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9. Gold

Catherine E. Housecroft
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This review surveys the coordination chemistry of gold, published during 1951, It follows a
format similar to that used in the comesponding 1990 review [1]. The resolts described are
organized by the oxidation state of the gold centre and by donor atem type. It should be noted
however that a significant number of complexes other than those detailed in Section 9.3.4 do contain
gold({I) phosphine interactions. Section 9.4 deals with selected cluster specits; mansition metal
clusters in which one or two gold(l) phosphine units bridge metal-metal, M-M, edges or cap Ms-
faces are not, in general, included in this review. 1 should like to thank the Cambridge
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Crystallographic Data Base for providing atomic coordinates for structures (2b), (3}, (), (1),
(18), (21), (22), (27). (28), (42)-(45), (50, (513, (55), (56), and (58)-(66).

A review entitled “Inorganic chemistry and drug design” [2] has appeared and includes a
section on gold anti-arthritic drugs.

9.1 GOLD(HI)
9.1.1  Compiexes with halide ligands

The results of a comparative study of silver and gold &ifluorides has been reporied. The
crystal structure of AuFy shows that the gold(III) centre tesides in an ¢longated octahedral
environment, (1), AuF4-units are joined by symmetrically bridging fluorine atoms to produce helical
chains. The emphasis of the paper is on silver{IIT} fluoride [3].
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The UV-VIS absorption spectrum of gaseous AuClg exhibits maxima at 222, 244, and 460
am. The results lead to a discussion of equilibria and thermodynamic constants for vaporisation
reactions in the gold-chlorine system. Values of AH and AS for the equilibria given in equ. (i)-(iv)
have been determined [4]. Two papers [5, 6] present X-ray photoelectron and 197Au Mbssbauer
spectroscopic data on the mixed-valence states in the 3-cimensional compounds CszAuPAu(IDXg
(X =CLB8r,D.

AuCig(s) =— AuCl(g) @
2A0()+3ChL () === Au,Cls(g) (i)
ZAnCl(s) +2Cl (g} == ApCiim (iii)

Y2 AuyClg (5) AuCl(s) + Cly {iv)
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The crystal structure of the [AuCls)- anion has been published in several independent
works. It bas been found that the presence of gold(IT) chioride facilitates the alcoholysis with
R'OH of RCN (R and R' = Me, Et). Elementsl analysis, and IR and NMR spectroscopies have
been used to identify two gold-containing species in the system: these are
[RC(ORY=NHa*[AuClt]~ and RC{OR'}=NH.AuCly. The structure of the former has been
established crystallopraphicaily. The [AuCls]~ anions are planar (& 0.034 () A) and stack in the
crystal lattice; pertinent distances are Au-C) = 2,292 {2}, 2.287 (2), 2.287 (3) and 2.275 (3) A, and
between anions, the Au----Au scparation is 4.264 A [7). Gold(Il) is extracted into 1,2-CHaCl
with the macrocyclic ether benzo-15-crown-5, L, from agueous solution containing HCl and K+
ions. The effects on the efficicacy of extraction of temperature, pH and the presence of other matal
ions have been investigated. Crystallographic data on the extracted product show that it has the
composition [KLa]*{AuCls]-. IR and UV-VIS spectroscopic and thermodynamic data are also
presented [8]. The compounds AugBrg and Aul have been prepared from AuxClg by reactions with
RX (R =Hor alky); X =Bror I) [9). The reaction of AuzClg and Ph3CCl gives [PhaClH{AuCls]-
which has been structurally characierised. The Au-Cl distances in the anion are 2.286 (5), 2.272 (6),
2.270 (6) and 2.273 (6) A [9]1. The [AuCls}— anion also features in the complex [AnLCla][AuCly)
(L = N.NV"S-macrocycle) and is discussed in Section 9.1.3 [10).

9.1.2  Complexes with gold-carbon bonds

Complexes of ylides with gold{(III), gold(iL), (see Section 9.2.2) and gold(l) {see Section
9.3.2) have been described in several papers. The reactions of the gold(l) complex
{ Au(CH2)2PPh2}2, (2a), with an excess of IC] or Brz give the gold(iil) complexes
{ Au{CH2):PPha}2X4 where X = C) or Br, respectively. Continued reaction causes the framework
of each complex to open up and the products are the gold(Il) complexes ClzAufp-
{CH2)2PPh2 ) AuClz(CHoPPhaCHI), (2b), and BriAn{u-(CH3)9PPhs ] AuBry(CHaPPhyCH,Br).
Distances in the complexes are summarised in Table 1 [11].

Table 1: Distances in the complexes X3Av{p-(CHonPPhy} AuXo{CHPPhaCHY) F A,

X=CLY=I X=Y=Br
Au-—An 6.0548 (8) 6.126 (2)
Au-X (AuX;z-unit) 2263 (5) 2.479 (6)

2.357 (5) 2.415(5)

2.282 (5) 2.410(5)
Au-X (AuXy-unit) 2272 (5) 2.406 (6)

2282 (5) 2.420(5)
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Ph,P

PPh,

(2b)

The reaction of AuCl(tht) with PhaP=CHC(O)NMe3 leads to the gold(D} ylide complex
AuCH CH(PPh3)C(O)NMes }; this undergoes oxidative addition with Clz to vield the gold(IIT}
product AuCla{CH(PPh3)C{O)NMez} [12). These complexes are discussed further in Section
9.3.2.

The ligand 6-(2-thieny))-2,2-bipyridine, (HL), is a potentially tridentate ¥ N'5-ligand. When
HL reacts with NafAuCly), the gold(IIl) complex Au(HL)Cl3 is produced in which HL is
coordinated through an N-donor atom. On heating Au(HL)Cl3, metaliation occurs to give the
dimeric complex, {AuL.Cla ), (3); distances within the coordination sphere of the gold atom are Au-
C = 1.959 (29) and 2.285 (14) A, Au-Cl = 2.255 (13), 2.285 (14), 2.275 (12} and 2.279 (12) A,
Au-N = 2.101 (25) and 2.130 (35) A [13]. The new results correct the previously proposed
cyclomeallated structure, (4), for this complex [14].

3
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913  Complexes with nitragen donor ligands

Gold(IIT} complexes of 2-amino-4,6-dimethylpyrimidine, L, have been prepared and have
been characterised by IR, 1H NMR, and electronic absorption spectroscopy, conductivity and
thermogravimetric analyses. The complexes AuvLCl3 and Aul.Br3 are prepared in aqueous solution
from L and HAuCla.aq (1:1) or AuBrs (1:1} respectively; AulaBry is synthesised from L and
AuBrs (2:1 or 3:1) in methanol solution, and (AuLaClz). L.CLHO is prepared from L and
HAuCls.aq (2:1 or 3:1). It is suggested that AulaBr3 is dimeric, and is formulated as
[AulsBrisBry; this is consistent with the observation that the complex is a 1:2 electrolyte in dmf
solution. There is interest in the possible anti-arthritic activity of these complexes and the
antitumour activity of [JAuLaBriaBry and {AuLoCl) L.CLH20 [15].

The application of diarylgold(TD) complexes to the synthesis of biaryl compounds, Ar-Ar’,
(Ar = Ar = CgHaN=NPh-2; Ar = CgH4N=NPh-2 and Ar' = CgH4NO2-2 or CgFs; Ar = Ar' =
CgHa(N=NCgHaMe-4')-2,Me-5; Ar = CgH4CH2NMe3z-2 and Ar = Ph, CgH4N=NPh-2, or
Cgiii(N=NCgHMe-4')-2,Me-5) has been reported and, the anthors state that the work represents
the "first application of organogold({TIf) complexes in organic synthesis.” The complex cis-
AR(ADYAT)CL, (8), reacts with [PRCHoPPh3JClL to give [PhCH,PPha]{AnCls] and the biaryl Ar-Ar';
similarly, cis-Au(Ar)(Ar)Cl reacts with PPhs and PPha/NaClQ04.H20 to yield AuCIPPh3 and
[{(PPh3)2Au]iCl04], respectively, in addition to Ar-Ar’ [16).

X

N HN NH
a
N%\ P

N

Ar

X=HMec X
Ar defined in text

{5 )



192
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The complexes [Aul.Cly}C1 and JAaLCla)[AuCls] heve been prepared and characterised in
which L is the macrocyclic ligand (6). Crystallographic characterisation of [AuLCl2}{AuCly) shows
that ligand L coordinates to the gold(Ii¥) cenwre in the cation [AuL.Clyl*, (7), via the rwo N-donor
atoms (Au-N = 2.065 (8) and 2.068 (8) A); the sulfur atom interacts only weakly with the gold atom
(Au-§ = 2.973 (3) A) [10]. Gold{iD) ions complex with the macrocyclic ligands HaL = (8)-(11)
in their fully protonated forms to give the complexes [Au(8)]CL{C1O4)2, [Au(9)]CI2(ClOy),
TAR(LOY(CIO4)3.HCIO4 and [As(11}CI(C1O4);. In the first three complexes, the ligands act as
Ng-donors whereas ligand (11) coordinates through three nitrogen atomns only. For the ligands Hal,
= (12) aad (£3), the complexes [Au(HaL)HCl04); and {Au(H3L)}(C104)2.HCIO,, respectively,
have been synthesised. The complex stability in solution as a function of pH is investigated; the
effect of the gold(TH) centre within the mactocycle is & significant finding. The resuits are discussed
in terms of the selective uptake of gold(IH) ions (17].

IR GRS R G

HN NH HN NH HN NH

ity 9 18
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(14}
The synthesis of the bis-metailaporphyrin compiex (14) has been reported; it is prepared by
extending the organic framework from the gold(IH) porphyrin ring and finatly merallating the
second porphyzin cavity by using Zn{OCMe) {18].
914  Complexes with phosphorus donor Hgands
Complexes containing phosphole ligands, (18) and (16), or PPh3 of type LAuCl3 have beea

syathesised and characterised by physical properties, electrochemical studies, IR and 31p NMR
spectroscopy. Ligand redistributions occur berween the gold(Ill) complexes LAuCl3 and LAuBr3
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and the gold{I) complexes LAuCl and LAuBr. The crystal structure of Ph3PAuBrsCl has been
determined. As expected, the gold(I) centre is in a square planar envirorment, but the chlorine and
two bromine atoms are disordered over the three sites; distances are Au-P=2314 (6) A, Au-X =
2399 (3), 2.413 (3) and 2.415 (4) A (X =ClyBr} [I9.

(15) (16

915  Complexes with oxygen donor ligands

The flucrosuifate ion coordinates to gold(Ill} in the complex {Aw(OSO2F)3}2. The
stracture of {Au(OS0O2F)3}2 has been determined crystallographically. It is a centrosymmetric
dimer; cach square planar gold(IiT) centre is attached to two terminal, monodentate OSOoF- ligands
(Au-0 = 1.959 (7) and 1.956 (9) A) and the two metal atoms are bridged by two anions acting as
0,0 -donots (Au-O = 2.020 (7) and 2.016 (6) A). In the solid state, theze is association between
dimers with Au--—O contacts of 2.757 (8) and 2.960 (7) A which renders the overall geometry
about each gold{I) centre clongated octahedral [20].

The square planar complexes cis-AuMez(OR)PPh3) have been prepared from KOR and
cis-AuMer1{PPh3) where R = Ph, CgHaMe, CHCF3 and CH({CF3)s. Structuzal data arc available
for cis-AuMe(OPh){(PPh3), (17); important distances are Au-O=2.09(1) A and Au-P =2.402 ()
A1)

An Me

Me

amn
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916  Complexes with sulfur donor ligands

Dibenzylsulfide, L, coordinates to gold{lIT) in the complex LAuCH3, (18), [22] and in the
mixed valence compounds AuLBrg and AuLCIBr [23]. The square planar complex (18) has been
structurally chamacterised and distances within the coordination sphere of the metal atom are Au-8 =
2310 (3) A and Au-Clgis o 5y = 2.272 (3) (twice) and Au-Clirans1o5) = 2287 (4) A [221. In
AuLBrj, the structure is a bridged onc-dimensional chain; each chain ruhs parallel to the
crystallographic ag-axis and is composed of alternating Au(DLBr and Au(H)LBr; units but a
crystallographic disorder makes it difficolt to distinguish between the units. The complex Aul.ClBr
has a sirmilar structure to AuLBrg [23].

(18)

9.1.7  Complexes with selenium donor ligands

The reaction of AusCls with PhaSe yiclds the brown complex PhoSeAuCl3, the structure of
which has been determined. The square planar geometry is as expected; Au-Se = 2.445 (1) A [24).
The related goid{I) complex PhySeAuCl has also been izolated (see Section 9.3.8) [24].

8.2 GOLD(H)
921  Complexes with halide ligands

In the non-stoichiometric compound CsAug gBrs g, ESR spectroscopic resnlts are consistent
with a formal oxidation state of +2 for the gold centre. Powder X-ray diffraction data show that the
compound exhibits a perovskite structure in the solid state; each gold ion is ocmﬂbdrally sited, being
associated with six bromide ions [25]. The conductivity of CsAuo_5Br2_q is four orders of
magnitude greater than that of the Au®-Au(ID mixed-valence compound CszAujBrs [S, 6, 251.



92.2  Complexes with gold-carbon bonds

Three papers report gold{IT) ylide complexes. The reaction of { Au(CHy)pPPh2 2Cla with
AgX (X = CgFs, CgH2F3-2,4,6, NO3 and MeCQy) eliminates silver chloride and yields the
complexes { Au(CHz)}oPPha}2X2. These complexes react with AgX'L (X' = ClO4, and L = tht or
PPh3; X' = NO3, and L = PMes) to give [[ Au(CH)oPPhp)2Lo)(X')3. Metathesis with MBr,
MSCN, or MS2CUN(CH2Ph)2 generates neutral complexes which are not accessible by the initia)
reaction with {Au(CHz)2PPh3)2Cly as the precursor.  The crystal structures of
{ Au{CH3)2PPha}2Br and ({ Au{CH2)2PPh } 2(PPh1)2])(Ci04)2 have been determined [26). A
novel ylide complex, (20}, containing an Aus%+-backbone has been synthesised and structurally
characterised; its formation is quite unexpected. Complex (20) is produced in the reaction of (19)
with AuR31(OEt2) (R = CsFs). The assignment of oxidation states to the gold centres in (20) is not
straightforward and two possibilities ate suggested. The authors prefer a description in which the
central metal is a gold(I) centre and the remaining four are gold(Il) centres. If this model is
accepted, then (20) exhibits the first example of a square planar gold(I) environment [27].

AL A
§ )

'\g) R k)

R= C5F5 R= C6F5

(19) (20)

The dimer {Au(CH2)2PPhy}2{CsHsCO2}2 reacts with Ha§ in thf solution to give a deep
red product, {{ Au(CH2)2PPh2}284]0, (21), which has been crystallographically characterised. The
structure of (23} may be described as two Aug(ylide)z-units inserted into an Sg-ring; the molecnle is
centrosymmetric. Each gold(IT) centre exhibits a square planar geometry (Au-Au = 2.671 (2} A)
{28).

923  Complexes with sulfur donor ligands

The centrosymmetric dimer, [{ Au{CHa»PPha)28412, (21), is described above; Au-S =
2399 (15) and 2.413 (15) A [28].
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93 GOLD(I)
93.1  Complexes with halide and pseudo-halide figands

The bromide AuBr{CO) can be synthesised by the carbonylation of AuzBrg or by treating
AuBr with CO. The complex AuBr(CO) has been studied spectroscopically in solution: this
includes a varisble temperature investigation [29).

The photoluminescence of microcrystalline THAu(CN)2] has been investigated as a function
of terperature {1.7-400 K) and magnetic field (-6 T ). The clectronic structure of the complex has
been probed by use of relativistically modified extended Hiickel MO calculations. The results of the
two studies provide evidence for the fact that a degree of covalent thallium()-gold(l) interaction
perturbs the speciral properties exhibited by the complex. Differences are noted between the
spectral features exhibited by TIHAw(CN)3) and the salt Cs{AuW{CN)21; the absorption and
luminescence of THA{(CN)2] occur at lower energics than those of Cs[Au{CN)]1. Preliminary
structural data for TI{Au{CN}2] are presented; data were collected at 125 X and show the extent of
Au-Au and Au-T) interactions through the solid state tattice [30].

932  Complexes with gold-carbon bonds

The carbonyl complex complex AuBr{CO} was mentioned 2bove [29]. Memllic gold reacts
with uranivm{ V1) flucride in the presence of carbon monoxide in anhydrous hydrogen fluoride to
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yield, quantitatively, the complex [Ae{CO)I*[UFg]-. This new species has been characterised by
IR spectroscopy and by elemental analysis; IR spectral absorptions have been assigned {311,

The preparation of the gold(ill) ylide complex AuClz{ CH(PPha)C(O)NMey ) from gold(T)
precursors was described in Section 9.1.2 [12). The gold(l) complex AuCl{ CH(PPh3)C{O)NMe: |
reacts with Ph3P=CHC(O)NMe: in the presence of NaClOy4 to give the ionic complex
[Au{CH(PPh3}C(O)NMe2}2)(CI104). When the gold(l) complex Au(acac)PPhs is treated with
[PhsPCH2C(O)NMe21(C104), the product is [An(PPh3){ CH{PPh1)C{QO)NMea2 ] | CIO4) or
[Auz(PPh3)2 { C(PPh3)C(OC)NMe2 ) J(C104) depending upon the conditions. The stucture of the
Iatter has been determnined and the cationic complex is shown in structure (22) [12].

(22)

The complex AuyCly(l4-L) has been prepared from HAuCly and L, where L = 2,5-dimethyl-
2,5-diisocyanchexane. The molecular structural and spectroscopic properties of AuzCla{li-L)
provide evidence for quasi-one-dimensional linear chains which exhibit weak Au--Au interactions in
the lattice. The solid siate UV-VIS spectrum (KBr pellets) is characterised by an absorption at 292
amn; in solution, Amax = 272 nm. It is suggested that this absorption should be assigned to 3 d—p
wansition. Other spectral data are discussed [32).

The addition of amines to the isonitrile-gold(I) complex, (23), has beea studied. The
product €24) has been isolated from reactions of (23) with phenylamine and 1,2-diaminobenzene;
PENCAuCI is also formed in the resction with PaNH3, Secondary amines react with {23) to yield
either a binuclear complex, (25), or carbenes of the type AuCl{C{NR3}3} where Rz = Mes, (CHz)a,
{CHy)s, or (CH2)20{(CH3),. Other related systems have been prepared and the mechanisms of the
resctions have been discussed [33].

Several reactions of the trimeric imidazole complex (26) have been reported. With iodine,
oxidative addition to the gold(I} centres with retention of the trimeric frarnework is observed. With
CICO3E: and Etl, monomeric complexes LAuX where L = substituted imidazole and X = Et result;
the crystal structure of CLAuCN(CH2PR)CH=CHNCOOE! has becn determined. When PRCOCI,
Cl3 or wsyl chloride react with complex (26), oxidative addition with retention of the trimeric unit
again occurs [34].
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NCAuCl F}\
X (X Jwa
NCAuC! N

B

7531 (24)

H d Au —-N@NR
Oy R
Rzﬁ.;kAn\ a RD?QN

R, = (CHy)s R =benzyl

{25) (26)

A series of gold(¥) complexes of type RaPAuX with P-Au-C, P-Au-N, and P-Au-8 lincar
coordination geometries has been the sabject of a 197 Au Mssbauer spectroscopic study. The P-
Au-C complexes include PhaPA9C=CPh, PhaPAuC=C(1-hydroxy-cyclohexyl) and derivatives of

pyrimidine-2.4,6-wione {35].

933  Complexes with nitrogen donor ligands

The gold(T) complexes N-{{c-CgH11)3PAu}-saccharine, N-{(c-CgH] 1)3PAu}-phthalimide
and N-(PhiPAu)-imidazolium picrate and two gold(I) derivatives of pyrimidine-2,4,6-trione have
been investigated by 197 Au Mtssbauer spectroscopy; related complexes with P-Au-C and P-Au-§
coordination modes have also been studied [35].

The complex formation between gold(I) ions and acetonitrile has been studied
potentiometrically (25°C, 1M HCiOy). Stability constants for the complexes JAu(NCMe)j+ and
[Au(NCMep]* are 1gB) = 1.44 £ 0.05 and 1g82 = 1.77 + 0.09, respectively [36].

The reactions of the amines RNH2 {R = Me, Et, #-Pr, i-Pr, t-Bu, c-Cgli1, CHPh, or Ph)
with the oxoniwm salt [{PhaPAu}310)(BF4) yield [RN{AuPPh3}3l[BF4). These intriguing
complexes have been characterised by 31P, 1H and 13C NMR spectroscopy and for R = tBu, 97An
Muassbauer spectroscopic data have been analysed. The crystal structures of the complexes
[BuN{ AuPPh3}3l[BFs) and [c-CsH1iN{AuPPhi}11{BF;] have been determined; the structhue of
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the cation [c-CgH11N{ AuPPh3}3]* is shown in (27). Pertinent distances for the two cations are
listed in Table 2 [37). In related work, the structural features of the catons [N[AuPPh3]se]*,
[P{AuPPh3}4]* and (As{ AuPPh3}4]* have besn compared. In [N{AuPPh3}4]¥, (28), the nitrogen
atom is tetrahedrally surrounded by four gold(T) phosphine groups; Au-N distances are 2.005 (9) A
(thrice} and 2.05 (3) A, and Au-Au separations are 3.227 (2) A (thrice) and 3.345 (2) A. The
tetrahedral geometry is expected but is in contrast to the enexpected square pyramidal structure of
[As{ AuPPhs}4}* (see Section 9.3.5) [38].

27N
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Table 2: Important structural parameters for the cations [c-CgHyiN{ AuPPh3 }a]* and

[BuN{AuPPh3}3]*.

fc-CeHpiNf AuPPh3)s]* ['BuN{AuPPh3]3]*

AuN/A 2,045 (5), 2.040 (5), 2.02(1), 2.04 (1),
2.059 (5) 1.99(1)

Au-P/A 2.252 (23, 2.247 (2), 2.264 (4), 2.249 (3),
2.246(2) 2.255(3)

ZP-Au-N /deg 176.8 (1), 171.4 (1), 175.3 (3), 167.0 (3),
172.5(1) 176.2 ()

Fast atom bombardment mass spectrometry has been used to study fragmentation patterns
for gold(I) complexes with the 1,4-benzodiazepin-2-ones (29)-(33). The complexes are PhaPAul.
where HE. = (31) or (32), ClAu(HL) where HL = (29), (38) or (31), [Ph3PAu{HL)]{BF3s) where
HL = {(29), ¢30), (31) or (33), and [{(PhaPAu)sL]{BF4) where HL = (31). In the complexes
PhaPAuL, the gold(I) unit is coordinated at the N{R") site. In the complexes ClAu(HL) and
[PhyPAn(HL)}*, coordination of HL to the gold(¥) centre is through atomn N* (see diagram). In the
cation [(Ph3PAu)sL}*, one phosphine gold(T) unit is attached to the N(R") site and the second to
N*, The results of the study provide an insight into the stability of the complexes [39].

e " - R -
N 29) (] Me H H
i R" @) a He—<] H H
® Ne G No, H H H
R™ (32) cl B OH d
(33 NO, Me H H

A series of gold(l), palladium(ll), platinum(Il), rhodiem{IIl} and iricinm(Ill) complexes
incorporating the conjugate base of ligand Hi, (34), has been desczibed. The gold() complexes are
LAvPRj (R = Me, Et, Ph); the crystal structure of LAuPMes has been determined and confirms the
coordination of L- through N-donor atom indicated in structure (34). Periinent bond parameters in
LAuPMe3 are Au-N = 2.069 (9) A, Au-P = 2.224 (3) A, ZN-Au-P = 177.4 (3)". Complexes
LAuPMe3 and LAuPPh3 exhibit anti-HIV activity similar to that of HL itself, and LAuPMej also
shows anti-inflammatory activity [40].
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Some complexes involving S N-bonded mercaptooxopurines are discussed in Section 9.3.7.

934  Complexes with phosphorus donor ligands

A large range of complexes involving gold(I)-phosphorus bonds has, as in previous years,
beed reposted. This section describes complexes in which the Au®-P bond is s primary feature and
readers should scan other sections in this review for complexes in which the Au-P interaction is one
of several other types. For example, a series of complexes involving P-Au-X (X = C, N, S} has been
the subject of a 197 Au MiSssbauer spectroscopic study [35].

Molecular orbital calculations at the GAUSSIAN 90 leve] have addressed the bonding in the
model gold(l) phosphine dimeric complex {H3PAuCl}s. Three geomeirics have been used: a Cay
“paraile]l” geometry, a C2 "perpendicular” geometry, and a Cay, “antiparallel” geometry, The
conculsion reached is there is Au----Au attraction which is caused by correlation effects, reinforced
by relativistic effects {41].

The crystal stmctures of (c-CgH))aPAuCl [42) and (3-MeCgHy)3PAuCl [43] have been
determined; structural data are given in Table 3. The geometrical parameters of {3-MeCgHy)sPAuCl
are similar to those of the related complex (2-MeCgHa)sPARClL The complex {¢-CgHii 3PAwCl
was prepared from chloroauric acid, (reduced by 2.2-thicdiethanol), with the phosphine figand.

Table 3: Importans structural parameters for the gold(T) complexes {¢-CgHj1)3PAuC! and

(3-MeCgHe)1PARCL
{c-Cetli1)aPAuC] (3-MeCgHq)3PAuCl

Au-Cl/A 2,281 (3) 2288 (2)

Au-P/A 2.234(2) 2235 (2)

£ZP-Au-Cl /deg 1783 (1) £75.1 (1)
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The phosphonium cations [RP{AuPPh3}3)* and [P{AuPPhs3}s]2* have been prepared
according to cquations {v) and {vi). The crystal structure of [{2-MeCgH.)P{ AuPPh3}3]*, (35), has
been determined and the geometry resembles that of the ammonium ansalogues [e-
Cst11Nf AuPPhs}3l* and [(BulN{AuPPh3}3}*, (sec Table 2 and structure {27)) [44].

RPH, + [{PhyPAn},O}(BE,) H,0 + [RP{AuPPh,};){BFy] )

P{5iMes)s
[{PhaPAu],Ol[BF,]

(P{AuPPh;}5][BFy], {vi)

Me a=2277(1).2.317(8), 2321 (§) A

b=2315(8), 2288 (8),2280 (M A

\\““""P a
M\\/ \Au

\\l\\“nu-.....
Ph,P " |

PPh;

PhyP

35)

The reaction of [Au{dppe)21C1 with 2-thiouracil, HL., and NaOH in methanol under reflux
‘gives a unexpected result {sec Section 9.3.7). The product is the ionic complex
[Au{dppe)z}i{(L)(HL)] and the crystal structure of the complex has been determined; 1H NMR
spectroscopic date for (Au{dppe)al[(L)HL)] are detailed. The geometry of the cation fAu(dppeil*
is unexceptional and is as previously observed in [Au{dppe)2]CIH;Q and [Au(dppe)2i{SbCle) [45].
An investigation of gold{I) complexes with the ligand dppf (dppf = 1,1"-bis{diphenylphosphino)-
ferrocene) has been described. Two complexes prepared snalysed satisfactorily as AnaClatdpph)
and AupCla(dppf)y; analyses for [Au{dppf);]C1 were not consistent. Resuits pf 197 Au and 57Fe
Méssbaucr and 31P NMR spectroscopies show that, in the solid state, there is g0 evidence for the
existence of the tetrahedral cation [Au(dppf)a |+ but that in solution, this species does exist. In the
solid state, results suggest that the gold(T) centres are in linear and trigona) envirohmeats [46],
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™ 12+
l_ll"“ﬂ PPhy
\ a a=2308()A
Rh of Au b=2311(2)A
l o b o =167.87 (8
PhyPame ., PPh
ralkl SR C e 2
I
H —
(36

The reactions of [PhaP Au(thf))[BF,] with [(cod)M{CH(PPh;)3}]1[BFs] (M =Rhor k) in
thf/CHCls yield the dimetallic complexes {cod)M {{-{PPho),CH{PPh3)} AuPPhs. For M = Rh,
the complex, (36), has been structurally characterised. The reactivity of the new complexes has been
investigated [47]. The tetrametallic cornplex {37) is produced whea AuCI(SEtp) is treated with
TICsHsPPhy. An X-may crystallographic smdy of (37).2CgHjg has been carried out; important bond
parameters around the gold(I) centres are Au-P = 2.319 (1) and 2.315 (1) A and ZP-Au-P = 176°
[48].

phsz PPh,
.I&u Tu
thp\o O/Pphz
31

Various dimetallic complexes, including "A-frame" complexes, involving gold(f) phosphine
units have been reported. Reactions of (dppm)AnzCly or (dppe)AuzClz with LiSiaryl); or
LiSi(8iMe3}s yields the complexes (dppm)f AuSi(aryl)3}2 or (dppe){ AuSi{SiMe3)3}2. Two
structure types are observed; (dppe){ AuSi(SiMea)3}a, (38), exhibits an open structure with a
crystallographic inversion centre, whilst {(dppm){ AuSiPh3 )2, (39), has a closed structure with an
Au-Au separation of 3.1680 (3) A [49]. The reactions of [NEt4)2iFe2(C0O)g] with (dppm)AuzCls,
(dppe)AuzCly or (dppp)AuzCls in thf gives the complexes Fea(CO)gAug(p-L) where L = dppm,
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dppe of dppp. The soucture of Fea(COlgAua(pt-dppm), (40), has been determined and reveals an
unprecedented square FexAus-framework with an Au-Aug distance of 2.915 (1) A. The complexes
Fez(CO)gAu{pt-dppe} and Fea(CO)gAux{n-dppp) react further with [NEtg]2[Fe2{CO)g] but the
dppm enelogue does not [50]1.

PN

Ph,P r{th
(Me,Si)Si ~, ghz Au An
1]
- gh/\/ ~ Au,_ I |
2 Si(SiMes); SiPhy  SiPhy
(38) (3%
PhoP”” > PPh,
Au Au.
(CO)Fe Fe(CO},
{40)

The hexafluorophosphate salt of the A-frame compiex cation [IXCO}Cl)Av{p-dppm)j2j*
reacts with NH4PFs and methy] isocyanide o yield [{CNMe}p Av(-dppm)21[PFs];, the molecnlar
structure of which has been determined (Ir-Au = 2.944 (1) A). In its electronic spectrum, the
complex [Ir{CNMe}2An(:-dppm);][PFgl2 exhibits a strong absorption at 492 am which is
assigned to a 6*(d;2d;2)>0{p.p;) transition; there are also photoemissions at 540 nm
{fluorescence) and at 668 nm (phosphorescence). A further isocyanide ligand can be added to
[E(CNMe)2Aulp-dppm)2i2* to give [I{CNMe)sAu(pu-dppm)zI2* for which structural data are
available. The Ir-Au separation is 2.817 (1) A which is shorter than in [I{CNMe)Au{p-dppm)z]2+;
this is interpreted in terms of an Ir—Au dative bond in {I{CNMe)3Au(u-dppm)z]2* [S1]. Related
to these complexes is [Pt{CN)zAu(y-dppm)aj*. The steucture of this cation has been determined
and pertinent bond parameters are Au-P = 2.301 (10) and 2.278 (10) A snd ZP-Au-P = 170.7 (3)".
The electronic spectrum of [P{CN}Au()t-dppm)2){Cl0y4) in acetonitrile exhibits an intense
absorption at 320 nm and this is assigned (o the spin allowed 1(pg«dg») wansition. In fluid
solutions and in the sofid state, the complex is photoluminescent [52].

The reactions of PPhiAuCl with the cations [PH{H){N(CH2CHoPPh2)3}1* or
[(PL(HY{P(CH2CH2PPh2)3}1* lead to (Pt(AuwPPh3) {N(CH;CH#PPh3)3}1* or
[Pt(AuPPh3) { P(CH2CH;PPh2)3}1*, (41), isolated as the temaphenylborate salts. The new
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complexes have been characterised by 3P and 195Pt NMR spectroscopy and by X-ray
crystallography; spectroscopic data are discussed in detail [53].

(41)

Two isomers of the complex cation [Rhafu-Clo{CNCgHg)a(t-AuPPh3 212+, one green
{gauche-staggered) and one red (rans-eclipsed), have previously been documented; in a new study,
the effect of pressure on the complex is studicd. The complex [Rha{u-Cl}{CNCgHo)a(pt-
AuPPh3}3)(PFg)z is prepared from Ph3PAuCl and RR(CNCgHg)3Cl with TIPFg in thf; this
procedure gives the green isomer in 35% yield When the green crystals are washed with thf, the
red isomer is produced. Both isomers have eguivalent 31P and H NMR spectzal properties in
solution; crystallographic data are presented. The electronic spectra of the complexes in the solid
state have been obscrved as a function as pressure and the results have been discussed in terms of
the isomerisation processes [54].

Ph

(42)

935  Complexes with arsenic donor ligands

The structures of the cations [N{ AuPPh3}4]*, [P{ AuPPh3}4l* and [As{AuPPh3 )41+ have
been compared. In [N{ AuPPhi}4]*, (28), the nitrogen atom is terahedrally surrounded by four
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gold(l) phosphine groups (sce Section 9.3.3) , but the arsonium cation, (42), exhibits & novel
square-based pyramidal stracture. In [As{AuPPh3}sl*, the gold(I} centres arc lincar, the average
As-Au distance is 2.50 A and the average Au-Au scparation is 2.90 A. The changes in structure
along the series [N{AuPPhy)4]*, [P{AuPPhs)4]* and {As{AuPPh3)4]* are discussed in terms of
the gold(F)-gold(T) interactions [38).

93.6  Complexes with oxygen donor ligands

The synthesis and structures of the complexes PhiPAvOC(O)CHMe2 and
PhaPAuOC(OYCHMe(OH) have been reporied. In PhaPAuOC(O}CHMe;, the Au-O distance is
2.047 (6) Aandin PhzPAuQC(OYCHMe(OH), the corresponding distance is 2.038 (16) A Inthe
solid state, pairs of molecules of PhaPAnOC(OYCHMe(OH) are associated via hydrogen bonded
interactions. The complexes can be decarboxylated (T < 100°C) forming CCQ4, Au(s), PPh3 and
organic products, the nature of which depends on the conditions and the carboxylate group. The
decarboxylation of a carboxylate copolymer of polyethene and acrylic acid yields CO», PPhs, Au(s)
and an unsaturated polymer [55).

‘The reaction of Agl., (HL is the amino acid HO2CCH{Me)NHC(O)Ph), with PhaPAuCl
yields PhsPAuL. The solid state structure of PhaPAuL shows the presence of two independent
tolecules. In one molecule, A, the aming acid chain is in an extended conformation whereas in
molecule 2, the chain is in a conformation similar to that observed for the hippumto derivative;
pertinent bond parameters for molecules A and B are given in Table 4 [56).

Tabie 4: Structural data describing the coordination sphere of the gold(I} centre in the
crystallographic independent molecules of PhaPAnCaCCH(Me)NHC(O)Ph.

Molecule A Molecule B
Au-O/A 2,070 (12) 2.069 (13)
Au-P/A 2223 (5) 2.21045)
£P-Au-0 /deg 17179 172.0 (8}

93.7  Complexes with sulfur donor ligands

A proup of gold(I) complexes with S-bonded AuPPhs or Au(c-CgHj 1)3-units has been the
the subject of a 197Au Mossbauer spectroscopic study; related - and N-bondéd complexes have
also been analysed {35].
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The reaction of EtaPAuC] and 2-thiouracil, HL, and NaCH in aqueous solution yields
E3PAub; this product contrasts with that obtained when [Au(dppe)2]Cl replaces EPAuCl (see
Section 9.3.4). The complex EnPAuL, (43), has been characterised by 13C and 'H NMR
spectroscopy and by an X-ray crystal structure analysis; the gold(I} centre is lincar with Au-8S =
2.310(2) A, Au-P=2.248 @A, £5-Au-P=1769 (1) [45].

Ay

{43)

The thiol 2,4,6-iPraCgHaSH, HL, reasts with AuCI(CO) to give a hexameric thiolate of
formula {Aul.}g, (44). The cyclic structure of (44) has been confirmed crystallographicaily. The
12-membered ring has a chair conformation and is centrosymmetric; each gold(I) ceatre is linear
with Au-S distances in the range 2.278 (3) A 10 2.295 (3) A. Gold(]) iodide reacts with HL in liquid
ammonia to produce [NHal{AuLy]. The complex crystallises with three moles of anminonia and an
X-ray diffracton study of the complex shows that the anion, (45), contains a lincar gold(I) centre
(£S-Au-S = 175.6 (1)") with Au-S bond fengths of 2.288 (4) and 2.288 (4) A [571.

(44)
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(45)

Complexes of gold(I) with a series of thivethers have been reported. (AnCl)L and AuCIL
have been prepared from HAuCl4 and an excess of the ligands L and L', respectively, where L =
PhCH,S(CH?2),5CH2Ph (n =2, 5, 9) and L' = PhoCHS(CH7)sMe. Reactions of R3PAuCl (R = Et
or Ph} with PhCH28CH,Ph or PhaCHSCHCHaNMe; in the presence of silver(T} perchlorate Jead
to coreplexes of type [Ra3PAuL][Cl04]. In the cation [PhsPAu(PhyCHSCHzCHaNMe2)]*, the
ligand is $- rather than N-bonded. An excess of the ligand McSCHoCH2PPhy reacts with HAuCl4
w0 yield {MeSCH2CH2PPha} AuCl [58].

The complexes PhyPAuCl and AuyBra(dppe) react with the mercaplooxopurines HpL =
(46) and (47) or HL =(48) in basic solution to give the complexes PhaPAuL, {PhaPAu)a(u-L),
Auglu-dppe)(ps-L) and (LAu)(i-dppe). The new complexes exhibit either an S-bonded or N,S-
bonded ligand, and have been characterised by IR, and 1H, 13C and 31P NMR spectroscopy. The
structure of PhaPAu(HL) where HyL = (46} has been determined by X-ray diffraction; molecules
associate in pairs via hydrogen bonds, The gold(I) centre is linear (£S-Au-P = 178.6 (2)°) with Au-
$=2308(2) A and Au-P =2.256 2) A. A substitution reaction between PhsPAu(HL), where HoL
= (46}, and AusBry(dppe) occurs and results in the formation of Auz(p-dppe)(l-L); the mechanism
of the reaction has been discussed [59). In related work, the intracellular accumulation and cytotoxic
effects of conplex (49) have been assessed 1601,

)
H
Me. N (46) X=0 R=H
| />~sn (47) X=$ R=H
x)\n N (48) X=0 R=Me
|

Me



230

(49)

(50

{51)
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938  Complexes with selenium donor ligands

The synthesis of the green gold(T) complex PhaSeAuC has been reported, in addition 1o that
of the gold(HI) complex PhaSeAuCl; (see Section 9.1.7). The crystal structure of PhaSeAuCl,
{80}, has been determined; the gold(@) coordination shell is lincar with Au-Se = 2.378 (1) A[24].
The structure of the complex PhaPSeAuCgFs, (51), has also becn determined [61].

Selenourea and PhaPAuCl react to give the complex [PhyPAuSe=C(NH32)2]CL This
complex reacts in aqueous sodium carbonate to yicld (PhaPAun)2Se, and further reaction with
PhaPAuCl and AgSbFg produces the salt [(PhaPAu)3Sel[SbFg). The crystal swructures of
[PhaPAuSe=C(NH}31CL, [(32)IC1, and (PhaPAu};Se, (53}, have been clucidated. In cation (52),
bond parameters around the gold(T) centre are {in one of two independent molecules) Au-Se =2412
() A, Au-P=2259 (5) A, and £Se-Ay-P = 176.5 (1)’ and in (53), Au-Sc distances are 2.394 (1)
and 2.398 (1) A and the Au---Au scparation is 3.051 (1) A. The reaction of selenourea with
AuzClatdppm) leads to [{ AuSe=C(NHa)2}2(p-dppm))Cia, [(§4)ICl2, and the structure of this
complex has been determined by X-ray diffraction. Cation (54) has a “closed” conformation with a
Au----Au separation of 3.236 (1) A; Au-Se distances are 2.430 (1) and 2.426 (1) A [62).

PPh,
Au
PhyP An— Se
\\ Se
/c— NH, \
H,N Au
PPh;
(52) 3
(HyN)C 2+
\ Phy

Se— Au~—P

&_M_Bh,

(H,N).C

(54)
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The cations [(Ph3PSelzAu]* and [(Ph3PSe)AuPPha}* have been preprred and isolated as
the hexafluoroantimonate salts. The complex cation [(PhMeaPSe)AuPPhs]t has also been
synthesised, but only in low yicld. The crystallographically determined structures of
[(PhaPSe)2Aul* and [(PhMePSe)AuPPhs]t show the gold(l) environment in each to be linear as
expected (Table 5). The rather long Au-Se boad in [(PhMeaPSe)AuPPh3l* is attributed 10 the
trans-influence of the phosphine ligand. In [(PhsPSe)zAu]*, the conformation of the ligands is
defined by the torsion angle /P-Se---S¢-P = 59° [63].

Table 5: Selected structural data for [(PhaPSc)rAul* and [(PhMepPSe)AuPPh3]*.

[(PhsPSe)zAul* [(PhMeoPSe}AuPPhs]*
Aun-Se/A 2.390 (1), 2.395 (1) 2.422(1)
Au-P/A 2.270(3)
ZX-Au-8¢ (X =Se or P) /deg 1726 (1) 175.8¢1)

Two new gold(I) polyselenide complex anions [Auz(Se;)(Se3)i2-, (55), and
[Auz(Sea)(Seq)}E-, (56), have been prepared and structurally characterised; they are the first such
complexes to be isolated from solution. The salts produced are [PhgP)2[Au2({Sea)(Seal],
[PPN]2{ Aup{Ses){Se3)] and [PhaPls[ Auz(Ses)(Seq)). Infrared spectml absorptions for the modes
VSeSe and Vause have been assigned. In anion (55), pertinent bond distances are Au-Se = 2.388 (1),
2.401 (3), 2.3959 {4) and 2.401 (4) A, and Au----- An = 3.004 (2) A whilst in (56), which contains a
(7 axis, Au-Se =2.433 (5)and 2.355 (5 A, and Au---Au = 3.132 (3) A [641.

(55) (56)
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94 CLUSTERS

An overview of recent developments in the chemistry of homometallic and heterometaltic
clusters containing gold atorns has been presented (37 references) [65].

Molecular orbital calculations (self-consistens discrete-variational Xa-method) have been
carried out on the model clusters [{ Au(PH3) }¢XaJ** where X is an interstitial atom X =B, n=1; X
=C,n=2; X =N, n=3). The electronic structures of [Augl2t and [{ Au{PHz))6[2+ have also been
investigated. A primary result of the work is that there is a major contribution from each Aw 54 AC
and this contribution is as important as that of the Au 6s orbital; this conclusion is in contrast to the
results of previous calculations on similar models. The new results, and in particular the role of the
gold 54-6s5 hybridisaton, can be applied to other clusters of gold atoms, for example
[{Au(PH3)}sX,* (X = C, n = 1; X = N, n=2) [66].

The cationic triplatinum cluster [Pt3(p3-H}t-dppmh]* reacts with a source of [AuPPhs]*
1o yield [Pra(us-H){t3- AuPPh3)(t-dppm)s]2+; with an excess of [AuPPhy]*, the complex formed
is [Pt3(u3-AuPPh3)y(lt-dppm)3}2+. The cation [Pt3(u3-H)(u3-AuPPhs)(-dppm)3)2+ undergoes
reversible deprotonation and the gold(I) fragment can be removed from the deprotonated complex
by adding PPh3. Related systems are also presented and the results are discussed in terms of
electrophilic substitution at a triplatinum-cluster core. The crystal structure of [Pra{its-AuPMesh{pt-
dppm)3)[PFg)2 has been determined [67).

— _ M = Ru
L + L= Cp*
PPh L' =Ple-CeHyih
\
é-g-""‘ Au M= Nb
/M \";;-::. Au/ L » L' = n’-CsHa(SiMes)
\
I PPh, M=Nb s
L . L= L' =5-CqH3{5iMes}z-1,3

&7)

Complexes of type {57) have been prepared by reacting MH3LL' with [AuPPh3]{PFgl. The
products have been characterised spectroscopicaily. Related clusters have also been reported and
amongst these is the raft species AuaNb3(p-H)g(n-CsH45iMes)g which has been
crystallographically characterised [68]. The reaction in thf of PhaPAuV(CO)s with PhsPAUNCO)
and Ph3PAuN3 under conditions of photolysis leads to {PhaPAu}3V(CO)s, [{PhsPAu}sVICOM]T,
and homometalic gold clusters. The cationic cluster [{ PhaPAu}gV(COM}*, (58), crystallises as
[{Ph3PAn}gV(CO)4]2[PFgII(OH), Fyl.2Et0H where x+y = 1; the AugV-core is a bicapped
trigonal bipyramid [69].
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A series of papers reports clusters with PtAuz-cores. The cluster catioas
[Pt(H){ AuPPh3 }g]* and [Pt(H){ AuPPhs }¢(PPh3)]* have been synthesised and characterised by
using multinuclear NMR spectroscopy. The dication [Pt(FI){ AuPPh3 }7{PPhk3)]2+ reacts with
[SnCla]- to yield [Pe(H){ AuPPh3}7{SaCl3}]+. Catalytic tests on the new clusters show that the
compounds are not active with respect to the hydrogenation and isomerisation of hexan¢s at room
tempersture and pressure [70]. Nucleophilic addition of bromide, iodide and cyanide ions, (X)), to
the cluster dication [Ptf AuPPhs ) s{PPhs)]2* and nucleophitic additions/substitutions of the ligands
P(OMe); and P(OCH)3CMe, (L), have been studied. The products are [Pr{ AuPPhs } ¢(PPR3)(X)I*
and [Pt{ AuPPh3}s(PPha)(L)]?* respectively. The cluster [Pif AuPPhs}g(PPh3)]2* also reacts with
Hga{NO3), to yield (Pt AuPPhj}s(PPh3)(HENO3z}p]*. Other related reactions are reported. Two
rew clusters have been structrally characterised; both [Ptf AuPPha}s(PPh3)(CO)]*, (59), and
[Ptf AuPPh3 ] s(PPh3)}(HgNO3):]*, (60), possess cores which are described as “spheroidal
fragments of centred icosahedma” {71).

(59
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In a related study, nucleophilic addition/substitution reactions of P(OMe)3 and
P(OCH)3CMe, (L), with [Pd[ AuPPh3 }g}2* and [Pd{ AuPPh3 }¢(PPh3}]2+ have been investigated.
The new cluster dications [Pd{AuPPhilg{P(OMe)s}fAuP{OMe)1}212* and
[Pd{ AuPPhs}6{ P(OCH2)3CMe }2]?* have been characterised by FAB-mass specrometry, 3!P and
1H NMR and IR spectroscopies. The results of an electrochemical study of [Pd{ AuPPha}g)2+
have beea discussed. Structural data for [Pd(CO)} AuPPhsz}gl2+, (61), and
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[Pd{ AuPPh3 ) g{ P(OMe)3} { AuP(OMe)3}2]12%, (62), illusrate that the two cluster cores are
“spheroidal fragments of centred icosahedra® [72). The results of a variable temperature 31P NMR
spectroscopic study of [Pt{H){ AuPPh3}7(PPh3)]2+ and related clusters show that fluxional
processes are operative in solution at room temperature; spectra of all clusters studied exhibit sharp
resonances. Lowering the temperature slows down the rate of exchange and the low temperature
spectra can be interpreted in terms of the knewn solid state structures of the clusters [73].
Nucleophilic attack by iodide, chloride and thiocyanate ions, (X-), on [Pt{ AuPPh3)g]%+ produces
the neutral clusters Pt{ AuPPhs }s(AuX)3(PPh3) and for X = Cl, the structure of the cluster, (63),
has been confirmed crystallographically. The platinum centre interacts with six AuPPh3 and three
AuCl units as well as a riphenylphosphine ligand [74). Halide-for-phosphine exchange occurs
when the dications {Pt{ AuPPh3}5(CO)12* and [Pt(H){ AuPPh3}7(PPh3)12* react with C1-, Br-or
I~ jons, the products being [Pt{ AuPPh3}7(AuX)(CO)J* and [Pt(H){AvPPh3)s(AuX)(PPh3)12*,
respectively. These have been characterised by 31P, 13C and 195Pt NMR spectroscopy [74]. Related
work illustrates that the reactions of [Pt{ AuPPhs }g]2+ and [Ptf AuPPh3)g{CO}2+ with CuCl give
[Pt{CuCI){ AuPPh3}g]2* and [PY{CuCl}{ AuPPh3}g(CO)]2*, respectively. The structure of the
forrner has been determined and further chemistry of the products is described [75].

Electronic absorption and MCD spectroscopic studies of the cluster dication
[{AuPPh3)3]2* (as the nitrate salt) in acetonitrile solution have been reported. The results are
discussed in terms of appropriate bonding medels; there is evidence for an Au 54— 65 transition.
The results are compared with those for [{ AuPPh1)9]2* [76).

The reaction of PhaPAuCl with Rh(CNCgHg)3(1 gives a red solution from which the cluster
cations [Rh(CNCgHg)3(AuPPha)sI?t, (64), and [Rh(CNCgHo)2{AuPPha)g(AuCi)2]2*, (65), can
be isolated. The synthesis of [Rh(CO)2{AuPPh3)712*, (66), has also been reported. The new
clusters have been characterised by 2P NMR and IR spectroscopy, FAB-mass spectrometry and X-
ray crystallography [77].
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The results of XPS and UPS studics on Auss-clusters and of PhaPAuCl embedded in a
matrix have been discussed. The spectra are compared with those of bulk gold; the valence and core
level spectra of the cluster species show shifts of bands and the Fermi level to higher energics [78]).
The preparation (from phosphine, HAuCl, AgSbFs, and NaBHa) and structure of the giant cluster
[{(4-MeCgH4)3P} 10Au13Ag12C 7} SbFg)2 have been reported. The core is close to possessing &
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staggercd-eclipsed-staggered configuration [79]. In a related study, the structure of the cationic
cluster [{PhaP}10Au13Ag12Brgl* has been clucidated; the core here exhibits an exact staggered-
eclipsed-staggered configuration [89].

94 SURFACES

Two papers describe the interaction of sulfur donor ligands with gold surfaces. The
alkanethiols HS(CH2)11{OCH2CH),0H (x = 3-7) have been prepared. On gold surfaces, the
thiols form "self-assembled monolayers” (SAMs). These have been investigated by using X-ray
photoelectron spectroscopy and the properties of the monolayers have been described [81). Three
ferrocenyl thiols and disulfides, including {67}, have been used to modify the selectivity of gold
micor-electrodes on an 8i3Ny sebstrate. The systems bave been characterised by the use of Auger
clectron spectroscopy and electrochemical methods [82].

\@’\8/\/ S~ SH
I
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~cbo
(67}

REFERENCES

C.E. Housecroft, Coord. Chem. Rev., 115 (1992) 117,

P.1. Sadler, Adv. Irorg. Chem., 36 (1991) 1.

B. Zemva, K. Lutar, A, Jesih, W.J, Casteel, A.P. Wilkinson, D.E. Cox, R.B. Vondreele, H.
Borrmann and N. Bartlett, J. Am. Chem, Soc., 113 (1991) 4192,

D.S. Rustad and N.W. Gregory, Polyhedron, 10 (1991) 633,

H. Kitagawa, N. Kojima and T, Nakajima, /. Chem. Soc., Daltorn Trans., (1991) 3121,

H. Kitagawa, N. Kojima and H. Sakai, J. Chem. Soc., Dalion Trans., (1991) 3211,

a_gli;cit% 1I).!... Gnj, W.F. Scheider, N.S. Dean, J.W. Kampf and LP. Oliver, Pofyhedron, 10
H.W. Yang, ZX. Zhou, M.R. Zhang, X.X_ Zhang and B.Y. Ruan, Polyhedron, 10 (1991) 1025,
D.B. Dell'Amico, F. Calderazzo, A. Morvillo, G, Pelizzi and P. Robine, J. Chem, Soc., Dalton
Trans., (1991} 3005,

10. U. Heinzel and R. Maties, Polvhedron, 10 (1991) 19,

11. R.G Raptis, J.P. Fackler, J.D. Basil and D.S. Dudis, Inorg. Chem., 30 (1991) 3072.

12, ;5 }gccme. M.T. Chicote, M.C. Lagunas and P.G. Jones, J. Chem. Soc., Dalign Trans., (1991)
13. ?O%I%% R.P.G, Henncy, P.R. Raithby and L.R. Souss, Angew, Cham., fnr. Ed., Engl.,
14. E.C. Constable, R.P.G. Henney and T.A. Leese, J. Grganomet. Chem., 361 (1989) 277.

15. D. Kovala-Dementz, Bull. Chem. Soc. Jpn., 64 (1991) 744,

16, §. Vicente, MD. Bermudez and J. Escribano, Organometaltics, 10 (1991) 3380.

Woe NoR Wb



220

E. Kimura, Y. Kurogi and T. Takahsshi, fnorg. Chem., 30 (1991} 4117.

¥. Heitz, 8. Chardon-Noblat and J.-P. Sauvage, Terrahedron Len., 32 (1991) 197,

8. Auar, 1 H. Nelson, W.H. Bearden, N.W. Alcock, L. Solujié and E.B. Milosavievié,

Polyhedron, 10, (1991) 1939

H. Willner, S.J. Rewig, J. Trotter and F. Aubke, Can. J. Chem., 69 (1991) 391,

T. Sone, M, Iwata, N, Kasuga and S. Komiya, Chem. Lert., (1991) 1949,

K. Takahashi, Bull. Chem. Soc. Jpn., 64 (1591) 2572.

K. Takahashi, and H. Tanino, Chem. Len., (1991) 1977,

P G Jones and C. Thone, Z. Naturforsch, B, 46 (1991) 50,

tagnwa. N. Kojima, N. Matsushita, F. Ban and [. Tsujikawa, J. Chem. Soc., Dalton Trans.,

(1991 115

?.glgison 36A Laguna, M. Laguna, J. Jimenez and P.G. Jones, J. Chem. Soc., Dalton Trans.,
1991) 1361,

?.gsonl,gAs. Laguna, M. Laguna, . Jimenez and P.G. Jones, Angew. Chem., Int. Ed., Engl., 30
1991) .

L.C. Porter and J.P. Fackler, Acta Crystaliogr., Sect. C, 47 (1991) 2351,

%B_}De!l'Amioo, F. Celderazzo, P. Robino and A. Segre, J. Chem. Soc., Dalton Trans., (1991)

17.

Z, Asscfa, F. Destefano, M.A. Garepapaghi, J.H. Lacasce, 8. Cuellete, M.R. Corson, 1.K.

Nagle and HH Patterson, Inorg, Chem., 30 {1591) 2868.

M. Adelhelm, W. Bacher, E.G. Hohn and E. Jacob, Chem. Ber., 124 (1991) 1559,

D, Perrcault, M. Drouin, A. Michel and P.D Harvey, fnorg. Chem., 30 {1991) 2.

W.P. Fehlhammer and W. Fiuck, J. Organomet. Chem., 414 (1991) 261.

F. Bonati, A. Burini, B.R. Pietrond and B. Bovio, J, Organomer. Chem., 408 (1991) 271.

F. Bonati, A. Burini, B.R. Pictroni, E. Torregiani, 8. Calogero and F.E. Wagner, J. Organomet.

Chem., 408 (1991) 125.

15& Tsvelodub and V.I. Malkova, Sib. Khim. Zh., (1991) 72; Chem. Abstr., 115 (1991)

T6x.

A. Grohmann, J. Riede and H. Schiidbaur, J. Chem. Soc., Dalton Trans., (1991) 783.

E. Zeller, H. Beruda, A. Kolb, P. Bissinger, J. Riede and H. Schmidbavr, Narure, 352 (1991)

141,

G. Banditelli, A L. Bandini, M.A, Cinellu, G. Mingheti, M. Scandola and P. Traldi, faorg.

Chim. Acta, 183 (1991} 51.

T. Pill, K. Polbern, A. Kieinschmidt, ¥V Erfle, W. Breu, H. Wagner and W. Beck, Chem. Ber.,

124 (1991) 1541.

P. Pyykko and Y.F. Zhso, Angew. Chem. Int. Ed., Engl., 30 {1991) 604.

LA, Muir, 8.1 Cuadrado and M.M. Muir, Acta Crys:aliogr Sect. C, 47 (1991) 1072,

C.8.W. Harker and ER.T. Tickink, Acta Crystailogr., Sect. C, 47 (1991) 878,

H. Schmidbaur, G. Weidenhiller and O. Steigelmann, Angew. Chem., Int. Ed.,, Engl., 30 (1991)

433,

CS8.W. Harker, ER.T. Tiekink and M.W. Whitchouse, Inorg. Chim. Acta, 181 {1991) 23,

A, Houlton, R.M.G. Roberts, 1. Sitver and R.V. Parish, . Organomer. Chem., 418 (1991) 269.

?.ggﬁllamam) 3582" A_A. Bahsoun, J, Fischer, J.A. Osborn and M.T. Youinon, Organomesallics, 16
1 .

G.K. Anderson and N.P. Rath, J. Organomer. Chem., 414 (1991) 129,

H_ Piana, H. Wagner and U. Schubert, Chem. Ber., 124 (1991) 63.

S. Al\g;tcz, O. Rossell, M. Seco, I. Vallis, M.A. Peilinghelli and A. Tiripicchio, Organometallics,

10 (1991) 2309,

A L. Balch and V.J. Catalano, fnorg. Chem., 30 (1991) 1302,

HK. Yip, C-M. Che and §.-M. Peng, J. Chem. Soc., Chem. Commun., (1991} 1626,

M. Peter, P, Pevinger and B.P, Miiller, J. Chem. Soc., Dalton Trans., (1991) 2459,

K. Brsaz“H.G Dickamer, D.M.P. Mingos, M.1. Watson and J.R. Shapley, fnorg. Chem., 30

{1991)

P Paczkler, M.N.L Khan, C. King, R.J. Staples and R.E.P. Winpenny, Organometallics, 10

{1991) 2178.

P.G. Jones and R. Schelbach, Inorg. Chim. Acta, 182 (1991) 239,

L Schroter and J. Strithle, Chem. Ber., 124 (1991) 2161.

A, Von Petersenn, Arch. Pharm., 324 (1991) 41; Chem. Absir., 115 (1991) 125635k.

E. Colacio, A. Romerosa, J. Ruiz, P. Romién, J.M. Gutiérrez-Zorrille, A. Vegas, M, Martin-

Ripoll, Inorg. Chem., 30 {1991) 3743,

MP_ Arizi A Gmaomd,F Sommer, L. Silvestro, P. Massiot, P, Chevallier, J.M. Gutirrez-

Zorilla, E. Colacio, M.M. Depancorbo and H. Tapicro, Anricancer Res., 11 (1991) 625,



ARGRIB2

8

70.
7.
3.
74.
75.
76.

78.
79.
20.
B1.

82,

221

P.G. Jones and C. Thone, Chem. Zeit., 115 (1991) 366.

P.G. Jones and C. Thone, Chemn. Ber., 124 (1991} 2725.

P.G. Jones and C. Thone, fnorg. Chim. Acta, 181 (1991) 291,

S.P. Huang and M.G. Kanatzidis, frorg. Chem., 30 (1991) 3572

D.M.P. Mingos and M.J, Watsen, Transition Metal Chem. (Londonj, 16 (1991) 285,

A. Gorting, N. Rosch, D.E. Ellis and H. Schmidbaur, frorg, Chem., 30 (1991) 3986,

I(\igc.gll;ayne, R. Ramachandran, G. Schoettel, 1.1. Vittal and R.J. Puddephatt, frorg. Chem., 30
1 4048,

A, Antificlo, F.A, Jalén, A, Otero, M, Fajardo, B. Chaudret, F. Lahoz and J.A. Lopez, J. Chem.

Soc,, Dalton Trans., (1951) 1861,

K. \v\h;rssa‘t‘,4 1. Str¥hie, G. Beuter, D.b. Dell'Amico and F. Calderszzo, Acta Chem. Scand., 45

(1991 .

J.J. Bour, P.P.J, Schiebos, R.P.F. Kanters, M.E.J. Schoondergang, H. Adlens, A, Overweg and

3.3, Steggerda, Frorg. Chim. Acta, 181 (1991) 195.

L.N. to, A M.P. Felicissimo and L.H. Pignolet, fnorg. Chem., 30 (1991) 387,

LN, Ro, AM.P. Felicissimo and L.H. Pignolet, Inorg. Chem., 30 (1991) 988,

R.P.F. Kanters, P.P.J. Schlcbos, 1.J. Bour, J.J. Steggerda, W.E.J.R. Maas and R. Janssen,

Inorg. Chem., 30 (1991) 1708.

M.F.]. Schoondergang, J.J. Bour, G.P.F. Ven Strijdonck, P.P.J. Schiebos, W.P. Bosman,

JM.M. Smits, P.T. Beurskens and J.J. Ste , Inorg. Chem., 30 (1991) 2048,

M.E.J. Schoondergang, J.J. Bour, P.P.J. Schlebos, A W.P. Vermeer, W.P. Bosman, LM.M.

Smits, P.T. Beurskens and 1.J. Swwggerda, Inorg. Chem., 30 (1991) 4704.

H.R.C. Jaw and W.R. Mason, fnorg. Chem., 30 (1991) 3552.

5.G. Bott, H. Fleischer, M. Leach, D.M.P. Mingos, H. Powell, D.J. Watkin and M.J. Watson,

J. Chem. Soc., Daiton Trans., (1991) 2569.

M. Quinten, I. Sander, P. Steiner, U. Steiner, U. Kreibig, K. Fauth and G, Schmid, Z. Phys D:

At., Mol. Clusters, 20 (1991) 377; Chem._ Abstr., 115 (1991) 145543¢.

B.K._ Teo and H. Zhang, Inorg. Chem., 30 (1991) 3115.

B.X. Teo, X.B. Shi and H. Zhang, J. Am. Chem. Soc., 113 (1991) 4329.

{Cw!;til)e-l(fosdemmge, E.S. Simon, K.L. Prime and G.M, Whitesides, J. Am. Chem. Soc., 113

J.1. Hickman, D. Ofer, C.F. Zou, M.S. Wrighton, P.E. Laibinis and G.M. Whitesides, J. Am.

Chem. Soc., 113 (1991) 1128,



