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Over the last decade, the number of published papers describing aspects of the chemisiry of

gold has increased greatly. The first four sections of this review deal specifically with coordination
compounds of Au(lV), Au(lll), Au(ll} and Au(l) respectively although a few organomeallic
compounds, selected because of their relevance to the coordination chemist, have also been

included. Section 5 reviews some of the cluster chemisiry of gold. This section is not

comprehensive but aims rather to highlight those areas that are novel or that exemplify new types of

bonding mode for the gold atom. The present survey covers the literature of 1990 and is based
upon a search of volumes 112, 113, and 114 {paris 1-10} of Chemical Absiracis. In addition,
major inorganic chemistry journals have been searched independently for the period January to
December 199%). I should like io thank the Cambridge Crysiallographic Data Base for allowing

access to coordinates for many of the siructural figures in this review.

0010-8545/92/$15.00 € 1992 Elsevier Science Publishers B.V, All rights reserved.
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2.1 GOLD{IV)

The radical species Au(CgHaS2)2, (1), has been synthesised by the electrochemical
oxidation of the corresponding anion. A stuciural study of the complex shows that the molecules
are regularly stacked along the crystallographic b-axis; average An-S = 2.300(1) A M

2.2 GOLD{HI)
2.2.1 Complexes with halide and pseudohalide ligands

The reversible solvolysis in methanol of the chloride ion irgns o the phenyl group in
[PRAuCla} has been reported. Stopped ftow spectrophotomeiry (T < (°C) was used to investigate
the kinetics of the reaction and of the displacement of MeOH from PhAuCla(MeOH) by various
nucleophiles. The sequence of reactivity was found to be NOa~ < Cl - <Br-<Ni-=i-<NC5-
< thicurea. {2] The hatide bridged complexes [{F3C)2Au{p—X)]2 have been prepared in low yield
from the reaction of gold vapour with CF3X (X = Br, i}, Mass spectral and !%F nmur.
speciroscopic data are reported and the structural characterisation of the 1odide complex shows a
planar framework with Au-I = 2.654 (1) and 2.658 (1} A. (3]

2.22  Complexes with nitrogen donor figands

Complexes of 1-methy! vracil and 1-methylthymine with platinum, paltadiem and gold have
been reviewed (23 references). {4] Complex (2) has been prepared by the reaciion of HAuCl4 in
cthanol with the appropriate uracil derivative; crystallographic characterisation shows square planar
gold(IIl) with Au-Nggey = 2.029(10) A and Ap-Nney = 1.992(9) A. The thermal behaviour of
{2) has been described. {5]

~CH
)\ i | a of tCOMel;
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The first acetonylgold(ITT} complexes have been formed via C-H bond acivation in acetone;
the method involves reaction of 2-phenylazophenylgold(ill} dichloride with Ti[acac] in acetone at
room termpesature. (6] In a later paper, the crystal structure of (3) is reported: Au-N = 2.158(3) A.
[71 The complex LAu{2-CgHaNO2¥l (HL = PhCHaNMes and L- is orthometallated and a
bideniate ligand) has been prepared from LAuCly and Hg(2-CgHaNO2)2 in the presence of
MesNCL Metathesis reactions of LAu{2-CgHaNO7)CI with AgOOCMe, KBr and KI have been
nvestigated. (8]

Reaction of HL, (4), with HAuCl4 or its sodium salt in MeCN at 30°C or 100°C yields
{HIL}AuCl3 for which spectroscopic data are consistent with HL behaving as 2 monodentate ligand
via N—Au coordination. However, when LHgCl reacts with the tewachloroavrate anion, yellow
[LA=CI[AuCls] is produced in which L is proposed o be cyclometaliated. [9] This behaviour is
especially surprising upon comparison with the reaction of [AuCls]- with 2-phenylpyridine when
cyclometallates may be obtained directly. [10]

(See also Section 2.5.1 for the pseudo-cluster complex [Aul.13Cly (HL' = 4-chloro-3,5-
diphenyipyrazole)}.

2.2.3  Complexes with oxygen donor ligands

An interesting fluorescent complex of 2,2'-biquineyl-N N -dioxide with Au(lII} has been
reported. Tt has been characterised by elemental analysis, conductance measurements, X-ray
powder diffraction and specroscopic methods and a 7-membered chelaze ring is proposed. [11]

A gold(III) diethy! ether complex may be prepared by the reaction of [BuaN][Au(CgFs)3Br]
and ApCiQq in ExpO. The ether ligand in (CgFs)»3Au(OELy) is readily displaced by such species as
THF, QCMey, SPPh3, OPPh3, QOAsPhs, NCMe, NCCH=CHz and 1,2-{NC)2CgH as well as by
some cationic Hgands. Many of the complexes so-formed have previously been unobtainable by
other routes and thus (CgFs)3Au(OEl:) appears o be a particularly useful reagent. [12]

In related papers, a gas phase electron diffraction study of MezAu{MeC(O)CHC(O)Me)}
[13] and the photockemical decomposition of MeyAun{PhC(OYCHC(OPh} |14] have been
reported. Results from the structural study confirm a square planar environment for the gold atom:
ZOAU0 = 90.9(6)° and £CAUC = 92.7(24)" with Au-O = 2.085(7) A and Au-C = 2.054(5) A
[13]

2.24  Complexes with sulphuwr donor ligands

The dinuclear complex (1,2-83CgHs pAuz(1-CHaP(Ph)2CH2)2 has been synthesised and
structurally characterised. The coordination geomeiry around each Au(Ill) centre is square planar
and the two bridging ylide groups are oriented so as to generaie an AupCaPy-ring which exhibits a
chair conformation; the Au——Au separation is 4.40 A. [15] In an accompanying paper, the
cleavage of R3-SR at Au(l) to generate either Au(l) or Au(lii) complexes is described. Oxidative
addition occurs in the case of the reaction of PhSSPh with Au(CO)Cl to give AupCla(-SPh)s, 2
structural determination of which shows that dimerisation to a teragold species occurs in the solid
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state. [ 16] The oxidative addition of disulphides is also observed in the reaction of RAuPPhsy (R =
Me, ferrocenyl, 4-F-CgHy4 or 4-Br-CgHa) with MezNC(8)8-SC(S)NMez to give
RAu{SC(§)NMe}2 in addition to the ligand exchange product RpAu{SC(SINMen}. The success
of the reaction depends apon the choice of the R group; for instance, if R = Ph, cyanomethyl or
mesityl, onty RoAu{SC(S)NMea} is produced. [17]

The complex anion [Aul;]-, HpL = (5}, has been struciurally characterised. [18] The
planar anions stack in columns along the crystallographic #-axis with §---8 contacts of 3.52, 3.60
and 3.67 A between the scparate columns. The same complex anion has been independently
characterised by spectroscopic methods and by X-ray diffraction; Au-S distances lie in the range
2.300¢3%-2.312(3) A for two independent molecules. [19] The preparative route is either the
reaction of [LAuBrzi- with SyN4H4 or with [Me28n82N7]3. 1191 The optical and magnetic
properties of K[AuL's] in which HsL' is (HS}C=C{CN)z have been investigated. In contrast to
the analogous platinum and nickel species, there 15 not distinet absorption in the range 500015000
cm! but an intense band at 21800 cm-! is assigned to -7 interactions arising from the 'S-over-§'
stacking of the {AuL'2]~ anions. {20] Swuctural parameters for this anion are given as part of a
structural determination of [AuHg{SP(Ph)2CH2}2)AuL'2]-. |21} For the planar anion, distances
are Au-S = 2.340(5), 2.330(5), 2.331¢4) and 2.353(3) A. The cation contains Au{l) (see Section
2.4.5) and has an interesting struciure; it is characterised again in the tetrachloroaurate salt, (6).
[22] The Au{lil)-Au(l) separation (i.e. anion-cation separation) in {(6) is 3.404(2} A and the planes
of the cation and anion are approximately perpendicular to one another. Molecules of (6) form
chains within the lattice with an intre-molecular Hg-Aucyion distance of 3.076 A and an inter-
molecule Hg-Auagion distance of 4.658 A, (221

s SH
<X
S SH
He « = Ph
5 {6}

Tetramethylthiourea reacts with AuBr3 to give the red complex [Aultmtu)2Bra)[AuBrs).
However, further recrystallisation (6 days) yields the gold{l) complex, Au{mtu)Br (see section
2.4.5). Both complexes have been structurally characterised. As expected, a square planar array of
ligands surrounds the Au(IIT) centre in the [Au(imiu)zBra* cation; Au-S = 2.342(3} A, [23]
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2.25  Complexes with selenium donor ligands

The compound K3[AuSe3] has been prepared and structurally characterised. It is novel on
two counts. Firstly, it is a rare example of a solid state compound containing catenated chalcogenide
ligands and secondly, it exhibits the first example of a2 monodentate (terminal) [Sesi?- ligand. The
[AuSe13]- anion should be formulated as [Au(Se3)(Ses)ai-, (7). [24]
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226 Complexes with gold—carbon bonds

As mentioned in section 2.2.3, the ether ligand in {CgFs)iAu(OEty) is readily replaced by a
variety of ligands, making this organometallic complex a useful precurser to a range of complexes
inaccessible by other routes. [12] Similarly, diethyl ether is easily displaced from R3Au(OEt2),
RoClAu(OEDR) and [RaAu(OEt2)2])t (R = 2,4,6-CgF3Hp). [25]

Gold(111) ylide complexes of type (AaX2)2{-L)2 (X =CL | L~ = {RO;CCH}PPho]S R
= Me, Et) have been synthesised and characierised. Augls is first prepared from the silver(l)
analogue and then reaction with excess chlorine or iodine yields the desired Au{IIl) product.
Oxidation with ClaIPh or I3 (this time not in an excess) yields a gold{Il} complex (see Section 2.3).
126}

2.3 GOLDY{IT}

197 Ay Mossbauer spectroscepy, carried out at 20K, has been used to show that the
complexes Aup{CgHqY)2X2 (Y = PEtz or PPheand X = I, Y = PPhy and X = Br) should be
formulated as Aw{Il}-Au(ll) rather than as Au{D)-Au(ill) species. [27] Gold(1I} ylide complexes
{AuX)olo (X = QL I; L~ = [[RO2CCH}2PPh2}~; R = Me, Et) related to the gold(III) species
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mentioned above have been reported,  The ylide group bridges between two gold ¢entres, each of
which also has a terminally attached halide ligand. {26]

Reaction of K]AuCla] with 1,4,7-writhiacyciononane (L} in boiling aqueous HBF4 and
methano! leads to the air stable [AuL){BFsl2. The paramagnetic dicationic complex, {8), has begn
the subject of an e.s.r. and electrochemical studies; E(Aud*2+) = +0.15 V and E*(AuZt/*) =
+0.47 ¥ with respect to ferrocene/ferrocenium, [28}

24 GOLIYI)

2.4.1  Complexes with halide and pseudohalide ligands

The arganic superconductor, (DMET)2AuCly, (%), (DMET = 2-(4,5-dimethyldiselencl-2-
ylidene}-5,6-dihydrodithiolo{4,5-b{dithiin) has been structurally characterised, The DMET units
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stack along the crystallographic b-axis so as to form a columnar structure which bas short contacts
between both the fayers within a column and between the columns. Each linear [AuCIa}~ ion {Au-
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Cl = 2,260(4) A) resides between eight DMET units and the anions themselves form sheets within
the laitice. [291 Related sysiems are (14) [30] and (11) [31]. Complex (10} is a 2:1 salt of
ethylenedithioterathiafulvalene and [AuBrz]~and {11) contains the [Aulz]~ anion with methylene-
dithiotetrathiafulvalene. Both are conductng salis; {sce also Section 2.4.5).

A model of a weak-base anion-exchange resin loaded with gold cyanide is seen in the
complex of 2-methylimidazoline with HAu{CN)2. The structure consists of interpenetrating
hydrogen-bonded retworks lying perpendicular to one another; within the network, gold(I} centzes
are 3.25 A apart. 32)

The equiliboum:

2R3PAuCN = [(RiPhAu]t [Au(CN)l- equ. {1}

has been studied for various R groups by using 3!P and !13C a.m.r. spectroscopy. For R = Ph,
there is rapid ligand scrambling with the sysiem frozen out at = 240 K. For R = Me, Et and iPr,

slow exchange is observed, while for R = ¢-hexyl, equilibrium is only established afier several

days. Values of equilibrium constanis are given in Table 1. [33)

Table 1 Measured equilibrium constants, K, for the ligand redistribution defined in equ. (1} [33]

R Ph Me Et Pr e-CgHny
K 0.112 0.37 0.24 0.2% (.49
+ 0.005 + 6.05 +0.02 +0.03 + 0.02

Geometry optimised Hartree-Fock calculations have been carried out on the linear anions
[Auksz]- {L- =H-, F-, Cl-, Br, I, CN-, SCN-, Me~, PHz) as well as for AuMe, AuPHs,
[AuPH3]*, AeCN and AuSCN. Results indicate that the preference shown by Au{l) for linear
coordination is increased by relativistic effecis and the magnitude of these effects is dependent upon
the electronegativity of the ligand. A large relativistic bond stabilisation is observed in {AuLa]~ for
L~ = CN- (39 kJ mot-! per bond) or L~ = PHj (87 kJ mol-! per bond). [34] The structure of
[PhaAs][Au{SCN}2] has also been determined since data for the anion were not previously
available; Au-S = 2.295(4) A and £SAuS = 180.0(1)" although the anion overall is non-linear with
but ZCSAu = 160.9(4)". [34]

2.4.2  Complexes with nitrogen donor ligands
The novel dinuclear gold{l) complex (12) exhibiting bridging [PhC[NSiMe3} 2]~ ligands

has been reported, as has its silver{l) analogue. Struciural characterisation of (12} shows an Au-Au
contact at 2.646(2) A and Au-N distances averaging 2.060(7) A. [35)
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Spectroscopic [36] and structural [37] data have been described for {4-CgHa-NH)AuPPhs.
The linear N-Au-P units are strongly associated with one another in both the solid state and in
solution via Au—Au interactions. The N-hydrogen atom in the substituted benzenesulphonanilides
PhSOoN(H)Cgi4.xRy (R = 3,5-Clp, 2-MeO, 2-Br) may be replaced by a AuPPhy group im an
exchange equilibrivm with PhSO:N(AuPPh3)CgHaR (R = Hor 4-F). An clecon accepling aryl

group destabilises the N-H more than the N-Aue bond. [38]
R o
N
‘ H
R" =N R
oo

a2 {13

Gold(I) complexes LAuaCl and (LAuPPh3}* of the 1,4-benzodiazepin-2-ones, HL = (13)
(R=Me,R'=R"=H, R"=Cl; R=CHyC3Hs, R=R"=H,R"=ChLR=R =R"=H,
R = NOz; R=H, R = 0H; R" =R" = CI; R = Me, R" = R = H, R" = NCz)}, have been
prepared from reaction of Ph3PAuCt with HL in the presence of alkali. For R = R'=R™ = H and
R" = NOj, the complex LAuPPh3 has been struciurally characterised; Au-N = 2.071(3) A Au-P=
2.238(1% A and ZNAuP = 174.1¢1)°. {39]) Similar structural parameters are observed in the
coordination sphere of the Au¢l) atom in Et3PAuL in which HL = 1-methylthymine. [40]
Reduction of Au(ill} {as terrabromoaurate) to Aun(l} by uracil or uridine 1 DMSO gives the
corresponding S-bromopyrimidine complex. However, if water is present, the 3-bromo-6-hydroxy-
5,6-dihydropyrimidine compiex is formed instead. The kinetics of this system have been
mvestigated. {41)

Complex {14) exhibits an interesting coordination geomeiry with a non-linear C-Au-N
arrangement {(£CAuN = 168.4(1)") and a secondary Au-N intcraction {Au-Ngjrec = 2.136(3) A and
Au-Ngecondary = 2.573(3) A). This complex has been synthesised as part of a study of 2,4,6-
trinitrophenylgold(l) species (see Section 2.4.7). (42]
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Two syathetic routes to the imidogold{l) complexes [{Ph3PAusNR][BFs] (R =MeaC, Ph,
4-CgHyF, 4-CgHaBr, 4-CgHaNO7) have been reporied.  Both methods involve the use of
[{Ph3PAu}3Ol[BE4], the first with an excess of RNH> and the second with an excess of RNCO. A
crystallographic investigation of [(PhaPAu)3NFPh]{BF 4] confirms a tetrahedral structure for the
cation with Au-N = 2,035(9), 2.080(8) and 2.079(7} A. This geometry is similar to that found for
the parent oxonium ion. However, in the latter, cations dimerise in the solid state whereas in
[{PhaPAu)3NPh]*, monocations are well separated. Gold-gold interactions exist in the cation and
caose distortion from symmeiry: Au-Au = 3.014(1), 2.926(1), 3.333(1) A. [431

(See also Section 2.5.1 for the mixed oxidation state complex [AuL')3Clz (HL' = 4-chloro-
3,5-diphenylpyrazole)).

2.4.3  Complexes with phosphorus and arsenic donor ligands

Various complexes involving Au(I)-P bonds were included above {33,34,36-40] and will
not be mentioned further in this Section. Several electrochemical investigations have been
described. The complexes R3PAUCE (R = Et, Ph, OFt, OPh) and (R3PAuCl (R = Ph, OEt) have
been studied clectrochemically and spectroelectrochemnically. In MeCN, thf or CH,Clz with
[BugN][C1O4] as the supporting electrolyte and in the absence of water or oxygen, Au(l) is
oxidised to Au(llI} via an ECE(C} process. Reduction of Au{IID 1o Au(l) occurs in the presence of
phosphine. [44] Electrochernical oxidation and reduction of MeAuPPhs, PhAuPPhy and 4-MeQ-
CgHaAuPPhy in MeCN using Pt and Auv clectrodes have been described. Both processes are
accormnpanied by the formation of Au(s}) and possible mechanisms have been discussed. [45) The
elecizochemical behaviour of gold(I} complexes with some bidentaie phosphine ligands has been
reported. Values of E* (with respect 10 a SCE) measured for [PFg]~ salts are as follows: +0.463 V
for [(1,2-(PhaP)2-CgHalpAul*, +0.572 V for [(PhoPCH=CHPPh;)2Aul*, +0.458 V for
{(dppe)zAnl*, +0.752 V for [{dppp)pAni*. [46]  The redox potential E*{{Aus{dppm)z13+/2+*} is
—1.61(1} V (vs. $SCE). [47] The excited state of [Aus{dppm)zi2+ is luminescent and, in MeCN,
exhibits an absorption band at 290 nm which is assigned 10 a pg « dg+ transition. The excitation of
the complex dication gives rise to phosphorescence (575 nm) derived from the 3B{{ds+Y{po)]
state. [47)

Simple miaryl- or malkylphosphine gold(T) halides are commonly used as reagents in gold
chemistry and the structure of (2-Me-CgHa)sPAuCl, reporied only in 1990, adds to ihe daia
available for precursors, The geomery is unexceptionat: Au-P = 2.243(2) A, Au-Cl=2281(3 A
and £PAuCE = 179.4(1)". {48} The structure of [(PhaP)sAu][ClO4] has also been detailed. [49)
Interestingly, although four phenyl substitvents pack around a gold(I) centre, increasing the steric
requirements of the ligand may aliow a three coordinate geomewy around the metal atom. This
phenomenon is explored in the series [(RoR'P)3M][X]1 (M = Av or Ag; R #R" = Ph, ¢-CgHiyy, -
CsHyg or c-CqHhy3; X = ClO4 or BEy]; (see accompanying review of silver coordination chemistry).
Note that for R = R’ = ¢-CgH 1, a two coordinate geometry is forced upon the metal atom and the
cation [(c-CgHi12Aul* is preferred. [50)
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The [{PhsPAu)30]* cagon is used as a means of forming complexes which retain more than
one gold atom. Synthesis of the imido-gold{I) complexes described in the preceeding Section is one
example. [42] A novel transformaiion to form (15} is brought about in the reaction of
{{PhaPAuRONBF,] with (3-Cp)Fe(n5-CsHy-C(O)-Cgily-2-CO2H) carried out in the presence of
HBF,. {51] [(Ph3PAu)30][BF4] is also used in a reaction with 1,2-(HO)2-CgHs to give
(PhaPAu{1,2-02-CsHy). The complex is stabilised by weak Au----Au interactions. [52]

+

{15} {16}

The steric requirements of the {PhiPAu}-group are sufficient to control the isomer
disgribution in (PhaI)(PhaPAulr){p-La), where L = (16). Each iridium atom carri¢s ¢ither a
terminal triphenylphosphine or gold(l) wiphenyiphosphine group.  The asymmetry of L permits
the possibility of six isomers for the complex and indeed, in the crystal structure of
{Ph3ir){PhiPAulr){u-L4), cne of the four ligands is disordered in a 50:50 “head-to-tail”
arrangement. Significantly though, the remaining three ligands are ordered in one preferential
orientation. [53]

The complexes LyAuX (for n = 1, L = 1-phenyldibenzophosphole (L'}, 1-pheayl-3,4-
dimethylphosphole (L") or PPhy, X = CL Br, ; forn =3, L=L'and X =Cl, Br,Tor L = PPh3
and X =Cl; forn =4, L =1 or L", X = PFg) have heen prepared and characterised. X-ray
diffraction data are avaitable for L'AuvCl, L'3AuCl and L"AnCl. In L'AeCl, there is significant
interaction between gold atoms in the two crystallographically independent molecules with Au--Au
=3.116(2) A. [54] Pairing of molecules is also observed in {(2,4,6-(Me3C)3-CgHz)PH2 ) AuCl in
which the Au---Au distance is 3.440A. 155) Similarly, intermolecelar goid(l)-gold{l} interactons
are observed in the solid state structure of {({2-Me-CgHyq)H2P}AuBr. In this case, linear P-Aun-Br
uniis associate w give folded chains with aliernating Au---Au separations of 3.097(1} and 3.380(1}
A and ZAuAuAu = 103.5(1)". [56]

Polydentate phosphines give rise to a variety of interesting species, with the structural
diversity obviously being a function of ligand complexity. A review (28 references) of the
coordinaticn to gold(l) of bis{diphenylphosphinoymethanide or -amide ligands has been presented.
[537] Gold(@) complexes of L, (I7), have been prepared from Auw(COYC and an X-ray diffraction
study of ClAu{l.)AuCl, where L has no substituent X, illustrates a cis-configuration for the ligand
which permits a gold-gold interaction over a distance of 3.085 A. The energy of this d10-419
interaction has been estimated to be =6 keal mol-L. [58] Sixteen bis(diphosphino)gold(l) complexes
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have been tested for their antitumnour activity. Of those investigaied, [(PhaPCH=CHPPh)2AulCl,
{dppe)zAu]Cl and [{(dppp)2]Cl were found to be the most active against P388 leukemia, M35076
sarcoma and B16 melanoma. Changing the anion made little difference to the effective activity,
i59]

™ — q2+
)“( P P

PPh,

> -y
PhyP o
?{ X = nothing, P\ g F

Qors L .
(17) (18}

Treatment of P(CH;CH2PPh1)3 with MeaSAu(! yields the colourless complex [(18)]Cla.
A crystallographic study of the complex confinms the dual role of the phosphine as a chelate and as
a bridging ligand in the dication (18); the intergold separation is 6.199 A. The dication resisis attack
by both azide or thiocyanate ions but reacts with MepSAuCl o give AuaCly { P(CH2CHyPPha)3].
[60) Interest in the substituted ferrocene ligand (n3-CsHgPPhy)aFe, dppf, has increased quite
significantly over the las: few years and a particularly novel derivative is (19), formed by an
enantiomeric selective Synthesis from the chiral ligand and MepSAuCl. Complex (19) consists of
two homochiral LAuCl-units connected via an AuCl group through which a molecular 7 axis runs;
the central ZPAuCI = 113(2)" and terminal ZPAuC] = 177(2)" with Au-P{central} = 2.31(2) A and
Au-P@erminal) = 2.20(23 A. Complex (19) has application as an active catalyst for enantioselective
coupling of isocyanocacetate esiers with aldehydes. [61]

(19)

The trisphosphine MeyPCHoP(Me)YCH2PMey (dmmp) reacts with [AuCls]~ to yield the
trigold trication {Aus{dmmp)2}3* in which each of the two ligands bridges the angular Aua-
framework (ZAsAuAu = 136.26{4)" and Au-Au = 2.981{1) and 2.962{1) A). The deviation from
a linear Auz-unit is rationalised in terms of a weak Au-----Au interaction between the terminal metal
atoms. The complex is luminescent; there is a double phosphoresence with & = 467 nm {to= 1.6 &
0.2 us) and 580 nm {1y = 7.0+ 0.5 ps). [62] Related (also luminescent) complex cations are



128

[ClaAusLlal{(CO)1* and [AuaLlzIr{CN);1* (L = PhaPCH3P(PhYCH2PPhz). The former complex
is orange and exhibits a swong absorption at 454 nm with photoemissions at 568 and 660 pm. The
second complex in an intense magenta colour (Apyyx = 578 nm) and exhibits photoemissions at 612
and 782 nm. {63] A non-linear Auz-array with ZAvAuAu = 110.9(1)° and non-bonded Au---Au =
5.163(1) A is also observed in LAusCiy (L = PhgPCHAs(Ph)CH2PPhz); this complex is
synthesised fromn LAusClz which is itself formed from the reaction of MeSAuC! and L. Treatment
of LAuxCly with {NH4J[PFs! or TINQOs] leads to {L2AuqClz]2* in which the non-linear Aug-chain
possesses Au-Au distances of 3.096(1) A (twice) and 2.965(1) A. [641 The same ligand spans the
Au-Ir-Au unit in the complex [Auzir(CO}ChHL2)2* dication, {20); the complex is strongly
fuminescent in solution, [65} In rrans-PACIz{ As(Ph}Y{CH,PPhyAuCl); )0, the square planar
PdAszCla-unit supports four “dangling” P-Au-Cl groups. [66] A structurally simpler, but
related, complex is ClAuP(Phy2CH2CHAs(Ph)2AuCl. This and [{PhyPCH2CH2AsPh) }2A0]Cl
have been the subjects of solution and X-ray diffraction studies as well as cytotoxicity
investigations. In both solid state swructures, the P and As sites are disordered. [67]

(20)

Coordination by arsenic atoms only is observed in a series of gold(I) and silver(I}
complexes of the general formula [M(AsR2R)2[X where M= Apor Ag; R=R'or # R =Ph, ¢-
CsHy, c-CgHqy; X = BFy or ClQ4. Phosphorus analogues have also been synthesised and
characterised. (See accompanying chapter for structural data on Ag(l} complex). [68]

244  Complexes with sulphur donor figands

Combining PhCH28SCH2Ph or NafSCH2Ph] with PhsPAuNQ3 in dichloromethane yields
[{Ph3P)}2Au2(-SCHaPh){[NO3). The cation dimerises in the soiid state to form a tewra-gold
species with Au-Au distances of 3.077(2) and 3.194(2} A. {16] Complexes LAuC! and L'AuCl
(HL = 8-mercapioquinoline; HL' = 4-nitrobenzenethiol) have been prepared from PhaPAuCl and
HL or [{Ph3PAu)30){BF4} and HL' respectively. Swructural data for each compound confirm a
linear P-Au-$ vait; in LAuCL Au----N = 2.627(%) A. [69] The synthesis of ligand L~ shown in
equ. (2) has been reported; KL reacts with PhiPAuCl w give the gold{l) complex PhiPAuL and a
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structural determination of the preduct confirms the presence of an S—covalently bound terminal
AuPPh3 group with a linear S-Au-P amrangement. [70]

CF; 3
FyCal
F3Cl,‘_ LG KNCS g N {equ. 2}
F;C CF, \<
S F,C VCF,

Several complexes involving heterocyclic thiones (HL = C3HsNSs, C4HsN2S, CsHsNS,
C7HsNS2 and C7HgN28) have been prepared and characierised. Precursors are Au(the)Cl,
Au{tht)CgFs, [Au(tht)2]* or [PRyPAe(tht)]*. [71] Complexes [{PhaP)AuLICl (n =1 or 2} in
which L = imidazolidine-2-thione, 1,3-dinzinine-2-one or ¥-isopropylimidazolidine-2-thione have
been reported along with silver{l) analogues. Spectroscopic characterisation of the latter suggests
S-coordination in all molecules; interest in the gold{I) complexes lies in their potential use in
chemotherapy. [72] Closely related gold(l) compounds, analogues of the antiarthritic drag
auranofin, have been studied independendy. {73}

Tetramethylthiourea reacts with AuBrs 1o give the red complex [Auv(imtu}2Bra][AuBra];
(sec Secton 2.2.4). Further recrystallisation over a 6 day period yields the gold(I} complex,
Au(tmiu)Br for which a structural study reveals an almost linear coordination environment
(£BrAuS = 175.4(1)" and Au-S = 2.265(2) A. [23] Complex (22) as a structarally characterised
representative member of a series of complexes exhibiting coordinated thio- and dithiccarbamate
esters. [74] In (22), the chloride ior is hydrogen-bonded to the complex cation and thereby
completes a 10-membered planar cyclic-{-HNCSARSCNHCIL-] system; the N-hydrogen atoms aze
not shown ir {22). The maximum deviation from the plane for these {en atoms is 0.2 A.[74] An
X-ray diffraction study of bis(diethyldithiocarbamato)digold(l), (23}, reveais that the lattice
contains discrete dimers with an inramolecular Au-Au distance of 2,782(1) A and Au-$ lying in the
range 2.28-2.30 A. Dimers pack in linear chains supported by Au--—-Au interactions with the
intermolecylar separation being 3.004(1) A. This is the shortest inter-molecular gold(E)-gold(T)
separation yet cbserved. [73]

icn-
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The gold(l) cation [AvHg{SP(Ph};CH7}21* has been characierised as both the
tetrachloroaurate salt, {6}, {22] and as the [AuL'7]™ salt (HoL' = (HS8)C=C(CN)p); [21] struciural
details are given in Section 2.2.4.

A series of gold(I) and silver{l} complexes containing the ligand HL, (HL =
PhaMePCH,P{S)Ph; (in both its protonated and deprotonated forms) has been reported.
Complexes inctude [R3Au(HL)[+, R3Aul, (RAu)L, R3Au(L)AuR, (LAuCl)yy, (LAuBrh,
fAusLa]2* and [Cleungl2+ in which R = CgFs and {RAu)pL, (24), has been sgocturally
characterised. The deprotonated Hgand bridges the two gold aioms and the fluorinated aryl
substitzenis lie paraliel to one another; the Ag---Au separation is quite long at 3.224(2) A 176)

Finalty in this section, a complex which uses a macrocyclic ligand as a bridge between 1wo
gold(I} centres; 1,10-dithia-4,7,13,16-teraoxacyclooctadecane coordinates through the sulphur
donors to two AuCl moieties. Full structural details for the complex have been reported. [77]

2.4.5  Complexes with selenium doror ligands

Along with the novel gold(IIT} selenide, (7}, discussed in Section 2.2.5, a related solid state
gold{I) selenide has been described by the same authors. [24] KAuSes; exhibis [Ses)?- ligands
which bridge between adjacent metal centres to generate chains, the laiter being supported in 2
network by inter-chain gold-gold interactions (Au-Au = 2.950(3) A).

Two related selenato complexes have been prepared and characterised. Triphenylphosphine
gold(f} chloride teacts with 2.4,6-'Buy-CgHy-SelLi in toluene to give PhiPAW(CeHz-Buy-2.4.6)
which has been characterised by speciroscopic data {including 778 n.m.r. spectroscopy) and
molecuiar weight determinadon, {78] Simitarly, PhSeSiMes reacts with the appropriate phosphine
gold{]} chloride 10 yield pale green PhaPAuSePh or yellow (dppm){(AuSePh)e. The former
complex has been the subject of an X-ray diffraction study which has confirmed an approximately
linear coordination geomewy at the gold atom (£PAuSe = 175.6(1)"} and showed association
between motecales in the Jattice via gold-gold interactions {Au--Aux = 3.118(1} A} [79] PhiAuCl
also reacis with PhSeSePh and AgShFg to yield [(Ph3Au)2SePh]{SbFg]. In the cation, two Phihu
units are linked by a bridging-SePh ligand. In addition, pairs of carions are related by a centre of
symmetry and Au--Au separations within the loose dimeric structure are 3.112(2) A. {79]

The ligand PhaPCH2P(Se}PPhy, L, reacts with Au(CO}CI 10 give the dimetallic cation
[AuzLa]?+. Structural characterisation shows that the molecule consists of a puckered 10-
membered ring which is drawn into a boat-like configuration by a ransannular Au--Au interaction
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(3.020(1)A). Other pertinent distances are Au-Se = 2.438(2), 2.431(2) A and Au-P = 2.265(4),
2.271(5) A. [80)

246  Complexes with gold{l)}—carbon or silicon bonds

Gold(l}-carbon bonds have featured in several complexes described above but the following
complexes are those in which an Au(l}-C or Au(i)-$i interaction might be considered to be the
principal feature of interest. The carbonyl complex Au(CO}Cl appears qaite regularly as a synthetic
reagent and yet its preparation has not always been straightforward. Methods of synthesis are
examined in a review which surveys halocarbonyls of palladium, platinum and gold. [81] By far
the most successful route is shown in equ. (3). Au{COJCl is used in an interesiing reactior with
Cp*-8i in toluene at —-90°C to yield the very hygroscopic complex (o-Cp*)(x-Cp*)SiAuCl This
reacts with either py or tBuNC (L) 1o give (5-Cp*)2SHL)ArCl, which may be prepared by an
alsernative route, {L.AuCl + Cp*25i). [82)

SOCH

HAHG&XHQO ABzC]S

2 Au(COYCl + 2 COCl, equ. {3)

Solutions of Au(SO3F)3 in HSO3F function as seperacids and dissolve = 3.5 mole CO per
mole of Au(803F)3. Reduction of Au(li) o Au(l} accompanies this dissolution of gas and
solvated [Au{CO)]* is produced. Vibrational specwoscopic studies have characterised ihis cation
as a linear species; vpo(Raman) = 2251 em! and veo(irn) = 2211 el Solvent removal results
in the formation of Au(SO3F)(CO), a white solid characierised by veg{Raman) = 2198 cm-! and
voolir) = 2195 el notably at higher frequency than in free CO. [83]

Several complexes containing Au-CgFs.xE, groups have been reported in this review.
Their use is seen in facilitating the displacement of the thi ligand from (2,4,6-CgFiH)Au(tht} by a
range of anionic ligands, X-. Treatment of (2,4,6-CgFiHp)AuX with AgClO4 or (2.4,6-
CeF3Ho)Ag leads to (AuR)y or [AnAp(2,4,6-CgF3H2)z]), or, for X- = SCN-, [{2.4,6-
CsF3Ho ) AuSCNAW(2,4,6-CgF3Ha)i. [184)

Treatment of complex (25) with (tht)AuCl in CH2Clz leads o the addition of an AuCl
group to the sp2 carbon. The digeld derivative has also been synthesised from HI{25)] with 2
moles of PPhaPAuCH in excess KOH. The Au-Au separation of 2.891(4) A is consistent with an
intergold interaction. Other related systems have also been reported. {85]

Members of a series of 2,4,6-winitrophenylgold(I) complexes have been prepared and
characterised. Au{CgHr{NO»}3-2,4,61Cl was first prepared from [AuCl]~ and Hg{ CgHa(NO3)s-
2,4,6]2. The chloride complex is then converied to the tht analogue ard this reacts with SbPhg ot
excess 2,9-Mez-1,10-phen to give [Au{SbPh3)s]lAu{ CsH2(NO2)3-2,4,6)2] or complex {14} {see
Section 2.4.2) respectively. Structural data for the [Au{CgH2(NO2)3-2,4,6} 2]~ anion cenfirm an
approximately linear cooridination environment at gold (£CAuC = 176.7(5)") with Au-C =
2.041{13y and 2.015(12) A The aryl groups are rotated through 44° with respect to one another.
[42]
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g L = halide; CNPh; PPh;

(25)

A direct gold(I}-silicon bord is retained during the reaction of PhoMePAyCl with
PhoMePAuSiPhs. An equilibrium is established between the product, (PhaMePyAu2(C){5iPh3),
and its precursors. An X-ray analysis of the product shows that the complex shouid be considered
to be composed of two associated units, viz. (PhzMePhAu and Au(CD(SiPhs) with a Au-Au
distance of 2.9807(4) A. Each constituent unit is linear about the gold atom and the two uaits are
mutually perpendicular. (86]

2.5 CLUSTERS CONTAINING GOLD
251  Homomewllic clusters

Methods of preparation and the characterisation of supported homonuclear gold clusters
{Auy) have been reviewed (19 references); a discussion of the application of such clusters as
catalysts is included. [87]

In aqua regia, the gold(I) complex [Aul]z (HL = 3,3-diphenylpyrazoie} is transformed 1o
the mixed Au({I)/Au{lI} {AuL'}3Cly (HL' = 4-chloro-3,5-diphenylpyrazole). An X-ray study of
this novel product shows an Aua-miangle supperted by bridging ligands; the single Au(lIl) cenire is
coordinated to two Cl- and two N-donors. The Au---Au distances of 3.3677(6}, 3.4011(7) and
3.3352(7) A are 100 long to imply significant bonding interaction and the structure is probably
better described as consisting of 2 9-membered AuzNg-ring. [88]

The eacapsulation of a carbon or nitrogen ztom within an Aug-cluster has been the subject
of both experimental and theoretical work. Treatment of [{PhsPAu)Nj[BF4] with PhsPAuBFa
vields [{Ph3PAu)sN}[BFs]z and structural details confirm the presence of a 5-coordinate nitrogen
atom. 197An Mossbaver spectroscopic data are consistent with the trigonal bipyramidal cage, and
show two overlapping doublets in a ratio 3:2. [89] The dicationic carbido-cluster, [{1,2-
CeHA(CH2CH2PPhAu )2 }3C12* has been synthesised by the reaction of C{B(OMe)z )4 with 1,2-
CeHa(CHzCHPPhaAuCl)y in the presence of CsF-HMPT. The product has been characterised
by X-ray crystallography . (90] This type of cluster has been modelled by [{H3PAu}5C)2* and the
bonding in this and in the related mono- and dicarbide clusters [ {H3PAu) mCrl* {n= 1, m =45
orn =2, m= 810,12) has been analysed with the use of semi-empirical MO calculations.
Comparisons have been made between [[HiPAu)gCJ2+ and the analogous model clusters
T{H3PAu}sBIt and [{H3PAu)gN13*. [91]
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The double metallation of the diphosphinomethane lipand, (MeQ)PCHIP(OMe)g, occurs in
its reaction with AuC=CCMe; followed by recrystallisation first from CHzCly and then from
CHCl3. The product cluster is {26); the structure of this compound consists of a distorted
octahedral Aug-core with ewo bridging AuCl units and the whole framework 15 supported by singly
and doubly deprotonated Higands in either 13- or Yy-modes respectively. Within the metal core,
only two Au-Au distances are short encugh (2.938(1) and 2.951{1) A) to be considered as
bonding. These are indicated in the core-siructure of (26) as edges "a" and "b"; other Au---Au
separations lie in the range 3.351 (1) to 4.085 (1} A. {92)

(26) = P(OMe), Aug core of (26)

Clusters consisting of AuPPhsy units, some with additional halide ligands, have now
reached particularly large proportions and the Auss~core reported by Schid [93-96] is particularly
remarkable. Beginaing first with some smaller clusters, the cation [Aug{PPh3]3)3+ has been the
subject of speceroscopic studies and the visible spectra of the hexafluorophosphatc and nitrate salts
show a pressure dependence. The optical spectrum of [Aug{PPhs]g][PFgl3 changes from discrete
peaks to a continuous edge as the pressure is increased up to 80 kbar; the observations have been
attributed to a molecular transformation from a green Dy to 2 brown Dyg cage. The most
significant structural alteration occurs in the range 4560 kbar. [97] Theoretical siudies include an
analysis of the bonding and appropriate electron counting schemes for [Au)3(PMePh)oCl2]Y;
such molecules are cateporised as “clusters of clusters”. [98] A one—siep synthesis to the super-
cluster Auss{PPh3)12Clg has been detailed; the cluster is made by the reduction of PhsPAuCl by
BzHg in warm benzene. [93]1 EXAFS has been used to probe the coordination environment of the
gold atoms in Aus5{PPh3}12Clg; a coordination number of seven {i.e. the number of Au-Au
contacts) is consistent with a 3-shell cuboctahedral struciure. The EXAFS results indicate that Au-
Au separations within the Auss-cage are significantly less than in bulk elemental gold. [94] The
cluster has also been investigated by secondary ion and plasma desorption mass spectrometry
{SIMS and PDMS respectively). [95,96] Bombardment of Auss{PPh3}12Clg with Xe* ions (10
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keV) leads to the formation of secondary ions with masses up to 140,000 u, The results indicate the
presence of {Auyjn—superclusters and it is concluded that the core of the Auss-cluster has a close
packed struceure of gold atoms.

2.5.2  Heterometallic clusters

Clusters in this section have been selected 50 as 1o illustrate a variety of siuctural features
and synthetic methods. The reaction of PhyPAuC! with [HFe{CGi3(PR 1)1~ {R = OMe, OE1, OPh,
Me, Ph) leads quantitatively to a mixture of HoFe(CO)3(PR1) and (PhaPAu):Fe(CO3(PR3).
Crystallographic characienisation of (PhaPAuFe(CO)3(P{CEL3) confirms the presence of an
FeAuz-triangle with Ae-Aa = 2.872(2) A and Au-Fe = 2.561(3) and 2.509(3) A: the P{OEt)3
ligand lies in the equatorial plane. [99] A related cluster anion, [Fex(COg{-CO{AuPPhy)-,
contains a wiangular FejAu-core with Au-Fe = 2.622(1) and 2.698(1) A and Fe-Fe = 2.605(2) A.
[100) Reaction of Rup{CQ)4{PPh3)alu-1,2-(HN);CsHy) with PhyPAuC! in the presence of
TI[PFg] places the gold(l) phosphine in a bridging position thereby generating a cationic clusier.
The refated Rup{CO)4{{PPh3)2(t-1,2-(HN)2Cglig)(n-AuCl) has been synthesised in a similar
reactior and reacts further with Ruz{CO)a(PPhy)a(u-12-(HN)2CsHa) to give the fused cluster
cation, [{Rux{CO)4{(PPhzlp{u-1,2-(HN)CeHa)l2Au]*. [101] Clusier fusion about an Au(l)
centre is also observed in {{ CH3C(CH3PPha 2 CoP3 ) Aul*, (27). This cation and its rthodium and
iridium analogues are prepared from R3PAuCI (R = Me or Ph) or ClAw{L)AuCl (L' = dppm or
dppe) with LMPy (L = 1,1,1-ris{diphenylphosphinemethyl Jethane). [102]

27)

The dirhentum complex HRe2(CO)g(L-PPh2) reacts with a source of [PhsPAu}* [103,104]
in the presence of the sterically demanding base LIN(CHMe2)z to give {j1-PhiPAuRe(COg(-
PPh2) or (Ph3P)2AuRe3(CO)(1-PPh2)(1t-C(OIN(CHMe2)2). The latter compound has been
structurally characterised: Re-Re = 3.122(2) A, Re-Au = 2.977(2) A and Au-Au = 2.709(2) A.
Electrochemical studies have also been discussed, {103]

Some interesting iridium-gold clusters have been reporied. The [(PhaPAu3)Q]* cation has
been used in the synthesis of Fea{CO)g(pt4-CCPhINCONPPh3)Au3(PPha)y in which a digold-unit
{proposed as & model for coordinated Hz) spans an Ir-C bond as an integral part of a cluster
containing an FeaCslrAus-core. [ 105] An unusual terminal mode of anachment is evidenced for an
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AuPPhs urit in I4(CO}11PPhAuPPhs which has been synthesised via the reaction of
Ir4(CO)Y11PPhyH with base in the presence of [PhsPAu]PFg. Heating Irg(CO)1PPRoAUPPh3 in
ioluene leads to loss of carbon monoxide and the formation of Irg{(COY1g{l-PPha)ut-AuPPhs3).
Both clusters have been crystallographically characertised. [106] The progression from terminal to
bridging gold(1) phosphine may be completed by a p3-capping mode and this is exemplified in the
cluster anion [Fealra(COY2{3-AuPPhydi—. [107] Isoelecronic with this anion (i.e. in terms of
cluster bonding electrons) is the neutral cluster FeCos3(CO)2A0PPh3, the detailed synihesis of
which has been reported. [108]

Gold-boron bonds are now quite well estabilshed in cluster chemistry, The synthesis and
structaral characterisation of HRua(CO)12Auz(PPh3)B has been described. The boren atom is six
coordinate, residing within an RugAus-cage and, hence, HRus(CO)12Au2(PPh3)»B is considered
o be a metalloboride cluster. [109] Auracarboranes reported in 1990 have been incladed in 2
review. [110]

Most commonly, heterometallic gold-containing clusters appear to fall into one of three
categories: (1) clusters in which one or more gold(l) phosphine fragments replace a corresponding
number of hydrogen atoms in a cluster, (ii) systems in which a gold atom fuses iwo clusiers
together or (iii) clusters in which the gold atoms are the dominant constituent atoms and are
therefore derived from homonuclear gold clusters. One new molecule, (0-H)gCp"3NbaAus, (28),
{Cp" = 3-CsHySiMe3) has been synthesised and structurally characierised but does not confors o
any of the aforementioned catepories. Cluster (28) is prepared by the reaction of Cp";NbH3 and
AufN{SiMes3}21PPh3 and is a raft molecule exhibiting a planar NbzAui—core. The bonding in the
cluster has been analysed. [111] A related silver cluster has been characierised, (see following
Chapter).

— .
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(28

A relatively large number of clusters has been reported in which the number of gold atoms
exceeds the number of other constituent cage atoms. Reaction of [RH{POR»}2lhn(r=2,R =
CHMej: n =3, R = Me) with PhaPAuNO yields elther [AwaRb(H)p [ P(OCHMe)3 } 2 PPhaglt or
[AusRh{H)Y{ P(OMe}3}2(PPh3)s]* depending vpon R. Furiher reatment of the pentagold product
with PhaPAaNO; gives [AugRh(H)}{P(OMe)3}2{PPh3)s]?*. Specroscopic data are available for
all the products and the tetragold cluster has also been crysiallographically characterised, revealing a
trigonal bipyramidal framework with the rhodium atrom occupying an equatorial shie; average
distances are Au-Au = 2/904(1) A and Au-Rh = 2.685 (1} A_ [112]
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Several platinum—gold clusters have been reporied. Reaction of PhzAuX (X = Cl or BFs)
with cationic platnutn dimers, each dimer being one supported by onthometallated phenylphosphine
iigands, leads to triangulo-PipAxu clusters. One such product, [Ptafo-CeHy-P(PRYCH2CHy—
CH;PPhz | 2Au(PPhiifBF4], has been structurally charactensed and pertinent distances are Pt-Pi =
2.703 (1) A and Au-Pt = 2.722(1) and 2.697¢1} A. [113] An AugPi-framework resulis from the
reaction of PhzAuCl with Ag03SCF3 followed by treatment with wrans-PtHCI(PEt3)z. [114] The
coxidative addition of [Au(CN)zi- to IPi{AuPPh3)g]2* leads 1o [PUCNYAuCNYAuPPhy)g]* which
has been crystallographically characterised. In a related reaction, the cluster cation
[P CON(AuPPh3)g]* reacts in a slow process with cyanide ion to give Pi{COHAuPPhi)g(AuCN);.
[115] The cation [Pi{AuPPh3)g]2+ reacts with either HgaX7 or HgX2 (X = Cl or NO3} 1o give the
products [Pt{AuPPh3)g{HgX 212+, [PUAuPPh3)»{(HgX2)AnuX)]* and [Pi{AnPPhi);(HgX)al*.
Characterisation by 31P and '95Pt n.m.r. and 1.r. spectroscopy and conductance measurements is
supplemented by an X-ray diffracoon stedy of [Pt{AuPPh3)g(HgNO3)2]iNCa)z. This reveals that
the platinum atom is central to the Aug—cluster core and that the mercury groups cap two sguare
Aug-faces, {116] Related chemistry is reporied in the addition of RNC (R = iPr; IBu) w0
[Pe(AuPPh3)g]2+; the presence of excess RNC results in the replacement of a PPhs ligand.
However, RNC will not displace CO from [PCOXAuPPh3)giZ*. [117]

Clusters containing coordinated acetylide ligands include PraAusy(C=C'Bujg, prepared from
an analogous silver based molecule (see accompanying Chapter on silver coordination chemistry).
{118] Three associated papers describe mixed gold-silver or gold—copper clusters with 6-x-
acetylide ligands. For example, AvpAgo(C=CPhY4{PPh3}2 may be prepared from
Au(C=CPh}(PPhq) and Ag(C=CPh),. Novel polymers may be oblained in parallel reactions of
Au(C=CPh)L. (L = AsPhz or P{OPh}3) and Ag{CsCPh),. {119] it is aiso reponed that
Ag{C=CPh) reacts with [Aua(C=CPh)s]- to yield the anion [Au3Agr(C=CPh)g|—; similar syntheses
icad w [Ags{C=CPh)g]- and [Ag;Cu(C=CPh)g)-. Swuctures for the products, e.g.(29), are
proposed on the basis of specrroscopic data; values of vo.e imply n-bonded acetylide groups.
{1201 The cluster anions [AuzCua{CaCPhigi~, [AuzAg(C=CPh)gi— and [AuyCu{C=CPh)y]- are
all used as precursors 1o [AuzAgCu{C=CPh)g]-. [121]
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A series of mixed gold—silver clusters related o the high nuclearity gold clusters discossed
in Section 2.5.7 has been investigaied. Included in an account of the bonding and electzon counting
schemes for "clusters of clusters” is the cation {Auy3Ag2Clg(PPh3)olt. (98] This cluster has
been synthesised by the borohydride reduction of 2 mixture of HAuCly, PPhs and [PhsPAgClls
and has been szucturally characterised. The cluster core is comprised of four paralle! pentagons,
{alternating Aus and Ags) with two ps—capping AgCl groups and naked Aw atoms joining adjacent
Ms-rings. [122] The analogous bromide cluster has also been described. [123] 1In
Au1gAg0Clg{ P(CgHa-4-Me)s ), three 13-atom gold-centred AunjAgg—clusier units are fused via
shared verticies and the core terminates at either end with ps-capping AgCl groups as did
[Ae3Agi2CIg(PPha)zp]¥. The structure of AugAgogClis{P(CgHa-4-Me)s} (prepared by NaBHy4
reduction of {{4-Me-CgHs}P}AuCl and [{(4-Me-CgHa)3P) AgCily) has also been described in
terms of a close packed array of metal atoms. [124]
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