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INTRODUCTION

This review surveys the coordination chemistry of iridinm poblished during 1991; work that
was published st the end of 1990 and was not included io the previous review [1] in this series is
also reported here. The article follows a formar similar 1o thar used in the corresponding 1990
review {1] but, this year, a separate section featuring dimetallic complexes has been inecluded.
Complexes are arranged in sections according to the oxidation state of the iridium centre. Section
6.6 covers selected cluster species. My thanks go to the Cambridge Crystaflographic Data Centre
for providing atomic coordinates for selected structures redrawn for this review; hydrogen atoms
have generally been omitted from these structural fignmres.

The organometallic chemistry of iridium has not, in general, been incorporated into this
review unless the complexes feamre something which will be of interest 1o the coordination chemist.
Howeves, two especially exciting molecules cannot go without a mention. These are the fullerene
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complexes (N2-Cop)Ir(COYCL(PPh3)2 [2] and (2-C7p)r(CONCH(PPha)s, (1), {3} both of which
have been characterised by X-ray crystallography. In each case, one C-C edge of the fullerene cage
interacts with the metal centre in a manner resembling that of an alkene.

N

Monocyclopentadienyl halide complexes of the d- and f-block metals have been the subject
of a review (697 references); complexes of iridium are included [4].

6.1 IRIDIUM{V) AND IRIDIUM{IV}

A normal coordinate analysis for members of the series of complexes [WX,Ye pl?,
including geometrical isomers for i = 2-4, has been carried cut for X 2 Y =F, Clor Br, n = 0-6, and
z = 1-3; for the iridinm{V) and iridium(IV) complexes, z = 1 and 2, respectively. As a consequence
of the differing rrans-influences { X < Y, and F < Cl < Br), it is noted that in asymmetical axes X-M-
Y, the M-Y bond is strengthened at the expense of the M-X bond [5]. Reactions of the iridium{IV)
salt Naz[IrClg) or the iridium{IIF) salt Na3[IrCig) with NaNO3 yield products which have been
studied by !N NMR spectroscopy. Species observed were In{NO2)3(Ha0)3, trans-
FIr(NG2)Cla 13-, (INO2)613- and [I{NO2)sCHH20)]12—; isolated salts (after cation exchange)
were RbaNa[Ir(NO2)3Cla] and Rba(Ir{NO32)3Cl3] [6). The syntheses and structural
characterisation of a series of hexahalogeno and trichlorostannato complexes of iridium(IV) have
been reported; even in the presence of reducing tin{ll} halides, iridium(3I) is readily oxidised to
iridiem(IV). The sailts [H3Ol{IrBrg], [NHal2[IrBrg] and Csa[lcClg) were isolated and their
struchures determined; distances in cach of these complexes are lr-Br = 2.515 (1) A, Ir-Br = 2.549
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(3 A, and Ir-Cl = 2.332 (2) A, respectively [7]. A method has been developed for the selective
determination of iridium(IV) ions in 90% dmso solution by using a spectrophotometric titration
method [8).

Reactions of the iridium(V) compiex [tHs{PiPr3)z with alkynes have been described;
iridium(UI} complexes are produced and these are described more fully in Section 6.2.5 [9].

‘The oxides BaglrpAlO)g [10] and BagIryOyg [11] have both been prepated by flux methods
and have been structurally characterised. The lattice of BagIrpAlO)g exhibits faéc-connacﬁng Os-
or II/AIOg-octahedra; there is a statistical distribution of aluminium and iridiuin atoms in some of
the octahedra. Determination of the coulombic term of the lattice energy for the system indicates
that the oxidation state distribution is Ir(VYAKOD-Ir(IV)-Ir{ V}/AIIII). The crystal lattice of
Baylr30)g features face-sharing IrOg-octahedra which are connected vig their edges into "wave-like"
sheets.

A spectroscopic (electronic, infrared, and Raman) study of polycrystalline iridivm(TV)
sulfide and selenide has been carried out. Comnplete vibrational assignments have been made in
terms of the stretching and bending modes of the IrXz- and IXg-onits (X = 8 or Se) [12].

The O-donor ligand L, where HL is {2), has been used to stabilise the ifidium(V) state. The
reaction of LINCH4); with PhaSiH gives an iridium(ITl) complex (see Section 6.2.2). However,
when there are smaller steric demands, (for example in reactions with Er33iH or PhyMeSiH),
oxidative addition of two equivalents of the silane occurs to give the iridism(V) complexes
Lir(H)2(SiEn)y or LIr(H)(SiPhoMe}y. The lgand .- bonds 10 the iridium centre inan 0, 0,0
mode [13].

H
PPh, PPh,
4 |
O  pnp 0
i
o

2

The reaction of K3{Ir{iNO;)s] and sulfuric acid yields Kg[lry(ua-OXp-SO4)s(504)31- Inthe
anion, monodentate sulfate ligands can be replaced by water molecules 1o give
(Ir3(3-OXp-504)6(H20)312. In 30% HaSO4, [Ira(i3-0)(p-SC4)6(SO41318- hydrolyses 1o
(Tra(p3-0){-SO4)6(HSO4)2(Hz0)]4; this, as the tricesium potassium salt, has been structurally
characterised. Ksllr3(u3-0)(1t-504)6(S04)3] and Cs3K[Er3(3i3-0)(-SO4)6(HSO4)o(H20)) can
be reversibly reduced [14].
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62 IRIDIUM(IH)
62.1  Compiexes with halide and pseudo-halide ligands

The ions [IEX,Ye_n}3-, for X # Y =F, Cl or Br, n = 0-6, have been the subjects of a normal
coordinate analysis {see Section 6,1) [5]. The iridium(lIT) complexes K3[IrCis(SnCly)] and
[NHal3{IrCls(SnCl3)] have been prepared from [IrClg)3— and SnCl2.2H,0 in concentrated HCIL
The results of a crystallographic study of Ka{lrCls(SnCl3)] confirm the presence of the octahedral
iridinm centre; pertinent distances are Ir-Clygpe 1o 50 = 2438 (3) A, -l 1o 5n = 2.339 (3)-2.376
2) A, Ir-Sn = 2.496 (1) A [7]. The mechanism of the dehydrogenation of propan-2-ol, catalysed by
the complex ions trans-(IrCIHYSnCl2)13- and trans-[IrCla(8nCl3)q)3-, has been discussed; the
reaction kinetics support the pre-dissociation of one [SnCly}- ligand. It is proposed that there is a
comInon catalytic cycle for the two iridium{TIT) complexes [15]. The system is firther explored in a
telated paper [16].

The extraction of iridinm(IT) and rhodium{IT) ions with 4-(non-5-yi}-pyridine, L., has been
explored, The rate of extraction of rhodium(III} increases with increasing concentrations of both
chloride ion and 1., Under conditions for optimum rhodium(TTI) extraction, iridium(II) is similarly
extracted; these conditions are [CH] = 3.7 M, [L] = 0.3 M, [H*] = 0.8 M. Spectroscopic data
suggest that the extracted species are [MClg]®-.3{HLI* (M =t or Rh} {171

6.2.2  Compilexes with oxygen donor ligands

The syntheses of the iridiem(IIl) complexes t(COWYOH)SO4}PR3)2 (R = Phor
4-McCgHy) have been reported; the proposed structures of these complexes are shown in (3).
Complexes (3) react with carbon monoxide to give CO1 and [Ir{CO)3(PR3)2J*{HSO04]-[18].

PR,

Q
OCu,,,, l‘._,.n\‘o"m..,_ /

3

Evidence has been put forward for there being significant x-donation from an alkoxide
ligand to an iridium(II) centre. The crystal structures of I(H{OCH;CF3)(P(e-CeH1)3}2 and
IF(H)2(OCHCE3 YOO {Pic-CgHy1)3) 2 have been determined. In the former, the IrP20-core is
planar (+ 0.01 A), the distance Ir-O is 2.630 (10} A, and the angle Z1r-0-C is 138.0 (11)". These
data support the presence of O—Ir n-donation. The reactivity of the complex is consistent with such
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unsaturated character. Structural parameters for Ir(H)(OCHCF)(COM Pic-CgHi1)3 )2 contrast
with those of F(H){OCHCF3){ Pc-CgH11)3}2; in the former, Ir-0 = 2.169 () A and ZIr-O-C =
118.4 (7)* [19]. Treatment of Cp*Ir(PPh3)Cl; with NaOE! in ethanol yiclds Cp*In(PPh3}(OEN(H).
Further reaction with alcohols, ROH, gives Cp*INPPh3){OR)(H), (R = OCD3CDj3, 7Pr, iPr or Ph),
and with amines, R'NHp, leads to Cp*Ir(PPha)(NR'H)(H), (R = Ph or CHyPh). The molecular
structure of Cp*i(PPh3)(OPr)(H) has been established; the iridium(II) centre is tetrahedrally
coordinated with Ir-Q = 2.076 (2) A and Ir-P =2.236 (1) A. H and 13C NMR spectroscopic data
are reported for the new complexes, and mechanistic studies are described in detail [20).

The stabilising influence of the ligand L-, where HL = (2), with respect to high oxidation
states, was described in Section §.1. The reaction of LE{CoHs) with Ph3SiH leads 10 complex (4),
which is an unusual example of an alkene silyl hydride [13].

Ph,
P.
"N
15 3
@)

A model for a metal oxide surface is observed in the complex (Cp*Ir)aVelhe; its thodium
analogue has also been reporied and structurally characterised. (Cp*Ir)s V09 is produced in >
90% yield by the reaction of sodium metavanadate with [Cp*irCla)a. In acidic solutions (pH < 4),
(Cp*Rh)4VgO19 releases [Cp*Rh(H20)312+ into solution and when (Cp*irlyVgO1o is added to the
solution, species of formula (Cp*In),{Cp*Rh)4.x V019 (8 < n < 4) are formed. The crystal
stucture of (Cp*IN(Cp*Rh)3VsOio has been determined by X-ray diffraction. The structure of
free [V0191% has not been elucidated and thus the present work provides indirect information
about this vanadate. The structure of (Cp*E}{Cp*Rh)3V 019 (with which {Cp*Rh)}s Vg0 is
isostructural) is described as possessing 8 "quadruple-cubane framework”. The group 9 metals are
tetrahedraily disposed with respect to one another; each is bonded o three oxygen atoms of the
central VgOhg-core [21].

The reaction of FCI(PEt3)3 with potassium oxapentadienide leads to the widium{TI)
complex (5). The octahedral environment of the iridinm centre has been confirmed by the results of
an X-ray diffraction study; the three phosphine ligands are in a fac-amangement. Pertinent distances
are -0 = 2,172 (9) A and Ir-P = 2.318 (3), 2.368 (3) and 2.330 (3) A. Oxidative addition of the
C-H bond does not occur when the phosphine is PMes; instead the product is the inidium(i)
complex (6) which rearranges to give derivative (7) [22],
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\ /IP(PEis)@(H) \ /Ir(PEt3}3

(5} (6)

(M

The reaction of the metallacycle 1,1,1-tris(rriethylphosphine)-3,5-dimethyl- 1-iridabenzene
with dioxygen (i.e. ground state triplet Oz) yields the novel Oz-bridged iridium(II) complex (8).
Crystailographic characterisation of (8) has confirmed a boat-configuration; pertinent bond
distances are ir-O = 2.111 (6) A and O-O = 1.466 (7) A [23). An independently researched, but
related compiex cation, has also been reported; the tetraphenylborate salt of (1.i,1-
wris{diphenylphosphinomethylethane-P P, P"}-(9-dioxygen-9,10-phenanthrene-catecholato-0.0°.0™-
iridium(1+), (9), has been structurally characterised [241.

8
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62.3  Complexes with sulfur and selenium donor ligands

Sulfido and selemido ligands have been incorporated into several new irtdium(II)
complexes. Reactions of Cp*Ir(PMe3)Clsz with [NHg]2[S,] (x = 10), [NEtg}2[Seg], or HaS have
been investigated; the "half-sandwich” compounds Cp*Ir(PMe3)(S4) (red), Cp*Ir{PMe3){S¢), (10),
(yellow), Cp*In(PMe3)}Sea), (red), and Cp*Ir(PMea)(Sey), (11), (black), have been isclated and
characterised. Complexes (10) and (11} have also been structurally elucidated. The irSg-ring in
(10) has a chair-conformation. The IrSes-ting in (11) is puckered at one of the selenium stoms; the
remaining foor atoms lie in a plane. In compouad (10), distances are Ir-8 = 2,358 (2} and 2. 345 (3)
A, whilst in (11), Ir-Se = 2.468 (2) and 2.472 (D) A, Triphenylphosphine can be used to selectively
degrade the coordinated sulfur chelate as illustrated in its reaction with (10) which leads to
Cp*Er(PMe3)(Ss) [25].

(10)
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The solvent dmso is non-innocent in the reaction of [Cp*IrCh; with thyminate, L. The
product is the chiral complex Cp*ICI)(L)S-dmso), (12}, the molecular structure of which has
been determined (@r-§ = 2.302 (3) A); see also Section 6.2.4 [26].

12)
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Thiolate ligands feature in a number of new compiexes. The reaction of [Cp*IrClJ; with
Pb(SR)2, (R = CgF4H), leads to the complex Cp*E(SR)2, (13), which has been the subject of a
crystallographic investigation. A related reaction with perfluorophenyl thiolates has also been
studied. NMR spectroscopic data are consistens with the persistence in solution of the solid state
stucture of (13). Significant differences are observed berween the iridiuna(TIT) and analogous
thodium(IIE chemistries [27].

Lo

R Ir
N R =CeFH

! S =2.323 (4) and 2274 (H A
R

13)

The reaction of Irp{p-pz){p-S'Bu)(COY2{P(OMe)3}; with methyl iodide gives
Irp{p -pz)(-StBa}(MeXI){CO)2 [ P(OMe)3 )2 but with CHzla, the iridium(IlT) complex
Ir2(L-pzX{p-SBu)(p-CH(DCO)2{ P(OMe)a )2, (14), is produced., An analogous resuli is
obtained when Irp(ut-dmpz)(-StBu)(Me)(D(CO){ {OMe)3} is treated with CHzla (dmpzH = 3,5-
dimethylpyrazole). An X-ray difffaction study of {14) confinms the presence of & bridged diiridium
framework; the Ir--Ir separation is 3.2990 (6) A, and other important distances are Ir-S = 2.431 (2)
and 2.425 (2) A and §r-N = 2,069 (6) and 2.080 (6) A [28).

(14)
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Dibenzothiophene, (15), L, binds to inidium(BI) in both of the modes indicated in the
structure. Of interest here is the formation of Cp*rClaL, (16), as a product in the reaction of
[Cp*ECly]y with L. Orange crystals of Cp*IrCl:L have been analysed crystallographically. The Ir-
S distanice of 2.375 (2} A is unexceptional; the sulfur atom is pyramidal (£Tr-S-X = 128.0" where X
is the midpoint of the C-C bond opposite the sulfur aiom in the thiophene ring) [291.

Mode (I): nﬁ-benzene
Mode(Il): S-donation

{1s)

@=Me

{16}

624  Complexes with nitrogen donor ligands

The chiral complex Cp*Ir(CI{L)S-dmso), where HL = thymine, (17), was mentioned in
Section 6.2.3 in respect of the involvement of dmso as a ligand, Aa X-ray diffracton stady of
Cp*Ir(CO(L)XS-dmso), (12}, confirms that the thyminate ligand is ¥-bound {Ir-N = 2.120(5) A)
{261,
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Members of a series of tezminal imido complexes, Cp*ENR, (R = ‘Bu, SiMeyiBu, 2,6-
PPryCgH3, or 2,6-MeaCghy) have been prepared from [(Cp*irCla}s and LiNHR in thf. The dimer
[Cp*IrCla]z reacts with amines R'NH2 (R' = 'Bu or 2,6-iPrpCgHa) to give the complexes
Cp*Ir{R'NH2)Clz which are converted to the imido complexes Cp*I'NR' gpon treatiment with
KN(5iMeo)2. The reactivity of the imido complexes has been studied; included are the reactions of
Cp*IrN'Bu with BBuNC, CQ, COz (Scheme 1) and MeO,CC=CCO2Me. The molecular structures
of Cp*IrN'Bu, Cp*ENSiMestBu, Cp*IrN(2,6-PryCeH3), or Cp*EN(2,6-MeyCgHs), as well as
the product shown in Scheme 1, have been determined by X-ray diffraction. Parameters that describe
the coordination of the imido groups to the iridium(TII) centre are listed in Table 1 [30).

lBlu
—r==NBe ——2 . ~— />:0
\0

Scheme !

Table 1  Selected structural data for Cp*IrNR, R = By, SiMestBu, 2,6-1PryCeHs or 2,6-MeaCgHa,
R tBu SiMeztBy 2,6-PPrsCgHy 2,6-MeaCgHa
Distance irN/ A 1.712(N 1.750 (3) 1.749(7) 1.729(7)

Angle I-N-C(or §i) / deg 177.2(5) 170.8 (2) 174.0 (6) 174.9(7)
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Interest in 2,2'-bipyridine and 2-phenylpyridine complexes of iridium{IIf) continues,
particularly with respect to electron transfer and luminescence properties. A new method for the
high-yield synthesis of fac-tris(metallated) iridium(IIT} complexes involving [ppy]~ (Hppy = 2-
phenylpyridine) and derivative ligands has been reported. The complex fac-E(ppy)s is prepared
from Ir{acac); and Hppy in glycerol under reflux conditions followed by treatment with HC), the
complexes fac-Ir(R-ppy)z, where R = 4-Me, 4-Pr, 4-1Bu, 4-F, 4-C), 4-MeQ or 5-MeQ, have been
similarly synthesised. Reasons for the success of the method have been discussed and a mechanism
which emphasises the zrans-effect of the I-C bonds has been proposed. Emission spectroscopic
and cyclic voltarnmetric data for fac-I(R-ppy)3 are given in Table 2 [31).

Table 2 Emission spectroscopic and cyclic voltammetric data for fac-Er(R-ppy)s.
R Emission Aemission / nM Ein(+1/0) / v2
lifetime
{room temp.) / us
H 1.90 494 +#3.77
4-Me 194 493 +0.70
4-Pr 193 496 +0.67
4-1By 1.97 497 +).66
4-F 2.4 498 +0.97
4-CQ1 2.16 494 +1.08
4-Me( 2.24 481 +3.75
5-MeO 2.86 539 +0.55

38 ;a(+1/0) is for the process [I(R-ppy)l* / B(R-ppy)3; measured vs. SCE

Shifts in the absorption and emission maxima in the electronic spectra of several
metallated complexes of iridium(III) in a range of solvents have been measured. Some complexes
involved in the study are [Ir(bzq)a(bpy)ICl, [Ir(bzqla(phen)}Ci, [Ir{ppy)z(phen)]Cl and
Hr{ppy)2(bpy)ICl, (Hbzq = benzoih]quinoline, (18)). The solvent-induced spectral shifts are
interpreted in terms of the theories of McRae and Marcus [32]. In an accompanying paper, the
emission spectra of [Ir{bzq)a(bpy)}* and [Ixbzg)sa(phen)jt have been resolved into their compenent
emissions by using time-resolved emission spectroscopy. For each spectrum, the lower and higher
energy components are assigned to MLCT excited states associated with the bpy or phen ligand, and
the metaliated ligand, respectively [33]. Photoinduced electron transfer by a diffusible electron
carrier from an immobilised photosensitiser {the accepior) to an immobilised donor has also been
illustrated. The tapped excited complex ion [Ir(bpy)3l*** accepts an clectron from a donot such as
1 4-dimethoxybenzene, D; a charge-separated pair is produced, i.e. {In{ll} = A~, D), and this is the
trapped photosensitiser, Detailed studies have been made in fluid solution and in sol-gel matrices in
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the presence and absence of temary components ([Ru(bpy»312+). The data suggest the possibility of
very long lifetime photoinduced electron transfer systems [34). The Iuminescence spectral
properties of ¢is-[Ir{bpy)2Cl2]Cl have been reinvestigated with particular reference to the red
tuminescence at 680 nm. It is now suggested that the simple three state systemn initially proposed
(MLCT, d-d, and ground) needs to be modified. Specifically, a new thermally accessibe state lying

above the first MLCT is involed [35).
N

(18)

With respect to the water-gas shift reaction, it is of importance to probe systems which might
cxhibit catalytic properties at low temperatures. With this in mind, the complexes [Cp*ird Cl]Cl,
where L = (19), have been prepared, as have [Cp*rL/(X))Y (L'=LwithR=HX=Y=CL X=Y
=CF3804, X =H, Y = BPhy; X = OH, Y = CF3503). These iridium(@IT) complexes have been
characterised by !H and 13C NMR spectroscopy, FAB mass spectrometry, and clemental analysis,
and have been tested for activity in the water-gas shift reaction (1 atm. CO and H20 at 25°C) {36].

— — COH
CO,'Pr

.7 \_/ Be

NO;
(19} NMe,

Me

\
— N'----.._ N
* = coordination site

(20)
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The synthesis of the metallated complex [I{ppy»2L1[PFg] (L = (20)) has been reported.
This iridium(I1l) complex has been characterised by NMR, UV-visible, and emission
spectroscopies; the lowest energy absorption in the UV-visible spectrum occurs at 380 nm (€ =
5400) and this feature is assigned to a2 do>n*{ppy-) MLCT. The electrochemistry of
[Ir{ppy)2Li[PFg] has been investigated; reversible reduction occurs in acetonitrile solution at—1.57
V (vs. SCE) and an irreversible oxidation process is observed at +1.20 V {vs. SCE). The crystal
struckure of the complex has been detenmined; the cation [Ex{ppyi2L]* is shown in structure (21).
The iridium centre is, as expected, octahedrally sited and important distances within the coordination
sphere are Ir-Ni. = 2.175 (11) and 2,135 (10) A and Ir-Nppy = 2.046 (11} and 2,051 (9 Az

n

Complex formation between Schiff's bases, L, and iridiarmn(IIT) ions has been investigated
and complexes of the type [EFLCL2)CI, {(22)])[CH, in whick ligand cyclisation has occurred, have
been isolated. The products have been characterised by elemental analysis, electrical conductivity and
magnetic susceptibility measurements, and infrared and H NMR spectroscopics [38].
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AKX
|

N R”

R=CH,; R'=R"=M¢; R=CH,, R'=Ph R"=Me; R =nothing, R'=R"=MeorPh

(22)

The formation and characterisation of the iridiem{iIl) complexes
Irg(p-pz){e-SBu)(i-CH2 }D2(COY2 { P(OMe)3 ]2, (14), and Irp{p-dmpz){p-S:Bu){p-
CHR)(D2(CO2{P(OMe)s }2 (dinpzH = 3,5-dimethylpyrazole) were described in Section 6.2.3 {271,
Pyrazole-based ligands are exhibited in the complexes trans,cis-Ir{PPh3)2(H)z(CO)L where HL =
3,5-Mexz-pyrazole, 3,5-Mea-4-NOs-pyrazole or 3,5-(CF3)y-pyrazole. The '93ir Mossbauer spectra
of these complexes have been recorded and the results discussed along with the spectral data for the
iridium(l} complexes trans-I(PPhy)p{COML and trans-Ir{PPh3}2{COMp-L'-NN)AuX (HL' = 3,5-
Mea-pyrazole; X = Ci or Br). The results indicate to what extent the beterocyclic ligands affect the
electron density associated with the iridium centres [39]. A bridging mode for the pyrazolate ligand
is also observed in the heterometallic complexes Cp*Ir{pzisM(PPh3), (M = Cu, Ag, Au). These
species are prepared by reacting Cp*Ir(Hpz){pz)s with [M(PPh3}Cl}, M =CaorAg, n=4, M=
Au, n = 1} and potassivm hydroxide. The complex Cp*Ir{pz)3Ag(PPhy), (23), has been
crystallographically characterised; two of the three pyrazolate ligands bridge between the two metal
centres but in solution, (23) and its copper and gold analogues are fluxional with the M{PPhz) unit
exchanging rapidly between all three [pz]- ligands. The reaction of Ag[BF4] and PPh3 with
complex (23} leads to {Cp*Ir{pz)s{ Ag(PPh3}]2][BF4l [40]. In related work, a wide range of
complexes including Cp*(Chir(pz)2Rh({cod), Cp*{(Cl)in{pz)zIr(cod) and Cp*(CDE{pzRh(CO)
has also been reported; se¢ also Section 6.4.3 [41].
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625  Complexes with phosphorus donor ligands

The iridium(V) compiex EHs(PIPry); reacts with diphenylacetylene to yield the iridium(IIn
complex Ir{CoPh)3(PiPra)y. In contrast, with the alkynes HC=CH and MeC=CMe, the products are
I{CoR 1 CR=CH}{PiPr3)2 (R = H or Me). The chemistry of these and related systems has been
investigated [9]. The clectrochemical and chemical oxidation of fac-IrH1(PPhMez)3 produces
[EH2{PPhMe2)3(S}]* where 8 = solvent, (MeCN or (CH3}»CO); a product noted when the solvent
is dichloromethane is (rfHs(PPhMez)s]*. There is evideace for the presence of the transient radical
{ITH3(PPhMes)3]** and the characteristics of this species have been probed via the introduction of
various radical scavengers. Reaction schemes are proposed and discussed in detail [42]. The
iridium(¥I) complexes trans-IrClI{=C=CH3)}PR3)2 (PR3 = PMe'Buz or PPha} and
I H)CKC=CPh){(PMctBuz)z have been prepared; Scheme 2 summarises some of the reactions
shuctied [43].

PMetBuz; H—z

{IlCHCsHyoh )2 Ir(H),CI(PMc'Buy),

PMe,'Bu; CzH,

H,

trans-ECU=C=CH,)(PMe'Buy},

Jac-HCI(H),(PMe,Bu);

A 60°C mer-CIHYC=CPh){(PMe, Bu);
mer-ECIH),(PMe,'Bur),

Scheme 2
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‘The preparation of the complex Cp*Ir{PPh3)(Me)Cl and its reactions with MeCOnAg,
PhiNHLE, PhCHoMgCl, PhONa and EtONa have been reported; related reactions are also described.
Kinetic data have been presenied for the substitution of PPhoMe for PPhy in the iridium(IiT)
complex Cp*ir(PPha)(Me){NHPh) and a mechanism for the process has been proposed. The rate
of reaction does not depend on the concentration of PPhpMe and it is proposed that there is a
slipped-Cp* intermediate which is stabilised by the donation of a lone pair of electrons from the
nitrogen atom to iridium centre [44]. The syntheses of the cationic iridium{IIl) complexes
[(rClL(PMe3)3l* where L = PMes, PMesPh or PMcPhy have been detailed and one salt, frans-
[IrCila{PMeaPh}(PMe3)3){Cl04], has been crystallographically characterised. The cation
[l (PMepPhy(PMea)s]t, (24), is chiral. The low temperature 3P{1H} NMR spectrum {~75'C
in acetone-dg) is consistent with the same chiral conformer observed in the solid state, but a minor
component, atributed to an achiral isomer, is also present. Above +45°C, the isomers intercotvert in
solution [45].

B I+
cl
MesPo,,,,k, l ‘\‘\,\\\PM% Ir-C1 = 2.375 (4), 2.366 () A
th,,,,__/‘P (KPMQ Ir-P(PMey) = 22:;; ((:; 2.375 @,
B Me Me a I-P(PMe,Ph) = 2.381 () A
(24)

Reactions between IrH3(CO)dppe) and silanes including Ph3SiH, Et38iH, Me3SiH,
MesCISiH, Me2SiHz, PhaSiH2 and PhSiHj lead to iridium(IIl} complexes of the type
IrH2(SiRR'2{CO)dppe) and IFH(SIRR'2)2(CO)dppe). Complexes have been characterised
spectroscopically and, in addition, the molecular sructures of IrTH(SiMezCl)2(CO)(dppe) and
IrH(SiMe;HYSiMexCIYCO)(dppe) have been determined. In both of these complexes, the silane
groups are mutually cis and cach silane is frans to a phosphine donor {46]. Eridium{IH) complexes
of formuiac Cp*IrCl2(PHRR), [Cp*IrCI(PHR2)2]TBF4] and [Cp*in(acac)(HPR)](BF4] (R = Ph
or H; R’ = H) have been synthesised from [Cp*IrClz}2 or Cp*IrCl(acac) and PHRR' or PHRz
(471

The macrocyclic ligand, L, (25), reacts with IF{CORCI(4-MeCgH4NH2) to give a square
planar iridium(k) complex, LIf{CO)CL, in which the two phosphorus donor atoms of L. are mutally
trans. This complex reacts with thallium(I) nitrate and the thallium jon is incorporated into the
macrocycle to vield [TILI{(COYCI]* (sec Section 6.4.4 and structure {39)); oxidative addition of
either chlorine or iodine, (X2), to this cation produces the iridium(Ill) complex
[X(CIMCOML)TIX}*. Ligand L, thus, acts as a bis(phosphine} donor towards the iridium(IN)
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centre, but at the same time encapsulates the thallinm fon bringing it to within bonding distance of
the iridivm atom [48).

< )

{25)
626 Complexes with mixed donor-atom ligands
A series of metal complexes involving C-allyiglycine and C-vinylglycine Hgands has been

prepared. Arnongst these is the cationic complex (26) which has been crystallographically
characterised [49].

{26)

The nitrate salt of the linear S-bridged complex cation [Co(IID{IrLi}2}3+ (HL =
HSCH,(H;NH3) reacts with zine powder in water followed by zinc(II) bromide to give the cationic
cage-like complexes [Zng Co(ID)(0){IrL3}1416*. As the nitrate salt, the complex has been
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isolated as dark green crystals, and analysis shows that the ratio
Ir : Zn : Co = 4 : 2.8 : 1.2. The results of 2 crystallographic study of
[Zn4. Lol L0) 1) 4)Bre.9.5H20 confirm the presence, in the cation, of an O-centred {M'40}-
core {M' = Zn/Co) surrounded by four {IrL3}-units. Each iridium(II} centre is octahedrally
coordinated by three N S-chelates in a fac-configuration. Each S-donor also bridges between indium
and zinc/cobalt atoms, thereby supporting the cage-structure. The spontaneous resolution of the
complex cation has been discussed [53).

The therinal and photolytic tansformations of members of a group of irtdinm(II)
phosphide complexes have been studied. For example, IfMe)PR2IL., (27), (R = Ph or Me; HL. =
HN{SiMezCH2PPha}) rearranges thermally te give the cyclometallated products,
fac-Ir(R2-CH3PRo)(H)L. The complexes (27) for R = Ph, and fae-ir(n2-CH>PPho)E)L, (28),
have been structurally characterised. Furnher heating of fac-i(02-CHPRo)(H)L yields the
iridivm(I) complexes k{PMeR2)L; these complexes can be obtained directly upon the photolysis of
(27) [51]. The conjugate base of the ligand HL has also been incorporated into the complex fac-
Ir{n4-C(CH3)3 L. This compound is synthesised from the reaction of Ir=CHy(L) with alleae and
has been structurally characterised; important distances are Ir-P = 2,296 (1) and 2.295 (1) A and Ir-
N =2.198 (4) A. The iridium centre is considered to be in an pseudo-octahedral environment with
the organic ligand and the NP P’-donor set being mutually staggered [52].

Me,Si PPh,

(28}
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In a study of the roles of the ligands 2-(RzN}CgH4PPhz (R = H or Me) in iridium
hydrogenation catalysis, the complex fac-IrL3, (29), (HL = 2-(HaN)YCgH4PPh2) has been isolated
and stracturally characterised, The iridium(¥il) centre is octahedrally sited and inmportant distances
are Ir-P = 2,35 (1), 2.32 (2) and 2.32 (1) A and Ir-N = 2.10 (6), 2.09 (4) and 2.10 (5) A [53].

(29)

63 IRIDIUM(IT)

The oxidative addition of iodine to Ira(p-p2){i-S'Bu){it-dppm)}{C0)2 leads to the dinuclear
iridium(IE) complex Tra(p-pz){(U-SiBu}{p-dppm)(COx(1)2. An analogeus compilex incorporating a
bridging 3.5-dimethylpyrazolatc (dmpz-) ligand has also been prepared. Reaction of cither
iridium(I]) complex with silver nitrate results in the exchange of nitrate for iodide ligand. Related
reactions have also been reported. The new complexes have been characterised by elemental
analysis, and by infrared and 31 NMR spectroscopics [54). In related studies carried out by by the
same researchers, the iridigm(il) complexes Ira(p-pz)(it-S'Bu) (POMe)3 ) 2(CO3(IMCH3} and
Ira{u-dmpz)(-SBul{ PIOMe) J 2{CORIHCHI) have been prepared (see also Section 6.2.3) {28)

6.4 IRIDIUM(T)
6.4.1  Complexes with oxygen donor ligands
When trans-I{PPha)2(COXOS0CFs) is treated with water in benzene, ligand displacement

occurs and the cationic iridinm(l) complex rrans-{E(PPh3)2(COMH2O)}?* results. This, and the
rhodium analogue, have been characterised by infrared, and 1H, 31P and 19F (for the [CF3803)-
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counter-ion) NMR spectroscopies. The square planar coordination sphere has been confirmed by
X-ray diffraction for the rhodium complex trans-fRh({PPh3 ) (COYH20)F [55).

‘The polyoxoanion-supported iridium(T) complex ["BugN]sNaz{(1,5-cod)lr-P7WsNbOs2]
catalyses the oxygeaation of cyclohexene by dioxygen. This iridium species has the highest activity
of three related complexes studied and exhibits & tumover frequency of 2.9 h—! in CHCl2 (T'=
38°C). The kinetics of the process heve been investigated and the mte law follows equation (i) where
X&- is the anion [(1,5-cod)irP2W sNb3Og18; the concentrution ranges for the components are
[X81=1.3x 16-3 10 4.0 x 10-3 M, [cyclohexene] = 0 to 2 M, and the partial pressure of s =
O'te 760 mm Hg. In the proposed structure of {(1,5-cod)irPoW1sNbsOg218-, the {Ir(cod))-unit is
supported on the surface of the polyoxoanion, and 170 NMR spectroscopic studies indicate that the
iridium(l) centre interacts with twe Nb-O-Nb bridging oxygen atoms and one Nb-O terminal
oxygen atom [56].

—d[eyclohexanc)

- = kpos [OX3 ) [eyclohexene] 'p(Gy) 0 Equ (i)

642  Complexes with sulfur donor ligands

The synthesis and full characterisation of [IrL{cod)]*, (30), where L = 147-
withiacyclononane, have been reported. The complex cation is isolated as the tetrafluorobosate salt in
the reaction of [{cod)IrCl}2 with L in dichloromethane solution in the presence of NaBFs. The
related cation [IrL{C7H4);1* has also been synthesised. An X-ray diffraction study of [{30)][BF1}
reveals that for the cation, the iridium(T) centee is 5-coordinate; distances involving the macrocyclic
thioether ligand are Ir-S = 2.319 (5), 2.343 (4) and 2419 (D A [57).

(30
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Iridium(l) complexes incorporating ligand (31) have been prepared and characterised by
infrared and 31P NMR spectroscopies {58). For HL = (32), the complex (cod)irL. has been
synthesised and structurally characterised. Ligand L- functions in a bidentate manner, and thus the
iridium(T} centre is in a square-planar environment (Ir-S = 2,382 (2) and 2.326 (3) A). Variable
temperature 31P{1H]} NMR spectroscopic studies illustrate that the complex {cod)irL. exhibits
fluxional behaviour down to —80°C [59]. The reaction of HL, (33), with {{cod)IrCl}2 leads to
[(cod)Ir{HL}}*, which has been isolated as the tetraphenylborete and perchiomte saits. These, and
their rhodium(T) analogues, are the first examples of complexes in which the methine proton of HL
is retained upon coordination to a metal ion. The methine proton of the coordinated ligand in
[(cod)ir(HL)* is very acidic, however, and deprotonation occurs readily to yield {(cod)iL. A
detailed analysis of the 3'P NMR spectroscopic data for this neutral complex has been presented.
The iridium(I) complex E{CO)L, (34), has also been prepared, and, here, full structural data are
available. The sulfer-donor Higand acts in a bidentaie manner and, thus, the iridium atom is in a
square planar coordination site, with Ir-S distances of 2,348 (8) and 2,370 (7) A and £8-Ir-S =
93.4 (3)". The 6-membered chelate ring in (34) is in a boat-conformation [60].

P
S/ \ s
Ph, Ph,
P. P, PR
1) R=Me(3D)
R=Ph (33}

(34)
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643  Complexes with nitrogen donor ligands

New iridium{) complexes of the type [lr{cod)L(PPh3)){Cl04] have been propared from
rCl(cod)(PPha) and L in the presence of AgClOs, for L = PRCN, PhCH=CHCN, CH=CHCN,
CHy=C(Me)YCN, MeCH=CHCN, and CH;=CHCH,CN. In each case the ligand L. is coondinated to
the iridium atom through the nitrogen donor atom. The reactivity of [E{cod)L{PPh3)]* has been
studied; reactions include the oxidative addition of Hy, and the displacernent of the nitrile ligand by
triphenylphosphine or carbon monoxide. The catalytic activity of the new catipnic complees with
respect 10 the isomerisation of unsaturated alcohols has been investigated [61].

Treatment of [L'21rCl}s, (L'2 = cod, nbd, or (COYg), with ligands, L, (35), gencrally gives
mixtures of products containing either an N JN'- or M,C-coordinated ligand. The N,C-coordination
mode arises when one methine proton has been ransferred to a nitrogen atom, ie. 2 tantomeric 1,3-
hydrogen shift. Solution equilibria (dependent upon the iridium : ligand rado) have been
‘investigated. Related rhodium(l) complexes have been simitarly prepared and the two modes of
coordination of L have been confirmed in the crysial structeres of [Rh{{4-
MeCgH4N=PPh2)2CH1}{cod)}}{PFg] and [Rh{d-MeCgH4N=PPhoCHPPh)-HNCsH4-4-
Me)(cod)}(PF¢) [62].

R R
\O\ 1‘:“2 g"z O/
N/ ~ \N

R = Me, OMe, NO,
(35)

Reactions of the complex trans-[Ir{({COYMeCN)(PPh3)2)[PFg] with 2-phenylpyridine
{epyH) or 8-methylquinoline {mgH) result in the displacement of acetonitrile by the heterocyclic N-
donor ligand. Cyclometallated complexes are also observed, albeit in fow yiclds. The new
iridium(I) complexes have been characterised by 31P, 'H and 13C NMR spectroscopies, and the
crystal structure of a sali of wrans-{I(COXmgH)(PPh3)2]* has been determined. The iridium(I)
cenire is in a sguare-planar enviromment and the plane of the mqH ligand is approximately
perpendicular to that containing the iridium and rwo phosphorus atoms. Pertinent bond parameters
are b-N =2.313 (9) A, I-P =2.335 (3) and 2.323 (2) A, and £P-Ir-P = 168.3 (1)" [63).

The benzimidazoles 2-R-bzH react with [(cod)ErCl}2 in acetone to give complexes of the
type JrCl(cod)(2-R-bzH) where R = H, Me, Et, Pr, MeaCH, Bu, or 2-quinoyl. If tricthylamine is
present in the reaction mixture, a trimeric species, { (codMr{y-2-R-Bz)}4 is formed (R = H, Me, Et,
Pr, or Bu). The chloride ligand in IrCl{(cod)(2-R-bzH) can be replaced by PPhs, and in the presence
of NaClQ4, complexes of formuls [Ir(PPhy){cod)(2-R-b2H)]IC104} are isolated. The rather
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uausual behaviour of the CHMe; substituent in [In{PPha}cod)2-MexTH-bzH)|*+ has been revealed
through H and 13C NMR spectroscopic solution studies; in one particular conformer, anomalous
shiclding of the methyl protons is observed (8 —0.28) [64].

A study has been made of the kinstics of photoinduced electron ransfer in some covalently
linked donor-acceptor complexes containing pyrazolate bridged iridium(T} dimers with pyridinium
groups bound to terminal phosphinite ligands [65]). A pyrazolate ligand also features in the
dinuclear complex Irp(u-pz){(-StBu){i-dppm}(CO)2. This complex is formed in the reaction of
Ira(u-pz)(-S'Bu){cod)s with CO and dppm; see also Section 6.3 [54). The reaction of #6-(Me-
CgHy-4-CHMe2)RuClu-pzylr{cod) with carbon monoxide (1 atm.) in thf or CH2Cly results in the
displacement of the cod ligand by rwo molecules of CO. The two isomeric complexes, (36) and
(37), have both been crystallographically characterised. In (36), the Ir-N distances are equivalent
{2.062 (4) A), whilst in (37), Ir-N = 2.069 (5) and 2.059 (5) A and Ir-Ru = 2.6962 (6} A. In
solution, 1H NMR spectral data are consistent with the establishment of an equilibrium between the
two isomers (K = 2.4 £ 0.1 in CDCl3). The results of a stady of the isomerism of {37) to (36}
illustrate that the process obeys a second order rate law with £ =3 X 103 mol-!dm3min—1; a
mechanisin has been proposed [66]. A series of complexes related to (36) and (37), and including
these species, has been reported. The replacement of two carbonyl ligands in an individual complex
by a bis(phosphine) ligand leads to a series of related derivatives. The molecalar structure of
[Cp*1r(p-p2)2{-COYr{CONL-L)I[BF4] where L-L = PhoPCH=CHPPh; has been determined
[41].

% O © C0
i % C L C"'. /
AN / N\ -
Ru Ir Ra; Ir Cl
Cl/ \ *r, y " / -,-" \ L ""’ ltv,"’ .
N f.rN N N N N

L =0 (Me-CgHy4-CHMe,)
36) 3N

The complexes trans-Ir{PPh3)2(CO)X where X is chloride or pyrazolate ligands derived
from 3,5-Mea-pzH, 3,5-Mez-4-NO2-pzH or 3,5-(CF3)2-pzH have been the subject of an 1931
Misshayer study. The investigation has been extended to include the heterometaltic complex trans-
{PPh3)2(CO)Irfp-3,5-Mea-pz} AuY (Y = Ct or Br) and the resulis indicate that the bridging
pyrazolate ligand wansmits clectronic effects between the two metal centres [39]. The reaction of
{{cod)I=Cl}; with TI[H,B{pz)s.»} gives a moute to the complexes Ir{cod){HaB(p2z)4n} (n =0o0r 2}
These can be converted to the species I{CO)2{ H,B{pz)4.n} on treatment with carbon monoxide.
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The related iridium(I) complexes [Tr(cod}{ N(CH2pz)3} ][BFa} and [IrLa{N(CH2pz)3}1[BF4] (L. =
cyclooctene) have similarly been prepared. The new complexes have been characterised by
clemental analysis, and by infrared and 'H NMR spectroscopics [67].

(38)

The macrocyclic ligand sapphyrin, Hal, has been described [68] as an “expanded
porphyrin”; the radius of the N-donor cavity is = 2.7 A. The reaction of HaL with IrCI(CO)2(py) in
the presence of riethylamine yields the complex Ir{CO)(FHaL). This complex readily protonates (a
transformation that oceurs during work-up of the neutral complex) and [ICO)(H3L)]Cl has been
isolated and spectroscopically and crysiallographically characterised. In the cation [INCORERL}Y,
(38), the irxidium(T) centre is bound to two aitrogen donors and lies 1o one side of the Ns-cavity (Ir-
N = 2.064 (5) and 2.091 (6) A). The square planar coordination sphere is completed by the two
carbonyl ligands. The structure of the sapphyrin ligand is perturbed and it shows significant
deviation from planarity [68].

644  Complexes with phosphorus danor ligands
A wide range of iridium(l) complexes incorporate phosphine ligands, but many such

molecules are primarily organometallic in nature and are therefore not generally included in this
section.
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The reaction of CgFg with Meir{PE13)3 at §0°C yields the square planar complex
Ir{PEt3)2(CeF5)(PEF), the generation of which involves C-F and P-C bond cleavage and P-F bond
formation. The evolution of methane and ethene accompanies the reaction. The product
Ir{(PEt3)2(CgF5){PEiF) has been characterised by 19F and 31P NMR spectroscopy and by single
erystal X-ray diffraction. The two PEt3 ligands are mutally frans with Ir-P = 2.305 (6} and 2.310
(6) A; for the PE4F ligand, Ir-P = 2,199 (6) A [69). Use of 2!P NMR spectroscopy has been made
to investigate intermolecular exchange between the square planar indiom(l) complexes trans-
I{COHLaX (L = P(4-MeCgHa)3 or PMePhy; X = (1 or Me). For example, 2 CDpCly solution
containing rrans-Ir(COY P(4-MeCgHa )y }2(Me) and frans-Ir(CO)PMePho)a(Me} was monitored
over the temperature range of -70°C to ambient. The spectral data indicate that the two starting
complexes are in equilibrium with trans-1r{CO) {P(4-MeCgHa)z }(PMePh2)}{Me). Mechanistic
proposals have been discussed [70].

The complex [Ir{cod){PhCNXPPha}][ClO4] catalyses the double bond migratior of
CH>=C(Et)CH;0H and CHyCHCH20H to give Et(Me)C=CHOH and MeHC=CHOH,
respectively. The two products slowly undergo ketonisation to yield Et(Me)CHCHO and EtCHO,
respectively. Detailed IH and 13C NMR spectral results have been reported {711.

An investigation of the reactions of IrL3L'Cl {L = L' = PEt3 or PMe3; L. = PPhs or PEt3 and
L' = CQ) with pentadienides has been carried out. The molecular stractures of the complexes (1,4,5-
7-pentadienyDIr{PEt3)s (1,4,5-n-2,4-dimethylpentadienyl}ir(PMes)s, (1,4,5-n-2,4-
dimethylpentadienyDIr(PPh3)2(C0O), and (syn-1-3-n-pentadieny)Ir{(PPh3)2(CO) have been
determined [72]. (2-Methoxyphenyl)ymethylphenylphosphine, L, displaces both pyridine ligands
from [Ir(cod)(py)2]*. The product, cis-[Ir{cod)L.2]* has been structurally characterised
(hexafluorophosphate sali); the iridium(I) centze is in a square planar environment and imporiant
struciural parameters are Ir-P = 2.320 (5) and 2.323 (5) A znd ZP-Ir-P = 92.3 ()" [73]. The
complexes {Ir(cod)(L-L))[BPhs] and [Br(L-L)2][BPhs] (L-L = (c-CeH11)2PCH2CHzP(c-CeHi1)2)
have been synthesised and characterised by elemental analysis, and infrared and 1H and 3P NMR
speciroscopies. The reactions of these iridium(l) complexes with carbon monoxide have been
studied [74].

The complex LIr{CO)Cl, where L is the macrocyclic ligand (25), was descibed in Section
6.2.5. LI{COYCI reacts with thallium{l) nitrate to give the iridiom(I) complex [T{LY{COYCIIY,
(39), which has been characterised as the nitrate salt by X-ray crystallography. The tridivm centre is
coordinated by the ewo trans-phosphorus donor atoms of ligand (25) and by a carbony! and 2
chioride ligand. The Ir-P distances are 2.327 (3) and 2.321 (3} A, but the P-Ir-P unit is ron-linear
{£LP-Ir-P = 169.5 (12)°). The thallium ton is coordinated within the macrocyclic cavity of ligand
(25) and is sited in an axial site with respect 1o the IrP2{CO)Cl-unit. The kr-T1 distance is 2.875 (1)
A and this distance is consistent with a bonding interaction [48]. The iridium(I) complex (40) can
function as a macrocyclic ligand and a range of reactions with main group ions has lead to a series
of new complexes. For example, (48), Ira{t-L)2(CO)Cla, reacts with Pbls, Nal and NH4[PFg] to
yiekd [Erp(ju-Lyz{PbIXCQ)z 5] [PFgl, the molecular structure of which has been determined. The
{Pbl}-unit bridges between the two iridem centzes. Similarly, Irs{u-L)z(CO}Cly, SbF3 and NaBFy
react together to generate the complex [Ira{p-L)2{SbF2¥CO)»CiaJ{BF,). Infrared, UV-vis,
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emission, and 3!P{1H} NMR spectroscopic details of these and related complexes have been
reported [75].

<40

64.5  Complexes with mixed donor-atom ligands

The prolonged thermolysis of IT{Me)(PR2) {N(SiMe2CH2PPha)?} (R = Ph or Me) leads to
the iridivm(l) complex (41} viz an iridiem(iIT) intermediate (see Section 6.2.6). Under coniditions
of photolysis, Ir{Me)}PR2){N{SiMeaCH2PPha) | is converted directy to (41) [51].
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The reaction of LiL, {where HL = (42}, with {{cod)irCl}; provides a route to the red
complex {{cod)Ir(i-L))2. Spectroscopic data for {(cod)in(i-L)}s have been detailed and it is
proposed that the two iridivm atoms are bridged by the two N, S-donor ligands such that each
iridivm(I) centre is in a square planar (cod)Ir(N.S")-environment. When {(cod)Ir{it-L)}2 is treated
with [{cod)Ir(MeaCO),]ICl04] in acetone, the miridium complex [{codialra(pa-LI[Cl04). The
proposed structure of [(cod)alr3(us-L)2]t features an open Irs-core in which pairs of iridivmn(l)
centres are bridged in an N,5-mode; the thiolate sulfur atom is inveolved in coordination. The
heteromerallic complexes (cod)alrz(pa-L)2Ag{O2CIGy), (codyalra(ps-L)2AgCl, (cod)2Ir{iia-
LyCuCl and {cod)Ira(p3-L)2AuC] have also been prepared and characterised by spectroscopic

methods [76]).
%SH
N

(42}

65 DIMETALLIC COMPLEXES INCLUDING A-FRAME COMPLEXES

Some di- and trinuclear complexes have already been covered in previous sections. In this
section, the emphasis is on metal-metal bonded compounds, including some A-frame complexes.

When {Cp*irCHu-H)}a reacts with triphenylphosphine in benzene, aqueous potassium
hydroxide and [PhRCHNE31Cl, two equivalents of HC] are eliminated and complex (43) is formed.
That the oxidetve addidon of C-P and C-H bonds to the iridium(IIl) centres has occurred has been
confirmed by a crystallographic study of (43) [77].
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— 1Cp* I-P=2263 (A
E EH / Ir-Ir = 2.8901 (4) A
B,

@3)

thIr

The complex Iral2(CONP-COMt-dppm); has been synthesised by treating InnCla(COXi-
CO)u-dppm), with potassium iodide. The molecular structure of Inl2(COMp-COYp-dppm); has
been determined; the ligand arrangement is quite unexpected. The two iridium centres are within
bonding distance {2.8159 (5) A) and the Ir-Ir bond is bridged by one carbonyl ligand. The second
carbonyl and one iodide ligand (ir-I = 2.8032 (8) A) are termally bonded to one of the iridium
centres, whilst the second iridium atorm carries a single terminal iodide ligand (Ir- = 2.6811 (7) A).
Reasons for the unusual geomewy have been discussed. In solution, spectroscopic data are
consistent with the complex undergoing a fluxional process. The abstraction of one iodide ion by
AgBF; from Imlx{(CO)u-COu-dppim)2 causes rupture of the Ir-Ir bond (Scheme 3) and ligand
rearrangement. The heterometallic complex IFRBI(COI(-COY-dppm), has also been prepared
and spectrosocpic data are consistent with a structure similar to that confirmed for the diiridiom
analogue. Reactions of the dimetallic complexes with dimethy] acetylenedicarboxylate and with
cthene have been studied [781.

. 1+
. /\ . P /\ P
| ..\“I | i AgBFq ]‘r«m\\“ lﬂ'm.,,‘ I
P P i ’
~ ~_
Scheme 3

The irtidium(T) complex IrCI(COYPPhMe2); reacts with CpFeClL, in which L = (44), to
yield CpFe(u-L.)2IrCla(PPhMes) for which TH and 3!P{1H} NMR spectroscopic data have been
detailed. The crystal structure of CpFe(u-Ly2irClo(PPhMes) has been elucidated; the Fe-Ir unit is
supported by two bridging phosphorus-donor ligands. The iridium centre is octahedrally sited; the
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PPhMez ligand lies irans to the Fe-Ir bond, the two chloride ligands are mutally cis, each lying trans
to a phosphorus atom of one bridging ligand [791.

Pth/\ PPh,
‘\\\H ‘“\\CO
e ! \‘ I qs;— co
FZP/ ™~ PF, / Ph
{44) (45)

The heterometallic complex ITRe(CO)s{n-dppm)z reacts with dioxygen to give
ERe(COY{u-COr)(u-dppm);. Infrared and NMR. spectroscopic data have beer recorded, although
monitoring of the reaction by 31P{1H} NMR spectroscopy did not reveal intermediate species. The

molecular sructure of 2 related complex, REMn(QO)3(p-CO33{(t-dppm)2, has been determined

[80]. When the iridium(l) complex FCHM2-dppm)2 reacis with [HOs(CO)qi-, the product is the
metal-metal bonded compound FrOs(H)HCOY{po-n3-(2-CeHa)PhPCH2PPh2 ) (dppm), (45). The
structure of (45) has been proposed from 'H NMR and infrared speciroscopic data; one pheny!
ring of one dppm ligand has been orthometalled, The dppm ligand reforms when complex (45)
reacts with electrophiles. After reaction with H*, the product is [IrOs(u-H)o(COYa(dppm)2]*, and
with AuPPh3*, the cationic complex [IrOs{u-H)(p-AuPPha)(CO)s(dppm)2]* is formed. Related
reactions have been reported [81].

The syntheses of a series of chalcogen-bridged complexes have been reporied. These
include Ir2(COY{-dppm)a{-S¥j-502) and M{COy(1-dppm)rCl{(1-S02) (M = Mo or W).
Related rhodium-containing species have also been prepared and the molecular stuctare of
Mo{CO)3(p-dppm}aRhCl{u-809) has been determined [82].

The reactivity of [If(COYCIAu(y-dppm)-i* with methyl isocyanide has been investigated.
The products depend upen the stoichiometry of the reaction, and either [IN(CNMe)zAu(p-
dppm)2]2* or [Ir{CNMe)sAu(i-dppm)2)2+ can been isolated. Both complexes have been
structurally characterised (as the hexafluorephosphate salts). ‘The addition of the third CNMe ligand
to the iridinm atom causes significant distortion of the {IrAuP4}-framework [83].

6.6 CLUSTERS

In this section, selected iridium clusters are described. The aim of the survey is to highlight
a few especially interesting exarnples.

The irdivm(l) compiex Ir{CO)CI(PPh3)2 reacts with CppCra{pl-SCMea)a(ps-8) to yield
CpaCra(u-SCMea)t3-ShIr{COXPPh3), (46). This cluster has been strucrurally characterised;
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ignoring the Ir-Cr interactions (3.229 (2) and 3.034 (1) A), the iridium environment is 8 square
planar one with distances Ir-S = 2.408 (2) and 2.385 (2) A {84].

Q

N
—_%f@ \CO

(46)

The syntheses of the clusters Ir3()-PPha)3(CO)al; (1= 3, L = CO or PPhs, L2 = dppm; 2
= §, L = 'BuNC). The molecular structures of Ir3(it-PPh7)3(CO)3(dppm), (47), and Ir3(u-
PPh3)3{CO)s{!BuNC)3, (48), have been determined; the former molecule contains a
crystaliographic mirror plane. In (48), the two "BuNC ligands lic above and below the plane of the
Irs-wiangle. A detailed discussion of the tesults of 31P NMR spectral studies have been presented
[85].

co
co
‘BuNC CN'BY
VAV
thp \ PPh,
chk\ / '
oc— “\\ /1"““- co
thp\/ o oo 8 o
@7 @8)

The preparations and crystal structures of [PPhg][Irg(CO)10(CH2C02Me)2] and
[PPhalfIra(C0)31{CH2CO2Me) have becn described. The two cluster anions are formed in a
stepwise manner in the reaction of [I(CO)al- with CH3BrCO;Me. Each cluster anion exhibits a
tetrahedral metal core and the imporiant feature of each is the observation of the terminally bound
CHoCO9Me substituent{s) [86]. A tetranuclear cluster is also formed in the reaction of
[HFe(COY]~ with Ie¢CO)3Br (3 : 1); the product is [HFe3tr(CO)19)2-. Piotonation leads to
[HoFealr{COY;121~. This study has been extended to include some higher nuclearity clusters. The
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dianion (Er(CO)4)%- reacts with [Felr4(CO)s)2~ in MeCN under reflux to yield [Felrs(CO)513.
This trianion protonates to the corresponding dianion, or, in the presence of an excess of HY, to
[HaFelrs{CO)ys)-. This anion is unstable at room temperature and transforms to [Felrs(COhgl—.
Structural and electrochemical studies have been reported [87].

The iridium(I) complex ICO)p{acac) is the precursor to zeolite encapsulated tetrairidium
clusters. Infrared spectral datp are consistent with the formation of Ira(COQ} within the zeolite
cage. This cluster can be decarbonylated (Ha, 300°C, 1 atm ) and recarbonylated (CO, 40°C, 1 atm.)
[88]. In related work, the formation of two isomers of rg{CO) 15 within Na zeolite-Y has been
observed. Under conditions of carbon monoxide {10° Pa), INCO)a(acac) is converted to an isomer
of Irg(COM 6 exhibiting B-CO ligands., On the other hand, with Hy and CO at pressures of 2 x 106
Pa, the presence of p3-carbonyl ligands in the product is evidenced. Both isomers of Irg{COhg
may be meversibly decarbonylated in the zeolite environment [89]1.

The reactions of [Irg(CO)15]2- with mercury(l} chioride or triphenyiphosphine gold(I)
chioride have been described. In each case, a heavy metal fragment (HgCH or AuPPha*) adds to the
dianion. The products have been characterised by infrared and NMR spectroscopic and X-ray
diffraction methods [90]. The znion [Irg{C0)1512- is synthesised from Ia(COM2 and [I(CO)a]-,
but if a slight excess of the tetranuclear cluster is present, the cofacial bioctahedral clusser anion
[Erg{CO)2013- may be isolated. Interestingly, this trianion has the same metal core geometry as
[Rho(CO);9)3-, despite the different electron count [91].
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