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INTRODUCTION

This review continues the general form of that published for the 1982
literature [1]. This year the chemistry of rhodium and iridium are treated
separately, Iridium chemistry is undergeoing something of a renaissance at
present, and the number of papers published each year in this field is
increasing dramatically. Undoubtedly, the widespread use of rhodium Complexes
as catalysts for a wide variety of processes i1s a major contribution to this,
A number of studies of the mechanisms of oxidation of organic substrates by
[IrC16]2‘r in combination with the numerous studies of the ground state
properties of this ion, indicate contempory interest in the chemistry of these

0010-8545/86/$21.35 © 1936 Elsevier Seience Publishers B.V.
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latter transition metal specles, Other areas of interest include homonuclear
and mixed metal clusters incorporating iridium, iridaboranes and iridium
complexes in hydroformylation and hydrogenation reactions.

A review of the chemistry of the platinum group metals has appeared (2].

The material included in this review corresponds closely wikth the
coverage in volumes 98 and 99 of Chemical Abstracts, although the major
journals {J, Am, Chem. Soc., .J. Chem. SozZ., Chem, Commun,, J. Chem, Soc,,
Dalton Trans., and Tnorg. Chem) have been covered through December 1983

Once again, I must thank Drs. Olga Kennard, Sharon Bellard and Paul
Raithby for their assistance in obtaining data from the Cambridge
Crystallegraphic Data Centre,

5.1 IRIDIUM(VI)

There has been remarkably little recent interest in the chemistry of
iridiumd{vI). One of the best known iridium(VI) compounds is the hexafluoride,
[IrFG]. This compound has been shown fo react with boron(IIl) halides (BClsg,
BBry or BIy) and tetrachloromethane to produce mixed iridium halides [3]. The
complexes [lr2F3C16] and [IrzquF‘sJ were isolated and charactorised. No other

iridium(VI) complexes have been reported this year,

5.2 IRIDIUM{V)

The dearth of reports describing the chemistrv of high-oxidatien state
iridium compounds extends to the +5 state. However, a few isolated studies
have buen described, Iridium(V) has becn shown to be stabilised in the
Perovskites [MLaMgIrO6] {M = Ca, 5r or Ba) which are readily prepared under
high pressures of dicxygen {3). Magnetic and Mosshaner measurements irdicate
that the samples contain some [dsl iridium{IV} impurities. DBroad-line 19r nvR
studies of the adduct IrF;.BrF; have revealed it to be the jonic species
[BrF,]1{1cFg) [5].

Iridium(V) alkyl hydrides have been proposed as intermediates in alkyl-
aryl exchange reactions of iridium(II1) compounds. The reaction:

[{cp)Ir(QHy)o{dmso)] + ArH —= [ (cp)Ir{CHy)Ar{dmso)] + CHy

proceads readily in dmso; the rate of exchange of coordinated dmso is high (k

= 5,4 x 10"2 lTI.Ol"I s7! at 35°C), and the mechanism shown in Scheme 1 is
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was proposed.

A number of chservations are in accord with Lhe proposod mechanism; a)
when C.Dg is substituted for benzenc a kinetic isotope effect kHﬁkD = 2,24
is noted, k) a slewer second reaction to produco f(Cp}IrArz(dmsoll Was
detected, and =) when iodobkenzene was tsed, a 3:1 vixture of the mota and
para isomers of [{Cp)lr(CH3}(C6H4T}{dmso}] was obtained, but no products
from insertion inte the C-T bond could ne detected. A novel iridium(V)
species has been reported by Maitlis and co-workers [25]0 When [(L1rCI{u-
Cl}}zl (HL = CoHMeg) is treated with Et3SiH, the dim(w‘[(LTrCl{u—H]}2} is
formed.  Reaction of this with excess FbySiH oroduces, sequentiaily, the
iridivm (V) mononuclear comolexes, [IrLH,CL{SiEty)] and [1rLH5(SiFtqd50 ],
The cation, [Rh{dppe){McOHJ2J+, reacts with [IrHS(PiPrjlz] ir methanol to
give the bis-hydrido brideed binuclear conplex [(dppejﬂh(u"H}EIrH2(PlPr3]21
ingoed vield [267. In the presence of ethyldiisopropylamine, vields in
excess of B80% mav bo obtaired. The complex has been characterised
spectroscopically by NMR techrigues, and in the solid state by X-ray

crystallography; the structure 1s as shown in 1.

5.3 IRIDIUM(IV)
3 Comploxes with hallides

tThore has been a considerable amount of recent intearest in the
herahalolridate(IV) complexes. The emphasis of this has been on the
mechanistic aspects of oxidations by hexahaloiricate(IV) and or: the
intimate stractural and spectroscopic properties of these ions.  This vear,
this emphasis has continued, and a number of interesting nechanistic and
structural studies have been reported,

A number of alkali metal NMR skudies of the M2[TrC16] salts have been
reported; specifically, '97Cs NMR studies of Cs,[Trclg] [7] and ®7Rb NMR
studies of Rby[IrClg] [8] have heen doscribed. A detailed analysis of the
spectroscopic (vibrational, eslectronic-vibrational, resconance Raman)
properties of [nBuéﬂ]E[IrCLG] at 153 K has been campleted. The onergy lewsl

diagram shown in Schems 2 was derived [91.
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Related rescnance Raman [10], absorption and electronic Raman [11]
spectroscopic studies of hexachloroiridate(IV) and hexabromoiridate{IV)
salts have been reported. The results are generally in agreement, and
suggest a significant deviation from Op octahedral symmetry. There has
been a question over the sign of the g value for the hexachloroiridate(IV)
ion. It was suggested, on the basis of magnetic Raman optical activity
studies, that the ground state g value was negative - a result which called
into gquestion the results of some earlier magnetic circular dichroism
studies [12]. Schatz has now shown that the calculated value for g from
the magnetic circular dichroism data is indeed negative, and that the
observed spectra agree well with this value [13]. In the aksence of spin-
orbit coupling, a 2p ground state was assumed. Multiple scattering X-,

g
(M5-%,) calculations on the hexachloroiridate{IV) anion have been reported;
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significant relativistic corrections were applied [14].

A large number of hexachloroiridate(IV), and hexabromoiridate(IV)
salts have been prepared by Fergusson and Dixen {15]). Their work has
cleared up a number of ambiguities in the literature regarding the
preparation of- these compounds. The major synthetic routes which they
adopted are detailed in Scheme 3, 0Of particular note, is the use of ion-
exchange technicques in preparing the desired salts.

(iv)
(iii)
{i}
Ir metal — K,[IrClgl (ii)
{ii)
¥
{iii)
KZ[IrBr6] S Mz[Ifos]

{1i) Kcl/Ccl
(ii) HBIIH28
{iii) ion exchange
(iv) Ozfﬂcl

Scheme 3
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A roview of electron transfer redox veactions invoiving simple free
radicals has appeared; included within this article are discussions of the
oxidation of thiosulphate, iodide, thiccyanate, azide, nitrite and sulphite by
hexachloroiridate(IV} and hexabromoiridate(IVv) [16]. The oxidation of the
hexaagquamolyixdenum(III) ion by hexachloroiridate(1V) has been studied [17].
The products of this reaction are hexachloroiridate(III) and "M02042+"; the
latter arising from a transient molybdenumi(IV) specics. The reaction was
followed by stopped-flow methods (489 nn observe) with a ten molar excess of

the molybdenum{IIT) complex. A rate equation of the form
. +1-1 3+ 2-
rate = (kq + ky[H 17 M Mo? 7] [TrCl "7

1

was determined, at 257 C, ky = 3.4£1.1 x 109 mol-Te" ko =
2.9£0.2 x 10% 5_1. Thes ks term is dominant at [H* [20,10%; this

is consistent with an outer-spnere electron transfer mechanism, with the k,
term proceeding through a [Mo(OH)(H,0)s]®" ion, A detailed mechanistic study
of the oxidation of iodide or catechol by hexachloroiridate(IV} has been
reported [18). A simple second order rate couation was obtained for the
reaction with lodide; at constant ionic strength, no dependence upon chloride
or proton Concentration was observed., The second order rate Constant was of
the order 104 - 103 mol™? .‘5_1 , depending upeon the ionic strength of the moediam.
Consideration of the activation parameters, and the behaviour in mixed solvents
led to the proposal of a mechanism proceeding through an active ion pair.  Thoe
axidation of catechol (1,2-dihvdroxybenzene) by hexachloroiridate{TV) also
obeys a second order rate eguation, with k2 close to 104 mor™! 2% The
authors of the above paper also adressed themsclves to the confusion in the
literature regarding the Iydration of K7l IrClg] - such knowledge is required
for the derivation of accurate transfer properties. 1t was concluded, on the
basis of the available evidence, that the salt is anhydrous; the literature
refercnce to the formation of a hexahydrate probably being erronecus. The

detallad mechanism for the axidation of iodide is shown below

[TrC1G1%" + I725% [1rC127i17)
[TrC12 317 ] == [1xClg a1

[1rC1g3er) == ([0l + 1
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A related mechanism has been proposed for the oxidative cleavage of
ethylene glycol (1,2-ethanedicl}), butan-2,3-dicl and 2,3-dimethyl-2,3-butandiol
by hexachloroiridate(IV} [12]. The organic products are formaldehyde,
acetaldehyde and acetone respectively. The mechanism proposed is

[IrY] + diol == (IrTVidiol]
[1r1V:diol } == [Tr*!l:radical]
(1rill:radicall + [1rlY] =— products + 2[Irlll]

The oxidation of ascorbate by hexachloroiridate(IV) or
hexabromeiridate{IV) has alsc been studied [20}. The rate equation is of the
form

3 atr™Mi/at = kg + kT DAYy

where H,A is ascorbic acid. The inverse dependence of ki upon acid
concentration indicates that ka refers to the reaction of ascorbic acid itself,
and ky, to that of the monocanion, HA". The reactions exhibited an interesting
medium effect associated with the presence of alakli metal anions. The
detailed mechanism proposed is shown below.

It is evident that ky, in the experimental expression is simply given by
k3K3 -

The reaction of methylcobalamin (vitamin 512) with hexachlorciridatelIV)
has been studied [27]. The alkylated cobalt(III) complex is demethylated in

the reaction. At a 2:V stoicheiometry of 1riV

iMe-By,, the products are H,0-
Biy*, [IrC16]3h, [IrCl5(HZOJ]2" and chloromethane; at lower ratios of
iridium(IiV) to methylcobalamin, the products are [IrCle]B', HZO-B12+ and
ethane, The reaction is seCond order overall, first order in methylcobalamin

and hexachloroiridate, and the apparent

Kq

HyA = HA™ + gt

k
2
Hyh + [IrV] == Hya™ + [1rill]

k
3
HA™ + [IrlV] —s= mar + [1r111)
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K
4
Hoa* + [TrlV] == 20" 4+ 2+ (1111

bo-
J - .
HA® + {1rIY) —== g* + A+ [IriiL)

second order rate Constant is pH dependent, These observations are Compatible
with the presence ¢f a nuuber of solution specics derived from the

methylcobalamin, The observed rale constant, k, may be expressed
ko= (R'Ey + K"Ky [H'])/(Ky + KKy + Kq [H'])

where K; refers te the on-off coordination of the axial 5,6-
dimethylbenzimidazole ligand to <ohalt, Ky o the protonation of the
uncoordinated {off-form) 5,6-dimethylbenzimidazaole axial ligand, k' to the
demethylation of the base-on form, and k™ to the demthylat ion of the protonated

base-oft form.
LE Comployes with other Iipands

The solution behavicur of [Ir{OH)4{H,0)] in sulphuric acid has been
studied [21]}, Dissclution in corcentrated sulphuric acid produces
H10[Ir30(so4)9)]; treatment of this complex with water produces ancother mixed
valence Iri¥ 4+ 21rlll complex lon, {lr30{804]6(H20)3|4_. burther hydrolyvtic
decomposition results in the formation of iridium(ITT) complexes.

The reaction of hexachloreciridate{IV) or hoxabronolridate{lV) with agueous
oxalate has been investigated [22]. The products of these reactions are the
iridium(TII} oxalato conplex ions {Ier{TJ]]3" (X = C1 or Br; HoL = RO,000,H),
which may be extracted into dichloromethane as their pentylammoniveg salts,
Oadation of these dichloromethane solutions with the appropriato halogen leads
to the formation of the Corresponaing iridium(IV) complex ions, [.Irx4{IJJ }2".
The complex ions exhibit three charge transfer bands, and give infra-rod Raman
spectra compatible with a Cop symamnetry.

The extraction of iridium(IlI) and iridiun(IV} from acueous medium hy the
ligands Ph{OCH,CSPh, ROOCHSCSNH, o ROONHCSNI, has been investigated; the metal
is extracted as the tris chelated [1rL,"" species [23]. A Lhirty-fold
enrichment of iridium was abscrved with [’hCOCHzC'SPh.

The ligand 5,5,7,12,12,14~-hexamethyl-1,4 8,1 1-Letraazacyclodecane (2) is
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readily prepared by the borohydride reduction of 5,5,7,12,12,14-hexamethyl-
1,4,8,11-tetraza-7,13-cyclotetradecadiene; treatment of the new saturated
ligand with chloroiridic(IV) acid led to the isolation of the complex
[IrLCl,1Cl, (L= 2) [24],

Me
Me 7 \ Me
NH HN
Me NH H
Me
Me
(2)
5.4 IRIDIUM({III}
5.4, Comploxes with halides

There have been a number of isclated reports concerning the [Irx6]3'
(¥ = halogen) ions, although these are normally encountered as the inorganic
reduction products from hexahaleoiridate(IV) oxidaticns. High level MS—X(I
studies of the hexachloroiridate(III} ion have besn described [14]. A recent
study of the preparation of the hexahaloiridate(III) ions has removed some of
the ambiguities present in the literature. Preparative details for the
synthesis of M5[IrXg] (X = Cl or Br; M = K, NH4, Rb, Cs or Me,N} were reported
{151, Also described were the nonahalodiiridate(III) ions, [Ir2X9]3'. The
salts M,[IrXgl (X = Cl, M = K, NH,, Rbor Cs; X = Br, M = NH,, Rb or Cs}] were
all obtained as monchydrates. Mo evidence for the formation of a trihydrate of
potassium hexachloroiridate(iII) was obtained. It was proposed that the
previously reported species K3[IrBr6].nH20 {nh = 3 or 4), are better formulated
as [H3O]K8[ IrBr6]3.9H20. Some problems were reported in the preparation of
K2[IrCl5(HZO}] by the literature methods. These studies are summarised in
Scheme 4.

Single ¢rystal X-ray studies of the complexes K3[1‘r(216], K3[IrClgl.Hy0,
[N}1413[IrC16].H20 and Rb3[IrBr6].H20 have been reported {28]. 1In K3[IrCl6] the
anion is octahedral, with an average Ir-Cl bond length of 2.368 & 1In the
monohydrate, the [IrC16]3' ions are arranged in chaing, with the potassium ions
and water molecules occupying channels between the chains. The octahedra of
the anions are somewhat distorted, with Ir-Cl lengths varying from 2.336 to
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(1)

tii}

{iv})

/

M5{1rCl5{H,0) ]

A

K3[IrCl6]

{iv)

{1iv)

{1i1)

¥

K8[ IrBr6 ]

- M3[IrC16]

{iii}

s M3llryBry)

A

{i} heat in vacuum
(i1} Hy0/MCL
{iii}ion exchange

{iv) JBr/HyO

{Scheme 4}

= M4[ IrBrg |

{iv)
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2,387 B In an independent study, Burgess and co-workers, have confirmed the
existence of the anhydrous and monchydrated forms of K3{IrClgl, but they also
believe, on the basis of thermogravimetric investigations, that the trihydrate
is the solid species present in equilibrium with saturated aqueous sclutions
[18].

Two reports of the photeluminescent behaviour of iridium{lIl) complexes
doped into single crystals of silver bromide have appeared [29,30].

Fada? Complexes with Group VI donor Iligands

S5l Comploxes with oxygen donor Iigands

The first structural determination of a compound Containing the
hexaaquairidium(IIT) ion has been reported [31]. The compound studied was the
alum, CsIr{SD4)2.12H20; the iridium-water distance was found to be 2,041 &

The mixed valence (2Ir IrIVJ complex lons [Ir30{504)9
[Ir30{504)6{H20}3]4' have already been discussed in Section 5.4.2 [21].

The reaction of hexachloroiridate(IV) with acueous cxalate results in the
formation of the iridium(IIT} complex ion [IrClyL]>~ (H,L = HOOCCOOH); the
hexabromoiridate(IV) ion behaves in a similar manner {22]). Treatment of
potassium hexachloroiridate(IV) with an excess of potassium oxralate, followed
by solvent extraction with nitromethane, leads to the formation of K, IrLy]
(H,L = HOOCCOOH} in high yield {85%) [32]. The photclytic behaviour of these
oxalato complexes has been studied; at 77 K, in a variety of matrices, the
predominant process was metal centred reduction [33].

A number of tris chelated [IrL3] species (HL = PhCOXHCCR; X = CH, R = Ph,

NHPh or NBus; X = N, R = NBuy or 2-pyridyl} have been described [34].

5.4.2.2  Complexes with sulphur donor ligands

A single crystal structural analysis of the salt [MeyN1[IrCis{dmso),] has
been described; the anion is octahedral, with the two sulphoxide ligards being
S-bonded and occupying trans-diaxial positions {3) [351.

4 related anion, Cis-[IrICly]” (L = MeSCH,CH,SMe), is present in the salt
[MeyNI[IrLCl,l [36]. TH NMR spectroscopic studies of the inversion of this
complex in dmso—dG;’CDCl3 have been reported; coalescence occurred at 10° C,
with AG# = 63 kJ mol~!. The interaction of iridium(ITI) with 4,6-
dihydroxypyrimidine-2-thione (thiocbarbituric acid) {4} has been investigated;
the complex [IrL,Cl] (HL = 4) was isclated [37].
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(3}

OH

~N

HO l N/ks

H

(4}

& crystal structural analysis of the complex [Irlsg] (HL = HSZP{iPrO}2) (5)
has heen described; the compound possesses a distorted octahedral geonetry
[38!.

Condensation of cyrloheranone with thiosemicarbazide yields the
semicarbazone (6}, which forms iridiom{ITI} complexes (LlrlglX, (L = &, X = Ci,
Br or I) [39].
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(5)

H
S
(6)

The thicketone ligands, PhCOCH,CSPh, ROOCH,CSNH, and ROONHCSNH, have been
investigated as agents for the extraction of iridium from aquecns solution; the
metal is extracted as its tris chelate in each case [23).

5.4.3 Complexes with nitrogen donor ligands

The elelctrochemical properties of a series of iridium{III} complexes of
the type [Tr(NH3)sL1™" (L = NH3, Hy0, NCMe, Me,NCHO, imidazole or dmso) have
been reported. The complexes exhibit an irreversible two electron reduction,
remarkably independent of the nature of L {-1.7 V for L = NH,, NCMe, Me,NCHO
and dmso; -1,71 V for L = H,0; -1.8 Vior L = imidazole; all potentials with
respect to SCE). No reliable correlations between the value of the reduction
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potential and rate of reaction could be drawn |[40], Mechanistic studies of the
cation [Tr(NH3}5{H20)}3+ have been reported; density measuremonts in
perchlorate media have given a value of 77.4 2 1.0 pm‘j’ tor the partial molar
volume of the ion [41]. The determined value for the {RE}[NH3}5{HzO}]3+ Catron
is 1s romarkably sinilac.

The reaction of [lr{NH3]5Cl]C‘12 with trifluoromethanesulphonic acid
results in the formation of the [Ir(NH3]5(0502CF3)]2+ cation [42]. This
species 1y proposed as a new, convenient, labille source of the [Iﬁr[?\‘.‘[3]5}3*
unit; the rate of aquation is maderatoely stow, k = 1.8 x 107 1 [42].

ESR studies of the compicx .'_Ir(en}3]2[CuZCla]C‘.L2.2HZO hive been desCribed;
the complex is isomorphous with the coball(ill) analegue [43].  The chelateo

cation, lIr(en)3J'3+

, has been shown to form outer-sphore comploxes with halide
ions {(fivoride, chloride and bromide) of moderate stability [44]. h
compilation of the thermodyvnamic data for the formation of tnese outer-sphere
complexes has appearcd [45].  The same cation [Ir(en)3]3+, reacts cleanly with
tormaldehyde in the presence of ammemia to Jive the oryphand complox [JPL]BJ’ {L
= 7). Asimilar reaction with formaldehyde and nitromethanc results in the
formation of [IrL3]3+ (L = 8, X = N(Jz}, reduction with zinc amalgam in the
prasence of acid leads Lo tne formation of the now complex [I}:].._—iJEHr {L - 8, ¥ =
NHyj).  All of these complex are octahedral, and the electronic spectra resewble
that of the parent ethylenediamine complex. In agueous medium, no metal

centred reduction could be detected electrochemically [46].

X
//<NDN HN HN . BN
NH N [N |-|Nj HN
H H
< A
X

{7} (8}
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A series of Complexes incorporating nitrosyl and diimine ligands have been
reported; the ambiguities in oxidation state and ligand donor properties are of
interest. Phenanthrenequinonediimine ( LH 3. 9} reacts with
[Ir (NO)(MeCN}{PPh4),1{PF;]5 in benzene/dichloromethane to give the deep red
complex [Ir[NO]L}ithPh3}2][PF6]2. This complex was thought, by analogy with
the known [Ir{NO)(phen]{PPh3}2]2+ cation, to possess structure 10. The

reaCttion of this complex

NH N ‘

_ e =
O=N—Ir .
NH S~

(9) {10}

with sodium hydrogen carbonate resulted in deprotonation of the cocordinated
diimine, followed by an intramolecular attack of one imine anion upon
coordinated triphenylphosphine, to give [Ir(NO)JL{PPhj3)]1[PFgl. & crystal
structure of this {iridium({I)?) complex revealed it to possess a square-planar
geometry, with a linear Ir-N-Q system (Ir - N, 1.71 & N - 0, 1.1% &) (11}
[47].

another nitroso complex, [IrBr3(ND)(PPh3)2] has been investigated by ESR
spectroscopy; the spectral properties are best explained in terms of an
iridium(IIT) formulation with a netral KO ligand (g4 = 2.0218, g5 = 1.9515, gy
= 1.8128, rhombic) [641.

Arvyldiazonium salts react with [IrH3[PPh3]2] at -10° C to give the
expected Coordination compounds [I1‘H2{Ht~.T=1\ul'u:}{1?Ph3};_;]+ [48]. The complexes
react with carbon monoxide sequentially to form the cations [Ir(CD]2H2{PPh3]2]+
and [Ir{03}3(PPh3]2]+. If the reaction with the diazonium salt is performed at
30 -40° C, the product is a cyclometallated complex (see Section 5.4.4).
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Studies of the anomalous Ilcidiwm{TIT) complexes of 2,2'-bipvridine
continue, bul it is now clear that the various anonmalies have a common origin.
Various proposals for the structuri: of these complexes have been made,
including monodentate 2,2'-bivyridines and 2,2'-bipyveidine pscudo-basos, bot 1t
is now Clear that they possess cyclometallated 2,2'-bipyridine ligands. & 500
Miiz 11! NMR and 125 MHz 13(.‘ NMR study in dmso—db has been shown to be fully in
accord with a cyclometallated structure [49]. The complex studied possessed
the protonated cyclometal lated Tigand, {Ir{pry12[b1p3f—(3,2\1)(H3()}]3+. The
cyciometallated pyridine ring possesses a metal-carpon bond at C-3, which is in
accord with the upficld shift of ti-4 (¢ .70) and H-5 (4 7.16), and twenly
three carbon signals, fourlecn of which erxhihit a atrona proton one-bond
coupling, The metallated carbon atom is shiftfed upfield to 4 139.5. fihe
proton NMR spectrum was assigned on the hasis of J-correlated CQOSY spectra.
Nord et al. have made an intensive study of the iridiuam(111) 2,2-bipyridine
system [50]. They have Clarified the conlusion in the literaturc regarding the

numerous species of 1:3 stoichiometry (Schame G
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bipy
KHS0,4 bipy MeQ™,bipy bipy,i1,0
¥
"melt" [Ir (bipy),(bipy-CN)12* mixture
red
A
bipy H* OH
; 3+ ; — 3+
[Ir(bipy)s] [Ir (bipy) »(Hbipy-N) ]
yellow yellow
Scheme &

In particular, it is Clear that the commonly encountered species are the
vellow [Ir(bipy}3]3+, and the red [Ir[bipy]szipy-C,N]]2+

CJ,N){H3OHB+ cations. They have also reported a 270 MHz

and {Ir{bipy),{bipy-
"H NMR study of the
complexes. the results of which are broadly in accord with those discussed
previously. Final confirmation of the cyclometallated formulation comes from
the crystal structural analysis of the complex [Ir(bipyl,(bipy-
C,N}][€10435.1/3H,0 (12). This structure removes any final ambiguities which
were present in the previously reported structure of the [Ir(bipy},(bipy-
C,.N){H3O)]3+ cation, in which the presence of the water molecule in the
vicinity of the pyridine nitrogen atom could be interpreted in terms of a
covalently hydrated pseudo-base formulation.

The related diimine complex, [Ir(phen}3][BPh4]3, has been shown to form
fairly stable outer-sphere complexes with nitrate, acetate, hicarbonate and
propionate [51). The stability constants for the formation of the outer-sphere
conplexes {[Ir(phen)3]:Ln}{3_m+ have valves of lgf, in the range 0 - 3. It is
possible that outer-sphere complexes of this type may be resposible for some of
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{12}

the anomalous properties of the {Ir{phon}3]3+ cation, which ¢annot, of Course,
form a cyclometallated derivativo.

The complex LIr{py)4(?]2} [H{{)N02}2] is an example of a salt of the rare
acid hydrogen dinitrate anion [52], Interest in these speCies has been
reawakened, with the suggestion that the ancomalous acidic properties of the
[Pt[py}4C12]2+ cation may be due to the presence of a hvdrogen dinitrate anion,
The thormal aguation of tho Cis—{IrC]q[py)?]" anjcn has been studied (53], The
products are the fac-cis and mer-trans isomers of [Iril,M{py),Clyi, which
canhot be interconverted thermally or photochemically, The canfiquration of
these agua complexes was determined on the basis of the pK, values of the
coordinated water ligands. The photocheomical and thermal hydration and
solvolysis of a wide range of other iridium(l1ll) mixed ligand ¢hloro complexes
was investigated; remarkable specificity in praduct format.ion was observed in a
number of cases,

A large number of mixed ligand complexes with pyridine carboxylic acids
have been described [54). Amongst the complexes which have been described are
NalIrL,l, [IrLL'!, (IrLL"], [IrL{gly)] and [IrLL"] (H,L = pyridine-2,6-
dicarboxylic acid, HL' = pyridine-Z-carboxylic acid, HL" = pyridine-3-

carboxylic acid, glytl = glycine, HL™ = Z-nitrophenol); the geometries of these
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species is not known with any certainty, but they are thought to be polymeric
in nature. The complex [ITL,Cl,ICL {L = pyridine-4-carboxylic acid hydrazide,
13) has been reported [55].

O._~NHNH,

™~
7
N

(13)

The reaction of hexachloreoiridate(III} with 8-hydroxyquinoline {HL) has
been investigated; the various isomers of the tris chelate [IrL;] may be
separated by chromatography over silica [56]. The tetradentate ligands
piperazine biguanide (14) and ethylene biguanide {15) form the octahedral
complex ions [IrLX,]* (H,L = 14 or 15, X = C1, Br, I, NO, or SCN) [57].

H,N\H/Nl"lz \n/
()
HzN)J\NH

(14) (15}
The trigonal bipyramidal complex [IrtNO)L[PPh3)2][PF6]2 (L = 3,6-bis{2~
pyridyl)pyridazine, 16) 1is formed in the reaction of
[Ir{NO)(MeCN);(PPh3);][PF,] with L [69]. The compound reacts with copper(II)
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chleride dihydrate to give the hetorobinuclear complex
3 IrCl(PPh3)2L[NO)CuCl 1[PFg : 2- This conpound was Characterised
crystallegraphically {(17); the iridium is coordinated to on of the nitregen
atoms of the pyridazine and to one pyridyl groap. ‘The Copper 1s coordinated to
the other nitrogen atom of the pyridiazine and the other pyridyl group. 'the
coordination about the noar-tetrahedral copper ion Ls Comwleted by a hridaing

nitrosyl ligand and a coordinated chlioride,

{16)

The reaction of [Ir{KOII5{PPhs}o] with avetonitrile in the presence ot
silver{I} hexafluorovhosphate leads to the formation of
[Ir(NO)(MeCN) 4 (PPhy)5 ] IPFg ], 1861,

The first complexes of iridiuwm(III) with macrocyclic amines have been
reported by Poorn and co-workers [38]. The ligands in question were 1,5,8,12-
tetraavatetradecane {183, 1,5,9,13-tetraazapentadecans (19) and the mesoc anad
rac forms of 2,4,4,9,7%,11-tetramethyl-1,5,8,12-tetraazatetradecane (20). 1he

compler  Ions isclated were CiS-[IILX2]+ (L =18, X, - Clg, €lBr, or Bryl,

trans-[TelX, )" (L = 18, X = X0; or CL; L= 1% or 20, X; = Cl,, ClBr or Brj).

)

NH HN

N 7

I I
4

{(18) {19}
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The reaction of the iridium(I) anion [Ir(Q0),Cl,]" with 8-diphenylarsino-
quinciine (21) in MeOCHEG-i2OH/ FtOH under a carbon moncxide atmosphere results

in the formation of pale yellow [IrHT.r[m)Clz] (L = 8-diphenvlarsinoguinoline,
21 [558].

~3
/
N
Ph,As
(21)
5.4.4 Comploxes with Uroup [V donor 1lipands

The reaction of ILI‘H3{PPh3}2] with aryl diazonium salts was discuused in
the previous section. If the reaction is conducted at 30 - 40° C, the
cyclometallated product (22) is chtained [48].

h

Php

PPh,

(22}

This bonding mode is commonly observed in ligands of this type. The reactions

of the cation produced, FIrHLt}5>Ph3,\3]+ {L = RC6H3N:NH), ware investigated
[Scheme 6).
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[ TrH(CO)L(PPh, ), )*

o
Nal HCl

PPhj
[IrHL{PPhy) ) 1"
Scheme 6

Lappert and co-workers continue to investigate the chemistry of the
carbene precursor hindered olefins {23}, The reaction of these species with
H{Ir(cod)Clls] has now been described. The

<]

Ar Ar

(23)

product of the reaction is a tris chelated cyclometallated species [IrLg]
{L=L = 23}, which has been characterised crystallographically [62]. Each
ligand acts as a bidentate, binding through one cyclometallated aryl ring, and
also acting as a carbene (24). The cyclometallated complex [IrL;] reacts
reversibly with acid

o _—

[IrL3] + HCl —_— [IrLZ{HL]]Cl

The moncprotonated complex was also characterised crystallographically
{25); it seems likely that the complex is protonated upeon the aryl ring,
although this proton was not located in the crystallographic study. It was
noted that one of the aryl Ir-C contacts was considerably longer than the other

two. The reactions of complex [LIrMeg(dmso)] {HL = CgHieg) have been discussed
in Section 5.2 {6].
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{24)

The reaction of bis{trichloromethyl)mercory({II) with [IrHClz(PPh3J3] in
toluene leads to the dichlorocarbong complex [It‘(CC.].z]Cl3[l-’Ph312] {63]. This
product was characterised crystallographically (26), and shown to be an
octahedral iridium(III) complex. A number of reactions of this Compiex were
described (Scheme 7); these are af particular interest as they show the
versatility of reactions exhibited by a coordinated carbene [631].

The salt [Iert(IO)Q{PPI33)2][Bl’h4] is remarkably stable; it shows no
reaction upon treatment with BCly at -907 C or with AlBry at room temperature
165]. There was no spectroscopic evidence for attack of these Lewis acids upon
the coordinated carbonvl, With an excess of aluminium bromide, gross
decomposition of the complox cation ocCurred.

The complex [{LIrCls;ls] (ML = CgliMec) reacts with triphenylphosphine
foellowed by lithium triethylborohydride to give [Llr{PPh_-3}112] [68). This
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(25)

(26)
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x
trans-[ IrLyCl5(=CCLy) ] & trans-[Irl,Cly(Y}]
X Y
Ho® Cx
MQNHE CTMMe
en =C{NHCH ZCHZNH}
MEENH =CCINI“1€2
HSC2H4SH = SCHZCHES }
Scheme 7

complex undergoes a clean photolytic reaction with benzene to form
{LIr(PPhy)H(Ph}] and the Cyclometallated compound (27). The same sequenCe of
reactions og¢curred with krimethylphosphine, with the exception that the
cyclometallated complex was not formed. A number of interesting reactions of

[LIr{PMe3,'1H2J (1L = CgHMeg) were described (Scheme 8).

ir

N

PPh,

(271
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[IxH(CcMeg) (PMe;)Ph]
PhH
cychH
[HyIr(CoMes) (PMeq) ) = [IrH{CzMeg }{BMeq)cych]
%4
[TrH(CgMer ) (PMes)CH, Bu]
Br 4CH
[IrBr{CqMes ) (BMe4) i, Bu)
Scheme 8

Other iridium{ITI} complexes with carbon ligands will be found in sections
dealing with the oxidative addition of various species to iridium{I) complexes.

The reaction of H3[Ir{5n(0H}3} 5Cl} with tin{IT) chloride in hydrofluoric
acid, followed by treatment with potassium ions, led to the isolation of the
salt Ky[Ir(SnF3lgl (601,

The treatment of Vaska's complex with tin{II) c¢hloride results in the
formation of a mixture of the iscmers of [IrCl[CD){SnClZ](PPh3)2]; treatment
with hydrogen chloride leads to the formation of the iridium({III) compound
[IrHCL(SnC1l4MCO){PPh4)5]. Detailed NMR studies of this complex have been
reported., Reaction of Vaska's complex with tin(II) chloride followed by the
addition of molecular hydrogen leads to the formation of cis-
[IrHZ(CO)(SnClB}{PPh3)2 J. Similar reactions were shown with derivatives of
vaska's complex containing substituted phosphine ligands [611.
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Many examples of nis class of complexes will be found in the previous
sections. The reactions of {IrHX,{PPhylq] (X = Cl or Br} with the potentially
terdentate licands 28 (B = X = P; b = ¥ = A3; F = Asg, ¥ = P; &b = P, X = As]
have been doscribed [66].  The isclated products included [.TrHC]zLJ {L = 28, E
=X=P; E=45, ¥=P; E=P, X=45; E= X = As], ITrHBrZL} (L =28, E=x%X-=
P; F =25 X=1DI E=PF, X = Aa3) and Ierr3I.l (i, = 28, ¥ = E = As), The
terdentate nature of the ligarnd was confirmed by "4 NMR and 2P NMR
spectroscopic studies of the Complexes; it was suggested that the preferved

conformers of the complexes wore the neridional isomers.

O,
PhE EPh,

(28)

Beck has reported a study of the trans influence of various ligands in a
serics of neutral and cationic iridium(lII) trans—[I:r_HL(CD}C_'!(PPh_3)2]”* (n = 0,
L = FBFy, 0S0,C Fg, 0S0,CFy, NCSe, Cl, ar SeCN; n = 1, L = OC4Hg, OC3Hg, OHy,
NCCH 4, CNCych, or PPhy) [67]. It was shown that the 'H NMR chemical shiff of
the hydride ligand depended upon the nature of the trans ligand; if the trans
ligand was an oxygen donor, & = -21.4 + 0.6 p.p.m., whercas if it was a
nitrogen donog, & = -16.5 2 0.5 popam..  Surprisingly, the chemical shift of
the hydride was indepondent of tie charge on the complex. Direct correlations
wiere established between the hivdride chemical shift, the Tr-H stretching
frequency, and the electronegativity of the trans donor atom. No correlation
existad betweeon the hydride chemical shitt or the lr-ll stretohing frequency,

ard the -0 stretching frogquency of the coordinated carbonyl.
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5.5 IRIDIUM{II}
5.6 IRIDIUM(I)

P Complexes with halides

A review dealing with the thermochemistry of oxidative addition reactions
has appeared. This is of particular relevance to the oxidative addition
reactions of the well-known Vaska's type Compounds, trans-[IrX(CO}L,] and
trans-[IrXL'LZ], and numerous data concerning these complexes have been
tabulated [70]. The reactions of weakly coordinating acids (tetvaflucorchoric,
perfluorobutanesulpheonic and trifluoromethylsulphonic) with Vaska's compound
have been investigated [71]., The products are the octahedral species
[IrHCL(CO}(PPh3),X} (X = FBFj, 0S0,C4Fg or 0SO,CF3), in which the anion is
weakly Coordinated, and readily displaced by weak nuclecphiles to produce
[IrHCl{CO]{PPhB)zL]+ {L = PPhy, MeCN, H,0, Me,Q0, thf or HyC=CH,}. The
presence of the weakly coordinated anion was confirmed by an X-ray structural
analysis of the complex [IrHCI{CO}(PPh4)H(FBF3)] (29). Similar complexes were
obtained from the reaction of [IrHCl{CO](PPh3)2] with [Me30][BF4] to give
(Ir(Me)}CL(CD) (PPh3) 5 (FBF3} 1.

(29)
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Other reactions of Vaska's compound and related derivatives will ke found

in other sections of this roview.
Futin 2 Compleses with Group OF donor Tigands

0207 Comipioncs with ayxygon donor igand=

The Vaska's type complex, [[x{(U)CL{PPhEL),] is readily prepered by
the reaction of TrCiy 3,0 with diphenyviethylphosphine in dmf (7210 Tho
compourd reacts readily with dioxygen i1n benzene solution to give
[Ir{OZ}[OO)CI{PthEt)Zl. An ¥-ray structural analvsis of this complex has been
reported (30); a pseudo-octahedral geometry 1s adopted, with a side-on oxygen

ligard {72].

{30

5.0.0.2  Comploxes with sulphur and selenivm donor Digands

The first examples of transition metal thiosulphinate anad
thiosulphenate esters have beer described. The reaction of {Irtdppe)(Sy}]*
with meta-chloroperbenzoic acid results :n the formation of the disulphur
monoxide comolex cation [Ir!dpp(})z-{szo,\]"; the latter complex contains a
bidentate chelating S; donor disulphur monoxide ligand [73]. Treatment of this

with methyl fluorosulphonate results in O-alkylation, yielding
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[Ir{dppe}z(szOMe)]2+, which has been structurally characterised {31). This
iridium(III) complex possesses a bidentate MeOS,” ligand. Reaction with tert-
butyl isectcyanide gives the neutral complex {Ir{dppe},(SOMe}{(NMe)] and methyl
thictyanate,

(31)

A number of luminescent dicyanodithiolate complexes of iridium({I) have
been described [74]. The reaction of [Ir(CO},Br,]” with Le- {HoL =
HS(NC}C=C((N)SH} results in the formation of [Ir{GO)};L]7. This anion undergoes
a number of useful reactions {(Scheme 9). The complexes are strongly
luminescent in the solid state at room temperature and in frozen glassy

solution,
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(Te(QOHRIL]Z™

|

|

[Tr{C‘O}zL]_
p(ophy PPl
[ Tr(P{OPh)3) L]~ { Ir{CO) (PPhy)L]~
Scheme 9

The reactions of the mercapto bridged diiridium complexes [(COJLIr{].-
StBu,\ZIr(CO}L] {L = 0 or PR3} have bLeen investigated [75], The reaction with
iodine gives [(CO)LIIr(m—StBu)zlrIL{OO)] (L = CO, P{OMC}3, PMezph ar PMe-_;).
Similar reactions with other halogens have resulied in the isolation of the
conplexes [[CO}LX2Ir(u—StBu)Ir‘XzL(CO}j (L =C0, X=Br; L = P((}Me)3, X =1, Br
or Cl; L = PMe,y, X = I). &n X-ray structural analvsas of the complex

{ {CO)(PPhMe,)ITr{ L -StBU)IrI{PPhMe,}(CO)] has been reported (32).

{32)

These mercapto-bridged complexes are of interest as they react with

eloctron-deficient alkynes to form tris bridged complexes of the typoe
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[{CO)(PR3)lr(u—StBu)Z[u-RC=CR)Ir(CO][PR3}] {33); both ¢is and trans
arrargements of the phosphine and carbonyl ligands are observed [76]. These
varicus isomers are in equilibrium via a Berry psewdo rotation process. The

protonation reactions of these Complexes have been studied.

t-Bu
t Bu

1
P
x\lr/sklr/x
co”” \__/ ~co
CF,

CF,

(33)

In no case, was protonation of the coordinated organic ligand noted.

Typical preducts included the trifluorcacetate complexes (34-36).

(34} (35)
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Related trimetallic Complexes arce known., The electrochemical behaviour of
the complexes {37) (R = CFy or CO5Me) and (38) (R = CF3) has heen investigated
[771. The complexes undergo irreversible one-glectron oxidaticons and
reductions, The corresponding electrochemical behaviour of the bimetallic

complexes has also been studicd.

¢t-Bu t-Bu
Rv__ | R R\H\_/R

S B S BN

(co)ir r(€0):  (feope —— ir{co),

\ St¢-B S¢-8
tBuS____  — “ tBuS______ |, — Ru
CO co R
(37} (38)

ctaselenium reacts readily with [Ir(dmpe)21C1 to form the deep purple
complexas {Tr{Sez){dmpe}ZJCI and [Ir(Se4)(dmpe)2]Cl (78], The latter complex
was converted to {Ir{Se2){dmpe}2}Cl upon reaction with triphenvlphosphine.
SCF-X,-sW calculations were carried oot on [Ir{Sey}{PMe3);]* as a model for the
tetraselenium complex., The crystal structurs of [Ir{Se,){dmpe},]Cl was
reported {39); the IrSe, ring forms a half-chair configuration analogous to
that of the ¢yclopentane ring. ‘The diselenium compound contains a side-on
bonded diselenium moiety. The Calculations upon the tetraselenium complex
indicated thai the Tr-Sey bonding occurs mainly by overlap of the metal 54 and
6p orbitals with the ligand 4p orbitals,

The complexes [Ir(dppe}Z{E2R)]2+ {E = 5 or Se, R = H or Me} have heen
investigatoed by Rauckfuss (79]. The complexes were prepared by the protonation
or methylation of IIr(FJEJ(d[;}:)e12]+ (E = 5 or 5S¢}, Tu NMR spectroscopy
indicated the presence of the diastereomers of the methylated complexes.
[Ir{52Me){dppe}2]2+ reacts with dimethyilphenylphosphine to give lIr(Lippe}2]2+,
MezPhP:S and MezPhPSMe+. Similar reactions orourred with triphenyliphosphine.
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{39)

Other reactions with MeNC and CN™, were reported, the preducts heing cis-
[Ir{SMe)(MeNC)(dppe]2]2+ and MeNCS or cis—[Ir{SMe}(Sm)(dppe)zl* respectively.
Oxidative addition of MeSH or MeSCl to [Ir{dppe)2]+ gave the complexes
IIr{SMe]Hldppe)2]+ or [Ir{SMe]Cl{dppe]2]+ respectively.

5.6.3 Complexes with Group V donor ligands

566341 Complexes with nitrogen donor ligands
The complex [{cod)Ir(u—L}ZIr(cod)] (HL = 3,5-
bis{trifluoromethyllpyrazele does not react with electrophiles such as iodine,
Me0,CCCCOyMe or iodomethane, but reacts with hexaflucrobut-2-yne to yield
[{cod)Tr(p-L){(u-F4CC=QF5){cod}]; the latter complex has been characterised by
a single crystal X-ray analysis (40) [80]. One of the cyclooctadiene ligands
adopts the expected nz,n2 mode, whereas the other is in the nE\n‘? mode:.
The carbonyl analogues of these materials, [(CO)EIr(Ll—L)zIr[CD)z] {HL =
3,5-dimethylpyrazole} react with tertiary phosphines, arsines or phosphites to

give the complexes trans—[[(D)IrL'(U—L}ZIrL'(COJ] {L = 3,5-dimethylpyrazole,
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:X“\. ( -

F
(401

L'= PhiMe,P, Ph,MeP, (PhO}3P or Phﬁezﬁs}. These Ccomplexes react with iodine or
with 1,2-diiiodoethane to vield [{COVIL'Tr{i-L),TrL'I{CO}}. A Crystal
structural analysis of the complex {(CO)IL'Ir(L—I;JzIrL'l{CO)] (L' - {th)]3P}

has been described; the linear I-LIr-lr-T arrangenent is of note {41y (811

{41)

The reaction of ({Ir{coe),Cl),] with {thPCHzS_i.Mez}QNLi in toluens results
in the formation of fIr{coe)L! {(HI. = HN(SiMa,Cl,PPhs),y, coe = cyclooctene), in
which the ligand acts a terdentate NP, P donor in the savare-planar complex,
Further reaction with other monodentate ligands results in the formation of

| IrLL*} (L = }[N{SiMeZCHzr’th}z [82]. A related reaction of [EIricod)C1)2]
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with LiN{CH,Ph)(SiMe,CH,PPh;) leads to the formation of [Ir{cod}L] (HL =
HN{CH,Ph) (SiMe,CHyPPhy ) .

The chemistry of the mixed hard-seoft donor ligand 2-
(bis{diphenylphosphinomethyl))pyridine (L) {42} has been investigated (B3],
The reaction of [{Ir{cod}Cl),] with L in the presence of silver(I}
tetrafluorcborate leads to the formation of the complex [Ir(cod)(L)]iBF,;1; the
latter compound reacting with carbon meonoxide to form the cation [Ir,(CO),(u-
W)L, 1%+, which has been characterised crystallographically (43). This complex
readily loses the bridging carbonyl group to form [Irz(C0)2L2]2+ {44), which
reacts with icdide to form [IrZ[C!Z)Jszl]+ {45) possessing a dangling pyridyl
ligand.

(42}

{43)
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N
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P P
{(44) {45)
S.6.02 Complexes with phusphorus and arscenic donor ligands

A rnumber of analoguos of Vaska's compound have been descCribed in the
recent literature. The reaction of iridium(III) chleoride trihvdrate with tri-
tert-butylvhosphine in dmf leads to the formation of t.rans«[Ir(CD}Cl(tBu2PH}2]
and iscbutene in near quantitative yield [B4). The related complex
{Ir(COXC1{PhMe,P)5] is readily prepared by a transligation reaction of vaska's
compound with phenyldimethylohosphine [85].

The reaction of [Ir(CO)CI(PEt4},] with phosphorus trichloride results in
the formation of {Ir{COICLH{PEC 3} (PCl 5 ) |, which may be oxidised by chlorine
gas to give TIr(COJCL,(PEL4)5(PCl )] [87]. These complexes were investigated
by 3p nmp spectroscopy. The unusual five-coordinate phosphorus Complex reaCts
with triethylphosphine to reform the starting complex,

A solution of diphonylchlorophosphine in methanol reacts with
{{Ir(cad)Cll,]) to give a complex with a six-membered hydrogen bonded IrP4O5 1
ring (46) [88]. The reactions of this novel complex have been investigated
{Scheme 10); the cyclooctadiene is readily displaced by other bidentate ligands
such as dppe, thi\sCHzC'H2AsPh2 or PhSCH,CH,S5Ph.  After react ion with boron
trifluoride etherate or with fluoroboric acid, a novel boracycle was obtained,
Treatment of 46 with [EtZNsz [Pt.{SZCNEtZJ(PhZPSH leads to the interesting
binuclear pelycyclic complex 47 [88]. Similar reactions were observed with
[Tr{MeV) (D) {PPh3), 1C1O, .

The sguare-planar complex cation [Ir{cod)L]t (L = PhyPCHLCH,0PPh, ) (48)
reacts with hydrogen in & sterecospecific reaction to produce only isomer 49
(89]. The starting material is prepared by the reaction of [(Irtcod)Cl)5] with
L in the presence of silver(T} tetraflucrohorate; comments upon the

stereospecificifty ©of the reaction were made.
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[IrCi{cod) ], + PhoPCl + MeOH

{i) L, (dppe, dpae or PhSCyH,SPh)

(i1) [Et,NH, 1 [PtL{Ph,PS),], HL = Et NCS,H
(1ii) HEF

(iv) BF3.Et,0

Scheme 10
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{48) {49)

[Ix(CO)C1iPPhy}y] reacts with lithium diphenylphosphide to farm {{Ir(u-

PPhZ}{CO}[PPh3}2}2]; an analogous reaction ocours with [{Ir{ccﬁ]Cl)2] to give
{lr(u—PI’hz){COd)]Z}, the latter being demonstrated not to react with carbon

monoxide or diphenylphosphinopropane [20],

The addition of dihydrogon to iridium(I) complexes is ol obvious relevance
to the homogeneous hydrogenation of alkenes and alkynes using iridium
catalysts., llarrod has reported some intcresting observations upon the
stereochemistry of hydrogen addition [91]. The reaction of lIr(C()}H3{PPh3)2]
with styrene results in the formation of [TrH[ﬂ—H2C=CHPh}[(I])(PPh3)2l: Close to
0° C the complex was shown to be in equilibrium with a sguarc-planar species
[ITH(CO}(PPh4)},) and free styrene, Detailed NMR studics of the products
resulting trom the addition of dihydrogen and dideuterium to the complex
provided support for the author's contention that a square-planar intermediate
iz important in the reaction, Eisenbera has studied the addition of dihydrogen
to the vaska's compound analoques, [ir(CO)%(dppe)], to yield [Irh;(QU)Xidppe) |
[92). Two isomeric products {50 and 51) were obtained from the reaction; 981 is

the initial kinetic product which rearranges to the thermedynamic product 50.

H H
x/| P OC/|\P
co X

(50) {51}
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A detailed study of the oxidative addition of Ph¥ (¥ = CHO or COCH) and
the substituted phosphine 52 (X = CHO or QOOH) to trans—[Ir[CD)Cl(E:Ph3]2] {(E =
P or As) has been reported {931. The petentially chelating ligands give
stable acyl hydrides (53).

o
2
X
PPh, PhP___ |_ co
r
™~
- PPh,
c!
{(52) (53}

The addition of dihydrogen to [IrL,l* (L = ArPhPCH,CH,PPhAr; Ar = 2-
methoxyphenyl) has been investigated; both cis and trans dihydrides are formed
194].

The novel complex [IrP{0)(OMe),{P{OMe)ql,] is formed either by the
reaction of [IrL(H2C=CH2)2] ({HL = indene) or by the reaction of
[IrCl{P[OMe)3]5] with sodium in ether, or with acetone. The complex is
fluxional at room temperature, and slowly adds dihydrogen to form cis-
[IrH2PtO)(OMe)2{P(OMe13}3] [95]. Reactions with iodomethane or HX to give
[Ir{P{OMe)3) ]I or [IrHP(O}(OMe),{P(OMe)4},1X respectively. The reaction with
[MeZSnC12] in thf with the complex results in the formaticon of the unusual
five-coordinate tin O-metallated derivative
[Ir{P{OMe}3}4HP{OMe}ZOSnCl2Me2][SnC13Me2] {54) which was characterised
crystallographically,

The complexes [IrL{CO)Cl] (L = 8-diphenylphosphinoquincline or 8-
aminoquinoline) are readily prepared by the reaction of L with [Ir{C0),Cl,]1"
[59].
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(54)
3604 Complexes with CGroup [V Pigands
Tt Complexes with carbon donor 1igands

Reliable synthetic routes to some iridium carbon dioxide complexes have
been published, The reaction of [{Ir{coe),Cl),]) {coe = cycleoctene} with dmpe
in toluene results in the formation of [Ir{dmpe),|CL (75%), which ¢leanly adds
carbon dioxide to give [Ir{dmpe};{CO,}|C1 [3%6]. The complex
[Ir{PMe3}3C1{C(:€)}0C(=O}O}] is prepared by the reaction of carbon dioxide with
either [Ir{PMes},ICl or [IrCl{coe)(PMe;);] ¢coe = cyclooctenc) [97]

A large number of organometallic analogucs of Vaska's compeound
[Ir{COJR{PR3),] (R = various) have been reported; particular interest has
centred upon thoge complexes in which Lhe alkyl greoup is further
functionalised. Simple alkyl derivatives, [Ir(C(}}R{PPhB}z} (1 = Cliy, PhCH;,
Me3SiCH, or Me,CUCH,) are prepared by the reaction of [Ir{CO)L(PPh,}5] with the
appropriate alkyl lithium; mixtures of the cis and trans isomers of these
complexes are formed [98].

Elaectrochemical reduction of [IrClI(CHECN)CO{PPhB)zl in acetonitrile
results in the formation of the cyanomethyl analogue of Vaska's compound,

[Ix{CO}{CH,CN}PPhq),] [99]. The product was shown to possess the trans
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configuration by a range of spectroscopic technigques. Reaction with carbon
monoxide led, not to insertion into the Ir-C bond, but to the formation of the
five-coordinated ccomplex [Ir{CO),(PPh3}o(CHN) ], in which the two phosphine
ligands occupy the axial sites. The compouns undergoes all the reactions
expected from an analogue of Vaska's complex, Oxidative additicns of dioxygen,
acids in acetonitrile, iodomethane or dihydrogen occurred to yield
[Ir(O5)(CO)(CH5CN)(PPh3) 51, [Ir{MeCN}H(COHCH2CN}{PPh3)2]+,
[IrIMe[CO}(CH2CN)(PPh3]2] or [IrH2[CO}{CH2CN]{PPh3)2] respectively, Two
isomers of the dihydrido complex were isclated, which were shown to
interconvert thermally.

Dihydrogen reaCts with [Ir{PMe3]4]Cl to form the octahedral iridium{III)
complex [IrHZ(PMe3)4]C1, which is deprotonated to the neutral complex
[IxH(PMe3)4] by potassium tert-butoxide [100]. Treatment of this complex with
BrCH,0Me leads to the formation of [IrH(CH20Me)(PMe3)4]Br, which is
deprotonated (again by potassium tert-butoxide) to yield {Ir{CH,0Me)(PMej)4l,
The reactivity of this Compound with alkenes has bgen investigated.
Displacement of one phosphine by ethylene is facile, to give
[Ir(H2C=CHE)[PMe3}3]. This ethylene complex reacts with electrophiles to give
isomers of [Ir{PMes);H(n3-CyH )1t (Scheme 11),

OMe CH, 17
LL Y LL7—/
L

Scheme 11
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The related compleax [Ir{PMeB]4H{CH2()SiMe3}]I is prepared by analogous
routes [101].  Treatment with ammonium hydrogen fluoride resulted in the
formation of the hydroxymethyl Complex cation IIr{PMe3)4H(CHEOH]j+ {55), which
is also prepared by tho reaction of [Ir{PMe3}4}+ with formaldehyde, followed by
borohydride reduction. an X-ray crystal structural analysis of the

hydrosyethyl conplex was reported.

{55)

A number of methane activatjon reactions catalysed by iridium complexes
have been described, Methane reacts with [IrL(C0O},] (HL = CE]HMeSJ in
dodecafluorocyclohexance under photoChemical activation to give Z20-25% of
| IrL{C0)HMe ], which reacts with tetrachloromethans to give [Irl{CO)CIMe] [102].
A comparable reaction with [Ir{cp)(CQ),] leads to the formation of
[Ir{col{CO}HMe], which is hrominated with N-bromosuccinimido to form
[Ir{cp){COIBrMe] [102].

Cyclopropanes normally react with iridium(I) complexes to give
iridium(ITT} alkyl hydrides, however, bis{tert-butylphosphinomethylcyclopropane
(HL, 56) reacts with [({Ir{coe},Cl),] {cee = cyClooctene) to form two
diasterecisomers of the complex [TeUCL{HL)L] (57) [103]. 7This complex reacts
with carbonyl sulphide or <arbon disulphide leading to reductive eliminalion of
the cyclopropane; carbon monoxide adds Lo form the six-coordinate complex
[IHCLHL)I(CO)Y], Reaction with dihydrogen gives the five coordinate complex
[Ir{HL]szzCl], in which the phosphine ligands ocoupy the axial sites.

Tetracyanooxirane (58) reacts with Vaska's complex to form two iscmers of
the iridacyclobutane (59) (X =Cl, ¥ =C0; X =C0; ¥ = CL) {104], In contrast,
the reaction of [(Ir(coe),Cl},;] with an excess of phonyloxirane in tho prosence

of tripnenylphosphine merely led to the formation of Vagka's compound.



p(¢t-8u),

{56}

CN
CN

CN CN

{58)

Y
P \ |{ —_— P(f‘BU) 2
(¢-Bu),
(57}
PMe,
‘ o CN
Y-~hhl _~ ~CN
¥
x",,/ ] CN

(59)
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Altyllithium reacts with [{Tr{ccd)Cl};! in the pressnce of P{OMe)y to form

(&)

int the formation of [Lll‘{P{Oi\iC]3]3(CO<i)] {L =1 -C3135] [(105]. On heating in
hexane with an excess of trimethylphosphite, aﬁ interconversion Lo an Hj—ally]
complex oocurs [I.r{n]—-C3f15){cod}{P{Ol\'le)3}2]. In tolusne, loss of the cod
occurs, and the complex [[anC3H5)lr{P{OMe)3}3i iz tormed, which reacts with
dihydrogen Lo gilve |HIriP(OMely!,|, None of thes coumplexes were of any
application as hydrogenation catalysts. A crystal structural analysiz of [(nj-

Calig)Tr(cod} [ PIOMely} 3] (60) was reported.

(60)

The reaction of pentadiene with [{IxCl{coe),);] in the presence of FPhy (E
= As, Sb or P} to give trans—[IrCl{CSHa}L2] (1. = EPhj) has been described
{11061, Two isomers of this complex were isolated, and the unsaturated species
[IrCl{coe),(thf)] was proposed as an inlormediate. A similar reaction occurred
with cyclobutene to give a complex in which the cyclobutore ring was retained
intact.

The reaction of [IEL2Cl] {(L = 2,3-dimethylbutadiens) with silver{I])
tetrafluorohorate results in the formation of [L,Iri[BF;) ; this unsaturated

spoCies reacts with dmso to form [Ir[dmso}L2J+ [107].
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5.7 CLUSTER CQOMPOUNDS
a7 Trinuclear clusters

The reaction of (PhyP)3CH with [TrClL{CO}{AcNH,)] (Ar = 4-methylphenyl) in
the presence of carbon monoxide and zinC gives [Ir3(CO}6Ph{u3—PPh}{u—dppm)] in
an interesting example of an aryl group transfer reaction, The new trinuClear
cluster was characterised crystallographically {61} [108]. The tetranucClear
cluster, [Ir {CO)g{{PhyP}5CH} | is also formed as a side-product in this

reaction.

(61)

De7 ol Toetranuclear clusters

The crystal structural analysis of the tetranuclear cluster [Ir (C3) gLl
{L = +-diop, 62) (63} has been reported [109].

The mononuclear anion [Ir{Q0},]~ results from the reaction of [Irg{Q0)y,]
with KOH in dmso or dmf, potassium tert-butoxide, KOH/ 18-crown-6, or
sodium/benzophenone [110]. Mann has investigated the fluxional processes by
which the isomers of [Irp{C0}4(PEt3}] interconvert. At -%0° C, a 1:7 mixture
of isomers may be observed in the e nmr spectrum; the major species is about
0.8 kJ mol™ | more stable at -90° [111]. The major component was shown to
possess an axial phosphine ligand, and the minor to possess an equatorial
phosphine; a Cotton 'merry-go-round' mechanism was proosed for their
interconversion. Kinetic studies of the addition of an excess of L te the
clusters [Ir4{€D}1OL2] {1, = PPh3, B{OPh) 4 PBuy or AsPhB) {11271. Pseudo-first
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(62} (63}

(61)
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order kinetics were observed, consistent with dissociation of carbon monoxide

as the rate determining step.
5.7.3 Pentanuclear and higher clusters

The reaction of triphenyl phosphite with [Irg(C0);g] results in the
formation of [IrG{CO}-|2{P{OPh)3}4] {(64) which has heen characterised
crystallographically [113]

57 ud Mixed metal systems

The reaction of [Ir(CO}ZCHTolNHE)] with [MoL{CO}3]' (HL = C5H5PAr2)
results in the formation of the metal-metal bridged hinuclear complexes {65, X
= C0). Substitution reactions with PMe, or PPhy led to (85) (X = PMey or
PFh,). Hydrogenation of any of these complexes leads to the iridium(III)
compounds (66) (114].

Ar Ar
< o

| | | | <o
(co) mo Ir—CO (cojmo Ir—H
,L |

(65) (66}

The anion Cis-{W{Q0)4(PPhy){PPh,H)]™ reacts with Vaska's compound to give
[{C0)4W(PPh,)Ir{CO)(PPh3)H] in 80% yield. This product was characterised by
WMR techniques, and by a single Ccrystal X-ray structure, and was shown to
possess structure (67) [115). A number of reactions of this novel complex were
reported; the formation of the carbene Complexes is of particular interest,

The cluster [053H2{CO}10] reacts with [Ir{Nz{PPh3]2Cl] in benzene to give
[HzIrDs3Cl[u-CD)(CO}g(PPh3]] which was shown crystallographically to possess
the structure (68) [116].
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(67)

(68)

A crystal structural analysis of the product of the reaction of
[Au{NO3J{PPh3}] with [Ir3H6{dppei3]+ has shown it to possess structure (69)
[1171. The product has a gold atom bridging the triiridium triangle, threc
terminal bydrides, three hydrides bridging Ir-Ir edges, three Chelating dppe
ligands and a nitrate ion coordinated to the gold, The reaction of the sanme
gold(Il} monomclear unit with [Ir2H5(PPh3}4]+ 1od to the formation of the voery

unusual complex [(ONOs}Ir(PPh,),(AuPPh3);], which was also characterised
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crystallographically (70) [117].

5.8 IRIDABORANES

A review of the reactions of rhodium and iridium complexes with the

arachno-ByHg™ anion has appeared [118]. A rearrangement of the arachno nine

(70}



i66

vertex CBg cluster anion {CBglly3)” to a Ccloso ten-vertex CBglr cluster upon
treatment with [erI{PPh3)3]; the product, [IrC?BBH8(P13h3)2HPPh3], was shown by
an X-ray structural analysis to possess the bicapped Archimedean sqguare

antiprismatic structure (71) [119},

(7}

The novel complex [(MeO:O)(PPhB1HIrCBBH7(PPh3)} {72} Ls obtained {(in less
than 1% yield} from the reaction of trans—[Ir(CD)Cl(PPhB)Z] with C.lOSO—B10H—|02_
in methanol (1201, The coerdinated acetate anion is assumed to be derived by
the attack of methanol upon the Coordinated carbonyl ligand. The structure is
seen to be a bhicapped Archimedean square antiprism,
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(72)

The crystal structural analyses of two other iridaboranes (73) and (74)
have been reported [121].
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(73

{(74)
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