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Thisyear,therehasbeena further erosion of the difference bfkweantha 

traditionalinorganicccmplexchemistryandtheorg ancrretallic chemistry of 

gold. This arises bothbecause tberehas beena oxkinued interestingold 

clusterswithaveryrnarkedincrease~interestinclustersaontainingather 

metals aswell asgold, d&cause the increas ing use of X-ray structural 

analysis has ravealadthatmanygoldaq&xeswith sulphurardphosphorus 

ligands have an architecture to rivsl that found in the organcxnetallic field. 

The result of this mrk, and the continued use of sirple organamstallic 

reagents suchasdin&hylgoldampux3s,makes itnecessaqtocontinuelast 

year's practiceof includinginthereviewsucborg ancm&alliccbemistryas 

relates directly to tbeprcpartiesof the gx~ldrt~iety. 

6.1 QZD(III) 

Arrpng the clcnplexes of gold(III) with nitrogen ligands which are reported 

this yw.r,the gold macrocycle (I) isan interestingadditiontothevery few 

knmn examples of pld axrplexes of this type tll. ItwasIMdefrCml 

[~(en)2]cl3 tithe B-diketaneand the &m&w?? is planar (whereas the 

structureofequivalentfirst-raw~~~sissaddleshaped). This indicates 

a different borCliq pattern for gold (III), and enphasises the tendency of 
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gold(III) to planar coordination. 

Amvelexaqleof the rangeofgoldbonding types possible is the double 

linkagei= ismthat cccurs in Canplexesofthe lig& tetraal.kyldiethyLmino 

dithiocarbama*. With sulphurccordinationto the gold, the remaining 

positions are taken up by tk-&cyanate ligands coordinated through the sulphur, 

whxeaswithnitrcgencoordinationto the gold the thiocy&e is also 

ccordjnatedthroughthe nitrogen 121. This is illustrated in equation (1). 

Et 
I 

Et.-b!, r 5t 
+WTC/6\ TN _ Et-i~ I CsCNI 

Et .- I/‘J \s/A9,cN - ““:qJc\, I 1 Et (1) 
Et 

Three studies reportcmq&xesmdewith sulphurczqounds. 

[~4N1[&l(SnC6Hefk)21 ContainS Square PkW gold mO?Zdillat& to the foWZ 

thiolatogro~,with the aromatic rings tipped to one side [3]. Q=aW 
of the chemistry of gold-sulphur ccqlexes which is little studied, but may 

cccurquite frequently, is thereactionofthe coordjnated ligand. SO2 
coordination to the sulphur or mtic groqx of [ti (S2C6H3bf~?)~1- is pxd.&&d 

onthebaSiSofmmevidence [3]. A range of mleonitrile di-khiolate, [mt12', 
mxfplexes omtaining gold(II1) or gold(I) have been isolated, with planar 

four-cam%mte or linear structm, respectively,[4]. The onlplex 
[Au bmt)Ll+ (L = biw or phen) is a good exarcple of a mixed chelate co@fzx of 



313 

goid(II1). [TF][AUC~~]~ and [TrF][AuC121 (IT!? = tetrafulralene; the sites 
0ontai.n the rmrqmsitive and dipositive cations, IZSpectiVely) have been 
p~~~theo~~ti~potentidLofthe~~(III) hasbeen-sl%XlTtObe 
stronglydependenton solvent,with ethanmitrilepmducing agreaterpotential 
than ethanol 151. 

other cxmpmds reported this yeq include cca@axes of 
di-2-pyridyl-ketone (dpk) &ich have the fomula [AuCl~(dpk.H~O)lCl and 

[Au(d&HzO)21 [ClO4]3. The X-ray structure of the formar shms a planar gold 
atcm coordinated to IXJ nitrogen atcms and two chloride ions 161. Ccirplexes 

with 3-methyl-lH-pyrazole and 3,5-din&hyl-lH-pyrazole Of formula AuC13L and 
HLIAuClbl [7], and a cm&&x Of N-eth0xyca~bonyl-pyrr0le-2-thiocarboxamide (eth) 
of fonmla Au(eth)Kl [Sl have keen characterized, and the oxidative addition 
of (SCN)2 ormzbculariodWet0Au(FW~)(CN) prcduces theamplexes 

mu(PMes)(cN)(=] 21 and [aume) (CNIZI, respectively PI. In0rganiC 
ccrmpounds reportedthisyear include the goldmolybdatec0mplex 
[NHsI~A!J(IWOL,) 3.3H20 frontchlomauric acid and [NH+Is [bb70241 IlOl. whenthe 
gold cmplex is heated, a seccad 0m@ex WHS]A~(MSOI+)~ is folmed. The 
smcture of hydrated potassium tetrachloroaurate(II1) shms, as expected, 
squareplanarg0ld atms, butthepotassimions andwatermlecules ccbineto 
forminfinitechainsalongthecaxisandareimportantelesnentsindetermining 
the crystal structure [ll]. 

Ramnqectrahavebeenrelmrbzdf0rb0thsqare-plauar 
tetraamnirqold(III) nitrate and its deuterate 1121, and for the pbsphcrus 
pentachloride-gold trichloride system [131. In the lat* case, the aaqound 
AuC13.FC15 was isolated and shmn to be [FCl~l[AuC141, and the strength of the 
[AuC14]- unit was illustrated whan it was detected intact in the molten #-base. 
mld(II1) can be used t0 prcnmte the hydrolysis of vari0us sulphur-amtabing 
~~,andithasbeenshawnthisyearthat,ratherunusually,theSlcrW 
step inthis reaction is a slc~metal tiausferreactbnanabg0us to Slckv 
prolmn transfer reacticms 1141. 

The use of gold(I) azplms in the treatment of rheumat0i-d arthritis was 
reviewedlastyearasac0nsequmceofthe iqactof aneworallyactive 

sola compound. Gold(II1) ccqmM.s are m-t used since they are toxic, and 
thisyearthe reas0ns far this toxicityhavebeen investigated in vCtir0. It 
was found that the tetrabmmaurate(II1) ions causeaxidative cleavageof 
disulphideb&sininsulinand0therproteinsandpeptides /l5]. The 
reactions which occur include thatslmwn in equation (2). 

3lESR + lO[Auar41- + l8HzO -6[RS&l- + 10~~ + 40~~~ + 36~+ (2) 
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As usual, there.are few reports of gold(11) -thisyear. Oneset 

of canpom& of diethyldithiocarbonate, of fornaila (21, have keen isolated at 

Et 

(21 X = Er, I, SCN or SrCN) 

77 K [16]. Theyaregreenandreverttomixed-valenceccqmmds ofthetype 

Bu(Et2Ncs2) 21 DuX21 on warming. If theethylgroups arereplacedbybutyl 

groups, the stability of the ccqxmr& is increased. The @UP mt2Ncs2)21 

precursor wntains an eight-m ringwithlinear S-Au-S bonds in it, ti 

in this itamtrasts with silverwhere the [Ag~(l%t2Ncs2)61 unit has a central 

silver-sulphur cluster. This cluster is mre stable to oxidation, although 

differentmxnplexes areisolatedat77 Kandrmxntemperature. 

6.3 QZD(I) 

Althoughgold cqzGxesareusuallylMear,hightzrcomZnaticnnuaabers 

arebecminginrmasingly ccmmmandatleastasfarasphosphinesare 

concmnedthm+and f our-cootiinategcldmqxxnds cannolongerbeconsidered 

asunusual. m paper 1171 lists sixteen three-moxdinate and eight 

four-ccordinate gold(I) qlexes known frcmpreviouswxk, andthen repcrts 

several nwel exa@es tc add to this list. The predmbmt ligands are 

pbosphines, but biw, [SW-, DJI-, [%%I-, phenandphoqhites arepresent 

inconjunctionwiththem. T!hemthodsofanalysisforhigheroxxdination 

include X-ray structure determbation, 31PNMRaPdM&.ba~spectmecapy. In 

tiSsbauer spectroscopy,~eS~ pointchax-ge (barer shift) appmachmrks 

ml1 for both two and three axxdjnation and can be used effectively in 

coqnm% containingnrxethanonegoldsite. Fbrexar@e, thetistiuer 
specmanofthenovelcqmund [Au@sPh3)3JcNo31 is adouhletwiththelcwsr 
energypeakthreetimsthesizeofthehigherone. !rhisisinterpretedas 
indicating a 1:lmixbre of tm-coordinate gold.giving a standard doublet of 

equal intensities anda single peaktypicaloftetrahedral. amrdinationdue tc 
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an [~u@sPh~1~1IClO~l species. Further, thetissbauer qxctnmof~isin 
and Solganol, thegolddrugswiththicmalate and thioglucose ligands, indicates 
lineargold coordination in these polymeric speciesbutit also indicates the 
presence of rmre than one gold site E181. The gold in the new orally active 
drugauranofin,tiichis PandS coordinated, is alsolinearas indicated last 
yearbyExAFsaldthisyearbyB&&auerspectmscopy. !thecrystalstmcture 
is now available [19] aud confirms these assignments. 

Returnkgtothe themaofthreeaad four wordination, itwas statedlast 
year that the postulate of tetrahedral coordination in gold(I) phosphorus 
aqourdswas not justified, atleastatromterqeratureand inthe solid 
state. H&EVer, [Au(PPh~Me)rrl [m61 has a regular tetmhedmn of lhospharu 
atoms roundthe goldand setmzagoodfzampleof just this typeof axxdination 
ml. [(PhsP1AulCRPh~l on the other hand contains trigonally coordinate gold 
[21] and [( (Ph3P]Au]Gl cm61 [22l has the SI&~Y_K coordinated to three gold 
atms. 

Other examples of higher coordination in gold(I) chemistry break away frm 
thedeperdenceonphosphorusligands. A amplex of 1,2-phenylene 
dinkath~larsine (L) of formula [L2Aul[Au(C6F~)~l 1231 and an antimony containing 
-1e.x [Au(shph~)~lUUGF~)~l have been prepared. In both cases, the gold 
is tetrahedrally coordinated. Auexampleofathiolatepxducizghigher 
caordination than two is tetrathiosquaric acid [24]. 

Amcargotherligandsused this yeararegocdexamples of aam@w 'soft' 
nitrogen ligand (3) [251 and of a N/P rjng systm (4) 1261. With (31, the / \ - 5 N 0 

0 N 

8 

- 
\ / 

(3) 

coordination to gold is linear andallnitmgensoanbeinvolvedinaq&xing, 
with other ligands used to mlete structures such as (5). With ligand (41, 

goldisalways~~~throughthephosphorusandthe~eculesare 
fl~~~~rapidprotontransfertoaringnitrogen. Gold(I) derivatives 
ofpyrazoles exhibitl~gold~~~~toanitrogenoftherFng_ The 
ligand can form an anion bridge betweeri two gold ions [27]. 



Ph3P -Au -N 

Y 
N 

PhsP ---AU--- 

(5) 

Another bridging ligand is 1,2-bis(diphenyQhosphino)ethene, which birkk 
lxm AuCl moieties 1281. Finally,returningtomxeestablishedbonding 
patterns, a range of cxxrplexes of the type [Au(SR)21- have been prepared ard 
the Au-S vibrations assigned [29]. A study of the solubility of gold sulphide 
in aqueous sulphide solution indicated the presence of a rangeof omplexes 

including Au(=) (HzS), [Auz(HS)zSl'- and [Au(HS)(cpI)]- [301, and the stability 
of gold thiosulphate ccmplexes inthepresenceof oopper and silver 
thiosulphate was investigated 1311. 

Thus, the coordinationchemistryofgoldis beamingbetterdcxmmmted 
with a wider range of soft ligam& such as arsines, stibines, selenides, 'soft' 
nitrogen ligauds andmore caqlexphosphorus ligandswidening theavailable 
choice. The increasing nmbsr of exmples of highex coordination is a notable 
featureof thisextensionof thechemistry and this, allied to theamplex 
natureofmanyccsnpounds andtheeasewithwhichtheycan rearrange, made the 
need for more precise spectmscopic te&nigmstoampleimsnttheincreasir~~use 
of X-ray analysis all the mare urgent. 

6.4 CLWIER UBWNNDS 

Goldclusterccftpmdsare stillaveryactiveareaofresearch,with some 
newdirectionsbecomingevidentthisyear. Itwas suggested last year that an 

&I-II~~ moiety which has a centred icosahedral structuremighttum outtobe a 

amrm tyPe Of gold ClUSt~, and a new example [A~l~WMe2Ph)~oCl21 [m?61 has 

been synthesisd [32] . The preparation involves addition of [Ti&H8)2] to a 
toluene solution of Aucl(PRs), instead of the more conventionalmutes,audthe 
yield is high. The clusber Due@Ph~)71[No312 was made by txeating 
C?uaL~l [ND312 (L = PPh3) with a pkmsphine scavenger and it, like [AusLs13+ 

clusters, is basedonacentredicosahedron with vacant sites [331. 
The largest cluster so far reported is, on the basis of analysis and 

rmlxularweightmasuxmen ts, Bul~(PPh3)lnCl;l and, on the basis of ~5ssbauer 
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measurements, it contains four types of gold but again the nucleus is an &u13) 

cluster 1341. Ontheotherham3,therehavebeen anurkerofrep0rtson 

system6 containingarmch sk@ar tetranuclearg0ld cluster. For example, 

reaction of [Aug(PPh3)el[NO3]3 with KI in pmpamne gives a tetranuclear 

arrangemntwitb a termina 1phosphineoneacbgoldandtw0bridgingiodines 

(6) [351. Iodine coordination in this mnnerisunusual. Armther 

interesting set 

m3a2 a ml,), 

alove the (Au31 

An example 

I 
Ph$ x PPh3 

Ph3P 
I 

PPh3 

(6) 

of ccqmmds am g0l.d oxonium salts, [{(Ph3P)Au)3OlX (X = E?Flr, 

whichamtain apyramidalIAu30~ unit, WiththeOxygenlying 

plane [36]. 

fromadifferentaxeaof cbemistryis the structure reported 

forthe ~termtallicphase Rb4Au7m2 which mtains ti g0ld tetrahedra linkea 

at me corn= [37]. 

Therearecpite anmrberofmixed-m&algoldclustersthisyear, 

indicating a considerable expansion of interest in this field. mewitba 

tetrahedral arran~t is prepared by adding Li[C0CO)~l in tbf to 

Bus&'%) 712+ to give Bu~(PPh3)~~CoKO)~~~l 1381. Thisistbefirst 

betexonuclear gold-mbalt cluster, and it consists of two gold t&rahedra with 

a amnmedge ardCo(cO)~, units bonded to the apical gold atom, 

[&u@Ph3)~gV(CD)51 is based on a structural unit of one vanadium ard three 

gold atcnns arranged in a tetrahedron and it is the first exaqle of a 

gold-vanadium cluster E391. 

The~of~~~~ingimroLvinggoldhasbeendwelopedf~. 

The first irmrganic, as 0pposed to organcanetallic, gold-platinum azqmund 

[(='h3)2C1ptAu@Ph~)l was prepared [401. Goldaqxxmds containing the 

entity [(CsFs) diu-MK!O),Ll (L = cp or OJ; M = Mn, Co, m or W) have been 
prepared aud also mtain g0ld-metal bonds [42]. Thecrystalstructureof 

[N(PPh3)zltAuECoK!O)~~~l revealed a linear Co-Au-Coxrangement [42J andtbat 

of Kks&uCO)20H21- has a square planar arrangemnt aboutthegoldwithbmds 

to b {Os3EO)1oH) units via the 0srniurn, and tw0 short mu+ distances 1433. 
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React&m of [R.&N] [Au(CGFS)~J and Ag[ClO+l 
polymer, (71 E441. The metal clusters NaAu3si 

L 

pmduces a gold/silver chain 
andNaAu&e axkaina triangle 

(71 R = Ph, L = trtrrhydrothiophrn) 

ofgoldatcmswiththeothern&als ccordbxked intheapi~alpcsitions [451 cm 
eithersideoftheplane, andananalogous structure (witha triangleof cabalt 
atans andan ironandgoldatmintheapicalpositicns) is shownby 
b-Cos(CO) 12Au(pph3)1 1461. 

Clearly~morecanbedonein~sarea,andtakentogetherwiththe 
increasiragly prevalmt imrganic aM organcmtallic "clusters" or amplex 
m>lecules,it~~dseemthatafruitfulareaofchemistrycoulddarelop: 
dlreadyone setofgold-lithiuncluster ccqmmds hSbeenptEZlt&iC%S 

hydmgenation catalysts [47]. 

?&Q years ago, a novelgold(II1) CcaTlpoundwith ammodentate azo gmup 
c3Xdin&edtoanAUC13 mietywasreportedandlastyear acmplexwitha 
sold(III) my1 bancl, [h(Cfi&)C12)21, formed by the EKZtiOIl Of [&lch]- in 

benzene was described [48] . ~isyear,a~l~(8),with~ametdlazo 

ih 



319 

&metal carbonbond, made by the reactionof BuCl3(tht) 1 (tit= 
tetrahydxothiqhen), hasbeendescribedand the structure deducedonthebasis 

of spectroscopic evidence [49]. 

Anmberofaqounds withbothP-Auandc-Au bond~havebeenreported. 

Direct ?zaction of [{(Ph3P)Au)3C] [3F4]- with cyclapentadiene, CyanoacetiC ester 

or malonitrile pmduoed a series of arnplexes, including C(Ph3P)Au]2C(CN)2, for 

which structure (9) was determined [SO], and six [51], eight [521 and twelve 

E5ll nvshredrings OcQltaining gold, carbon andpkmphorus (and in sme cases 

lithium and boron) have also been described. ThSSixandtWdVellElIbSred 

(9) 

ringswereprepared froma cycliclithiumcmpoundwithMe~AuCl,andthe eight 

membered ring frcan (Ph2P)2CRLi and Cl(R3P)Au. 

The aX@exeSbk3~d!&s(o)bk2 andMmm2PPh3 aretetraToc&inated 

0-e al?qls; ~,xpEs~wpEsdataindicatethattheylidelinkage 

reduces the charge onthemstal andas aresulttheccqlexes are surprisingly 

stable 1531. Amngtheotherstudieswhichlieontheborderlinebstwen 

organawtallicchmistryandimrganiccheinislxy,aretheuseof 

[(Ph4C4)AuCl(tht)] or [{(Ph&4)Auc1]2] as reagents to form other 

auracyclopentadiens complexes, such as [(Ph&)Au(acac)] [54], the synthesis of 

new binruzlear and mnonuclear alkyl complexes [55] and new gold-m&me 

amplexesmdebycxubenetransferfxwnatungstencuqmund 1561. 

6.6 PbYsICAG~ 

Cold can be trapped in a variety of oxidation states in halide lattices 

andthisyearthew-VIsspectnm of both Au+ [57] and Au- [58] doped KC1 have 

b=nreparted. The Au+ ion has its no& intense bands at 280 and 190 nm, with 

weaker features atabout m,xhereas themainbends inthe Au- systemare 
at 310 nm and balcw 220 m. J?mther,Zsu(O)canbsdopedinasilverhalide 

crystal&ich,onoxidation inachlorine atmspkre ,producestheIEW 
gold(III) aQLaound &WC14 WI. There is band in this system at about 345 rnn 

which is typical of other [AU%+]-containing species. 



320 

~nadditiontothetechniqwas alreadydiscussed, awideranqeofphysical 
11~th0dshavebeenemployedingoldstudies. MassspectraEt?zyhasljeenused 
to identify the polymric nature of AuP%,, LO21 [AUF61 and AuPs, which contain 
Au-Au b0mds [60], and XPES meamremnts confirm that the OanpleX Au UW0)Clz 
mntains both sold(I) and g0ld(III) 1611. The assignment of gold-0xyqen 
&man active vibrations has been rmde for a wide range of aonpcunds 1621 and 

NQR spectra for gold halides have been reported [63]. SC?+xa-Sw calculations 
of the species MUXn (n = l-3) found inmatrixis0lationexperimnts for 
copper, silver aud gold indicate that metal-liqand bonding is predcminantly 0, 
andthecmplexes are less stablethansimilar ccmplexes ofGroupVII1 metals 
because of the zeduced ~-bonding [641. E3oth the stability of gold(III)-sulphur 
wumds 1651 and the nature of gold M%sbauer hyperfine structure [661 have 
been investigated theoretically. In the former case, the stability is 
related t0 tbs relative position of the metal d orbitals and n0n-bonding sulphur 
orbitals, and in the latter therole of 5~2, 6s and 6p n-&al orbitals were 
Wamined. In b0th cases a substantial relativistic correction was required. 

The vibrational spectroscopy of gold(I) thiocyanate cmplexes has proved 
idealtoexamine the effect of the second ligand in linear [ (R3P)~t=) I 

amplexes. The cxzuqlexes are linear andneutralso that no steric orouter 
ioncontrolistobeexpected,andwitharangeofphosphineligandsallare 
Au-Sbondedinthe solid state: the ratioofAuSCNtoauNCSbondingwas 
studied. Theresults confkmtheideathatthe site tram toa trans-directing 

ligandbemmes 'l-m&r' incomplexes of class Bmatals; SeCN,ontheother 
harrd,isdLwaysbarrdedthroughtheseleniumandbeing'softer'competeswith 
thephosphorus makinqtheAu-PbmdweakerthanwithSCN. The useof Au-Cl 
vibrations frcmR?mXmterials ofthistypeis difficult since crystal packing 

effects are as large as ligand shifts, but the Au-P barid is of value 1671. 
Anmberofele&m&emi calexperimsntsdesiqnedwithquite different 

abjectives inmindhave appeared. & studies of gold plating and dissolution, 
the build-up of [AuCN)rl- (which changes plating thickness with age) in gold 
cyanidebaths, andc!cal and el~calsolutions,was suggested [68]* 
Thedissolutkmofqold attheanodeproceedsbythe adsorptionof the cyanide 
and the initial fomation of AuCN fmn adsorbed [Auk I- is the slow step 
1691. The inportame ofelectmde-substrate interactions is en&asised ina 
number of studies. Theoxidationof ally1 alcoholonaqoldelectrodeis 
affectedbytheadsorptionstep, possiblyduetoan interactionbetween 
m electrons of the alcoholard delectrons of the @.d [70]. The 
pmts setupinanirradiatedgoldelectmde areprabablyinitiatedby 
the Oxidation of water [713. An absorbed layer of 4,4'-bipyridine modifies a 
gold electrcde sothatitcanbeusedinelV calexperimentswith 
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proteins suchas q-t-c. The 4,4'-bipyridine lies between a fom flat 

onthe electrode surface andaperpmdicularonewhich, it is suggested, is 

required for efficient electron transfer to the protein [72,73]. 

6.7 MISS 

among other reports of interestthisyearwere a studyof thekinetic 

changescausedbythemtualinfluence of ligands in gold(II1) complexes (741 

and a study of [AUK]- ions absorbed in gold colloids (751. Gold colloids 

have alsobeenusedtoestimatetrace amounts of mercury in gold-bearing rock 

using a mmzury influenced reduction process [76]. The effect of ligti 

structureonthe extractionofgoldbyvarious organic sulphides (773 and 

extractionproceduresusingdianti~lthiourea (781 or 

chloro-S-dcdeqlisothiourea have also been reported [791. 

6.8 CxXLuSIcBJS 

wte anumberofpotentiallyinterestingdevel~ts ingoldchemistry 

were suggested this year, but the biggest area or growth seems to be in the use 

of gold inccqlexbutregular structures, bothininorganicchemistryandin 

organcmatallic chemistry. Much has been said about the bonding of gold in 

such~lexesovertheyears, but with so many orbitals closely spaced and 

large relativistic effects being reported, the only obvious conclusions are 

qualitative ones. Inparticular, tb 'soft' nature ofgoldmakes itmore akin 

to the 'soft' ligandswithtich itooordinates than is the case inmanyother 
metalsystems,withtheconsquenc ethattheparallelgrcwthofinorganicand 

orgmm&allic chemistry is not surprising. With the advent of mre efficient 

X-ray structural det erminations, thelikelihoodis that this areawill continue 

to attract attention for some time to care, but fran a chemist's point of view, 

the deficiency in the techniques available for studies of gold chemistry must 

now be for the solution and amrphous states where *rovemen tsnotedthisyear 
willrequire tocontinueifaneffective approachis tobeachieti. 
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