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1. Introduction

This review covers the coordination chemistry of gold published in 1994 and
follows the corresponding 1993 survey [1]. The literature has been searched using
Current Contents and the Cambridge Structural Data Base, implemented through
the ETH, Zirich [2]; most structural diagrams have been drawn using coordinates
from the latter with hydrogen atoms omitted for clarity.

Some references from the latter part of 1993 are included in this survey, and some
citations from the tail end of 1994 will fall within the remit of the 1995 survey.
Although not fully comprehensive, this article gives a significant coverage of papers
published; organometallic complexes (defined as those possessing a Au-C bond with
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the exceptions of cyano complexes, orthometatlated species, and selected complexes
with C4F5 substituents} have been excluded.

Complexes are organised according to the oxidation of the gold centre and by the
donor-type of the ligand of main interest. A great many gold(I) complexes contain
2 Au-Pppospnine link, but other donor atoms (where present) usually take priority for
categorisation purposes. In the previous two reviews in this series, multinuclear
complexes have been separated out from mononuclear species. However, the number
of multinuclear complexes continues to grow and a significant proportion of the
gold(1) complexes reported over the last few years have been shown to exhibit
intramolecular or intermolecuiar Au---Au interactions, so much so that the emphasis
in this year's review has been placed on the donor-atoms rather than the nuclearity.
‘A-framc’-type complexes have been described in a separate section, as have gold-
containing clusters; organometatllic clusters featuring AuPR ;-units have not been
included in this survey.

2. Geld(111)

Of general interest is an analytical paper which describes a selective and sensitive
spectrophotometric method for the determination of microgram quantitics of gold.
The ligand is 2,3-dichloro-6-( 3-carboxy-2-hydroxy-i-naphthylazo)quinoxaline and
its 1:1 complex with gold(11) (in the pll range 3.4 10 7.0) obeys the Beer - Lambert
law over & concentration range 9.1 10 6.9 pgem (3]

21 Complexes with hallde tigands

The Xeray crystal styucture of a bis{ L3 -dimethylene-2. 2 -biquinolinium) salt con-
taining both gold(1) and gold (111 counter<ions (JAuBr,}  and {Aullry] ) has been
determined [4]. Complex formation between quinaldic acid (HL) and HAuC], or
HAuBr; has been studied; the products include those of the pgeneral type
HAuX, - 2HL and the erystal structure of HAuBr, - 2HL - 1,0 (1) indicates that the
complex is better formulated as { H{HL),JIAuBr,]- H,0. The coordination envivon-
ment of the gold(E} contre is described as “elongated octahedral” but the Au- O
distances are extremely long (=340 pm) [5]. When chloroauric acid reacts with
PhyCN,, the product s the salt [Ph,C NCHIN S CPhy)[AuCL) [6]: see also
Section 3.5 for related work.

The salt [et]JAuBry] where o= bis(ethylenedithio)tetrathiotulvitlene has been
structurally characterised and compared with its nickel analogue. In the solid state,
[ethiAuBr,] possesses a herring-bone stuck of bistethylenedithiv)tetrathiofulvalene
moietios. The resulis of conductivity studies have been correlnted with structural
data for the compouinds. Tt was Tound that a band deseription of the conducting
properties of the gold compound were not appropriate and the system was better
described as @ Mott Hubbard semiconductor {7].

The gold(h) goldddID) intervalence charge wranster oansitions in the salts
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CsylAuX,] (X=CIl. Br. 1) have been investigated and group theory analysis has
been used to assign the bands in Csia[Au.l,) [8].

2.2, Complexes with oxygen-donor ligands

The synthesis of Au,0,¢5.2H,0 and its use as a precursor to double selenates
have been reported; selenates described included HAu(SeO,), and MAu(SeQy),
(M =K. Rbor Cs). The results of thermal decomposition studies of the new products
have also been presented [91.

2.3 Complexes with sulfur-donor ligands

Structural studics ol the complex JAu(PEG)H(1,2-5,CH,),Au] confirm the
expected squawe planar coordination environment of the gold(111) centre in the
compiex anion  [98) and  the Xeray  crystal structure o
[(PhP),NI(C3S5)sAu] - 0.5CH,Cl, has also been reported [10].

The reaction between K[AuCl} and KL - H,0 [H,L =(2)} with cation exchange
has given complexes containing the anions [Aul;}” and [Au,L,J2". The former
gold(111) complex has a square planar coordination sphere and the anions form
stacks along the « axis. The guanidininm and cyclopropyliriphenylphosphonium
salts have been structurally characterised and structure (3) shows the twisted
nature of the [Au,L,)* " anion [11]. The reactions of dithiocarbamates [RHN =
C(SMe)S]" (R=4-MceC H,, 2-MeC H,. 4-McOC H, or 3.5-Me,CH,) with the
gold(1) compound [C,FsAu(tht)] or the gold(Il) complex [(C,Fs),Au{OEL,)]
have been reported 1o give a serics of complexes in which the dithiocarbamates
are S-bound to the gold centres. Reactivity studics of the new complexes have
been carricd out [12].
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2.4. Complexes with ellurivn-donor ligands

The preparations of the gold (1) complex [( 2,4,6-Ph,C,H ) Te( AuPPh,),)[BF,] and
its hexafluorophosphate analogue have been reported: see also Section 3.4, Oxidation
of {(2.4,6-PhyC ) Te(AuPPh,)|[BF,] by diiodine leads to (he formation of
[( 2,4,6-Ph,Co 1) TeAul ) and an X-ray crystal structure analysis reveals the presence
of a rhomboidal Te,Au, core (7 Au-Te-Au=99, 7 Te-Au-Te==81") and in which
each gobd(11T) centre is additionally bound to two indine atoms {13]. The synthesis
and characterisation of the dark red compound LGN [ AwyTe ] have been
deseribed. The complex anion consists of two square planar gold (HE) centres each
coordinated by an ' led  Hgand: the two pold contres are Turther bridged by
an [ Te,l ligand {14],

2.5. Complexes with nitrogen-containing ligands

The reaction of K|AuCH] with 2,2-bis(2-pyridylcarboxyamide)-1,1-binapthyl,
H,L. yields the gold(U1) complex JAuC! ¢t HL)] (4) in which the chloro ligands are
mutually ofs. The ligand [HL]  functions in a didentate NN -manner through one
2-pyridylearboxyamide substituent. In the solid state, the molecules are paired by
virtue of Au---Au contacts of 372 pm. The emission propertics of [AuCl,{HL)}
have been reported [15]. Che and coworkers have also described the photo-
physical  and  photochomicy!  propertics of o gold(HI)  complex  of
2.9-diphenyt-1,10-phenanthroline, L. Cyclometatlition occurs to give a CNN-
bonded species and an X-ray erystal structural analysis has shown that the
[AULCI " eattons tovm stacks in the solid state with Ao+ Au separitions of 360 pm.
The emission spectra of [AuLCH[CLO,] and [AuLC1}i MeC H,SO;] are not solvent
dependent. A reduction potential for the exciced state. £ Au™/Au", has been
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estimated as 2.2 V vs. NHE and implies that the complex cation is a strong photo-
oxidant; the ability of [AuLCI]" to oxidise 1,4-dimethoxybenzene to the correspond-
ing cation radical provides an example of such an oxidation process | 16).

(4)

The prepiration and charvacterisation of a serics of gold(111) complexes containing
the ligands phenylthioacctamide, 2-tolylthioacetanmide, 2.3-dimethylthicacetamide,
diphenylthioacetamide,  3-thioacetylaminodibenzoluran,  3-thiobenzoylamino-
dibenzofuran and 3-thioturoylaminodibenzoturan have been revorted. In cach case,
a sguare planar gold{111) coordination sphete involving an N, 5-bound ligand 1s
suggested: data include clemental analyses, UV- VIS and IR spectroscopies, and
conductivity measurements {171,

2.6. Complexes with phosphorus-donor ligands

The crystal structure of [PhyPAuCl;] (monoclinic) has been described and results
confirm the expected square planar coordination cnvironment about the gold¢111)
centre  [18]. The reaction of [(CFs)Autacac)] with (Ph,P),CH yields
[(CeFs):Aui( Ph,P),CPPh,}]. the structure of which has been established by X-ray
crystallography. Treatment of this complex with [AuX(tht)] (X =C1 or C,F;) leads
to dinuclear or trinuclear species. Related reactions are also reported and the
products have been characterised by elemental analysis, conductivity measurements
and multinuclecar NMR  spectroscopies. A single crystal Xeray analysis of
[(C F<):Aui(Ph,PY,CPPh,} AuCl] confirms structure (5) [19].
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3. Gold(1)
3.1. Complexes with halide and pseuduo-halide ligunds

The crystal structure of the 3,5-diphenyl-1,2-dithiolium salt of {Aul,]’ has been
determined [20] and in work that aims to develop organic superconductorss, charge
transfer salts of ligand (6) including those containing the anions [Au(CN),] ™ and
[AuBr,]” have been prepared and characterised. The electrical resistivity of the
astype {(6)}AuBr,] decreases monotonically down to 4 K. The salt [(6)][Au(CN ),]
exists in two morphologics; the first is an insulating phase and has been characterised
by X-ray crystallography while the sccond is metallic to 40 K [21].

IO~

(H)

3.2, Complexes with oxyeen-daor ligands

The gold(1) complex [PhyPAu(O,CCE) (7) has been characterised by X-ray
diffraction methods. The gold(i) centre is hnearly coordinated by the phosphine 2-
donor and one oxygen donor of the trifluoroacetate ligand {Au O = 207.8 pm) 123.

Only the ipso-C atoms of Ph rings are showa,

{h
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3.3. Complexes with sulfur-donor ligands

The reaction of [{Ph,P),N][Au(acac),] with H,S {(as a saturated solution in
CH,Cl,) has given the first homoleptic hydrogensulfido complex of gold(l):
[(PhyP),NAu(SH ),] can also be prepared by bubbling H,S through a solution of
[(Ph,P),N]JJ[AuCl,] in Et,NH. In the 'H NMR spectrum, a signal at 8 —1.22 due to
the SH protons was observed, and in the IR spectrum, an absorption at 340 cm™!
has been assigned to the v{Au-S) mode. The solid state structure of
{(Ph;P),N]jAu(SH),} has been determined and confirms a linear S-Au-S§ unit in
the anion [23].

Scveral papers have been concerned with gold(l) complexes of benzenethiolate
and related ligands. The crystal structure of [{ Ph,PAul p-SCH)|[CFSO,] has
been determiined and reveals a bridging [PhS]™ ligand supporting a digold unit with
a Au---Au separation of 317 pm. Each gold(1) centre is in a linear S-Au-P arrange-
ment [24]). The related complex [Ph,PAuSC H;] (8) has also been structurally
characterised and is dimeric in the solid state. The Au.--Au distance s 3{5.4 pm
and the two PAuS units adopt in a staggered conformation [25]. The related
compound [Ph;PAuSCH,-2-OMe] - 0.25E1,0 has also been studied crystallographi-
cally but here the Au---Au separation is large (574.1 pm) [26]. The reactions of
[Ph,AsAuCl] with K,[1.2-8,C,H,] or K,[3.4-S,C,H;Me] have yielded similar com-
plexes of formula [Au,L(AsPhy)l, (HaL=12-(HS),C.H, or 3.4-(HS),C,H;Me),
but with K[ 1,3-8,C,H,], the product was {Au,(1,3-8,C.H,)L. The reactions of these
complexes with phosphines have been investigated, and higher nuclearity species
have  been  obtained, for  example by treating  [Au,L(PPh;),] with
|Ph,PAU( Me,COMCIO,). Product characterisation has included X-ray crystalio-
praphic studies of representative complexes 27§, T'he sell-assembly of a ‘wheel-like’
gold (1) complex takes place when benzenchexathiol reacts with [PhPAuCT). The
product is [CeS(AuPPhy),} (9) and the beautitul nature of this complex has been
conlirmed from X-ray erystallographic data. The CoS,-core is necessarily planar but
there is some puckering of the § Au(P’) 8 uaits around the periphery of the
S.-hexagon; there are no bonding interactions between the gold() centres {281,

Another example of the assembly of & multinuelear species is observed i the

Only the ipse-C atoms of the Ph rings are shown.

(8)
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Only P atoms of Pi*hy groups are shown,

b

reaction of chloroauric acid with (*Bu(),SiSH in the presence of tricthylamine. This
yields the complex {{{'Bu0),SiSAn} ] in which the four gold and sulfur centres form
a monoeycle. The new compownd has heen characterised by IR, UV VIS and NMR
spectroscopics as well as mass spectrometry and X-ray diffraction methods {29].

The syntheses of the complexes [Au,L{PR )], where HLL (1) and R = Me,
OPh, Et or Cy, have heen reported. The solid state strueture of [AuLPCy )5
reveals that the ligand 17 bridges across the two golddh) centres but the steric
crowding of the cyclohexyl proups prevents there from being any gold gold inter-
action. However, for the less bulky phosphines, interaction is possible; o.g. tor
R=Me, Au---Au--3145pm, 299.1 pm for R=OPh, and 3084 pm for R - Et
Sofution *'PP NMR spectroscopic data for the complexes indicate the presence of
only one phosphorus eaviromnent down to -- 80 C {30].

N N
DS w

am

The reactions of |R\PAUCH} (R, = Phy, MePh, or Me,Phy with selenourea have
been mvestigated and the produects hive been characterised by elemental analysis
and 'H and P NMR spectroscopies. The crystal structure of the related NN~
dimethylthiourca complex {Ph PAu SC(NHMe),CL SCNHMe), has been deter-
mined and i the cation, the gold(1) centre is in the expected lincar coordination
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Caly the ipyo-C atoms of the Ph rings are shown.

(1

environment [31]. The coordination of the conjugate base of HC{P(S)Ph,},. HL.
to the gold(1) centre m [("BuPh,P)AuL] (11) takes place through two of the sulfur-
atoms with an S Au-S angle of 104.5 within the chelate ring [32]. Compounds of
the type [(Ph,P(CH,),PPh,)(AuS,CNR,),] where =1, 2 or 3 and R=Et or Cy
have been prepared and characterised spectroscopicaily. The dithiocarbamate ligands
bind to the gold(1) centres in 2 monodentate Tashion and this has been confirmed
by an X-ray diflvaction study of J(dppe)(AuS,CUNR, )| in which the dppe ligand s
m an extended conformation supporting the gold(1) centres at significant separition

the gold(1) centre in cach is in a distored tetrahedrat coordination sphere and for
R« Cyll,, the P Au P angle is 145.2° while angle § Au S is 63.2 . The electronic
structure ol these systems has been probed by use of extended Tlockel and Fenske-
Hathl SCIF MO caleulations and results indicate that bending at the gold(1) centre
activates it towards reactions with nucleophiles. The UV- VIS spectra ol the
complexes  [(RyP),AuS,COR’] cxhibit a relatively intense  absorption  at
06 (e=15-30x10*M tem Yy and a weak absorption at 390 am
(e=100M 'cm ') and changes in the clectronic spectra as a function of R* have
been discussed. 1t has been proposed that the luminescent properties of the complexes
(in solution and the solid stiate) arise from digand excitation (n—n*} {33al.

A number of gold(1) complexes containing sulfur-containing heterocyclic ligands
were  reporied  during 1994, The  monohydrate  of  bis( 1.3-thiazolidine-
2-thione)gold(i) chloride has been structurally characterised; in the cation, the two
thione ligands are S-coordinated with an S Au S angle of 176.4". The clectronic
structure of the cation has been investigated at the xtended Hiekel level and the
structural consequences of hydrogen-bonding in (hie. and related systems have been
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explored [34]. The conjugate base of ligand HL (12) features in a series of
gold(1) complexes of the type [RjPAuL] (R=Ph, Et, Cy, 2-MeC¢H,, 3-MceCH,
or 4MeC H,, or Ry=PhMe;), [ClAu(dppe)AuL], [CiAu(dppp)Aul], [(dppm)-
Auw,L,]. [(dppe)Au,L,] and [(dppp)Au,L,]. Their syntheses and IR and NMR
spectroscopic properties have been described, and a crystallographic investigation
of [Ph;PAuL]-EtOH has been carried out. The ligand L™ binds to gold(1)
through the thiolate moiety and the coordination geometry is linear as expected.
The compounds have been tested in rats for their anti-arthritic activity and the

results are encouraging [35].

(12)
N N N
\>—SAul. <\ H—=Shil 4 \>——SAuL
X X N
X - 0, NI X =N, Ol o H
W)
Ml‘.(‘(}; )
sAnl. HeLe T“‘.
\I (l‘ll(‘Mv,SAuI,
N, S, o,
Met0, (hi*Me
(L3)
5 Sil
57 Nsn
(14)

Mass spectrometric data for complexes  tormed  between  {PhyAsAuC] or
fPILPAUCT and the antons of Z-mercaptopyridine or thiophene have been analysed
as well as those foe complexes involving turan and derivatives ol pyrazole; evidence
for multinuclear specics has been presented  [36). The reactions  between
[(PhP),N][Autacac)y] and the ligands HL fead to the Tormation of complexes
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[(PhiP);N JiAuL,} where HL 1s HOCH,CH,SH or 1s as detined in structures (13) in
which the anions {Aul,] ™ are shown. The anticipated linear S--Au-S coordination
sphere has been confirmed for complex (13a) with X =0 by the results of an X-ray
diffraction study [37]. The reaction of {Ph,PAuCI] with [Et,N),{ZnL,} in which
H,L =(14) has been reported to yield the digold complex [( Ph;PAu),L] in which
the two gold(1) moieties arc bound to the two thiolate groups. This complex may
also be prepared by adding 2 equivalents of PPh; to {(Ph;As)Au,L]. itself made by
treating [ Et.N];[ZnL;] with [Ph;AsAuCl]. A means of increasing the nuclearity of
the complex is found in the reaction of [(Ph;PAu),L) with [PhyPAu][CIO,] which
yields [(Ph,PAu),L][CIO,] in which ligand L?~ forms S-Au bonds through the two
thiolate sulfur donors and the thione group. A tetragold complex (15) is formed
when [EtN1[ZoL,] reacts with [dppm{AuCl),] and the structures of the tri- and
tetragold products have been confirmed by X-ray diflraction studies. All complexes
have been characterised from spectroscopic and mass spectrometric data [38).

Oaly the PCP-hackbone of cach dppa tigad s shown,

(15)

3.4 Complexes with selenivm- ov telturivne-donor figands

Gold(1) phosphine chlorides (PR, = PPh,, PMePh, or PMe,’h) have been reacted
with R3Scs (R'=CH,Ph, Ph, naphthyl, CH N4 or C H,Ci-4) and silver
hexafluoroantimonate to give the salts [(RyP),Au(SeR)J[SbF,] for which 'H and
P NMR spectroscopic and mass spectrometric data bave been reported. The
reaction  of  PhSeSiMe, with  |dppe(AuCl),) has  given  the  complex
[dppet AuScePh),} and for this species, the 7’Se NMR spectrum has been recorded.
Representative complexes have been structurally characterised and in cach, short
Au---Au contacts have been observed [39]. Tellurium-containing complexes have
been prepared by the reaction of [((24,6-Ph;CH)Te},] with a source of
[Ph,PAu)’ and subscquent oxidation with I see also Section 2.4, The first gold(1)
complex §(2.4.6-PhyCH,) Te(AuPPhy),] " has been isolated as the [PF ] salt and a
crystallographic investigation has revealed a pyramidal tellurium centre {(Te Au=
259.1 and 257.8 pm) and gold atoms that arc within bonding contact (295.3 pm) [13].
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3.5. Complexes with nitrogen- or N.C-donor ligands

The high-yield synthesis of the complex [Au({NCPh),J[BF,] has been detailed: the
method involves the reaction of metallic gold with [NOJ][BF,] in PhCN under reflux.
The synthetic utility of [Au{NCPh),}" lies in the labile nature of the benzonitrile
ligands and its applications have been exemplified (40]. The preparation and crystal
structure of the azine complex {(C,Fs)Au(Ph,C=NN=CPh,)] have been reported;
the gold(1) cnvironment is linear as expected with the azine ligand acting in a
monodentate fashion. The precursor to [(C F:)Au(Ph,C=NN=CPh;)] was
[(C F)Au(SC,H,)]. and further reactions of this complex with diazoalkanes have
also been investigated [6].

The gold(l) complex [PhyPAuL} where HL =(16) has been prepared by using
{{ Ph,PAu} O)BF,] as the aurating agent. Characterisation of [PhyPAul] has
included structural determinations of this and the solvate [PhyPAul] - CHCl,. Linear
gold(1) coordination spheres are observed with Au-N distances in the range pre-
viously reported for clectron-withdrawing RR 'N-substituents {41]. The single crystal
structure of [PhyPAuL] [HL=(16)] has been independently determined by
Kuz'mina [42].

Members of a series of complexes of the type [JLAuX ;) {(L=(17). X=Cl, Brj

O

N1l

N N
ry OO
N+ - 0

R Me Buir

* - coordimation sine

an
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have been prepared from [(Me.S)AuCl]. The products have been characterised by
elemental analyses and IR, Raman and "H NMR spectroscopies; the ligands bind
through a single nitrogen donor atom [43]. The synthesis of the complex
[Ph,PAuLl] for which HL is (18) has been described along with its spectroscopic
(UV-VIS. 'H NMR and emission) characterisation. Photoluminescence was
observed for this gold(l) species and also for the heterometallic complex
[Ph;PAu{p-L)Cu(p-L)sCu{p-LYAuPPh;]. The crystal structures of both complexes
have been determined and linear coordination geometries for the gold(I) centres
have been confirmed; in the mixed metal compound. each copper(l) centre is
3-coordinate and each L~ ligand is in an N, N'-bridging mode [44]. Gold-197
Maossbaucer spectroscopy has been used to investigate the reactivity of complex (19).
With reagents which may undergo oxidative addition, (19) gave cither gold(1i})
or mixed compounds or gold(l) carbene species: the work also includes an
X-ray diflraction study of a gold(1)/gold {111} species formed by the addition of an

cquivalent of I to (19) [45].
@
2
A:‘ Au

[N

R
~

R beneyl

(19)

3.6, Complexes with phosphorus-doner Buaneds

Crystal structure determinations of stmple complexes of the type R PAuCl
continue 1o appear and this year wre exemplified by those of [(4-MeCH,) PAuCT]
[40] and [Me,PAUCT] and ['PryPAuCl] {47]. In the solid state, molecules of
[Me,PAuCT] form helical chains by virtue of Aa---Au contaets in the range 327.1
10 338.6 pm. The fack of such an extended artay in ['PrPARCL] has beer attributed
to the greater steric bulk of the 'PryP versus Me,P substituents. Crystallographic
structural determinations of [{ Me,P?),Au]CL 2CHCH, {47]. [("Bu,P),Au][BPL) [48]
and [('Bu;P),Au]CE (49] have also been reported. In [(Me,PLAu]CEH 2CHC, the
solvent molecules lic between layers composed of the gold(1) complex: the P Au P
coordination sphere is approximately linear with the Au---Cl contact of 3167 pm
such that the Ct Au P angles are close to 907 The complex [(‘BuyP)AujCl was
prepared [rom the reactions oi tabile gold(1) species with the phosphine or between
['‘Bu,lAaCH] and Na[BH, ). the [(*Bu,P)Au]’ cations and €t anions are well
separated in the solid state.
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The redu Jon of Na[AuCly) by thiodiglyco! followed by reaciion with
Ph,PCH,NPh, has been rcported as ome method of preparing
[(Ph,PCH,NPh,},AuCl}; alternatively, the complex may be obtained by treating
[PhyPAuC!] with Ph,PCH,NPh,. The compound [(Ph,PCH,NPh,),AuCl] has been
characterised by elemental analysis, 3P and 1*C NMR spectroscopies and a crystallo-
graphic study. Each Ph,PCH,NPh, ligand coordinates through the phosphorus atom
and the gold(1) centre is in a T-shaped environment with a P-Au-P angle of 173.2".
The Au-Cl distance is 295.1 pm, which is significantly shorter than that reported
for [{Me,P),AuCl] (sce above). Variable temperature *'P NMR spectra over the
range 323 to 213K are consistent with the possivle presence of the cation
{(Ph,PCH,NPh,);Au]” in addition to the 3-coordinate [(Ph,PCH,NPh;),AuCl]
complex [50]. Like Ph,PCH,NPh,, the ligand N{CH,PPh,), is potentially both
a nitrogen and phosphorus donor, but shows a preference for coordination
through phosphorus to gold(l). It reacts with [(tht)AuX], {PhPAuX] or
[{P(CH,CH,CN)}AuX] ( X=NO,, PF, or BPh,) to give the 3-coordmnate
complexes  [Au{N(CH,PPh,)L1,]){BPh,),.  [Au{N(CH,PPh,),}][PF,] or
[AuiN(CH,PPh,),} IINO;]. Structural characterisations have confirmed the natures
of these gold-containing specics: the monogold species luminesces brilliantly when
subject to UV radiation [51}. The samc rescarch group has reported the crystal
structure of {{P{CH,CH,CN);} AuCl} and has revealed the presence of two poly-
morphs differing in the conformations of the CH,CH,CN chains. In one polymorph,
ong nitrogen alom approaches relatively closely 1o the gold(1) centre whilss in the
seeomcl, (20), two nitrogen aitoms do so {821 The preparation of ligand (21) and us
reaction with [Me,SAuCl] have been desenbed. The gold(l) complex formed has
been fully characterised and the ligand bonds 1o the metal comtre through the
phosphorus donor atom | 53], The potentiad nses of (21 as both a phiosphorus and
nitrogen donor figand have been poted and the tigmd has been incorpored intn
the tetragold complex T ARAU{R-8,C CION D LARAUL,) where 10 (200 s
complex laminesees strongly upon UV radiation. The bonds between the L Au’
utiits und the dinuclear core have been described i terms of Lewis acid-base
interactions {54, Reactions between the complex [ PCHL0H ) AuCl and varivus
nucleoside Egands, Nuc ™, in ethanol in the presence of AgNQO, have been reported
to yield waterssoluble complexes of the type [ P(CHLOH ), FAu(Nuc)] [85).

The digold complex {{Z)-Ph,PCH- CHPPh AuaCl,)  reacts with Na,L
{HLL = (NCHHSYC CSPNCN)] 1o give a tetragold complex (22) in which one
gold centre is in an organometallic environment bwt three ane coordinated by
phosphorus-donors of (Z£)-Ph,PCH - CHPPh, ligands. The product has been charae-
terised  spectroscopically, mass spectrometrically and  erystaltographically 156].
Gold(1) complexes of the didentate igund dppt have heen deseribed in previous
reviews in this series. When [(dpphAw,CL) reacts with an eguivalent of dppt. an
intermediaie compiva {dppl JAUL] forms which readily polynierises, The preseace
of 1 zig-rig chain in the solid state has been revealed by a erystal struciure analysis.
A Turther species JAudpp-P, 0,-dppf HINO,L - 2H,0 bas adso been reported.
In both compleses, there are no significant intramolecular nor intermolecular gold
gold interactions 1371 The chemistry of the didentate ligand 1.2-(PPhy),C,oB o1,
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Ph) .m
ll Hh
(22

1. has been developed with the reactions of [LAu(tht)] with dppe, 1.2
(PPh)C. (2)-Ph,PCH - CHPP,, PhyPESICH,PES)Ph, and PhyP(SINHIP(S ]Ph,_.
Displacement of the tht ligand leads 10 the formation of 4-coordinate gold(1)
complexes in which ligand L remains as a chelating ligand. The product of
the reaction with Ph,P(S)YCHLP{S)Ph, s shown in structure (23) and an X-ray
diffraction study has confirmed a tetrahedrally coordinated gold(1) centre. Each
of the new complexes exhibits o high thormodynamic and  Kinetic  stability
i solution | 58],
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Only the ipso-C atoms of the Ph rings are shown,
23

4. Dinuclear ‘A-frame’ nd related polynuclear complexes

Although not an *A-frame’ complex, the model species {{PH)AuX Y, ( X = vari-
ous) is representative of the types of complexes discussed o this section. A theoretical
study Bas addressed the so-called ‘surophilic’ attraction as a function of group X,
The attraction was found o inerease for X in the order 7« Me < Cle Br <. SMe with
a caleulated value of 25 k) mol ' for the softest ligand [59)

The  erystal structure of  the  monochnic phase  of  the  comples
{AUdppM)L]CTy - 2MeCN has been elucidated; the molecule contams o crystallo-
graphic imversion centre and the Au-An distance s 2994 pm [00]. A fonper Au---Cl
separation was observed in this strocture than i the trichnie phase ol the complex
previousty  reported. The  preparabos and  cduractensation of the complex
[AUAPPI) L PROS HCT have been reported. The structure of the cation (confirmed
from the results of an X-ray diffraction study ol the chloride saly) is shown tn (24)
and shows that the {PhCS,|  ligand essentially bridges the Au Aun unit but with
anly one Au- 8 interaction that is bonding; the Au S and Au” 8 distances are 271 8
and 3153 pm [61).

The reaction between hydrated chioroauric acid and dppm in ethanal has produced
the trinuclear complex |Auy(dppm),CLICT which estahlishes an equilibrinm in solu-
tion with [Auy(dppm)Cly) and [Audppm),CLY A variable temperature P NMR
spectroscopic study of this system has given insight into the relatve exchanges
between  the  species  present  in solution, The  cmission  properties ol
[AUL PP, CLICT have been discussed and its strong emission s attributed 10
mteractions between the gold centres {62]. The apphication of a luminescent coordina-
uvely unsatorated  polynuckear Y polymetallic spevies s a0 DNA photo-
cleavage  apent  has  been  demonsiraied;  the  complex  cation  under
study was [Auddmmp),} ' where dmmp = Me PCHLPOMOCHPMe, {63]. The
complexes FAUAPPMHCHLPPRCH D L [ Awdppe HCHLPPOhLCHEDL and
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Phenyl groups have been omitted from the PPh groups,
(24)

{Au,(Ph,PNHPPh.)Y(CH,PPh;CH )} are three of a larger group of heterobridged
digold complexes that have been prepared Irom [Au{CiH,PPh,CH.).] j64]. The
oxidative  additieon  of Cl; or Br, to the tetramuclear  complex
BCF AU {HC(PPhs): Aus HPPhL)CH HAUWCFG)] has been described; treat-
ment of the cllovo-derivative with |Piy,PAgOCIO,| has resulted in the formation of a
product in which three of the four gold centres are arranged in a lincar chain within
which it is not possible 10 assiga integral oxidation states, Similer reactions with
[LAROCIO,} where L ==tht, PMcPh, or P{C I ,Me); have also been studied [65].
The reactions between [Auy(p-1.0.ClL} (L =dppe, dppb, (Z2)-Ph,PCH-—=CHPFh, or
PhLASCHLCHLPPR,) and KoES,C - CICN )L} have yielded heterobridged compiea s
of  the  type  [Auyp-E){p-S.C CCNLIL The  erystal structure of
AW AZ-PhPCHE CHPPR,  p-S.C GICN)LY] bas been determined and an
A A distance of 286,7 pmis consistent with a degree ol bonding mteraction 66,

The  rates  of  cleetron  transfer Trom  the elec.conically  excited
AWy, PCTLCHLPCY ), 1o Madkylpyridinium aeceptors hive been determined
in MeCN solution at 298 K by a quenching technique. The guenching rates increase
with the reaction driving foree but reach o limiting value, Related studics involving
[ 15, L.5-cod htp-pyrazolyd),] have also been carried out |67].

8. Gold clusters
5.1. Theoretical studies

An ipvestigation of the gold gold interactions in the model compounds
HPH)AUX ), was mentioned in the previous section [59). The isolation of the
tetragold cluster [AugP'Bu,),l° ' has prompted a theoretical investigation af this
system and calculations have been carried out using quasi-relativistic and relativistic
versions of the LCAO-SCF MO method at the non-empirical CNDO/1 level. The
significant effects of phosphine coordination to the bare Auy cluster have been
discussed: it has been noted that PH; is a poor model for P'Bujy and other ligands
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since PH; is not able to model adequately the donor properties of the larger
phosphines [68]. MO calculations at the extended Hiucket level have been carred
out on AuyPR;),l, and strong Au-Au mteractions have been evidenced. When a
main group atom, E, is introduced into the gold cluster, e.g. to give a species of the
type X,E{AuPR,),. clectron transfer between the metal and main group fragments
occurs and gold-gold interactions are reduced. In the C;, [As{ AuPR;),]" cation.
close Au-Au contacts and relatively strong interactions are possible [69].

5.2, Clusters comtaining a central p-block arom

The reaction of six equivalents of [Me,PAuCl] with two equivalents cach of
silver(1) oxide and sodium tetrafluoroborate feads (o the forination of the tetrallu-
oroborate salt of {(Me;PAW,O,]*" in high yicld. Crystailographic studics have
revealed that the cation consists of 1wo AuyO-cores with two of the gold centres
in cach core combining to give an Au,-tetrahedron that is central to
the [(Me;PAWO,1 Y system [70]. The reaction between (Me,Si),S  and
[(Me PAWLOT" has provided a route to the sulfur-centred cluster [(Me PAu),S)"
which has been isolated as the tetrafluoroborate salt. Analogous reactions with
[('Pry PAULOYT and {(MePh,PAUYO] have also been carried out. The structures
of all three products have been confirmed by Xeray diffvaction investigations and
show pairwise cation-interactions via Au. S interactions. In [{ Me;PAu)LS] ' aggre-
pation is extended Turther to give chains in the solid state {71). The compound
[P PAWLS TCF SO, has been prepared by the reaction of {(PhPAU),S | with two
equivilents of [PRPAWOLSCE )] in dichloromethane. In the *'P NMR spectrum,
one resonance wis observed. A crystal structure determimtion showed that the
sultug atom caps the four pold contres with anples Au 8 At in the eange 735 1o
75.0 . The pold atoms deline a butterfly shape with Au. - An sepatations belween
A8R.3 and 2938 prooand an anternal dibedrad angle of 150 {n the solid stage, the
cations are paiida by vietae of Au-8S interactions [721.

Dendiitic systems have been prepared by the reactions between [(Ph,PARLOT
and  the  amines  RN(CH,CHL,CHNIE), (ReMe.  Cy, PhCHy)  or
N(CH ,CHNIL), i thit The isohated products inchide salts of the cations (28) and
have bea. characterised by clemental iwnalyses, mass spectrametry and NMR spectro-
scopy. The erystal structure of {(26)[BE ] thf, (erystatlised from a product of
depradation), has been determined, confirming the presence of a0 AuN-cluster unit
[ 731,

530 Polvnuelvear clusiers

Fhe syathesis of an octagold cluster with an unusuad core-structure has been
deseribed: JAu k1P (27) [L 0 P(Mes)] forms when [(LAR),0]° or |¢ EAWOH ]!
reacts with carbon monoxide. Otler products include [(LAwLE * . The tetrafiuoro-
borate salts of {AudJ*" and (LA have been characterised in solution by
P and 1 NMR spectroscopios and in the solid state by Xeray diffraction methods,
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=1 3+

N
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'/\N PRs
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PR,
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| PRy —
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. 1+
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/ N\
l"]l;I’All"’“\:‘\“l";:‘/\llpi’hj
Au
| Phh, -
{20)

A etrahedral Aug-core features in both cations, with two vertex-lused Auy-units
mereasing the nuclearity to cight in the karger clusier | 74).

The contributions ol Pignolet and coworkers to this srea have included the
rcaction  of  metaltic  sercury  with  [Ph;PPH{AuPPh;} JINO;]; 10 yicld
[P PPUAUPPH; ) HgNOL)NO;): halide-for-nitrate exchange results in the forma-
tion of the cutions [PhyPPt{AuPPh,)(HegX )" (X=Cl, Br, 1} and treatment of
[PhPPUAUPPh,) (HENOY)*  with CO  feads to the formation of
[PhPPHAUPPR)J(CO) . When the cation [PhyPPI(AuPPh,) (HgNO,)|" reacts
with Na[Co(CO),), the product is the cluster [Ph PP AuPPh,) HeCo(COY,|". The
characierisations of the products have included the X-ray crystal structure of
[P PPHAUPPH L (HeNOL)[NO,] and these results show that the octametal-core
possesses an unuswal shape which lies between the hmits ol a cube and a geonetry
desived from a fragment of an icosabedron {75, Studlies on a series of platinum - goid
and palladivm: pold clusters have concluded that these systems are excellent catalysts
for 11,/13; cyuilibration (1o form HI} [76]. Related, but independent, studies have
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Mesityl groups have been omitted.
(27}

focused on the reaction of [HP{{AUPPh,)I{NO,], with [Ph,PAg]iNO;|. After
treatment  with  sodium chloride,  the  isolated  cluster  species  was
[PLOAUPPh,) AR, Cla] which has been characterised by FAB-MS, IR and *'P
NMR spectroscopics, eyclic vollammetry and an X-ray ddlraction analysis. The
cluster core consists of (wo, platinum-centred icosahedral units wihich share a
common silver atom 7710 1t has been reported that triphenyiphosphine gold(l)
azide and chloride react togetber with JdppeIPd(N;)] 1o yield the cluster
[ PD S PAWLAppeAu ) (ACH P ] with the elimination of Ny and PPh,. Fast atom
bombardment mass speetrometry was wsed 1o establish the nueleanty of the produe
and his has been confirmed by the resdis of a crystallogeaphue stady. The core-
structnge consists of o patladinm-centred icosahedron. 1t is significant that durning
the reaction, the dppe ligand s transtersed Trom the pallidium o the gald centees
although the presence of adidentate gand is not o requitement for the assebly
of this cluster core. An  analogous  product has been obtamed  using
[{ PhyP) PN i place of JdppePdiN,)L] 78],

The syntheses and structures of the compounds [{ Ph;PAu) CotCOLJIPL) and
[{ Ph PA).Co(CO),|[PEF ], have been desceribed. The cluster precursor in cach cise
was { P, PAW)CotCON,] . Structural investigations Bave confirmed the cluster
compuositions. The core of {Ph,PAWLCOCO)L] " consists of a bicapped trigonal
bipyranud while that of [(PhPAW-Co(COY,]" s considered as o cobali-centred
fragiment of an icosahedron | 79].
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