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Bis(diphenylphosphino)-ferrocene or -dicarba-
closo-dodecaborane as ligands in gold and
silver chemistry’

Olga Crespo, M. Concepcién Gimeno and Antonio Laguna*
Departamento de Quiica Inordgaica, Universidad de Zaragoza—CSIC, E-50009 Zaragoza, Spain

The synthesis and properties of gold and silver coordinate derivative5{d) gold(l) complexes form
complexes with bis(diphenylphosphino)-ferro- aggregates through gold—gold interactions (e) the
cene or -dicarbaclosododecaborane, and other oxidation state Il is very stable in gold and it is
related derivatives, such as the corresponding almost absent in silver.
partially degraded nido-carborane or bis{di- Due to the high stability of ferrocene and
phenylthio(or seleno)phosphoryl}iferrocene, as carboranes and the well-established methods for
ligands are reviewed. Copyright © 2000 John their incorporation into more complex structures,
Wiley & Sons, Ltd. they have became versatile building blocks for the
synthesis of new types of ligands.An important
feature of the ferrocene-based ligands is their
flexibility: they behave as a ball-joint, and so the
bidentate representatives can adapt as chelating or
bridging groups to different geometric require-
1 INTRODUCTION ments of _the metal_cen_tfe. _ _
There is a growing interest in the synthesis of
Gold and silver are very special elements, knownf€frocene- or carborane-containing complexes,
and cherished by everybody. They have beeryvhich are attractive for various specialized applica-
present in man’s life since the earliest civilizations tions. Thus, ferrocene-containing complexes have a
and have occupied an important place in the historyvide-spread utility, for example in organic synth-
of mankind for over 7000 years, as we can see fronfSiS, production of fine chemicals, homogeneous
the excellent goldsmith’s work found, for instance, catalysis and matenals_chemsf‘rﬁ:arbpranes are
in American and Egyptian tombs. used as boron sources in the preparation of tumour-

The main differences between silver and gold are3¢€king drugs for boron neutron-capture therapy
a consequence of relativistic effects, which are(BNCT),’and for advanced boron-based cerarfics,
specially important for gold.There is a contraction Nigh-temperature polyméisor derivatives with
of the 6 orbitals and this stabilization diminishes NoN-linear optical properties. _
the energy gap between these and tHeofbitals, Here we review th_e coordlnathn properties on
which also undergo an expansion. Both of thesedold and silver of the ligands 1,2-bis(diphenylphos-
effects are much less pronounced in silver, with thePhino)-1,2-dicarbalosododecaborane  (dppcc)
result that the energy separation of the valedce a@nd 1,1-bis(diphenylphosphino)ferrocene (dppf).
andsshells of gold is significantly smaller than that
in silver! The consequences of these effects are:(a)
the different colour of gold;(b) the covalent radius
of gold is smaller than that of silvér(c) gold() 2 BIS(DIPHENYLPHOSPHINO)
forms two-coordinate complexes easily and sil-DICARBA-closo-DODECABORANE
ver(l) prefers the formation of three- and four- AND -FERROCENE COMPLEXES

* Corre_sponde_nce to: Antonio Laguna, Departmento démna The observation that a number of silver or gold
Inorganica, Universidad de Zaragoza—CSIC, E-50009 Zaragoza.complexeS with diphosphines have significant
Spain. . L ) . . .

T Presented at the Xllith FECHEM Conference on Organometallic @Ntitumour activities has increased interest in this

Chemistry, held 29 August—3 September 1999, Lisbon, Portugal. type of derivatives® The diphosphine dppcc shows

Keywords: gold; silver; ferrocene; carborane
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Table 1 X-ray datafor the complexeswith the diphosphinesschelatingligands

Compound P-M-P(°) M-—P (A) Ref.
Four-coordinate
[Ag(dppcc)(phen)]CIQ 89.38(6) 2.463(2),2.479(2) 11
[Ag(dppf)(phen)]CIQ 110.59(3) 2.411(1),2.507(1) 12
[Ag(dppnc)(phen)] 82.58(5) 2.465(2),2.490(1) 33
[Ag(dppcc){(SPPh),CH,}CIO 4 84.56(5) 2.526(2),2.532(2) 11
[Ag(dppnc)(dppcc)] (closg 84.90(6) 2.530(2),2.575(2) 33
(nido) 82.33(6) 2.511(2),2.559(2) 33
[Au(dppnc)(dppcc)] (closg 89.25(4) 2.369(1),2.487(1) 37
(nido) 86.05(4) 2.394(1),2.440(1) 37
[Ag(dppf),]CIO4 105.71(4) 2.561(2),2.584(2) 12
98.39(4) 2.549(2),2.602(2) 12
Au(dppcc){(SPPh),CHL}]CIO 4 89.72(6) 2.380(2),2.389(2) 15
AU 4(S,C,B10)>(dppcc)] 95.52(8) 2.307(2),2.427(2) 16
Three-coordinate
[Ag(dppf)(PPR)]ICIO, 109.63(4) 2.431(1),2.480(1) 12
Ag(dppnc)(PPB)] 81.07(3) 2.488(1),2.494(1) 33
Ag,o(HCO,)-(dppf)] 109.3(2) 2.496(5),2.523(5),2.544(5) 13
Au(dppcc)(PPR)ICIO, 90.2(1) 2.405(1),2.417(1) 14
Au(dppnc)(PPh)] 84.91(4) 2.389(1),2.395(2) 34
[{Au(dppnc)}o(dppp)] 86.0(1) 2.365(3),2.429(3) 34
84.3(1) 2.374(3),2.443(3) 34
Au(dppf)(PPh)]CIO, 109.5(1) 2.357(2),2.409(2) 17
Au,(dppf)](ClO,), 108.8(1) 2.377(3),2.385(3) 17
[Aus(dppf)](NO3), 109.5(1) 2.383(3),2.395(3) 30
[AuCl(dppomf)] 116.1(1) 2.316(3),2.348(4) 21
Au4(dppncy(AsPhy),] 86.51(9),89.10(8) 2.342(2)-2.373(2) 37
Auy(dppnc){P(CsH,OMe)s} 5] 82.73(4),88.17(4) 2.359(1)-2.416(1) 38
Gold(lll) complexes
[AuCl(dppnc)] 87.53(7) 2.296(2),2.306(2) 36

agreattendencyto actasachelatingligandandthat
has allowed us to preparenovel three- and four-
coordinate complexes.Thus the substitution of
perchloraten [Ag(OCIOs)(dppcc)](1), obtainedby
reactionof the diphosphine(PPh).C,B1oH1o and
silver perchloraté?* affords [Ag(dppcc)L]CIO,
where, dependingon the ligand, three-coordinat
(L =PRs, AsPh, SPPhR) (2) or four-coordinate
complexes[L = bipy,ophen, (SPPR),CH,, dppcc]
(3) canbesynthesized! Thereactionof complexl
with dithiocarbamatesNaSCNR> (NR, =NEt,,
NC4Hg) leads to neutral complexes [Ag
(S,CNRy)(dppce)]t In the structureof the com-
plexeswith L—L =phenor (SPPh),CH. the silver
atomexhibitsa tetrahedratoordination(Table 1).
A similar behaviouris observedvith the diphos-
phine structures 4-6 dppf, which reacts with
Ag(CIO,4) to give [Ag(OCIO3)(dppf)] and when
substituted for the perchlorate anion leads to

Copyright© 2000JohnWiley & Sons,Ltd.

three-coordinate[Ag(dppf)L]CIO, (4) (L = PPh,
SPPR), or four-coordinatecomplexes,[Ag(dppf)
(PPhMe),]CIO,, [Ag(dppf)L-L]CIO, (5) [L-L =
bipy, phen, (SPPh),CH,] or the homoleptic[Ag
(dppfp]ClO4.*2 The dppf is acting as a chelating
ligand in the complexeswith L =PPh or L-L =
phenor dppf (Tablel). However,dppf canalsoact
as bridging ligand*® (Table 2), asin the complex
[Ag(NO3)(dppf)],, obtained by reaction of Ag
(NO3) and dppf, or in the complexes[Ag,(CHz
CO,)2(dpph)l2, [Ag2(CeHsCO2)2(dppf)] (6) or [Ag2
(HCO,) (dppf)], obtainedby reactionof Ag(NO3)
and dg)pf in the presenceof the corresponding
Nax.!

The reactionof dppccwith the gold derivative
[Au(tht),]ClO, leadsto [Au(tht)(dppc)]CIQ,. The
tetrahydrothiophenédtht) in this complex can be
easilysubstitutedy otherligandsL to afford three-
coordinate [AuL(dppcc)]CIO, (L =PRs;, SPPHh,

Appl. Organometal Chem.14, 644-652(2000)
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Table 2 X-ray datafor the complexeswith the diphosphinessbridging ligands
Compound M-P (,&) Ref.
[(AuCgFs)(AuPPh)(dppnc)] 2.300(2),2.326(2) 35
[Ag(NO3)(dppf)] 2.433(3),2.435(3) 13
Ag2(CH3CO)o(dppf)2 2.344(2),2.365(2) 13
Ag2(CsHsCO,)(dppf)] 2.340(4),2.364(5) 13
[Au,(dppf)s(ClOy), 2.332(4) 17
[Au,(dppf)](NO3), 2.335(3) 30
(AuCl)»(dppf)] 2.222(3),2.239(3) 19
(AuCl)(dppf)] 2.226(1) 20
AuCl(dppf)] 2.298(5),2.309(6) 25
AuCl(dppf)] 2.293(2),2.323(2) 30
(Aul)2(dppf)] 2.240(8) 20
{AU(C 16Ho)} 2(dppf)] 2.295(2) 22
Aus(Spy)(dppf)(PPEVe)](OTH), 2.239(5),2.246(4) 20
S(Audppf)] 2.247(2) 26
[S(Au.dppf)(PPBMe),](ClO,), 2.263(6),2.265(5) 26
[So(AuLdppf)](OTH), 2.25(1)-2.27(2) 26
S(Audppf){Au(CgFs)s)] 2.244(3),2.245(4) 28
S(Audppf){Au(CeFs)3} 2] 2.252(3),2.254(3) 27
{S(Audppf)}{Au(CgFs),}] 2.243(4)-2.266(4) 28
Se(Audppf)] 2.25483)2.263(3) 29
Se(Awdppfl](OTH), 2.270-2.289 29
Se(AuwdppfH){Au(CeFs)3}] 2.250(1),2.259(1) 29

Copyright© 2000JohnWiley & Sons,Ltd.
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AsPh;, CsH4NSH) or four-coordinatecomplexes
(L =phen, dppcc (7), other diphosphines, di-
phosphinedisulfides)***® The structuresof [Au
(dppcc)(PPRICIO, and [Au(dppcc){(SPPh),
CHJ}JCIO 4 confirm the trigonal or tetrahedral
geometry,respectively,at the gold centre (Table
1). The restricted'bite’ of the diphosphineigand
representthemajordeviationfrom idealgeometry.
The large size of the carboranecageandthe small
bite angle of the diphosphineshould encourage
chelation; howeverit is also possibleto obtain
dinuclear gold complexesand the reaction of
[AuX(tht)] (X =ClI, CgFs) with dppcc(molar ratio
2:1) leadsto the dinuclear[(AuX) »(dppc)] (8).**
The substitution of the chlorine ligands in
the dinuclear complex [(AuCl),(dppcc)] with
the dithiolate derivative [1,2—S,C,B1gH19)%
obtainedfrom 1,2-(SH}C,B1gH1¢ in the presence
of Na,COs, doesnot afford the expectedlinear
dinuclear compound, but the tetranuclear[Au,4
(S,CoB10H10)2(dppec)] (9). Thestructurehasbeen
confirmedby X-ray studiesand showsan eight-

9)

Copyright© 2000JohnWiley & Sons,Ltd.

memberedAu,S, ring with a ghort transannular
gold—goldinteraction[3,131(1)A].*®

The diphosphineferrocene has a pronounced
tendencyto act as a bridging ligand with gold
centres (Table 2). Thus, the reaction with the
complexes]AuX(SRy)] (X =CI or CgFs) or [AuL
(SR)ICIO,; (L=PR; or CH,PR;) leads to the
dinucleameutral,[(AuX) z(dpgf)]é or cationiccom-
plexes, [(AuL) »(dppf]CIO,.t "~ The *°Au and
’Fe Mdssbauerspectraconfirm the presenceof
linear two-coordinategold(l) in some of these
derivatives'® The chloro compound [(AuCl),
(dppf)] hasat leastthreecrystalline modifications;
one of them showsa nearly linear P-Au—Cl unit
and intermolecular gold—gold interactions of
3.083(1)A,*° whereas no gold—gold contacts
have beenfound in the other two."*?° With the
related diphosphine 1,1-bis(diphenylphosipino)
octamethylferrocengdppomf), other similar di-
nuclear complexes, [(AuX)o[(dppomf)] (X =CI,
CoFs), can be obtained?* Electrochemicaktudies
show the formation of iron(lll) derivativesof the
metallophosphinegold(l) complexes,which can
alsobeobtainedby directreactionof the precursors
with electrochemicallygeneratedFeCp] *.2*

Substitutionreactionsrom [(AuCl)(dppf)] lead

Ph,

<S> P—Au—Mn(CO)s

Fe

(0OC) Mn—Au—P—<: :>
) Ph

2

(10)

S 1%
=0

P—Au—S
Ph, *\ /
/Au
MePh,P

(11)

Ph

<&ESP-au—cl

Fe

g;@

2

(OC)sMn—
(12)
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to the new dinuclear complexes[(AuX)z(d(pr)]
(X = Br, I, 2-pyridinethiolatgSpy),S;CNR,,%° Me,
Ph, 1-naphhyl, 9-anthryl, pyren-1-yl (CieHo),

C=CPh, C=CtBu*)or to the heterometallic
compounds [(Au{M(CO)s}) »(dppf)] (M =Mn

(10), Re)?® The derivative [(AuSpy)(dppf)] can
use its nitrogen donor atoms to incorporate
[AuPPhMe]" units to give the polynuclear
compounds [{AuSpy(AuPPhMe)}(dppf)](OTf),
or_[{AuSpy(AuPPlMe)s}o(dppfI(OTH), (OTF=
CFsS0;). Thelatterdecomposem solutionto give
the trinuclear [Aux(Spy)(dppf)(PPEMe)](OTf),
(1. It containsweak intramolecular gold—gold
interactions of 3.098(1) and 3.210(1)A.?° The
structure of the organogold compound [{Au

(C1eHo)} 2 dJ)pf)] is similar to that of the chloro
derivative?“ The reactionof [(AuCl),(dppf)] with

K,[Pd(CN),] leads to ligand displacementand
[{Au(CN)} »(dppf)] is formed?® The complexes
[M(CO)s(dppf)] (M =Cr, Mo or W) behavelike a
monodentatephosphine ligand and react with

[AuCI(SMe,)] to aford the heterometallic [M

(CO) (u—dppfAuCI] (12).24

Ph,

15)

Copyright© 2000JohnWiley & Sons,Ltd.

A chainpolymerbasedntrigonal CIAuP, units,
[AuCl(dppf)lx (13), is obtainedfrom thereactionof
[(AuCl),(dppf)] anddppf, in a 1:1 molar ratio 2°

Someinterestingderivativeshavebeenreported
where[Au,(dppf)[*" fragmentscoordinatearound
a central sulfur or seleniumatom. The complex
[S(Au,dppf)], obtained by reaction of [(AuCl),
(dppf)] with Li,S (molarratio 1:1), canincorporate
new neutral or cationic gold(l) fragmentsto give
trinuclear, [S{Au(CgFs)}(Audppf)] or [S(AuL)
(Au-dppf)]CIO; (L =CH,PPh, PPh, PPhMe),
tetranuclear, [S(AUL)>(Au-dppf](CIOy), (L =
PPh, PPhMe (14)), or hexanuclearcomplexes,
[S2(Auodppfl](OTH),, in which two SAus unitsare
joined through the dppf ligand?® All thesecom-
plexes display short gold—gold interactions.The
reactionsof [S(Au.dppf)] with the gold(l11) Au(Cs.
Fs)3(OEL)] or [Au(CgFs)2(OEL),JOTS afford the
mixed-valence complexes [S(Au.dppf){Au
CeFs)at 2], [S(Auzdppf){Au(C267F523}] (15, or [{S
Auodppf}{Au(CeFs)}OTE. << The last two
compoundsshow short gold(l)—gold(lll) contacts
[3.2195(8)—3.404(1A] which havebeenstudiedby
theoreticalcalculations?®

Analogous complexescan be preparedfrom
[Se(Awdppf)], obtainedby reaction of [(AuCl),
(dppf)] with SeC(NH,),, followed by basichydro-
lysis. It further reactswith [(AuOTf),(dppf)] or
[Au(CgFs)a(OEL)] to give the complexes [Se
(Audppf)](OTf), or [Se(Awdppf{Au(CeFs)s}]
(15), respectively.The later alsqshowsa gold(l)—
gold(lll) interactionof 3.541(1)A.2°

The diphosphineglppf anddppomfcanalsoact
as chelatingligandsin gold chemistry. Thus, the

a7
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reactionof [AuX(SRy)] (X =ClI or CgFs), [Au(tht)

(PRo)]CIO, or [Au(tht),]CIO, with the diphos-
phines,in the appropriatemolar ratio, givesthree-
or four-coordinatemononucleaderivatives,[AuX

(dppomf)]** [Au(dppf)(PR)ICIO, or [Au(dppf)]

ClO,." The crystal structuresof [AuCl(dppomf)]
and [Au(dppf)(PPh)]CIO,"?* confirm a trigonal-
planar Au coordination (Table 1). The M-P
distancesin [M(dppf)(PPh)]CIO, are shorterfor

M =Au than for M =Ag (Table 1). The four-
coordinatederivative[Au(dppf),]ClIO4 undergoes
dimerization process with formation of [Au,

(dppfk](ClO4). (16) which involves bridging and
chelating diphosphined® The same cation is
presentin [Aux(dppfk](NO3),, obtainedby reac-
tion of the dinuclear[(AuCl),(dppf)] with AQNO3

and NaHCQ;.*° Cyclic voltammetry of some of

thesecompoundsevealsonechemicallyreversible
ferrocene-basedxidation.

The gold(lll) complexes[{Au(C ¢Fs)z}(dppf)],
[{Au(C 6Fs)} 2(dppf)] or [{AU(C ¢Fs)2}(dppf)]ClO,
(17), obtainedby displacemenbf tetrahydrothio-
phenein [Au(CgFs)s(tht)] or [Au(CgFs)2(tht),]ClO,
by the dppfligand, containa diphosphineactingas
a monodentate, bridging or chelating ligand,
respectively:’

3 BIS(DIPHENYLPHOSPHINO)-
DICARBA-nido-UNDECABORATE
(1-) COMPLEXES

The closocarboranescan be easily transformed
into the corresponding nido-carborane anions
through a partial degradation reaction, which

consistsof the removalof the boronatom nearest
the carbonones.However,the partial degradation
of the bis(diphenylphosphimdicarbaelosodode-
caboraneis not an easy process,but the co-

ordinationof the ligand to a metal centrefavours
it. The closcdiphosphinecan be converted to

the 7,8-bis(diphenylphosphino}-8-dicarbanido-

undecaborate(t) (dppnc,[(PPQ)ZCZBgHg]‘) by

refluxing the metal complexin ethanof"

Copyright© 2000JohnWiley & Sons,Ltd.

Ph,
P—Au-PPh;
1

S\P—Au-C6F5
2> Ph,

Thus, the reaction of the closodiphosphine
dppccwith [Ag(OCIOs)(PRs)] (PR:=PPh, PPh
Me) in refluxing ethanolaffordsthe neutralthree-
coordinate complexes [Ag(dppnc)(PR)] (18).33
The crystal structureanalysisof the complexwith
PRs; = PPk confirmsatrigonal-planaigeometryfor
the silver centre. Other nido-diphosphine com-
plexes, such as [Ag(dppnc)(L-L)] [L-L = phen,
dppcce, (SPPB),CH,], can be obtained from
[Ag(OCIOs)(dppcc)] through displacementreac-
tions with bidentateligandsin refluxing ethanof**
Thesecomplexesare neutral and not cationic as
werethe closodiphosphinecomplexesobtainedin
methylenedichloride at room temperaturé! The
silver atomsshow a tetrahedralgeometry,as has
been confirmed in the crystal structure of the
derivativeswith L-L = phenor dppcc(Tablel).

In the *H NMR spectraa signal centred at
—2 ppm correspondgo the bridging proton B—H-
B. The chemicalshift of this hydrogenatom does
not changesignificantly from one compoundto
another.lt alwaysappearsasa broadmultiplet and
it has a considerablemobility betweenthe two
boronatoms.The 3P NMR spectrabecomemore
complicateddue to the coupling with *°’Ag and
1997g nuclei®?

Thereactionof theclosodiphosphinelppccwith
the gold complexes [AUCI(PRs)] [PRs=PPh,
PPhMe, PPh(4-Me-CeHy), P(4-Me-GH,)s, P(4-
OMe-GsH,)4] in refluxing ethanolalso affordsthe
correspondin%nidodiphosphine derivatives [Au
(dppnc)(PR)].>* The gold centrein [Au(dppnc)
(PPhy)] exhibitsatrigonal-planageometrywith the
nido-diphosphine anion acting as a chelating
ligand; the restrictedbite angleof the diphosphine
representthemajordeviationfrom idealgeometry.

Appl. Organometal Chem.14, 644-652(2000)
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The Au—P distancesaresmallerthanthatthe Ag—P
onesin the analogoussilver derivative (Table 1).
The dppncanion can also act as a P,P'-bidentate
bridging ligand. Thus, the mononuclearcomplex
[Au(dppnc)(PPB)] further reactswith [Au(CgFs)
(tht)] to give the dinuclear derivative [(AuCgFs)
(AuPPh)(dppnc)] (190 which contains a short
intramolecular Au...Au contact of 2.9885
(8) A.*® The reaction of [Au(dppnc)(PPB)] with
NaH leadsto theremovalof the B—-H-B protonand
the open C,B; face can coordinate a new
[AUPPh] " unit, by reactionwith [Au(PPhy)(tht)]
(ClOy), to give the metallocarborand(AuPPly),
{(PP)>:C5BoHo}] (20).>*

The gold(lll) complex [AuCls(tht)] also reacts
with the closadiphosphineto give the neutral
[AuCl,(dppnc)]*22® A similar behaviourhasbeen
observedfrom the diphosphinesl,2-(PR),-1,2-
C.B1gH10 (R = Et, 'Pror OEt)3?

Thereactionof theclosodiphosphinelppccwith
[AuCI(AsPhg)] givestwo very differentcomplexes,
dependingon the molar ratio used.With anexcess
of phosphing2:1 molar ratio), the four-coordinate
[Au(dppnc)(dppce)](21), which containsthe par-
tially degraded dppnc phosphine,is obtained.
However, when the molar ratio is 1:2, the tetra-
nuclear cluster [Aus(dppnck(AsPhy),] (22) is
formed. The Au—Au distancesare in the range
from 2.604 to 2.915A.3" A pathway has been
proposedhroughthe formationof theintermediate
three-coordinatd Au(dppnc)(AsPh)]. This inter-

Copyright© 2000JohnWiley & Sons,Ltd.
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Ph,

(23)

mediate should be very reactive towards the
displacementof the arsine ligand by the closo
diphosphineo give the four-coordinatederivative;
alternatively it could react further with [Au-
Cl(AsPhy)] to afford the tetranuclear cluster
compound. Substitution reactions of the AsPh;
ligand by phosphinesPR; [PR; = PPh, P(4-Me-
CsHa)s or P(4-OMe-GH,)3] leadsto new tetra-
nuclear complexes[Au4(dppncy(PRs)-] (22). In
[Aus(dppnc{P(CgH,OMe)} 5] the Auy—Au dis-
tancesrangefrom 2.629(1)to 2.872(1)A.3®

4 BIS{DIPHENYLTHIO(OR SELENO)
PHOSPHORYL}FERROCENE
COMPLEXES

The oxidation of dppf with sulfur or selenium
leadsto 1,1-bis(diphenylthiophsphoryl)ferrocene
(dptpf) or 1,1-bis(diphenylselenophosptyl)ferro-
cene(dpspf),which havealongerandmoreflexible
backboneThereactionof dptpfwith [Au(tht),]OTf
or AgOTTf, in a 1:1 molar ratio, leads to the
complexes[M(dptpH)]OTf (M =Au or Ag) (23

BN S/llzh/z©W *
Fe 2 Ag Fe

Ph, / g\S\P \@
@P\ S Ph,

(24)
Phy 724
S.. - P—zs~
VANVAN ©
S S S— ——<: >
~~ gh2

(25)
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with the dptpf actingasa trans-chelatingligand >°
A similar compound, [Au(dpspf)]OTf, has been
obtainedfrom the reactionof the diselenoligand
and [Au(tht),]OTf.%° The crystal structuresof the
three derivatives reveal a linear coordination
geometryfor the metal centre®**° Shortjntermol-
ecular Au—Au interactionsof 3.091(1)A, in the
seleniunderivativebutnotin thesulfurone leadto
the formationof a chainpolymer.

Two- three-andfour-coordinatecomplexesave
been obtained with silver centres’™ Thus, the
reactionof the dptpf with [Ag(OCIO3)(PPh)] in
1:1 or 1:2 molar ratio gives the three-coordinat
[Ag(dptpf)(PPR)]CIO, or the linear [(AgPPh)»
(dptpf)](CIO,4), derivative. The complex [Ag
(dptpf)]OTf reactswith bidentateligandsto give
the four-coordinate[Ag(bipy)(dptpf)]OTf or [Ag
(dptpf),]OTT (24) or the four-coordinatepolymeric
speciedAg{(SPPh)>CHa} o(dptpf)]o(ClO4)2n [25,
S—-S= (SPPB),CH,], which hasbeencharacterized
by X-ray diffraction**

5 CONCLUSIONS

Carboranesand ferrocene are versatile building

blocks for the synthesisof potential ligands that
haveinterestingchemicaland physical properties.
One of the more important features of the

ferrocene-basedigands is their flexibility. The

coordinationpropertiesof theseligandsin gold and
silver chemistryare at presentattractinggrowing

interestnot only becausef their potentialapplica-
tions, but also becauseof the novel structural
situations.They canact: (a) asbridging ligandsin

dinuclear derivatives; (b) as chelating agentsin

gold(lll) or in three-or four-coordinategold(l) or

silver(l) compoundgtherigid carboraneébackbone
favoursthe formation of an important numberof

three and four-coordinate complexes); and (c)

througha n>-coordinationof a [AuPPh] " unit to

the openC;B; face of the nido-carboranes.
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