methane: metal
complex ratio of sixteen assorted moncnuclear, dinuclear and cluster complexes
{101].

Substitution of L = P{C,Hy )3, P(GH )3, P{OGH }; or As(CgHg); for carbon
monoxide in [ Tr, (@0);,] between 30 and 125 °C has been shown to follow the rate
law:

Rate = {k + %l L}}[ 1, (cO),]

In the phosphorus compouxds the second-ovder term contributes over 95% of the
total rate. The k, term represents nuclecphilic attack at iridium whereas the k,
term involves Q0 dissociation, The reaction products and degree of substitution
are a function of the nature of the ligand and the reaction conditiens [102].

[ Ir, (00)g (PMe; ), ] consists of a distorted tetrahedral array of metal atams
possessing three symmetrical edge-bridging carbon mmoxide groupe on one
triangular face with each iridium atom attached to a PMe, ligand. The camplex
reacts with 0 to give { Ir, (00)g (PMe; );] through the dissociative process:
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[ I, (CD)g (PMey ), ] + O — [Ir4(CO),{PMe;),] + PMe,

This reaction is considerably slower than the analogous reaction involving the
sterically more demanding PEt; [ 103]:

[ I, (CO)g (PEty ), ] + €O = [1Ir, (D)4 (PEts )] + PEX,

The X-ray crystal structure of the tetrahedral cluster species
[ PP, )[ Ir, Br(u-00}; {C0)g] has been recorded [ 104).

3.8.3 Herxamarie elusters

The dianion { Irg (00),5]2~ may be protonated to give [HIrg{C0},;]™ and may be
reacted with allyl chloride, (i, = CHGH,Cl, to give {I‘cs ((I))H{C:il-ls}]“. Reaction
of iodine with [ Ir, (00),5)2~ gives [ Irg (Q0},5I]~. The acyl derivative,

{ 1xg {0}, 5 (COC, B }]~, was produced from | Irg {00},,] and this species is found to
react with X~ (X = C1, Br or I} to give [ Irg(CO),5X]™ {105].

3.8.4 UOostamerio clusters

Reaction of [ Ir, {00};,] with KB in 1,2-dimethoxyethane under an inert
atmoaphere affords the species [ Irg {€0),,]?~ consisting of a double cluster of
two tetrahedral Ir, (CD)); groups joined by a metal-metal bond. This single Ir-Ir
bond cleaves readily with, for example, PPhy, FeCly, B, or I, to give
[Ir, (CO),,  (PPhy) ] (x = 1, 2 or 3}, [Ir, (CO},], [Ir, (00}, H]" and
[ 1r, (00);, 1|, respectively [ 106].

3.8.6 Mized-metal clusters

The pseudo-tetrahedral, mixed-metal clusters, [ (cp)WIr;(00),,] [107,108] and
[ (cp)o Wy Ir; (O0);p] {107]) have been synthesised and their molecular structures
reported. The structures are analogous to that of [ Ir, (00),,] with one and two
{Ir{c0);} units, respectively, replaced Ly the iscelectronic {(cp)W(CO},}
groups. When impregnated onto y-alumina f£ram cyclohexane solutions and
decomposed by heating in flowing dihydrogen, most of the coordinated OO is
hydrogenated to methane rather than being released intact [107].

The dianion, [Rulr, (C0),5]2~ has been prepared by the reductive carbonylation
of [ Ir, (0);,] and "RuCl, .xH,0" mixtures, The [ (PhP),N]* salt was chavacterised
by X-ray diffraction and found to contain an elongated trigonal bipyramidal
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array of metal atams in which the ruthenium atam octupies an apical position
{109].

3.9 IRIDIUM NITROSYLS

The reactions of N;O; with [ IrC1{C0} {PPhy )}, ], [ IcH(CO} (PPhy)e],
[ BeC1{00} {50, }(PPhy },] or [ IrCl(00}(H,5){PPhy},] gawe
[ IxC1(CO) (NO) (MO, } (PPhy )] , [ TrH(CO) (NO) (N0, ) (PPhy )], | TrCL(CO} (NO) (NO3 } (PPhs ), ]
or [ Irc1{C0)(NO){NG, } (PPhy },], respectively. [ IrCl(CD){NO){NO,)(PPhy},] reacts
with dioxygen to produce [ YrC1{C0}(ND, ) {NO, }{FPh, },] [110].

3.10 IRIDIUM CATALYSTS

The chemistry of iridium-catalysed carbonylation and their applications to
commercial processes has been reviewed by Forster [ 111] as has the mechanistic
pathways in the catalysis of alkene hdrocarboxylation by iridium complexes
[112]. The heterolytic activation of dihydrogen by iridium complexes has been
discussed [ 140].

3.10.1 Hydrogenation

3.10.1.7 Alkenes

The silica-bound tetrairidium clusters, [ Ir, (D), (PPh,}]-{Si0,} amd
[ Ir, (GO} o (FPhy }]1-[8i0,] , have been identified using FT IR spectroscopy [113).
These catalysts were examined for their activity in the hydrogenation of ethene
and the kinetic results fitted to the empirical equation:

x

rate = k PCZH.,PHZY
The polymer-bound tetrairidium carbonyl cluster, [ Ir, (c:o),z_:(pmgx], has also
beer: fourd to catalyse the hydrogenation of ethene, The Ir, framework is
reported to provide the catalytic sites for hydrogenation by reversible Ir-Ir
bond breaking to form coordinat ively-unsaturated metal centres [114].

In the catalytic hydrogenation of - 1-heptene in dichloromethane using
[ IrCl(cod) (PRy )] (R = &-R'GH,; R’ = MeO, Me, H, P or Cl), the maximum activity
was obtained for PRy : Ir = 1; the hﬁmtim rate was oorrelated with
phoephine basicity [ 115]. Hydrogenation of 1-heptene is also catalysed by
[ 1r,C1, (tadx)] (tddx = {27)) which is said to form species of the type
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@R — %,
q/_,‘ﬂp—cu@—cu ,—F(lwz

(21

[ Ir,CL A, (tddx)] fram which transfer of hydrogen to the alkene can occur. The
reaction is veported to be first order in catalyst concentration and fractional
order in substrate concentration [ 116]. By a similar process [Ir,Cl,(tddx}] also
catalyses the hydrogenation of cyclohexene [ 116] as does the dinitrogen complex,
[ (PPhg ), Ir(N, )C1{A}(FBF; )] [55] and the polymer-bound species,

[ I, (0O}, (PP} ] [114].

[ 1rHCY, (PPh; ),] catalyses the hydrogenation of geraniol (a mixture of eis-
and trans - Me, CeCH(CH, ), C{Me)=CHCHO) to give Me,CH{CH,);CHMe(CH,),0H and
Me, CeCH({CH, ), C{Me) (CH, },CH, both of which are formed through a common
intermediate. The catalysis is reported to be accelerated by addition of Hy0,
and retarded by addition of Ety¥ { 117].

[ Ir{cyclooctadienyl ) (py) (PR }I[ PFs] (R = cyclohexyl} is an efficient catalyst
for the hydrogenation of unsaturated steroids and alicyelic compounds from the
c-face without accampanying reduction of the ketone groups, carbon-halogen bonds
or cyclopropane rings [ 118].

3.10.1.2 Carbon momozide

A quantitative investigation of the [ Ir, {COj,,]~catalysed hydrogenation of
carbon moncxide to methane has been reported. The rate of methane formation is
enhanced by the addition of trimethyl phosphite, and isotopic labelling has
ghown that the methare is derived largely from the phosphite methyl groups. The
mechanism is therefore comsidered to involve methyl group transfer from the
phosphite to iridium and hydrogenolysis of the Ir-C bond to give methane. The
hydrogenation rateg in this reaction, carried ocut in a sealed tube at
160-180 *C, are very low [ 119]. Catalytic hydrogenation of carbon monoxide by
{ I, (00);,] in a NaCl-AlCl; melt takes place under flow conditions at
atmospheric pressure amd, preferably, 170~180 °C. Under the optimum conditions
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the Following yields were cbtained; iscbutane, 54%, propane, 17%; neo- and
iscpentane, 179; methylcyclopentane, 6%; butane, 2%; methane, 1.5% and ethane,
1.5%. The infrared spectrum of the quenched catalyst was examined follcowing its
exposure to the reaction conditions, This revealed the presence of new iridium
carbonyl species - probably containing Ir-C-0-Al bomds { 120].

3.18.1.3 Alechols and ketones

[ Tem, (PP, )31, [ IxHg (PPhy ),], [ ExCly (PRPEY, };) or [ IrHCl(PhPme,};) catalyse
the hydrogenation of PhyOCH. In trifluoroethanoic acid the reaction is
considered to proceed via the transfer of H- fram the catalyst [121].

in the presence of soluble iridium catalysts, prepared by complexation of
Ircl, with P(OMe); or dmso, {(28) is reduced in aqueous sclutions of isopropanol
to (29} (R, = H or OH; R, = OH or H) [122].

(28) {29)

[ Irt, (PPh; }3) and [ Ixf (PPhy )] are also veported to catalyse the hydrogenation
of ketones in a tfaH medium. The mechanism is understood to involve hydride
transfer from the complex to the protonated ketone [ 123].

3.10.1.4 Nitro ond imino derivatives

[, 15[ IrClg |, when associated with chloranilic acid, is reported to behave
as an efficient hamogenecus catalyst in the hydrogenation of RNO, to R, (R =
2, Jor #CIGH; 2, 5 or 3,4CL, H;}. Yields of 99.7-99.9% are claimed for
this process [ 124],

[ (PPhy 3, Irl,Cl] catalyses the hydrogenation of PhCH=NPh with equal
effectiveness in ethanoic acid or trifluorcethanoic acid solutiona, Bydride is
said to be transferred from dihydrogen to protonated azomethines [125].

3.10.1.5 8Hydride twansfer
Iridium complexes containing nitrogen donor liganda are known to be active
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catalysts for the hydrogen transfer fram alcohols to ketanes. [ Ir(chel)cod]x
{chel = 2-pyridinalmethylimine, 2-pyridipalisopropylimine, 5-2-
pyridinalphenylethylimine or R-2-pyridinalphenylethylimine; X = [PF¢] or [Clo, ]}
has been reported to catalyse hydrogen transfer from 2-propanol to
cyclchexananes [ 126] and the kinetics of the [1r(3,4,7,8-Me, phen){cod)]Cl -
catalysed hydrogen transfer between 2-propanol amd 4-CMe,cyclchexanone have been
studied [ 127] . Catalysts of the type [ Tr{cod}{L-L}]Cl {I-L = 4,4'-bipy; phen:
4,4'-Me, bipy; 4,7-Me,phen; 3,4,7,8-Ma chen or 4,7-Phyphen} have also been used
to reduce ketones by means of hydride transfer from 2-propancl. The catalytic
scheme is illustrated in Scheme IV [ 128].

|'|
N A
(N>i “OH CH\CH‘
+OH"
1%

Rf
:’z)cn——ou a CH—OH
1

H
( Nir ,o ~cn-
N \ou “CH,
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0 ;—-*" ( "’H>°<E::
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::g“;c =0 R~

Scheme IV: | Ir(cod){L-L)]*-catalysed reduction of ketanes [128].

[ fr{sbeh; J4;C1] catalyses the homogeneous hydrogen transfer fram 2-propanol to
cyclchexanone but is not as effective as many of the ruthenium complexes tested.
For example, using equivalent catalyst and reactamt 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)3C1] but 86% with the five-goordinate [Ra.lClzidI:ptpla]
(dpptp = diphenyl-p -tolylphosphine} [128).

3.10.2 Isomerisation

Aqeous solutions of K,[IrCl,] have been employed for the isamerisation of
water-soluble allylic canpounds, e.d. CH, = CHCH,Ph and CH, = CHCH,OPh. With the
aid of quaternary or phosphonium salts, ihe catalyst is extracted into the
organic phage and returned to the aguecus laver by lipaophilic anions after
campletion of the catalytic process j130].

The dinitrogen complex, [Ir(PPh,),(N,){C1l}(H){FBF,)] catalyses the
isomerisation of cod [55].

[IrC1(Co}{PPh,),] is found mot to catalyse the photo-assisted conversion of
nbd {30) to quadricyclene (31) [131].

09 — &5

(30} (31

3.10.3 Carbonylaticn

[ IxC1{CO) (PPh;},], [IrClH,(PPhy)},] o [ICH{CD)}{PPh,)},] catalyse the
carbonylation of nitrobenzene in methanol to give PhNHCO,Me in a yield of about
108 [132].
3.10.4 Water gas—shift reactiom

The water gas-shift reaction (H,0 + OO + Q0, + H,) has been reported to be
catalysed by complexes of the type [Ir(cod}Lz}"' (L, = {(FPh;),, {Prb_thjz, dppe,
phen or substituted phen}. These catalysts are reported to be more active than
[Rh(m)zlz]‘- but not ae active as [ma‘:m)lz] [133, 134].

3.10.5 Oxidation

[Ir(H,0)CL 1~ has been found to be a much more active catalyst than [IrClg]2
in the oxidation of propane and iscbutane by agueous solutions of H,Cr,0, [135].
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However, unlike their ruthenium(IV} analogues, these iridium{IV) chloride
complexes were discovered not to be active for the oxidation of saturated
hydrocarbon using a B/Mo/V heteropoly acid [136].

3.10.6 Hydrosilylation

[Tex(CO)L, ], [TPCL(N,}(PPh,),]), [{IXCL(CgH,,),},] or [IXCIL,] (X = halide,
L = tertiary phogphine or arsine) catalyse the reactions of HSiR, (R = Fh, Et or
CEt) with methanol ar ethanol. The mechanism of the reaction with [IrX(0O)L,] is
believed to involve the intermediate formation of XSiR, by eliminat ion fram the
silyl complex [IrHX(SiR,){CO)L,] [137].

3.10.7 Polymeripattion

Radical polymerisation of styreme occurs in the presence of [Ir(QD)CL(PEh,},]
and Me,C00H. The overall activation energy was found to be 68.6 kJ mol~!
compared to the valve of 150.2 kJ mol™! obtained in the absence of the iridium
complex [138].
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